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PC PAL VGA TO TV CONVERTER Converts a colour TV into
a basic VGA screen Complete with built in psu. lead and siware
£49 95 Ideal for laptops or a cheap upgrade

EMERGENCY LIGHTING UNIT Complete unit with 2 double
bulb ficodlights, builtin charger and auto switch Fully cased 6v8AH
lead acd req'd (secondhand) £4 ref MAG4P11

GUIDED MISSILE WIRE. 4,200 metre reel of uftra thin 4 core
insulated cable, 28ibs breaking strain, tess than imm thick! ideal
alarms. intercoms, fishing, dolls house's etc £14 99 ref MAG15P5
SINCLAIR Cb 13" WHEELS Complete with centre beanng
(cyde type). tyre and innertube £6 ea ref MAG 6P10 Ideai go kart
300w PANELMETER 70X60X50MM,AC, 90 degree scale Good
quality meter £5 939 ref MAG 6P 14 Ideal for monrtonng mains etc
ASTEC SWITCHED MODE PSU BM41012 Gives +5 @ 3 75A,
+12@1 5A,-12@ 4A 230/110, cased, BM41012 £5 39 ref AUGEP3
TORRODIAL TX 30-0-30 480VA Perfect for Mosfet ampifiers
etc 120mm dia 55mm thick £18 99 ref APR19

AUTO SUNCHARGER 155x300mm solar panel with diode and
3Imetreleadfittedwithaagarplug 12v 2watt £9 99 ea ref AUG10P3
FLOPPY DISCS DSDD Top quality 5 25 discs. these have been
wnften to once and are unused Pack of 20 Is £4 ref AUGAP1
MOD WIRE Perfect for repainng PCB's, wire wrap etc Thin
insulated wire on 500m reels Our pnce just £9 39 ref APR10P8
12v MOVING LIGHT Controller Made by Hella. 6channels rated
at G0watts each Speed control, cased £34 99 ref APR35
ECLATRON FLASH TUBE As used in police car flashing lights
etc, full spec supplied, 60-100 flashes a min. £9 99 ref APR10PS
24v AC 96WATT Cased powersupply New £13 99 ref APR14
MILITARY SPEC GEIGER COUNTERS Unused and straight
from Her majesty’s forces £50 ref MAG 50P3

STETHOSCOPE Fuily functioning stethoscope, ideal for listening
to hearts, pipes, motors etc £6 ref MAR6P6

QUTDOOR SOLAR PATH LIGHT Captures sunlight during
the day and automatically switches on a bult in lamp at dusk
Complete with seales lead acd battery etc £19 99 ref MAR20P1
ALARM VERS ION Of above unit comes withbuittin alarm and pir
1o deter intruders Good value at just £24 99 ref MAR25P4
CLOCKMAKER KIT Hours of fun making your own clock, com-
plete instructions and everything you need £7 39 ref MAR8P2
CARETAKER VOLUMETRIC Alarm, will cover the whole of the
ground floor against forcred entry Includes mains power supply and
integral battery backup Powerful internal sounder, will take extemal
bell if req'd Retail £150+, ours? £49 39 ref MARS0P1
TELEPHONE CABLE White 6 core 100m reel complete with a
pack of 100 dips Ideal ‘phone extns etc £7 99 ref MAR8P3

18M PC CASE AND PSU ideal base for bullding your own PC
Ex equipment but OK £9 39 each REF: JUN10P2
MICRODRIVE STRIPPER Small cased tape dnves ideai for
stripping, lots of useful goodies induding a smart case, and lots of
components £2 each ref JUN2P3

SOLARPOWER LABSPECIAL You get TWO6'x6" 6v 130mA
solarcells, 4 LED's, wire, buzzer, switch pius 1relay or motor Superd
value kit just £5.99 REF MAGEP8

SOLID STATE RELAYS Will switch 25A mains. Input 3 526v
DC 57x43x21mm with terminal screws £3 99 REF MAG4P 10
3000P| Ad DTPMONITOR Brand new but shop salled sohence
bargain pncedTTUECL inputs, 15° landscape. 1200x1664 pixel
complete with circufl diag to help you interface with your projects
JUST £14 99 REF JUN15P2

MULTCORE CABLE 300 metre real of grey 8 core cable 1deal
for * . Inter s, alarms etc Comes In
speaalmspensng con!amer to avotd tangles £15 ref AUG15
BUGGING TAPE RECORDER Small voice activated recorder.
uses micro cassette compiete with headphones £28 99 ref MAR29P 1
ULTRAMINIBUGMIC 6mmx3 Smmmade by AKG, 5 12v electret
condenser Cost £12 ea, Our? four for £9 99 REF MAG10P2
RGB/CGA/EGA/TTL COLOUR MONITORS 12° in good
conditon Back anodised metal case £79 each REF JUNT9
GX4000 GAMES MACHINES returns so ok for spares of repair
£9 each (no games) REF MAGIP1

€64 COMPUTERS Retums, so ok for spares etc £9 ref MAGIP2
FUSELAGE LIGHTS 3 foot by 4° panel 1/8° thick with 3 panels
that glow green when a voltage s applied Good for ightlights,front
panels, signs,disco etc 50-100v per stnp £25 ref MAG25P2
ANSWER PHONES Returns with 2 faults. we give you the bits for
1fault, you have to find the other yoursetf BT Response 200's £18
ea REF MAG18P1. PSU £5 ref MAG5P12

SWITCHED MODE PSU ex equp. 60w +5v @5A. -5v@ 5A,
+12v@2A - 12w 5A 120/20v cased 245x88x55mm IECinput
socket £6 99 REF MAG7P1

PLUG IN PSU 9V 200mA DC £2 99 each REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w , £2 39 REF MAG3P 10
POWER SUPPLY fully cased with mains and o/p leads 17v DC
900mA output Bargain price £5 99 ref MAGEP9

ACORN ARCHMEDES PSU +5v @ 4 4A. onjoff sw uncased,
selectable mains input, 145x100x45mm £7 REF MAG7P2
GEIGER COUNTER KIT Low cost professional twin tube, com-
plete with PCB and components Now only £19 REF AUG19

9v DC POWER SUPPLY Standard plug in type 150ma 9v DC
with lead and DC power plug. pnice for two Is £2 99 ref AUG3P4
AA NICAD PACK encapsulated pack of 8 AA nicad battenes
(tagged) ex equip. 55x32x32mm £3 a pack REF MAG3P11
13.8V 1.9A psu cased with leads Just £9 39 REF MAG10P3
360K 5.26 brand new half height floppy dnves IBMcompatble
industry standard Just £6 99 REF MAG7P3

PPC MODEM CARDS These are high spec plug In cards made
for the Amstrad laptop computers 2400 baud dial up unit complete
withleads Clearance price s £5 REF: MAG5P1

INFRA RED REMOTE CONTROLLERS Onginally made for
hi spec satellite equpment but perfect for all sorts of remote control
projects Our dearance pnce is just £2 REF: MAG2
TOWERSINTERNATIONAL TRANSISTORGUIDE. Avery
useful book for finding equivalent transistors, leadouts, specs etc
£20 REF: MAG20P1

SINCLAIR C5 MOTORS We have a few left without gearboxes
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SNOOPERS EAR? Onginal made to ciip over the earpiece of
telephone to ampidy the sound-it also works quite well on the cable
running aiong the walll Pnce 1s £5 REF: MAG5P7

DOS PACKS Microsoft version 3 3 or higher complete with alt

Spec 1s12v DC 3,300pm £25 ref MAG2S.
«“NEW PRODUCT -
200 WATT INVERTER Converts 10-15v DCinto
either 110v or 240v AC. Fully cased
115x36x 156mm, complete with heavy duty power
lead, cigar plug, AC outlet socket.Auto overload
shutdown, auto short circuitshut down, auto input
over voltage shutdown, auto input under voltage
shutdown (with audible atarm), auto temp control,
unitshuts down if overheated and sounds audible
alarm. Fused reversed polarity protected. output
frequency within 2%, voltage within 10%. A ex-
tremely well built unit at a very advantageous
pricet!!Price is £64.99 ref AUGES.

UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motorbut ok for any 12v motor up to 30A Complete with PCB
efc A heat sink may be required £17 00 REF: MAG17
MAINSCABLE Precut black 2 core 2 metre lengths ideal for
repairs, projects etc 50 metres for £1 99 ref AUG2P7
COMPUTER COMMUNICATIONS PACK Kit contains 100m
of 6 core cable 100 cable dips. 2 line dnvers with RS232 interfaces
and all connectors et¢c |deal low cost methed of communicating
between PC's over along distance Completekit£15 39 Ref MAR16P2
MINICYCLOPS PIR52x62x40mm runs on PP3 battery complete
with shnil sounder Cheap protection at only £5 39 ref MAREP4
ELECTRIC MOTOR KIT Comprenensive educational kit in-
cludes all you need to build an electnc motor £9 99 ref MAR10P4
VIDEO SENDER UNIT. Transmits both audio and video signais
from efther a video camera, wdeo recorder TV or Computer etc to
any standard TV set ina 100’ range! (tune TV to a spare channel) 12v
DCop Pnceis£15 REF: MAG15 12v psu 1s £5 extra REF: MAG5P2
“FM CORDLESS MICROPHONE Smail hand heid unit with a
500 range! 2 transmit power levels Regs PP3 9v battery Tuneable
1o any FM recewver Pnce s £15 REF: MAG15P1

LOW COST WALKIE TALKIES Par of battery operated units
with a range of about 200" Ideal for garden use of as an educational
toy Pricei1s£8 apair REF: MAG 8P1 2x PP3reqd
“MINATURE RADIO TRANSCEVERS A pair of walke talkies
with a range of up to 2 kilometres in open country Units measure
22x52x155mm Complete with cases and eampieces 2xPP3 reqd
£30 00 par REF: MAG30.

COMPOSITE VIDEO KIT.Converts composite video Into sepa-
rate H sync V sync. and video 12v DC £8 00 REF: MAGBP2
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are
entire mechanical pnnter assemblies induding pnnthead stepper
motors etc etc Infact everything bar the case and electronics. a good
stnppen £5 REF: MAGSP3 or 2 for £8 REF: MAGBP3
SPEAKERWIRE Brown 2 core 100 foot hank £2 REF MAG2P1
LED PACK of 100 standard red 5m leds £5 REF MAG5P4
UNIVERSAL PC POWER SUPPLY complete with fiyleads
switch, fan etc Two types avalable 150w at £15 REF MAG15P2
(23x23x23mm) and 200w at £20 REF MAG20P3 (23x23x23mm)
*FM TRANSM ITTER housed in a standard working 13A adapter!
the bug runs directly off the mains so lasts foreven why pay £7007 or
pnce 1s £26 REF MAG26 Transmits to any FM radio

*FM BUG KIT New design with PCB embedded coil for extra
stability Works to any FM radio 9v battery reqd £5 REF MAG5P5
*FM BUG BUILT ANDTESTED sup design tokit Supplied
1o detective agendes 9 battery reqd £14 REF MAG14
TALKING COINBOX STRIPPER onginally made toretail at£ 79
each, these units are designed to convertand ordinary phone into a
payphone The units have thelocks missing and sometmes broken
hinges However they can be adapted for their onginal use or used for
something else?? Pnce s Just £3 REF. MAG3P1

100 WATT MOSFET PAIR Same spec as 2SK343 and 254413
(BA.140v,100w) 1 Nchannel 1P channel, £3 aparr REF: MAGIP2
TOP QUALITY SPEAKERS Made for Hi F| televisions these are
10 watt 4R Jap made 4" round wrih large shielded magnets Good
quality £2 each REF: MAG2P4 or 4 for £6 REF. MAGEP2
TWEETERS 2* diameter good quality tweeter 140R (ok with the
above speaker) 2 for £2 REF: MAG2P5 or 4 for £3 REF: MAG3P4
AT KEYBOARDS Made by Apncot these quality keyboards need
justa smali mod to run on any AT  they work perfectly but you will have
to put up with 1 or 2 foreign keycaps! Pnce £6 REF: MAGBP3

PC CASES Againmixed types so you take a chance nextone offthe
pie £12 REF:MAG12 or two the same for £20 REF: MAG20P4
HEADPHONESEx Virgn Atlantc 8parrsfor2 REF:MAG2P8
PROXMITY SENSORS These are small PC8's wrih what Iook
like a source ang sensor LED on one end and lots of components on
the rest of the PCB Complete with fty leads. Pack of 5£3 REF: MAG:
3PS or 20 for €8 REF. MAGBP4

*SOME'OF OUR PRODUCTS MAY BE UNLICENSABLE N THE UK

BULL ELECTRICAL

250 PORTLAND ROAD HOVE SUSSEX
BN3 5QT

MAIL ORDER TERMS: CASH PO OR CHEQUE

WITH ORDER PLUS £3.00 POST PLUS VAT.
PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY

TELEPHONE ORDERS WELCOME
E TEL: 0273 203500
FAX: 0273 323077

VISA

Is or pnee just £5 REF: MAGSPB Worth it just for the very
comprehensive manuall 5 25° only

DOS PACK Microsoftversion 5 Ongina software but no manuals
hence only £3 REF: MAG3P8 5 25° only

PIR DETECTOR Made by famous UK alam manufacturer these
are hi spec, long range internal units 12v operation Stight marks on
case and unboxed (aithough brand new) £8 REF: MAGBPS
WINDUP SOLAR POWERED RADIO AMFM radio complete
with hand charger and solar panell £14 REF MAG14P1

MOBILE CARPHONE £6.99 well amost! completein carphone
exduding the box of electronics nomally hidden under seat Can be
made to lluminate with 12v also has bult in light sensor so display
onfy lluminates when dark Totally convincing! REF MAGEP6
ALARM BEACONS Zenon strobe made to mount on an extemal
belt box but could be used for caravans etc 12v operation Just
connect up and it flashes reqularly) £5 REF MAGSP 11

FIRE ALARM CONTROL PANEL High quality metal cased
alarm panel 350x165x80mm With key Comes with electronics but
no information sale pnce 7 39 REF MAG8PE
REMOTECONTROL PCB These are receiverboardsfor garage
door opening systems Another use? £4 ea REF MAG4PS
6"X12Z° AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA Bargain pnce just £5 99 ea REF MAGEP12

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99
ref MAGSP 13 1deal for expenmenters! 30 m for £12 39 ref MAG13P1
LOPTYX Line outputtransformers behieved to be for IBM hi res colour
monitors but useful for gettng high voltages from low ones! £2 each
REF MAG2P12bumper pack of 10 for £12 REF MAG12P3
HEATSINKS (finned) TO220, designedtomountverhcally on apch
50x40x25mm you can have a pack of 4 for £1 ref JUN1P11
WATERPROOF JUNCTION BOX 65mm dia 33mm deep Four
cabie entry exit paints (adjustable for any size cable) snap ftiid Ideal
for TV, satellite use £2 ea ref APR2 or 6 for £10 ref APR10P7

BOTH SHOPS OPEN 9-5.30
SIX DAYS A WEEK

INFRARED LASER NIGHT SCOPES
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1994 CATALOGUE

3FT X 1FT 10WATT SOLAR PANELS
14.5v/700mA
£33.95

{PLUS 200 SPECIA PACRASGNG TnARGS)
IOF QUALITY AMORPHOUS SILICON CELLS HALE ALMOST A
THSELESS LFESPAN Wiln Al B NTE NUMBER OF POSIBLE AP
PLICATIONS. BOME Cf WHICH MAY 48 CAR BATIERY CHARG
NG FOR USE ON BOATS Of CAFAYANS OR ANYWHERE A

PORTABLE 127 SUPPLY IS REQUIRED REF MAG3

PORTABLE RADIATION DETECTOR
£49.99

L Hand held personal Gamma and X Ray detec-
or This unit contains two Gelger Tubes has a 4
digit LCD dispiay with a Plezc speaker giving an
cudio visual indication.  The unit detects high

nergy electromagnetic quanta with an energy
rom 30K eV to over 1 2M eV and a measuring
fange of 59999 UR/h or 13:99990 Nr'h  Suppled

compleie with handbook.Ret MAGS0.
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SPACEWRITER WAND by Mark Stuart

Conjure up Yule-tide micro-magic messages at your finger tips

EPE FRUIT MACHINE -1 by Brett Gossage and Julyan llett
Put down the chips and latch onto Las Vegas for a real cash payout
UNIVERSALDIGITAL CODE LOCK by Bart Trepak

Stack the numbers in favour of your home security

VIDEO MODULES - 2 by Robert Penfold

Horizontal and vertical image wipers, and a 4-Channel Audio Mixer

RODENT REPELLER by Terry de Vaux-Balbirnie
A brilliant noisy send-off for Mr. Mouse!
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Advice on making your own p.c.b.s and winding inductors
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LOW COST PC's

SPECIAL BUY
AT 286

40Mb HD + 3Mb Ram
these 12Mhz HI GRADE 208

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
- ALL EXPANDABLE - ALL PC COMPATIBLE

PC SCOOP

COMPLETE
COLOUR SYSTEM

0’/[7 £99.00
us to bring you a COMPLETE

bulk purch,
' to run colour PC system at an unheard of price!
Electronics PCOYO bi

ONLY £ 149.00 &)

system comprises of fully com-
bblndo?mdlthTPC\ﬂhzsﬁdRAM S5%° 380k
12° CGA colour monitor, standard 84 ki
comoelpg}abm just
y wishing to
on an ultra low bu?gﬂ "Don’t miss lhl. opportunity.
guaranteed

- Grder sa PcwocoL  £99.00 ()

Optionsl Fitted extras: VGA graphics card £29.00
iwawhppydum(mmmzm) £32.95
NE2000 Ethemet (thick, thin or twisted) network card £49.00

FLOPPY DISK DRIVES 3.5"- 8"
5. 25" from £22.95 - 3.5" from £24.95

:us

8 DS slmline NEW £2l5

Dudl drives with 2 mbyte capa: nousodnnmnuum\n
£499.00(F)

in power supply. W“
HARD DISK DRIVES
Commodore

macotyl&u\dmNECDzzus‘
ge! Full k D interface. um hi

ep.oddlumndumdmlm nphcoquuuoqumbm

model. compiete with manual. Only X

3.5" FUN FK-308-26 20mb MFM IF RFE

35‘CO!NEHOP3(2420MIDEVF(ouquN)RFE

3.5° CONNER CP3044 40mb IDE UF (or equiv.)RFE

3.5° RODIME RO3057S 45mb SCSI IF (Mac & Acom!

5.25° RIBE 20mb MFM UF (or equiv.) RFE

szs'SEAGATES’rmaombRLL Retorty
cocuzos

B‘ FUNTSU M2322K 160Mb SMD IF :usoo

Hard disc controlers for MFM , IDE, SCS| RLLﬂc from £18.95

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

& VIDEO
TUNER!

E)

The TELEBOX consists of an attractive fuly cased mains

all slectronics ready to plug into a host of video moni-
manufacturers such as MICROVITEC, ATARI,
Y COM IODORE, PNILIPS TATUNG, AMSTRAD
eompouo outpm mu also plug duocﬂy

unit,

tors made b

SANYO, S

and many more.

most video

mally bk A ¥ LEBOX MB) Push

bwoneontmhmhmmuowrw of 8 fully tuneable
UHF colour television channels. TELEBOX MB covers virtual-
elevision frequencies VHF md UHF lnctudlnq the HYPER-

. A

) NEC CGA 12° colour IBM-PC compatible. High quaii-

) measwring 15°L x 13°W x 12°H.

Optional Fitied extras: 640k RAM
2nd floppy drive, Msu'aeuovaw
Above prices for PC99 offer ONLY.

| VIDEO MONITOR SPECIALS
Superb quaily 14" FOREFRONT WTS-9600 SVGA Mulllsync
Mtimode monkr 028" dot pAch wih

nection 10 mvnn inciuding IBM PC's n
CGA, EGA VGA & SVGA modes, BBC, COM-
MODORE (3 Amige ARCHIMEDE

Olw- MTS-9600/ H for ATARI £159.00

All modes ae sbove Orcler a8 MTS-9600/ S £139.00
ELECTROHOME ECM-1211SBU 12° VGA multisync monitor with
640 x 480. Mufti input Cg::/EGA:Isph

Amiga,
Atari and others. In good used condition (possible mmor screen
bums). 90 dey guarantee. . 99.00 (E)

KIAE 10* high defintion colour monitors. Nice tight 0. 28‘ dot pitch
ty and modem styling. Operates

uny ‘5625 khz sync RGB video source, with RGB
analog and composite sginc such as Atari,

imedes & BBC.
Measures only 13.5° x 12° x 11°. Only £125 (E)

Good used condition. 906.‘8?
KME 10" as above for PC standard £145.00 (E)

ty ex-equipment fully lested with a 90 day 0.
In an attractive two tone ribbed &:y plastic case
t cosmetic

for contractual reasons.
Only £49.00¢)

20" 22" and 26" AV SPECIALS
L aN sokd state colour monitors,
vmth oomposno video & optional sound inputs. Attractive

oak s case. Perlact for Schoois, Shops, Disco, Clubs. etc.In
EXCEL ENT little used condition with full 90 day guarantee

20"...£135 22"...£155 26"...£185n

9" Mono cased, Black & White for CCTV Used /Tested £49,00 (C}

DC POWER SUPPLIES

10,000 Power Sup Iles Ex Stock
Call for in
PoqumSPLzoo-szooFan(stvvpeak)Scmnopen
'rameqvvng +Sv 35a, -5v 1.58, +12v 4a (8a peak), -12v 1 Sa, +24v
4a (6a peak) Al outputs fully regulated with over vohage protection
mMoSvouwmACmpmsobaabbvavaac Dnns‘3 x
5 x25°. Fugpzuummood RFE 00 (B)

bezel has been removed

P Y

130. 130 watts. Sobaablobnz;(lA)orztv
(2A)5v020A&‘2v015ASvM mode.New. £59.95(8)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ 2a.
-12v @ 0.18. 6-1/4° x 4° x 1-3/4° RFE lested £22.
Lambad: LVS-PV-122wwlnsvlnd|modo+|2VDCO29|

by most cable TV video
od on the e rear panel for duoct connoonon to most
itor. For tibili ovon for monitors

iwn“mltlud:olm and low level Hi Fi
ovided as standard.
TELEBOX ST for composite video input type monitors 23295
TELEBOX STL as ST but with in | speaker £38,
TELEDOXIIB Muliband VHF -UHF -Cable- Hyperband tuner 20995

For overseas PAL versions state 5.5 or 6mhz sound specification
“For cable / reception Telebox MB should be connected

1o cable type socket. wavmonll‘l’obbomh(s)

FANS.& BLOWERS

lﬂ
&r@ pre

IITSUWSNWF-WBHDH%X?SM‘ZVDC 2595‘0/!‘,53
PANCAKE 12-3.592 x 18 mm 12v OC £7.95

EX-EQUIP 120 x 38mm AC fans - tested specily 110 or 240 v £6.95
EX-EQUIP B0 x 38mm AC fans - tested specify 110 or 240 v  £5.95

VERO rack mount 1U x 19" fan tray specify 110 £45.95
IMHOF B26 1900 rack mnt 3U x 19° Biower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

IC's TRANSISTORS DIODES Nikon P

OBSOLETE - SHORT SUPPLY - BULK

5,000,000 items EX STOCK

For MAJOR SAVINGS - SAE or CALL FOR LATEST LIST

semi enclosed, 10° x 5° x 5°. RFE and fully tested. £59.95(C)
Conver AC130 130 walt hi-grade VOE spec.Switch mode.+5v @
ISI.SVOIIHZVOS.NK‘ZSKGE)QMNW £49.

40A. Switch mode, 5v @ 40s.Encased

G/ i mem
SPECIAL INTEREST

£1975
£2100
£575

INTEL SBCA86/133SE Multibus 486 8Mb Ram
HPGL RS232 st drum plotter
Distribution Amps. 1 in 92 out
Trio 0-18 vdc bench PSU. 30 . New

Margin Meter Rack

Lo

Brush sz 400 Hz 3 phase frequency converter

Anton Pitiar 75 kW 400 Hz 3 phase converter
".mucy converter

18 ;:m%l Hybnd ch rde
art recoi r
HPGL high speed drum plotier
1 CD taster, laser pickup simulator
Computar MCA161JAPC 16mm auto iris lenses ‘C’ mount
Seaward PAT 2000 dual vokage computensed PAT tester

£125
£585

= pamisndes dou 12, Sl

& board DIP switches and | jumpers sdod
© ECONET address and enable the four extra

£750  the hard disk in

THE OFFER OF 1994 !

P Computer
Controlled

Laser Video
One of the mosl amazing surplus deals D|Sk player

that we ever been able to offer you!

The Philips VP410 LaserVision piayer, in as new condition, unit fea-

tures full computer control, Plays standard 12° LaserVision disks with
lnqvlwdmdwdoqudnyhmmmmu 3

When controlied by a computer, it Y also be used as a versatiie

high quality storlgo / retrieval mod um. It will play Whor

vataiie vised )

COv-
). Some of the

ors most types of eommuca
maninutuns of this anc:odbh
INTERFACE

BNC+SCART INTERFACE PAL/ RGB DECODER
R+WIRED REMOTE CONTROL FAST RANDOM ACCESS

SPECIAL PURCHASE o £399 00,
BBC Model B APM Board

£100 CASH FOR THE MOST
NOVEL DEMONSTRABLE
APPLICATION
B88C Model B typs ter on a board. A major allows us
too«ovyoumo SSOONALvomono"\. or at &
parts only price. Used as a front end system on large net-
worked systems the architecture of the board has so many sim-

hrlﬁnloﬂnwhrﬂBCmoddBlMlmmmMMnbﬂoﬂ

experimentation and in, many useful be found
for this board!! It is OONMY : wln:oglommundm
brhgsnllhollO‘slo lnd type connectors - youhnvno
uprowdoo.'.mdﬂZvOC The APM consists of a single PCB

with most major ic’s socketed. The ic's are 100 numerous 1o list
include a 6502 / 6512 CPU, RAM and an SAAS050 teletext
Three 27128 EPROMS conuin the custom Dtépoming lyst
which we have no dlll le‘lCll

output On

boots and p
Only £29.95
3°. Supplied tested with curcun diagram,

2 for £53 @
data and competition entry form.

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Pricel
Top quality 19° rack cabinets made in UK by
Optima Enclosures Ltd. Units teatwre
er, smoked acrylic lockable front door, full
he»gm lockabie hatf louvered back door and
removable side panels. Fully adjustable inter-
nal fixing struts, ready punched for any conf
uration of equipment mounting plus ready
mounted integral 12 way 13 amp socket
switched mains distribution strip make these
racks some of the most versatiie we have
ever sold, Racks may be stacked side by side and therefore require
only two $ide panels 10 stand smgly or i bays
Overall dimensions are 77-1/2° H x 32-1/2° D x 22° W. Order as:
Rack 1 Complete with removable side panels. £295.00 (G)
Rack 2 Rack, Less side panels £175.00 (G)
Over 1000 racks in all sizes from stock !

Call with your requirements.

LOW COST RAM UPGRADES

INTEL 'ABOVE' Memory Expsnsion Board. Full length PC-XT and
PC-AT compatible card with 2 Mbytes of memory on board. Card is
fully selectable for Expanded or Extended (286 processor and

above) memory. Full dnu and drlv« disk suppiled. In good used
condition fully tested al uaranteed

Windows compatible. Ov r as: ABOVE CARD £59 95(AI)
Half length 8 bit memory upgrade cards for PC AT XT expands
m either 256k or 5|2k n 64k steps. Mlyllsobo used to il
above 640k DOS limt. Compiete with data. 232 923 E

O'dof as: XT RAM UG. g?g:
1 MEG x 9 SIMM 9 chip 120ns only
No Break Uninterruptible PSU's
Brand new and boxed 230 volts 1 KVa uninte: m
hom system from Densel. Model MUD 1 BH plete with
lead acd ba(t:tenesbn'n mllvt‘:v;uwls'g case. 'Approx time from inter-
rup( is 15 minutes. Complete wit manual
orderas: MUD1 £575.00¢)
EMERSON ACCUCARD UPS, brand new 8 Bﬁ hat Ionah PC com-
patible card for all IBM XT/AT eompalbhs rovm
to al intemal system components in the event o' poww ail-
ure. The Accusaver software provided uses only 6k of base
and lulomalncnlm.eopns »ll system, expanded and video memory to
event of loss of power. When power is retumed
the machine is retumed (0 the exact status when the power failed !
The unit features full seif diagnostics on boot and is supplied with ful
fitting instructions and manual. Normal price £189.00

Only £99.00¢ or 2 for £195¢

EPROM sockets for user software. Appx.
dims: main board 13° x 10°. VO board 14° x

/ esveresrecricrecrse
FEIECIETIEIENES,

Issuc IZ of Dup&z_y News now available - send Icrgc SAE - PACKED with bargainsl|

LonN M?:no-sN.( gs o"(!.ggpo FREE On line Datal

DISTEL © The Ori nll

Info on 1000’s of ltems

ALL MAIL & OFFICES
Open Mon-Fri 9.00-5:30
Dept EE. 32 Biggin Way

ALL ® ENQUIRIES

081679 4414

sse® ¢ ‘one V21,v22, V22 BIS UnperiNorweod
081 679 1888 LONDON SE19 3XF FAX 081 679 1927

Mpvbn'orUKMaMUKcm;addWs%VATloTOTAmel Minimum order £10. Bona Fide account order! nacagu from Govemment,

Schools, Universities and Local Authorities - minimum account order £50. Camngcd\lrou (A -€3 (A‘)xuoo (8)-£550 (C)-£8 )-nzoo (E)-£|5w

(F).ewoo (G)-CALLAIg#odeawlovlm :;ﬂovlCALL ngn:“su o Al goods ow s Sale and
wgmmd days. Al guaraniees on a retum o base basis. smsomd change prices spec w!houl m
subject to st Discounts for volume. Top CASH prices paid for surplus goods. Al e etc acknowled oousplayEbaronulw E&AOE
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MAGNETIC FIELD DETECTOR

Modern man is ever more often exposed to a
variety of alternating magnetic fields of various
frequencies, emanating from the huge variety of
electrical and electronic devices which now
form an integral part of life. Over the last few
years these fields have become a source of
concern to some people, who feel that constant
exposure to them may constitute a hazard to
health. A vast amount of research on this has
been carried out, much of it by the electricity
authorities who are understandably concerned
about the safety of their product, but to date
results have been inconclusive.

However, since these fields ccannot generally
be seen, felt or heard, a means of detecting
them may be useful to those who wish to
minimise their exposure to this sort of risk. This
relatively simple and inexpensive unit gives
both an audible and visual (l.e.d. bargraph)
indication of field strength.

ELECTRONIC TRACK CLEANER

Dirt on model railway track often produces erratic train speed and can cause a low speed train to
come to a grinding halt. High qualily controllers are less prone to this problem than very basic
types, but if a significant length of track is affected, contact can be lost with the train, and it will come
lo a halt.

The best solution to the dirt problem is to simply keep the track scrupuously clean, but this can
be quite difficult and time consuming. An alternative approach is to keep the track as clean as
reasonably possible, and to use an electronic track cleaner to “zap” any remaining small amounts
of dirt on the tracks.

This “zapping” is done by applying a high voltage across the tracks when the train goes out of
electrical contact with the track. Although using a high voltage across the tracks might seem to be
dangerous, this voltage is at a high impedance. The available current is therefore very low, and the
equipment is incapable of giving even a moderate electric shock or of damaging the train.

MOVING DISPLAY METRONOME

The traditional mechanical metronome, with its weighted swinging-arm provides an audio and
visual indication of beats per minute, but many simple electronic metronomes often overlook the
visual aspect, with at best, a flash from an l.e.d. on every beat. This project fills this shortfall, It is
based on a 4067 16-channel analogue multiplexer/demultiplexer with a ten l.e.d. display.

When the arm of a mechanical metronome swings from side to side it appears to slow down
towards the end of its travel. Te simulate this motion electronically, the outer l.e.d.s of the display
stay on for longer. This produces an effecctive moving dot display similar to its mechanical counter-
part. The metronome “clicks” are produced by a piezo electric buzzer.
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HART AUDIO KITS- YOUR VALUE FOR

MONEY ROUTE TO ULTIMATE HI-FI

HART KITS give you the opportunity to butld the
very best engineered hifi equipment there is.
designed by the leaders in their field. using the
best components that are available

Every HART KIT s not just a new equipment ac-
quisition but a valuable investment in knowledge,
giving you guided hands-on experience of modern
electronic techniques

In short HART 1s your ‘friend in the trade’ giving
you. as a knowledgeable constructor, access to
better equipment at lower prices than the man in
the street.

You can buy the reprints and construction manual
for any kit to see how easy it 1s to build your own
equipment the HART way The FULL cost can be
credited against your subsequent kit purchase
Our list will give you fuller details of all our Audio
Kits, components and special offers.

AUDIO DESIGN 80 WATT POWER AMPLIFIER.

This fantastic John Linsley Hood designed
amplifier is the tlagship of our range. and the ideal
powerhouse for your ultimate hifi system. This kit
is your way to get £K pertormance for a few tenths
of the cost!. Featured on the front cover of
‘Electronics Today International’ this complete
stereo power amplifier offers World Class perfor-
mance allied to the famous HART quality and ease
of construction. John Linsley Hood's comments on
seeing a complete unit were enthusiastic.- “The
external view 1s that of a thoroughly professional
piece of audio gear, neat elegant and functional
This impression 1s greatly reinforced by the
internal appearance. which is redolent of quality,
both in components and In layout” Options
include a stereo LED power meter and a versatile
passive front end giving switched inputs using
ALPS precision. low-noise volume and balance
controls. A new relay switched front end option
also gives a tape input and output facility so that
for use with tuners, tape and CD players. or
indeed any other ‘flat’ inputs the power amplifier
may be used on its own. without the need for any
external signal handling stages. ‘Slave' and
‘monobloc’ versions without the passive input
stage and power meter are also available. All
versions fit within our standard 420 x 260 x 75mm
case to match our 400 Series Tuner range ALL six
power supply rails are fully stabilised, and the
complete power supply. using a toroidal trans-
former, is contained within a heavy gauge
aluminium chassis/heatsink fitted with IEC mains
input and output sockets All the circuitry Is on
professional grade printed circuit boards with
roller tinned finish and green solder resist on the
component 1dent side. the power amplifiers
feature an advanced double sided layout for
maximum performance. All wiring in this kit is pre-
terminated, ready for instant use!

RLH11 Reprints of latest articles

K1100CM HART Construction Manual

LINSLEY HOOD 1400 SERIES

ULTRA HIGH-QUALITY PREAMP
Joining our magnificent 80 Watt power amplitier
now is the most advanced preamplifier ever of-
fered on the kit. or indeed made-up marketplace
Facilities include separate tape signal selection
to enable you to histen to one programme while
recording another. up to 7 inputs, cross record-
ing facilities, class A headphone amplifier. can-
cellable 3-level tone controls and many other use-
ful functions. all selected by high quality relays
For full details see our list

£1380
.£5 50

LINSLEY HOOD 'SHUNT FEEDBACK' R..LA.A.
MOVING COIL & MOVING MAGNET
PICKUP PREAMPLIFIERS

Modern, ultimate sound systems are evolving
towards built-in preamplifiers within or near the
turntable unit. This keeps noise pickup and treble
loss to @ minimum. We now offer two units, both
having the sonically preferred shunt feedback
configuration to give an accurate and musical
sound, and both having the ability to use both
moving magnet and moving coil cartridges

Kit K1500 uses modern integrated circutts to
achieve outstanding sound quality at minimat cost.
The very low power requirements enable this unit to
be operated from dry batteries and the kit comes
with very detailed instructions making it ideal for the
beginner. K1500 Complete kit with all components,
printed circuit board. full instructions and fully
finished case . .£67.99
Instructions only £2.80
Kit K14501s a fully discrete component implementa-
tion of the shunt feedback concept and used with the
right cartridge offers the discerning user the ul-
timate in sound quality from vinyl disks. Can be
fitted inside our 1400 Preamp, used externally or as
a standalone unit. It has a higher power require-
ment and needs to be powered from our 1400 Series
preamphfier or s own dedicated power supply
K1450 Complete Discrete Component RIAA Phono
Preamp £109.58
Factory Assembled and Tested .£159.58
K1565 Matching Audio Grade Power Supply with
potted toroirdal transformer and Ilimited shift
earthing system. £79.42
Factory Assembled and Tested £118.42
U1115 Power Interconnect Cable. £7.29

SPECIAL OFFER
PRECISION Triple Purpose TEST
CASSETTE TC1D.

Are you sure your tape recorder i1s set up to give its
best? Our latest triple purpose test cassette checks
the three most important tape parameters without
test equipment. Ideal when fitting new heads

A professional quality, digitally mastered test tape
at a price anyone can afford.

Test Cassette TC1D Our price only £10.99

DISK-COUNT Clasaical CD’s.

Many New Titles This Month
Top quality. Full Digital (DDD) Compact Disks of the
great classical favourites. Like everyone else we
didn't like the idea of paying silly prices for CD's
After a long search we have now located a source of
top quality classical recordings at prices that make
you suspect the quality — until you try them! Send for
our list of titles.

HART PCB SOLDERING PRACTICE KIT

Your chance 1o learn or try your soldering skills on a
real Hart printed circuit board! This kit comes with a
range of modern components, a typical Hart quality
PCB. a roll of the correct grade of solder and your
full learning guide. It enables the enthusiast who
1s uncertain of his. or indeed her, ability to put to-
gether and solder a printed circuit to try their hand
first at minimum cost

The instructions explain the right technique and
guide even an absolute beginner through the seem-
ingly daunting, but in fact very simple. art of making
a good soldered joint.

The Hart Printed Circuit Board Soldering Practice
Kit represents excellent value for money at only
£4.99.

Send or ‘phone for your copy of our FREE List of these and many other Kits & Components Enquiries from Overseas
customers are equally welcome but PLEASE send 2 IRCs If you want a hist sent surface post. or 5 for Airmail
Ordering 1s easy Just write or telephone your requirements to sample the friendly and efficient HART
service Payment by cheque. cash or credit card A telephoned order with your credit card number will

get your order on its way 10 you THAT DAY

Please add part cost of carriage and insurance as follows —INLAND Orders up to £20 - £1.50,
Orders over £20 - £3.50. Express Courier, next working day £10.
OVERSEAS - Please see the ordering information with our lists.

TECHNICAL BOOKSHELF

The Following are a Small Selection of the Books we
Offer. Full Details are in our Free List.

“THE ART OF LINEAR ELECTRONICS™, John Linsley
Hood.

Just Out! Hot Off the Press, the definitive electronics
and audio book by the renowned John Linsley Hood
This 300+ page book will give you an unparalieled
insight into the workings of all types of audio circuits.
Learn how to read circuit diagrams and understand
amplifiers and how they are designed to give the best
sound. The virtues and vices of passive and active
components are examined and there are separate
sections covering power supplies and the sources of
noise and hum. As one would expect from this writer
the history and derivation of audio amplifier circuitry
have an entire chapter, as does test and measure-
ment equipment

Copiously lustrated this book is incredible value for
the amount of information it contains on the much
neglected field of linear, as opposed to digital, elec-
tronics. Indeed it must be destined to become the
standard reference for all who work, or are interested
in, this field.

SPECIAL OFFER. With each book purchased you may
request a FREE extended index, written by the Author,
exclusively from HART.
0-7806-0868-4 . . .£16.95
Don't forget most of our kits have reprints of articles by
John Linsley Hood that you can purchase separately.
“TOWERS' INTERNATIONAL TRANSISTOR
SELECTOR". This will give you the specification, pin
connections, case outline, manufacturer, equivalents
and substitutes for over 27,000 European, American
and Japanese transistors Latest update 4 offers over
2,000 new entries plus surface mount cross index.
1990 432 Pages. 247 x 173.

0-572-01062-1 .

*DIGITAL AUDIO AND COMPACT DISC
TECHNOLOGY" 2nd Edition. Baert, Theunissen
and Vergult. (SONY Europe).

A thoroughly well written book covering the whole
field of recording media starting with the Phonograph
right through to modern professional PCM digital
recording systems with particular and extensive
coverage on the compact disc. All aspects of the
recording and reproduction processes are explained
with separate chapters on such things as compact
disc encoding and the use of cross interleave
Reed-Soloman error correction code (CIRC). This
book Is of course essential reading for engineers and
students involved in the field but its very low prices
makes it ideal for the enthusiast of recorded music
who wants 1o know more about the hidden processes
going on in his CD player.

1992/94 248 Pages. 247 x 190.

0-7506-0614-2

INTRODUCING DIGITAL AUDIO CD, DAT AND
SAMPLING 2nd Edrtion. lan R. Sinclair.

For enthusiasts, technicians and students
Covers CD and DAT. Philips DCC and Sony Mini Disc,
the digital techniques involved are explained non-
mathematically.

Digital audio involves methods and circuits that are
totally alien to the technician or keen amateur who
has previously worked with audio circuits. This book
is intended to bridge the gap of understanding for
the technician and enthusiast The principles and
methods are explained, but the mathematical back-
ground and theory are avoided other than to state the
end product. This second edition has been updated
to include sections on oversampling methods and
bitstream techniques. The opportunity has also been
taken to add a glossary of technical terms.
1992 168 Pages. 217 x 138. 64 line drawings
ISBN 1870775228

“THE ART OF SOLDERING", R. Brewster

Absolutely essential reading for anyone who ever
picks up a soldering iron. Written from knowledge
gained in a lifetime in the field, this is the first book
ever solely devoted to this essential and neglected
skill for all electronic enthusiasts. Covers everything
from the correct choice of soldering iron and solder
to the correct procedures to follow with many illustra-
tions and practical exercises.
0-85935-324-3 e . .£3.95
“HOW TO USE OSCILLOSCOPES & OTHER TEST
EQUIPMENT"”, R.A. Penfold, 112 pages. 178 x 111
Publ. 1989

BP267 ... - .£3.50
Postage on Single Books 1s £1.50 except for The Art of Linear
Eiectronics, Digital Audio and Compact Disc Technology and
The Towers International Transistor Seiector which are £3.50.
Two. or more. books are only £4 50, any size, sny Quantity

£19.95

.€17.95

£7.95

QUALITY
AUDIO KITS

896

24 hr. SALES LINE JALLPRICES

(0691) 652894

INCLUDE
UK/EC VAT
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Diyiz) A ulsition for voure 26
Easy to use, low cost data acquisition products that allow your PC to be used as a range of useful test and
measurement instruments, or as an advanced data logger. Easy installation via a parallel port except the
ADC-16 which connects to the serial port. They require no power supply. Take up no expansion slots.

Each comes with a comprehensive manual. Software drivers are included for users who wish to write
their own software. Software supplied on 3.5" disk.

PicoScope ‘'Virtual instrument’ software. PicolLog
Storage scope with trigger,
timebase, rulers and offset.
Real time spectrum analysis
with min/max frequency and
signal averaging. Multiple
meters on screen (digital and
bargraph). Printer and file
handling support.

NEW SLA4-76 Logic Analyser

Pocket sized 16 channel Logic Analyser

Advanced data logging software 1
package. Collect store, display (
and print data from one sample

per millisecond to one per day.

Record average, min/max or :
scaled values (linear, equation, = 2
table look-up). Report types;
monitor (with min/max alarms),
y-t graphs, x-y graphs, tabulation.

NEW /49@- 7 00 Virtual Instrument

Dual Channel 12 bit resolution

® Connects to PC
serial port, ideal
for desktops or
notebooks.

@® Supplied with
easy to use
software,
power supply
and cables.

@® High Speed
-up to 50MH2z
sampling.

@® Internal and
external clock
modes.

8K Trace Buffer.

SL#-76 with power
supply and cables £219 ]

ADE-70
1 Channel 8 bit

@® Lowest cost

® Up to 22kHz sampling
® 0 -5V inputrange

The ADC-10 gives your
computer a single
channel of analog input.
Simply plug into the
parallel port and your

ADC-77
11 Channel 10 bit

@ Digital output
@ Up to 18kHz sampling
® 0-2.5V input range

The ADC-11 provides
11 channels of analog
input in a case slightly
larger than a matchbox.
It is ideal for portable

ready to go. data logging using a
“notebook” computer.

ADE-70 with ADE-77 with

PicoScope £49 PicoScope £85

PicoScope & PicoScope &

PicoLog £59 PicoLog £95

Carriage UK free, Overseas £6
Oscilloscope Probes ( x1, x10) €10
Existing ADC 10/11/12/100 users can add Picol.og for £25

resolution.

purpose test instrument either in the

Digital Storage Scope
Spectrum Analyser
Frequency Meter
Chart Recorder

Data Logger
Voltmeter

The ADC-100 offers both a high
sampling rate (100kHz) and a high

Itis ideal as a general

fab or in the field. Flexible input
ranges (+200mV to +20V) allows the
unit to connect directly to a wide
variety of signals.

A DE-700 with PicoScope £199
with PicoScope & PicoLog £209

ADEC-72
1 Channel 12 bit

@ High resolution

@® Up to 17kHz sampling
® 0 -5V input range

The ADC-12 is similar to
the ADC-10 but offers an
improved 12 bit (1 part
in 4096) resolution
compared to the ADC-
10's 8 bit (1 part in 256).

ADC-72 with
PicoScope £85

PicoScope &
PicoLog £95

ADC-176
8 Channel 16 bit+sign

@ Highest resolution
@ 2Hz sampling - 16bit
® + 2.5V input range

The ADC-16 has the
highest resolution of the
range, it is capable of
detecting signal changes
as small as 40 pV. Pairs
of input channels can be
used differentially to
reject noise. Connects to
serial port.

ADC-16
withPicoLog £115

ADC-10 Simply plug into the parallel port
and your ready to go.

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ
Tel: 01954 - 211716 Fax: 01954 - 211880

T
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Take the

Quickroute

to successful PCB & \
Schematic Design / 3 —eans

from
£99.00

Design PCB's and Schematics quickly g £ 9% 29 =9
xS BZ gyo 32
Quickrante 30 |CAORIVE? SCH o 0 s 3 14 Q‘g
. o — 4
Ele_Edt Yiew Jools Options Librery Symbol Help B} ~(<b =} =8 o v 0
Sl ko o gy RS o =
T 73 2 g
ic2 Ic3 ||
= |
== e DESIGNER 2 None None
1 3 3 x Standardt 10
13 )
8 GND 7
8
PRO Fast Standard| Export 30
8 Export/
PRO+ Fast |Advanced Imz:rt‘ 40
After schematic capture, components can be "RAOL canimpOR GETLE/ s
re-arranged prior to manual or automatic
routing. All versions include an auto-router.
— Qb ruote 30 [C\OEBIING2D PLH) [~1-]
e Edt Yiew is  Qptiens Librony Help
Gl el A wfekel miolTi@lnd vexeowm

EEAEEXEEEEEX]
eecoececooe

Telephone or FAX POWERware on 061 449 7101 E,Jq¥le

Quickroute 3.0 for Wlndows 3.1
;2:’::2“; ?(;;’; g;i‘{(;::e’ DESIGNER £99.00 DESIGNER+ £149.00

PRO £199.00 PRO+ £299.00
SKé 5DD, UK. All prices exclude post & packing, and V.A.T.

Available

898
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1995 CCI"'CI'OQUG - 196 pages of

stunning offers. only £2, or free with order

25887 Amongst the pile of "Ties in Tins’,
we've discovered something for the ladies
- pure sik scarves. Identical tin, but the
68cm square 100% sitk scarf by Camelia
James (by appointment to the Queen, no
less) is in a attractive grey-blue with darker
blue border. The scarf alone would
probably sell for a tenner - our price for this
beautiful silk sqaure and the tin is just

L O5

minl £M RADIO

FM1 Just 20mm thick and 45mm dia,
this receiver has auto-seek tuning - keep
pushing the button tll you reach the
station of your choice. Uses 3V _lithium
battery (supplied), and comes with twin
earphones.

£7.99

RELAY OFFER

23782 Standard BT
i—J

type relay - our type

W831 - except 9V
coil. Usually £1.95,

100+
0.60

Special Bargain Price
ELECTRONIC

£1.00

MIRROR

ECLInse

Removes headhght dazzle from behind
Dips in 1/10 second

Sensitimty selector

Battery operated, easily fitted
Complete with accessornies

Order Code: 25693

£7.95 Cow

Remote Control Deal

Just purchased a few thousand TV/VCR

Left remote controls - and what a mixture
they are. All brand new, they fall into
Z5876 three broad categories - (a) basic; (b}
Right with LCD and {c) the bells and whistles
brigade. Unfortunately, most manufac-
Z5879 turers’ seem reluctant to print their
name on these handsets, so we haven't
a clue for which machines they are in-
tended. Hopefully, the table below will
give some idea. Being realistic, we're
Left aware not many of these will be wanted
as replacements in any case, but just for
25887 the spare parts, and the low prices re-
- flect this. In order to shift them fairly
nght quickly, we've decided to offer them
25888 {wait for it, wait for it} in a PACK (What a
surprise).  Yes, another amazing
GREENWELD offer. Enough buttons to
zap the world!
Code Man'r Type Lang Description Price
(a) Basic controller with no display - all take 2 x AAA cells
25875 RCO7 20 buttons £2.00
Z5876 RCO8 E 34 buttons £2.00
25877 E 35 buttons £2.00
25878 RC44 F 37 buttons £2.00
(b) Controlier with LCD - all take 2 x AA colls
25879 Matsui VX2700 E 39 buttons £3.00
25880 RCD E 37 buttons £3.00
25881 RCF E 38 buttons £3.00
25882 RCK E 36 buttons £3.00
Z5883 RCL E 38 buttons £3.00
25884 RCW E 24 buttons £3.00
25885  FasyP E 40 buttons inc. Sat £4.00
25886 Two E 49 buttons. For twin
deck VCR £5.00
(c) Controllers with LCD and extras
25887 Show 45 buttons. With
View jog/shuttle control
2 x AA cells £8.00
25888 VXL12 E 32 buttons. With built
in speech chip giving
instructions. Also acts
as talking clock, gving
day and time at the touch
of a button. 4 x AA cells £9.95
25889 G As above £4.95
25890 F As above £4.95

E = English; F = French; G = German

POWER SUPPLY
BARGAIN

One of the best power supplies we've
seen for the money - this 397 watt
switch mode beauty is of the highest
qualty, made by Delta Electronics Inc.
Removed from equipment, but in ex-
cellent condition (less than a year old!)
the unit is totally enclosed in a steel case
340x152x152mm. It has an IEC mains
infet with suppressor fitted and on/off
mains rocker switch, and all outputs are
on leads with power connectiors.

Now for the spec:

Inputs: 100-120V € 10A

0r200-240V 6 6A, ..

switchable

+12V 6 15A
-5V @ 1A
-12VvE@ 1A
A 12V DC 120x120mm fan is fmed at
the rear of the case. Cument distributor
price of the a unit of this ik would be

around £400!
£29.95

OUR
SAVE 92%! Order Code: 29157

A range of videos of interest to railway en-
thusiasts, all at the same price - £7.95

{a) Rars footage 1950's, 1960's

75878 Vintage Steam Scrapbook Vol 1
75879 Vinatge Steam Scrapbook Vol 2

{b) Romney Hythe & Dymchurch Radway

zsawwmmmmwvm-'
'

75881 Vintage Steam Rermembered Vol 2
75882 Vintage Sisam Remembered Vol 3
{c) Miscellaneous

25883 Vintage Amencan Locos

75884 GWR

75885 The Last Brtish Trans - Blackpool

e

SCOPE CLEARANCE:

Few only Hitachi Oscilloscopes to clearl We are discounting
these owing to ever increasing prices and decreasing sales

Model
V212
V223
V522
V525

Li
£
£
£
£

st Clearance
399
599
745

9299

£57S

£350
£450

£750

PRICE

AccuCard"|
UNINTERUPTIBLE
POWER SUPPLY

For all IBM and 100%

compatible PCs up to 386

% Low cost attemative 10 expensive bulky ex-
ternal PSU

¥ Occupes only 6k of memory

¥ Uses only one half card ot

% Prondes DC power 10 ail mmemal system

components
3% On board logic and memory chips
¥ Automatic setf-chagnostics run on the board.
battery and software every tme system is
booted up
% Easy USER nstallable dwrections
¥k Protects aganst DC power supply falure
3% Protects against accidental unplugging of
switching off
% Supphed complete with cable and CONNBCtors
and software on 35 disk
Please note thes card wil not support disk doubiing or space
saang soltware
Thns essential piece of kit has a current
list price of £213.85 - we have
a few hundred only at just

£ 69.95

Ordor Code Z9252

Phone Nos: SALES 01703 236363, Technical 325999;
Accounts 231003; Fax (All depts) 236307; FaxOnDemand 236315*

GREENW

ELECTRONIC
COMPONENTS

from Educal

L e

Sged( prices include VAT, q

*To obtain latest fists, info elc, just dial 0703 236315 from any fax machine and follow Instructions.
Al 1 off and
omer (29

prices do not. P&P £3 per
rd £12; Official Orders
charge £15. Payment
accepled bych ue, PO, cash, book
tokens, Access, Visa, Connect. Our
stores (over 10,000 sq f) have
enormous stocks. We are open from
8-5.30 Mon-Sat. Come and see usl

next day). Min Crod‘vt

27D Park Road Southampton SO15 3UQ

MINI EX‘I’N SPEAKER

PRICE PER PR

£2 95 100oprs(nofreepIug)12y
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DISTANCE LEARNING COURSES

Update and reskill at home or in your workplace training centre with these highly

practical industrially approved short courses. There is no travelling so commence at
anytimeon....

Electronic Testing & Fault Diagnosis
Analogue Electronics
Digital Electronics
Fibre/Optoelectronics
Programmable Logic Controllers

Courses are supplied with NCT training workbooks, audio cassette lecturettes, PCB's,
instruments, tools, components and leads as necessary for each course. Continuous
tutor support and BTEC certification is available as an option from NCT. Individual
course certificates can be credited towards a BTEC Continuing Education Certificate
which is at NVQ level 4. For the latest information on courses and your options write or
telephone:
National College of Technology, NCT Ltd., PO Box 11
Wendover, Bucks. Tel: (0296) 624270

SYSTEM 200 DEVICE PROGRAMMER
TRANSM ITTERS SYSTEM: Programs 24, 28, 32 pin EPROMS,
EE-PROMS, FLASH and Emulators as
standard, quickly, reliably and at low cost.

AT LAST. A comprehensive, easy to tollow
guide to building short range transmitters
and surveillance devices. Packed with
useful information and circuits.

% Only £3.98 inc p&p.

(Some of the circuits included cannot be used legally

in the UK) K lTs

All kits come with pre-drilled PCBs and high spec

components

MICRO FM TRANSMITTER (a). 1 mile range, 80-100MHz
preset inc. mic., very small (2°3cm) £6.95

MICRO FM TRANSMITTER (b). Variable mic. sens., tunable 90-110MHz.

Expandable to cover virtually any
programmable part including serial E2,
PALS, GALS, EPLD's and microcontrolliers
from all manufacturers.

DESIGN: Not a plug in card but connects to the PC
serial or parallel port; it comes complete
with powerful yet easy to control software,

1 mile range £7.95 cable and manual.
FM TRACKER. Transmits an audio tone for direction finding, tracking etc .

80-110MHz ¢ ¢ £€8.50 SUPPORT: UK design, manufacture and support.
FM RECEIVER (a). Tiny high quality FM radio. Will drive headphones i

dirgct (notinc) €10.90 Same day dispatch, 12 month warranty.
FM RECEIVER (b). As (a) but with 3 watt audio output and tuning LED €12.60 10 day money back guarantee.
CRYSTAL RADIO. Includes tuner, earphone, ferrite aerial. etc £6.90
AM RADIO. Single chip radio for headphones (notinc ) £8.90 :
AUDIO POWER AMPS 3 WATT low cost for intercoms etc £4.95 e Q@

15 WATT General purpose upgrade €8.95 o
40 WATT High quality, HO 0-003%. swilch - E
on mute 1deal for compact disc £15.50
150 WATT Rugged and powerful MOSFET \ =
design PA/sound systems £€22.98 3 " <2
PREAMPS ETC \ .

GENERAL PURPOSE PREAMP. variable gain 9-25V 40mV max in €4.00 ASK FOR FREE \ g‘?i
ULTRA LOW NOISE. For high quality mixers, mics etc 9-25V £4.50 INFORMATION \
SMALL SIGNAL. Sensitive FET preamp for piezo transducers £3.90 PACK \ )
ACTIVE TONE. 12dB c/b bass and treble with variable gain £8.95 ’/
7 BAND EQ. 150Hz-18KHz for EQ units and tone control, \

includes on-board preamp and pots Variable gain £12.985 ,.'
NOISE GATE. Dynamic noise reduction system. Variable input J l GERMANY 089/4602071

and cut off level. Will accept instruments, tape decks etc £15.95 NORWAY 0702-17890
MUSIC KITS. Full range of on-board units for guitars and other instruments -

Tone boosters, active circuitry, transducers. Send for list ITALY 02 92 10 3554
Prices include P&P. Mall Order Only. Make cheques and postal orders payable to MQP ELECTRONICS Ltd. FRANCE (1)69.41.28.01
J c G I | I l Unit 2, Park Road Centre, IRELAND 1-2800395

Maimesbury, Wiltshire, SN16 0BX UK SWEDEN 08-590-32185

PO Box HP79, Woodhouse Street, Leeds LS6 3XN TEL. 0666 825146 FAX. 0666 825141  Also from ELECTROSPEED UK
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ELECTRONICS

135 Hunter Street
Burton - on - Trent

Staffs. DE14 2ST
LTD

Tel 0283 565435 Fax 546932 EE150

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

SHOP OPEN 9-5 MON-FRI. CLOSED SAT --- OFFICIAL ORDERS WELCOME

r= CROCONTROLLERY

EPE MICROCONTROLLER
P.l. TREASURE HUNTER!

! The latest MAGENTA DESIGN - highly
) stable & sensitive — with uC control !
¥ of all timing functions and advanced I

1 pulse separation techniques. 1
| @ New circuit design 1994 1
I @ High stability 1
1 drift cancelling [}
I @ Easy to build !
1 &use 1
1 @ Noground 1
1 effect, works ]
| inseawater ]
1 ® Detectsgold, |
1 silver, ferrous & 1
1 non-ferrous
i metals i
§ @ Efficient quartz controlled 1

microcontroller pulse generation. i
§ @ Full kit with headphones & all i

hardware i
LKIT 847 £63.QSJ

DIGITAL LCD THERMOSTAT
A ile th using a thermi probe and
having an L.c.d. display. MIN/MAX memones. -10
to 110 degrees celsius, or can be set to read in
Fahrenheit. Individuali ble upper and lower
switching temperatures allow close control. or alter-
natively allow a wide ‘dead band’ to be set which
can result in substantial energy savings when used
with d ic hot water sy Ideal for green-
house ventilation or heating control, aquana, home
brewing. etc. Mains powered. 10A SPCO relay out-
put. Punched and printed case

KIT841....coovvviieinns £29.95
PORTABLE ULTRASONIC
PEsT SCARER

A powerful 23kHz ultrasound generator in 8 com-
pact hand-held case. MOSFET output drives 2

ial seal d with int pulses via
a special tuned transt S ping frequency
output is designed to give maximum output with
out any special setting up.

KIT842.......ccoovvvenn £22.56
DIGITAL CAPACITANCE
METER

A really protessional looking project. Kit is sup-
plied with a punched and printed front panel. case.
p.c.b. and all components. Quanz controlled ac-
curacy of 1%. Large clear 5 digit display and high

peration. |deal tor beg - as the pF. hF
and pF ranges give clear unambiguous read out of

and capacitors from a few pF up
to thousands of uF
KIT493.......eeenieee £39.95

ACOQUSTIC PROBE

A very popular project which picks up vibrations by
means of a contact probe and passes them on to a
pair of headphones or an amplifier. Sounds from

gines, h h travelling through
walls can be amplfied and heard clearly. Usetul

1000V & 500V INSULATION
TESTER

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

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

KIT848..........ceee. £32.95

MOSFET Mkl VARIABLE BENCH
POWER SUPPLY 0-25V 2-5A

Based on our Mk! design and
preserving all the features,

but now with switching
pre-regulator for much
higher efficiency. Panel

meters indicate Volts and
Amps. Fully variable down to
zero. Toroidal mains trans-
former. Kit includes punched
and printed case and all
parts. As featured in April
1994 EPE. An essential piece
of equipment.

KIT845............ £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.

@ KITINCLUDES ALL
COMPONENTS, PCB & CASE
@ EFFICIENT 100V

‘o IMEOTU
O=-ZOND>D~rC

TRANSDUCER OUTPUT @ UP TO 4 METRES
® COMPLETELY INAUDIBLE  RANGE

TO HUMANS @ LOW CURRENT DRAIN
KITREE. 812 ceeiiieiiieeeeeeeeeceeevaeeceeees £14.81

‘'COMSTEP’ P.C. COMPUTER STEPPING
MOTOR INTERFACE

An exciting project supplied with two 200 step motors, interface board, and easy
to use P.C. software.

Aliows independent control of both motors - speed. direction, number of steps.
and half/full step mode. Connects to computer paraliel port. Requires 12V 1A
D.C. supply and printer lead

KIT 846 (with 2 motors)
IONISER

A highly etficient mains powered Negative lon Generator that clears the ar by
lising excess positive ions. Many claimed health benefits due to the 1oniser

removing dust and pollen from the air and clearning smoke particles. Costs virtually

nothing to run and 1s pletely safe in op 1. Uses five point emitters.

KIT 707 i e £17.75
BAT DETECTOR

An excellent circuit which reduces ultrasound frequencies between 20 and 100 kHz
to the nomal (human) audible range. Operating rather ike a radio recesver the circunt
allows the listner to tune-in 1o the ulrasonic frequencies of interest. Listening to Bats

....... £62.99 (Printer lead £5.00)

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

e to 16 digits long. Comes pre-loaded
with “MERRY XMAS". Kit includes

] PCB. all components & tube +
instructions for message loading

IKIT849.......ceeee..
12V EPROM ERASER

A safe low cost eraser for up to 4 EPROMS ata time
in less than 20 minutes. Operates from a 12V supply
(400mA). Used extensively for mobile work - up-
dating equipment in the field etc. Also in educa-
tional situations where mains supplies are not al-
iowed. Safety interiock prevents contact with UV.

KIT790.....cciiiiiniinnnnns £28.51

MOSFET 25V 2.5A
POWER SUPPLY

High performance design has made this one of our
classic kits. Two panel meters indicate Volits and
Amps. Varisble from 0-25 Volts and current limit
control from 0-2-5A. Rugged power MOSFET out-
put stage. Toroidal mains transformer.

KIT769...ccciiiiiannens £56.82
INSULATION TESTER

A reliable and neat electronic tester which checks
insulation resistance of wiring and sppliances etc..
at 500 Volts. The unit is battery . simple
and safe t0 op Leakag: i of up to
100 Megohms can be read easily. A very popular
college project.

KIT444............ccnone... £22.37
DIGITAL COMBINATION LOCK

Digital lock with 12 key keypad. Entering a
four digit code operates a 250V 16A relay.
A special anti-tamper circuit permits the relay
board to be mounted ly. ldeal car i bi-
tiser, operates from 12V. Drilled case, brushed
aluminium keypad.

KIT840.......coiiiinenns £19.86

E.E. TREASURE HUNTER
P.l. METAL DETECTOR
MKI

Magenta’s highly
developed &
acclaimed design
Quartz crystal

controlled circuit
MOSFET coil drive.

m

D.C. coupied
amplification.
$1(1:|IBkirt‘im:,I|udes @ KITINC.
. handle,
case & HEADPHONES
search coil @ EFFICIENT
CMOS DESIGN

@ POWERFUL COIL
DRIVE

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

® 190mm SEARCH COIL

ke engineers, and nosey i fascinating, and it posaible to denuly wancus Cterme NPerc 0 "t ¢ @ NO ‘GROUND EFFECT’
KIT740.....c.cccoviiinnnne £19.98 KIT814.. i £21.44 KIT815....ccccooiiiiins £45.95
HAMEG HM303 30 MHz EDUCATIONAL BOOKS & PACKS DC MOTOR/GEARBOXES

COMPONENT CHECKER

and 2mV/div sensitivity.

DUAL TRACE OSCILLOSCOPE &

Western Europe’s best selling oscilloscope - now improved
It now features 30MHz bandwidth, tnggering to 100MHz

ADVENTURES WITH ELECTRONICS

The classic book by Tom Duncan used throughout
schools. Very well illustrated, i1deal first book for age 10
on. No soldering. Uses an S.DEC breadboard.

ideal for robots, buggies.
and many other mechanical
projects. Min. plastic gearbox

Sharp bright display on 8 x 10cm screen with internal
icule. Special tester built In allows
diode, and many other

components to be checked at a glance.

As with its predecessor, the QUALITY' OF THIS INSTRU
MENT IS OUTSTANDING. It is supported with a two year
warranty covering parts and labour. If you are buying an
oscilloscope. this is the one. It costs a fraction more than
some others, but it is far far supenor. Supphed with test
probes, mains lead, and manual.

£392.00+£68.60 VAT povasrnce |

Book &Components £28.95, Book only £7.26

FUN WITH ELECTRONICS

An Usborne book, wonderfully illustrated in colour. Com-
ponent pack allows 6 projects to be built and kept. Sol-
dering is necessary. Age 12 on, of younger with adult
help. Book & Components £20.88, Book only £2.95

30 SOLDERLESS BREADBOARD PROJECTS
A more advanced book 1o follow the others. No soidering
Circuits cover a wide range of interests.

Book & Components £30.69. Book only £2.95

with 1.5-45V DC motor. 6
ratios can be set up.

Small type MGS....£4.77

STEPPING MOTORS

For computer control via standard 4 pole unipolar
drivers.

MD38 - miniature 48 steps Per rev............... £9.16
MD35" - standard 48 steps per rev............ £12.99

902
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GENT
Teach-in ‘93

MINI LAB KITS

ALL COMPONENTS TO ASSEMBLE
THE EPE MINI LAB.

Follow this exciting educational series as
featured in EPE through 1993.
Full set of reprints ........cccocoeeeeeveunnvurinenees £4.60
Components are supplied in packs to keep
ordering simple.

A full MINI LAB consists of ML1, ML3, ML5,
ML6. These are available at a special

combined price of......cooceneceeeeneneniinnens £114.99
or lessthe p.c.b.
ML2, ML3, ML5, ML6 at................. £104.99

The transformer unit ML4 is also needed...£21.45

KITML1 MINI-LAB P.CB. + all components

inclusive of breadboard for

Part 1 (Nov. '92)
KIT ML2 All Components for Part 1 less

P-Che s £39.95
KIT ML3 Power Supply components........... £19.95

£49.95

KIT ML4 Transformer unit...........cccouucune. £21.45
KIT ML5 LE.D. Voltmeter, signal

generator, audio amplifier and

555 timer....... £33.95
KIT ML6 Logic probe, display, radio

tuner...... £17.95

(Note: batteries not included)
All prices include VA.T. Add £3.00 p&p.

Tel: 0283 565435 Fax: 0283 546932

GENTI.
Teach-In '93

MICRO LAB KITS

ALL COMPONENTS TO ASSEMBLE
THE EPE MICRO LAB.

A 6502 Microprocessor trainer with many
features. Accompanied by an excellent set
of tutorial articles and a manual.

Repair/fault-finding help assured when you
buy your kit from us.

Full MICRO LAB kit including PC Board,
EPROM, PAL, & Manual.
MIC T ... esrsecsscrsesnesmsssssanaes £149.95
(Also available less PCB etc. if required).

Full set of reprints.........ccovinincnnnn. £3.00

BUILT & TESTED

Full MICRO LAB AS MIC1 (above)
MIC1B .£179.95
Professionally assembled, inspected,
cleaned and tested. Full back-up service,
spares, etc available.

All prices include V.AT. Add £3.00 p&p.
Tel: 0283 565435 Fax: 0283 546932

Everyday with Practical Electronics, December 1994
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ESR ELECTRONIC COMPONENTS

Station Road, Cullercoats,

Tyne & Wear NE30 4PQ
Tel. 091 251 4363 Fax. 091 252 2296

74LS Series 4000 Series TRANSISTORS UINEAR ICs SOLOERING IRONS RF CONNECTORS

41500  £0.22 4000  £0.17  2N1613 £0.31  BC186  £0.33 BDS34  £0.47 CA3NE  £0.28 Antax Saldening lrons BNC Solder Plug50R  £0 93
£0 35

741501 £014 4001 £0.20 2N1711 £0.26 BC204C £072 BDS3S £0.50 CA324 27118 £446 M 12Wan €818  gNC Solder Plug 75R  £0.96
740502  £0.29 4002 €017 2N1893 £029 BC2068 £0.72 BD536 £065 CASSS £0.26 2732 £4.84 ¢ 15wan £8.98  gNCCump Plug50R €0 68
74L503  £014 4006  £0.40 2N2218A £028 BC207C £0.72 BD646 £052 CAJ4ICE £028 27128:20 £3.69 & gy, 841 gy - 97 P
74504  £014 4007  £0.18  2N2219A £0.25 BC208 £0.72 BD6AB £0.52 CATATCE £0.39 276425 % s ywan £8.31 C Crmp Plug 75| (289
740305  £014 4008  £0.3) IN2222a £018 BC209A €0.72 BD6S0 £0.53 CA3046 £0.37 27684-25 £338 [0, 0N foay BNCSoider Skt £1.08
7a0s08 €023 4009 €019 IN26a6 £08BO BC212 £0.08 B8D707 foaz Caoso go72 2172820 £3.19 o 41 BNC Chassis Skt £0.80
7aL508 €014 4010 £023 2N2904A £025 BC212L €008 BDBO7  £0.80 CA3130 foog 27012820 £4.22  ST4Swand £2.97 2595 2mm £0.68
78510 €014 4011  £0.26 2N2905A £0.23 BC212L8 £008 BDX32 €178 CA3130E €098 5785220 Ged)  3ISWauGasion £11.58 5 oo 11mm £0.62
7408107 €023 4012  £016 2N2907 £0.20 BC213  £0.08 BDX3IC £049 CA3140 £0.56 93G5y ga5g O2scal Gaslon £15.26 L ot
7aL5109 f0 21 4013  £024 2N2926 €016 BC213LC £0.08 BOX3aC £050 CA3240 €122 236015 geas LowCost1SWation £393 dhlieed el -
JaLs11 fo17 4014  €0.30 2N3053 f£027 BC21a  £0.08 BOXSIC £0.47 ICLI62) €170 &i76.10 £1.53 Desoider Pump £3.00 SR UHF socker €035
Jals112 fo24 4015  £031 2N30S8 £090 BC214L £0.08 BOX54C £050 ICM7555 £0.43 6264.10 £3.08  Antstatc Pump £a.25 FPlugRGS8 £0.30
o3 E03 4016 £o18  2NI055 £0.62 BC2378 £009 BFIBO  £031 ICM7556 €096 6275610 £5.35 22SWGOSKg Soider  £7.40 F Plug RGE £0.27
Jiten1a fo31 4017  £0.35 2N3a40 €050 BC238C €003 BF182  £0.31 LM30TA £025 418415 £1.78 e O sol feeo N PiugRGS £1.60
Jate12.  foi4 4018  £0.27 2N3702 £0.09 BC233C £0.10 BF185  £O31 LM348N  £0.31 4125610 £2.80 18SWG 0 5Kg Solder  £6.60 9 :

4019 £048 2N3703 £0.10 BC251 £013 BF194  £019 LF3SIN €043 511000-8 £56) 1™m3ydsSoider £0.62 N Socket RG8 £1.40
Jas22 031 4020 €om  2N3T04 €010 BC252 €013  BFISS  £019 LF383  £0.42 5142568 £5:61 Desolder Biad £0.87 BNC Crimp Phiers £17.44

4027  £031 2N3705 £010 BC2618 £0.24 BF244  £035 LM358N  £0.27

jaLs125 €01 153, go3z 2N3J06 £0.10 BC2628 (024 BF2S)  EO33 M3 £257 PCB EQUIPMENT

780813 fo1e 4023 28.16 2N3771 £144  BC2678 £0.30  BF253  £033 LM3BON  £1.12 b0 pesist Aerosol Spray Teansfer Eraser (Alfac) £0.55
745132 £0.21 000 ofe  2N3773 £178  BC308 £010 BF3Ss  £038 LM3s6  £0.48 Developing Etching Tray Opaque Dratting Film (A4) to.agg.;;

74L5133  £0.36 Plastic Tweezers £0. Tin Plating Powder 90g
Jats13e foye 4026  gols IN3BIS  £0.40  BCIZT €010 BF4Z3  £0.13 LM3BT - £1.80 Transier Spatular (Alfac) £0.70  PCB Poltshing Block £1.84
4027 fo1s 2N3820 €066 BC328 £010 BF451  £019 LM392N £0.79
74L5138 £0 24 Clear Dratung Film (A4 size) £0 44/sheet  Small Knife + spare blade £0.39
4028 fo22 2N3%04 €00 BC337 £010  BF459 LM39IN  £02B  Fonc on S s
7405138 £0.25 ernc Chionde {0 5Kg) £2 45  Aftac Transters - full range in stock
oS Eoia 2NI%05 £010 8C3B 010 BF4ES  £0.36 LM74BCN €031 (' oD Bl €76.37  How 10 Moke PCBS
74LS14  £0.25 4050 goy7 2N3F06  £090 BCAIAC €013  BFX29  £029 LMI1458  £026 : _
7408145  £0.56 - Etch Ressst Pen {High Q) £0.78 {Book) £2.50 - No VAT
4931 £070 2N4036 £0.31  BC4al  £040 BFXB4  £0.31 LM3O €072 .
74L5147  £1.26 \ 2NS296 £0.57  BC461 40 BFX85 €032 14 4 STRIPBOARD 01" PITCH BREADBOARD
4033 €056 €0 8 0.32 LM3914 €270
jais1es £070 4933 996 Ins321 €057 BCa63 €029 BFYSO €029 LMI9Ns  £270 SqmmxZdmm £0.27  81mm x 60mm £3.30
740515 €014 aoce  Coit 2N6107 060 BCaT8 €032 BFYS] €026 MC330 €160 Simmx95cw £0.90  175mm x 42mm £3.74
as1s1 £025  so0 KO acie £030 8Ca79 €032 BFYS2 €028 MCess3 €036 oommxlZimm £U50 1 I5mmabimm, £5156
7405153 £0.25 4030 £029 ac127 030 BCag0 €024 BS107 €021 NESI  £156 Jemmxddiowm £4:80  203ma x J5mm £1.3
745154 €070 aqi; foz2 ACIZ8 €028 BCSIE  £022 BSII0  £0.2) NESSEN €036 9mm x35%mm £6.20  * Supplied on mounung piate wath termunal posts
74LS155  £0.26 : 045 B £020 BSWE6 £135 NESEIN  £0.39
7408156 £0.38 :gg gg-gg AC188  £037 BC527 £020 8U126 £1.70 NESS32  £0.0 ( 16mmThick PHOTO RESISTGLASS FIBRE PHOTO RESIST PAPER COMP.
7408187  £0.22 ot CO‘:‘ ACY17 £3.84 BC528 £0.20 B8U205 £182 NES534 £0.60 Suu. Snnglae Sided  Double Sided Single Sided  Double Sided
785158  £021 4047  fo3t AD14G  £167 BCSI7  £020 BU208A £124 TBAI20S £0.90 K 311 ok £1.20 o
7405160 £048 4048  fo.2s ADI6]  £092 BCS46C £008 AUIA £180 TBABIOS £0.68 ks £45 g1k £3.36 4.20
7405161 £0.32 soan o33 ADI62 £0.92 BC547C £009 pBU500  £1.54 TBAB20M 039 27 £6.93 £.n £6.19 £6.36
7405162  £0 84 ) BC107 €016 BC548C E0.0B8  BUSOBA 176 TDA2002 £104 [ 1012 £8.87 £9.81 £6.78 £8.30
818163 f0.32 aoco 020 BClo78 £0.15 BC543C €010 BUSZE  £224 JDA2030 €118 1242 £9.09 £10.19 £6.83 £8.34
74L5168 €026 aos2  fo.32 DC108 €013 BCSSOC €010 gusoe €136 TLO6  £8.38 | 460,000mm  £1.98 £2 20 Cosorn AP R TATe
Jitoies fo2p 4052 f0.32 BCroBa £0.1¢ BCSS6A €008 guxgs fo7p TLOS2  £0.60 | DASEIOBTR  £) %) 220 -
a5 folo dos3  f040 BCioBC €016 BCS57C €008  apsag 160 TLOBE €072 | 900K 13 - o
7405173 €024 | auce | oi BC109 €017 BCSS58C £00B |rr7ag f163 JLOTICP €032 | 220x300mm €298 £ o e
Jasizal fogal 7 034  gCiosc €017 BCS59C €0.08  wyr1o15 £213 TLOT2CP  g068 | 233x220mm - £5.67 £5:41 £2.38 £2.52
060 £048 gC11a  £041 BC5B0B €009 TLO74CN £ 48 \233x160mm €399 £4.41 £1.75 £1.89

74LS190 €025 4066 €024 @Ci1e  fo41 BC638  fo21 M2 £160 TLOB2CP  £0 54 CAPACITORS SWITCHES
745191 €024 4067 €196 BC1I8  fo41 BCIS £021  mosool E180 rioss : Ceramic Mim Disc 100 & 63V

7415192 £0.42 4 } MJE340  £0.40 £0.65 3amp 250v 6 4mm ¢ mounting
75193 Eoze o8> €020 BE11a fod GCvie fos MJesse foaz UGN (0G \poF 10 1000F $PST Toagle 58
7405195 £0.24 4070 £017 BC135 £036 BCYZ  fo20 MPSAIY £0.92 5003 gol52 Ak lgRE008102:20760.07 SPDT Toggle £0.60
2T fo24- 4077 AU beian  EoKS Yy ro2o MPsasz fony LUSily S 3n3-4n7 £0.12 SPDT CO Tog £0.64
74L5197 €024 4072 €037 8C141 £027 80135 020 MRFAIS £1.28 447 g1 10n & 120 £0.07 DPDT Toggie £0.68
M RE BOBD BN BY BE RS A 0% AN AL cemewlosoweny oo
Jass  fo1e 4076 €0.30 gg::g ohn gg g TPzs €037 ZNGZSE Y 2202 C0SAEE oLt (bmm )o =50 £1.20
7408221 £0.40 4077 £017 BC154 £0.36 BD133 023 1P127 £0.40 Jnaoge  £e2 O CONNECTORS DPDT CO Togg! ’
7408240 £0.32 4078  £0.20 BCIS7  £012 8D140 g025 1'P132 £0.46 yu.35p  £ei19 Plug Socket (biased 1 w‘:s? N £1.20
7408241 £032 4081 f£0.22 BCIS9 £0.12 BDIsoC fo82 LIP137 £0.48 gNaipe  £750 9Pin €02  £0.30 DPOT mint sinde £0.15
7405242 £032 4082 £021 BCI60 £0.28 BDI6S fo4z IIP142 €108 15Pin £0 39 £0'39 e
452 4085 £0.28 BC170 fo16 BD166 £035 1IP147  £192 16PnH O £0.49 £0 90 Rotary Water 1P12W. 2P-6W,3P- 4w,

L2 32 ios6 oz BCi7oB €06 80187  goas 11P29ss €0.63 MARMGIRNASLE 23Pin £0.40 £0 49 PR3V £0:79
7405245 £0.36 4089 £0.55 BCIT £0 11 80201 f0a0 TIP2SC  £0.31 25 Pin £0.48 £0 50 Key Switch SPST £2.70
JaLS24s £0.36 4093 018 BCI7IB £0.16 8D202 foso IIPI0SS fo63 POIOZAA £0.50 3 Way plastic cover £0.30 Pushtomake £0.26
Jetao6  to3e a09s £0M BC172  £0.13 BD203 f£0.40 IIP3OC 031 TIC106D  £0.40 15 Way plastic cover £0.33 Pushiobreak £0.28
JaLS257 fo24 4095 €056 BC1728 £013 BD204  £040 TIP3IC  £0.34 TIC1160  £0.66 23 Way plastic cover £0.36  Laiching Push Sar £0.63
JaLs288 fo24 4097 €120 BC177 £0.18 BD222  £0.40 TIP32C  £0.32 TIC126D £0.77 25 Way plastic cover £0.36 PCB Tect 6 x 6mm £0.25

Jalszes fona 4099  fo3s  BC1Ie €017 BO232 038  TEALA  £038 RESISTORS COMPUTER ACCESSORIES

741527 €014 4502 £0.38 I 0 25W 5% CF E12 Saves £0.60/100 Lead:
748273 fo3z 4303 £0.s0 BLIEH £000 Gbos fo.37 Tods £083  OSWS%CFEIZSenes £0.95/100 RS8232Lead Male 26 to Female 9 £
7405279 £0.25 251 £0.26 BC183  £0.08 802438 £050 TIP50 £0.53 0 25W 1% MF E24 Series £€1.72100  Null Modem Lead Femaie 25-Female 25 £299
74L530 £0.14 45|? £032 BCIE3L £0.08 BD244A £0.53 VNIOKM f£0 44 POTS Log or Lin 470R  1MO PC Link Lead Female 9 10 Female 9 £299
741832 €014 o0 Lo37  BCIBILB £0.08  BD246  £1.06  VNGGAF  £1.50 25mm dia 0 25in shah £0.42 PCUnkLead Female 9 & 25-Female 9 & 25 £4 50
74L5365 £0.21 4614 f0.77 8C184 £0.08 BD441 £041 ZTX300 f£016 PRESETS Enclosed Horz :u;lkzlePunlu Il.aad 2m 55';2
7405367  £0 21 4515 f09s BC184L £0.08 BD442  £0.41  ZTX500 £016 or Vert 100R  1MO 0 15W £0.15 5232 Lead (all pins) Male  Male 3
74L5368 £021 PRESETS Skeleton Hoz RS232 Lead (all pins) Female - Male £3.80
7537 go1s 318 £0.% TRIACS BRIOGE RECTIFIERS orVert 100R 1MO 0 1W £0.11  Centromes 36 Way Lead Male - Male £478
TASTI €03 (50 (026 Z0I0SDA €042 TERSOV €08 « PLEASE STATE VALUE REQUIRED SWay D Mim Fomale to Female £1.81
4521  £0.62 TIC206D €065 w53y 54 200V £0 20 = BT 0 0 M Male to Male £1.95
;ﬁtggzg gg g 452 goep TIC226D  £073  gA323a 200V RES D!L SOCKETS 25 Way D Mini Female to Female £2.48
Jasye 583 4527 foaso  BIADSE00B £0.39  BR626A 200V £0.64 8P £0.07  ZenerDiodes 2V7 33v 25 Way D Mini Maie to Male £2.48
4528 £0 40 1004 10A 400V £1.39  14pin £0.11 BZY 0.08 9 Way D Femaie to Female £2.33
741538 £019 4529 fgo44 DOIAC £0.20 e R : 9 Way D Male to Male £2.48
Jaeae coze 22 032 NESTIREYR HAROWARE lebn  fo1s £0.08 22 Way b Msi 16 Mate &
jaisies €028 s £288 LISSIYUNMSIE] T2 Box 7556 25mm €082  50pm FOME (DR A :
7415399 £062 4538 €037 78L0S €025 13B0x75x51x25mm €082 . o, L‘O.ls \ 9 Way Male to 25 Way Female £2.n
74L540 £014 4549 £0.33 78L12 £0.24 T4 Box 111 157 x 22mm £0.98 28P £0'22 v 9 Way Female 10 25 Way Male £2.Nn
74L542 £0.25 4543 £0.46 78L1S £0.24 MB1Box79x61 x40mm £1.44 - - Y 25 Way Male 10 9 Way Femaie £2.n
74L547 £0.72 4885 £0.34  79LOS £0.28 MB2Box100x 76 x 41mm £156 40PN £0.25 25 Way D Maie 10 36 Way Centronic £3.88
74LS51  £0.14 4586  f0.40 79L12 £028 MB3Box 118 x 98 x 45mm £1.82 4 25 Way Null Modem Female Female £3.02
s me UG Ok A5 BR wssesomiom G S Buvwaucmieerne 08
§ 4566  £1.96 : 1 . L
741878 €026 4572 f025 912 £0.29 ELECTROLYTIC RADIAL CAPACITORS R s Protec o e T aote o
74LS75  £019 4584  £0.24 ;g0 £0.38 - R5232 Tester 17 LEDs) Male - Female £6.59
741576 £0.25 4585  £0.32 790 fo3 *f 16v 25V 63v 100V 450V ; Data Switch Boxes
741883  £0.31 4724 £0.70 : 047 2 €0.05  £0.07 ! v X /
7912 €038 Serial Swilch box - 2 Way A/8
74L585  £0.35 40106 £0.31 7915 £038 10 £0.05 £0.06 £0.15 05 Sera) Switch box 3 Way A/B/C
74L586 £0.20 40109 £0.50 | Mm317T £056 22 £0.05 £0.06 £0.18 £0 Senial Switch box - 4 Way A'8 C/D
74L890 £0.23 40163 £0.46 | M723 £0.29 47 £0.05 £0.08 - Serial Switch box - Cross over
741592  £0.35 40174 £0.34  L200CV €116 10 £0.05  £005 £0.06 £0.08 £0.44 g Parllel box 2Way A/B
74L593  £0.25 40175 £0.36 LM323K  £2.70 22 £0.05 £0.05  £0.09 ; Parsliel box 3Way A/B/C
40193 £060 LM3BK €552 47 £ fég.gg Lo : Parallel box 4 Way A/8/C/D
B 4 b . Parallel box Croms over
3 NéJﬁElElRE" | oPTOOEVICES | 220 £o03  £012  £03 OA20. 27 Disks- 35 OSDD Disk Packof 10
Of 5 . y I 3 1sks Pack of
WIRE e o o0 €022 £0.29 35 DSHD Disks Pack of 10
AL L0 g 2200 £€0.37  £0.57 357 DSHD Disks Pack of 50
e Demln B L i el L
; o acdE BVl ELECTROLYTIC AXIALCAPACITORS | e
16SWG  £0.67  3mm Red LED £0.08 ELECTROLYTIC AXIAL CAPACITORS
18SWG  £0.67  3mm Green LED £012 uF 16v 26v 63V 100V 450V ORDERING INFORMATION
20SWG  £072  3mm Yellow LED £013 047 - £015 All pri
22SWG  £0.76  3mm Orange LED £013 10 £010 €010  £0.19 Il prices exclude VAT
§Z gag gg.:g Smm Flashing Red fos0 22 o gg 10 g 1o D 22 Please add £1.25 carriage to all orders and VAT (17.5%)
Smm Flash 0.54 L . . A
SR By EadnniOnn e 10 £012 €012 €012 £048 No mimmum order charge.
0SWG €093  SmmTn Colour foag 22 ool Chm E0Ay Dga£1.08 Please send payment with your order.
325WG  £0.93  Smm Plasuc Bezel €0.04 100 £0.10 £0.13  £0.21 PQO/Cheques made payable to
J4SWG  £0.99  3mm Plasic Bezel £0.05 220 €013 £018  £042 i
ESR Electronic Components
36SWG  £1.04 03" 7 Segment Display Red 470 €02) £024  £069 . P
BWG 110 common anode e 100 €033 codo  ros Access & Visa cards accepted [ NEGEGEG_N
- common cathode £1.14 y g

Oftical orders from schools & colleges welcome.

CALLIN - OPEN: MON-FRI8.30-5.00 SAT 10.00-5.00
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STANDARDS

So many of us have been caught out when various standards fight it out in the
market place. It happened with VHS and Betamax and I, for one, have an old
Betamax recorder that still works well sitting in my loft. It is about to happen
again with Digital Compact Cassette and Minidisc and it looks as though PCs are
now winning over Apple Macs. ‘

In Fox Report this month Barry Fox is fairly forthright on the possible im-
minent death of the Apple Mac. While it still reigns supreme in the publishing
world (although all of our typesetting is done on PCs) it does appear to be on
its way out elsewhere. Our recent free gift of Electronics Workbench software |
resulted in a couple of requests from colleges for a free Apple Mac disc - not
available I'm afraid, although the full package is available in a Mac version.

On further investigation it appears that some colleges have equipped themselves
totally with Apple Mac equipment — when I mentioned this to others in education |
and educational software suppliers the reaction was “are they in the real world?"
Unfortunately it is a fact of life that out in the business world the PC is the de facto |
standard and while I can see that in the past Macs have been easier to use that {1
does not help students when they need to work for a living.

GET REAL

*Dodo Apple”, as Barry puts it, may not become a reality, only time will tell,
but students must get to grips with the realities of DOS and Windows and possibly
quite soon Chicago on a PC. It is time for our educational system to come to
terms with educating students for the real world, particularly in the technological |
subjects, using the tools they will have to use in industry. Fortunately this is
already happening in many areas but in some colleges it appears that the buying !
decisions are being made on case of use in the classroom, rather than on criteria
which will affect the ability of the student to function in the real world.

ILde

BACK ISSUES

Certain back issues of EVERYDAY ELECTRONICS,
PRACTICAL ELECTRONICS and EVERYDAY with
PRACTICAL ELECTRONICS (from Nov ‘92 onwards)
are available price £2.30 (£3 overseas surface mail)
inclusive of postage and packing per copy - £ sterling
only please, Visa and Access (MasterCard) accepted,
minimum credit card order £5. Enquiries with remit-
tance, made payable to Everyday with Practical
Electronics, should be sent to Post Sales Department,
Everyday with Practical Electronics, Allen House, East
Borough, Wimborne, Dorset BH21 1PF Tel: 01202
8817489. In the event of non-availability one article can
be photostatted for the same price. Normally sent within
sevon days but please allow 28 days for delivery. We
have sold out of Jan, Feb, Mar, Apr, May, June,
Oct, & Dec 88, Mar, May & Nov 89, Mar 90, April,
Aug & Sept 91 Everyday Electronics, and can
only supply back issues from Jan 92 to Aug 92
(excluding Mar 92) of Practical Electronics. !)Qc
92, Jan, Feb and March 93 Everyday with
Practical Electronics are also unavailable.

BINDERS

New style binders to hold one volume (12 issues)
are now available from the above address for £5.95
plus £3.50 post and packing (for overseas readers the
postage is £6.00 to everywhere except Australia and
Papua New Guinea which cost £10.50). Nommally
sent within seven days but please allow 28 days for
delivery.
Payment in £ sterling only please.
Visa and Access (MasterCard) accepted, mini-
mum credit card order £5. Send or phone your
card number and card expiry date with your
name and address etc.

SUBSCRIPTIONS

Annual subscriptions for delivery direct to any
address in the UK: £24. Overseas: £30 (£47.50 air-
mail). Cheques or bank drafts (in £ sterling only)
payable to Everyday with Practical Electronics and
sent to EPE Subscriptions Dept., Allen House, East
Borough, Wimborne, Dorset BH21 1PF. Tel: 01202
881749. Subscriptions start with the next avail-
able issue. We accept Access (MasterCard) or Visa
payments, minimum credit card order £5.
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READERS' ENQUIRIES

We are unable to offer any advice on
the use, purchase, repair or modification
of commercial equipment or the incor-
poration or modification of designs pub-
lished 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 per-
sonal reply must be accompanied by a
stamped self-addressed envelope or a
self addressed envelope and interna-
tional 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 com-
ponents or kits for building the projects
featured, these can be supplied by adver-
tisers.

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 with PRACTICAL ELEC-
TRONICS take reasonable precautions to
protect the interests of readers by ensuring
as far as practicable that advertisements are
bona fide, the magazine and its Publishers
cannot give any undertakings in respect of
statements or claims made by advertisers,
whether these advertisements are printed as
part of the magazine, or are in inserts.

The Publishers regret that under no
circumstances will the magazine accept
liability for non-receipt of goods ordered, or
for late delivery, or for faults in manufac-
ture. 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 equip-
ment 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 im-
prisonment 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 Proiert

SPACEWRITE,

WAND

by MARK STUART

Sky writing with a Santalight!

of optical effects and illusions such as

the 3-D “Magic Eye" type currently
featured in books and magazines world-
wide. It uses the well known effect of “per-
sistence of vision" to allow a single row of
l.e.d.s to write words in the air. The effect is
not difficult to view. With practised move-
ment of a “wand” containing a row of
seven le.d.s, an easily readable display is
produced - especially in a darkened room,

PRINCIPLE

As the display relies on “persistence of
vision™ for its effect, if a bright light is
moved quickly across the field of vision, a
single continuous streak is seen. A row of
seven bright l.e.d.s would produce seven
parallel streaks. To write a message, the
led.s are switched on and off rapidly
during their travel so that the streaks
become dashes. Timing the switching of
each le.d. correctly allows dashes of dif-
ferent lengths and positions to be produced
forming letters.

REALISATION

A microcontroller is ideal for this kind of
job. A program containing all the neces-
sary time delays for the pulses is relatively
easy to produce, and the le.d.s can be
driven directly from the microcontroller's
output pins.

As the movement of the wand is by hand,
and the le.d.s are switched at a fixed
rate, the message may be compressed or
stretched depending on the speed of move-
ment. Ideally, the message should start and
finish in the same position, so that repeated
waves of the wand produce identical dis-
plays. In practice this is impossible, and so
the display is arranged to appear as a “‘one
shot™ single event each time the wand is
moved. To detect the movement of the
wand, a mercury tilt switch is used. As
soon as motion begins, the tilt switch
becomes a short circuit and
starts the display
sequence.

An input pin
on the micro- s
controller
reads the
the tilt
switch.

Tms project follows the current vogue

906

————

A second pin provides a serial input facility
to allow user defined messages to be en-
tered into memory.

The wand is tubular, being made from
a short length of plastic electrical conduit.
This is convenient as it is an almost ideal
housing for the batteries, but construction
is more complicated than just using a plas-
tic box. An on/off switch is not required as
the circuit drain is negligible provided the
wand is stored with the tilt switch in the
open circuit condition.

Other possible arrangements for the dis-
play suggest themselves, especially those
which include some form of mechanical
movement such as a turntable, pendulum,
or rotating mirror, combined with a reed
switch and magnet to produce a reliable
and repeatable start position. The circuit is
adaptable to all of these applications, and
the tilt switch can be replaced by any ap-
propriate type of switching device.

CIRCUIT DETAILS

The full circuit diagram
for the Spacewriter Wand
is shown in Fig. |,
As with a lot of
circuits using a
microcontroller
there are very
few components.
The leds are
driven directly
from the
output of
microcontroller
ICI and share a
single low value
limiting resistor

R3. This is mainly

to protect ICI from
overcurrent in the
event of a fault. Special

low current led.s are
used. These are very
efficient at current levels right
down to 2mA and are bright.

The brightness is limited
mainly by the supply voltage
& at 3V. At 6V the brightness

is much higher, but the length

of the wand is increased by the
extra batteries and may be too
long.

ICl is a CMOS microcontroller which
operates at very low current levels. In this
application, the current is reduced to a
minimum by using a 40kHz clock fre-

quency instead of the normal 4MHz. This
is possible because the amount of process-
ing power needed is very small. Even at
40kHz there is plenty of time for the
microcontroller to do its job.

Resistor R2, capacitors Cl and C2, and
crystal X1 provide the clock frequency
determining components. The oscillator
circuitry is contained within ICI.

A single input pin (pin 6) is required for
the tilt switch, SI. The input has a built in
pull-up resistor so that the pin is normally
held at logic | level. Closing the tilt switch
pulls down the pin to logic 0 and starts the
display sequence.

Two other input pins are used. Pin I8
allows data to be sent to the
microcontroller from a computer serial
(RS232) output. This allows a message to
be loaded into RAM and displayed
automatically. The message, once loaded,
is maintained as long as the batteries are
not removed. Resistor Rl and diode DI
protect the input from excessive voltage
levels. Pin 17 is used to set ICI to receive
serial data. It is normally held at logic | by
resistor R4 but must be shorted to 0V
whenever data is being loaded.

CONSTRUCTION

A single printed circuit board holds all the
components. This board is available from
EPE PCB Service, code 921. The p.c.b.
component layout and full size copper foil
master track pattern is shown in Fig 2,

The board has been made as small as
practically possible to fit into a piece
of 20mm plastic electrical conduit. Al-
ternative mounting arrangements such as
cardboard tubes or plastic overflow pipes
may, of course, be used. A transparent
perspex tube would give a very interesting
appearance. If the tubular form of con-
struction is too fiddly, the display works
quite well stuck on a strip of wood, using
an ordinary 4 x AA battery holder, and a
few rubber bands!

Whichever method of assembly is used, do
not fit any components to the board until the
drilling and mechanical work has been com-
pleted. The board is useful as a template,
and is easier to handle before assembly.

For use in a tube, it is very important to
set the Le.d.s in the board to exactly the
right height. This allows the board to be
slipped into the tube and then pushed up-
wards so that the l.e.d.s locate into seven
pre-drilled 3mm diameter holes.

The hole positions can be marked most
accurately with a sharp needle using the
unassembled board as a template. Stick the
board to the outside of the tube with tape
before marking the centres so that move-
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Fig. 1. Complete circuit diagram for the Spacewriter Wand.

ment is minimised and the holes are aligned
as well as they can be. Do this very care-
fully as the l.e.d.s cannot be adjusted easily
if the holes are out of line. If alignment
does cause problems, larger holes can be
used to allow some slack.

The board should be positioned in the
tube to allow for three AA type batteries to
be fitted. It is permissible to use four bat-
teries for a brighter display, but in most
situations three are adequate.

The positive battery terminal connects to
a thin piece of metal bent over the end of the
board at the battery connection end. Make
sure that the metal chosen can be soldered.
and that it does not have a transparent plas-
tic coating. Most tin cans are suitable and
can be cut with strong scissors.

The tilt switch, Sl. needs to be fitted
*upside down"* as shown in the component
layout drawing. Two lengths of stiff wire
are needed to extend the connections and
should be insulated with short lengths of
sleeving. Good quality silicon rubber sleev-
ing was used in the prototype. it is flexible,
and does not melt when soldered.

In use it was found that the initial “flick™
as the tube was moved causes the mercury
inside the switch to rise to the top. bridge
the contacts, and start the display. This
was contrary to the initial idea which was
to use the switch conventionally and al-
low the mercury to roll over the contacts
as the tube was tilted. It seems that the
inertia and low viscosity of the mercury
makes it respond quickly even to relatively
slow movements (is that why it's called
quicksilver?).

SOLDERING ON

The Le.d.s must all be fitted the right way
round. The long lead is normally the anode
and goes to the long strip of track as shown
in Fig 2. The height above the board is best
determined by trial and error and should
allow the board to be inserted and removed
easily from the tube. Experiment with just

one, and then mount the others at the same
height. To aid alignment. the holes drilled
in the tube can be used from the outside
to hold the l.e.d.s in place whilst soldering.
Use of sticky tape to hold the tube to the
workbench is helpful. and allows the job to
be done with just two hands.

Once the l.e.d.s have been fitted and the
circuit board can be moved in and out
of place, the remaining components can
be added. The resistors are all miniature
surface mount components. They are not
difficult to solder. provided the pads onto
which they sit have been tinned. Also, it is

COMPONENTS

Resistors See
R1,R2 47k (2 off)
R3 12(2)0 SH@P
R4 k
All surface mount types TALK
Capacitors
C1,C2 150p sub.min ceramic (2 off)

Semiconductors
D1 1N4148 signal diode
D2 to D8 sub.min. high brightness l.e.d.
IC1 pre-programmed micrcontroller
(see Shoptalk)

Miscellaneous

X1 40kHz crystat

S mercury tilt switch

Printed circuit board available from EPE PCB
Service, code 921; length of 20mm plastic
tubing 20mm diameter (see text); AA-type
battery (3 off); connecting wire, solder, etc.

£17)

strongly recommended that a fine-tipped
soldering iron is used.

A needle or other sharp instrument can
be used to hold the resistor in position
while one end is soldered. Once the solder
has set, solder the other end. Be careful not
to get both ends hot together, or the resis-
tor will slide about all over the place. This
can be turned to advantage to remove a
resistor wrongly positioned. Simply heat
both ends by moving the soldering iron
from one to the other in quick succession.
The resistor will loosen and can be lifted off
with a needle.

There are four wire links which run from
the holes at one end of the board to pads at
the other. This is to allow the tilt switch
and serial input connections to be at the
top end of the board. There is not enough
board space to allow proper tracks to be
used. Ordinary thin solid core connecting

Approx cost

guidance only

The assembled Spacewriter Wand p.c.b. showing “wood dowelling” battery

connector.
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inside fit like an internal
circlip. One piece is pushed
down over the tilt switch
until it touches the top edge
of the board. the other is
pushed in to retain the
batteries and their negative
connection spring.

Permanent fixing with
glue was not necessary. as
the tubing is quite springy
and holds its position well.
A short length of wood
dowelling was needed. glued
to the underside of the disc
supporting the negative
connection. This was to
keep the disc aligned
correctly. preventing it from
flipping over onto its edge.

To keep the board in
position with the led.s
aligned in their holes, a
small piece of foam sponge
can be pushed down the
tube behind the board using
a knitting needle. Be care-
ful not to use any more
force than necessary. and
not to damage the sur-
face mounted components
or wire links.

The tube ends can be
covered using moulded end
caps, or adapting bicycle
handlebar end plugs. This
type of hardware can
usually be found without
too much difficulty.

TESTING

Assuming the assembly of
the board is complete. the

Fig. 2. Printed circuit board component layout and

full size copper foll master track pattern.

wire can be used, and laid along the sides of
the other components as shown.

To keep the board height low, IC1 must
be soldered in position. Make sure it is the
right way round! A mistake here will be dif-
ficult to put right.

With all components fitted. the board
should be tested. The test procedure is
described later. Once tested and working.
proceed with the mechanical assembly.

TUBULAR
MOUNTING

The positive battery connection is made
directly to the end of the board as already
explained. The negative connection is made
via a flexible lead from the board to a
connecting spring at the distant end of the
batteries. This spring is held in place by
being soldered to a metal disc which just
fits inside the tube. A long flexible wire
connects it to the negative contact point on
the board.

The tube length must be cut carefully
to give just the right amount of spring
compression with the l.e.d.s on the board
aligned correctly with their holes in the
tube. This is done by setting up the board.
the retaining plugs and the batteries along-
side a piece of tubing and marking out the
correct length. Be sure to have the le.d.s
aligned in their holes so that everything is
positioned accurately.

The top and bottom ends of the board
are retained by a 30mm pieces cut from the
end of a spare length of tube. Each piece is
cut along its length and a section removed
so that it closes down to become a tight
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first thing to do is double
check all of the soldering
and the component iden-
tification. Once everything is in order.
connect a 4-5V supply and check that the
circuit does not draw excessive current. If a
multimeter is not available. a small bulb in
series with the supply will light if there are
any bad short circuits.

If the current is in order, it should be
possible to get the le.d.s to flash by tilting
the board and closing the tilt switch. A
simple voltage check at IC1 pin 6 can be
made to see if the tilt switch is working.
Normally the voltage should be 4-5V, and
it will switch to OV when the switch closes.

If the circuit refuses to flash the led.s,
disconnect the supply. wait about one
minute, and reconnect. If the circuit still

does not work, check that the Le.d.s are the
right way round. and that they light
individually when their corresponding pin
on IC1 is short circuited to OV. As itis such a
simple circuit, there is very little to go
wrong, and so faults are unlikely. An
oscilloscope. if available, can be used to
check the crystal oscillator which should be
producing a 4-5V peak to peak sine wave at
40kHz.

Once the le.d.s are flashing, the effect can
be tested by moving the wand from left to
right across the field of view. The best effect
is obtained in a dimly lit room, and is easier
to see when the eyes are fixed in one position
by looking at a stationary object behind the
display. The speed of movement is largely
down to trial and error, but should be easy
to establish. The display speed is a com-
promise between speed of movement and
persistence of vision. Too slow, and a row
of moving l.e.d.s appears, too fast, and the
wand has to be moved too quickly.

The default display is *"MERRY XMAS™.
Apologies to those who prefer not to ab-
breviate. but for the display to be read
easily, the full word Christmas is too long!

OTHER

MESSAGES

After Christmas, the display can be used
for its main purpose by programming it
with any 16-digit message. The message
is loaded simply by sending serial ASCII
code at 300 baud into pin 18 of IC1, whilst
connecting pin 17 to OV.

Any serial communication can be used,
provided it sends data without handshak-
ing. at 300 baud, no parity. eight bits and
one stop bit. Procomm was used in the
original, this has an ASCII download
option and was configured as “"300.N.8,1"
according to the "Set Modem Parameters™
screen. The first 16 codes to arrive are
loaded. and everything else is discarded.
Only capital letters, numbers, and spaces
are available for display, others are ig-
nored.

No handshaking or other reverse com-
munication is used, because the message is
so short and errors unlikely.

Three pads at the top of the board allow
the serial connection to be made. A small
3-way 0.1 inch socket is suitable on a short
flying lead. A special computer lead is then
needed to pick up the computer 0V and
TXD pins from the chosen serial port.

Finally, this is a novel display which
must have a variety of interesting uses,
about which we would be pleased to hear
from you! O

Spacewriter board half-inserted into mounting tube. Note the holes for the le.d.s,

and the retaining "plug”
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Constructional Project

EPE FRUIT
MACHINE

A
BRETT GOSSAGE and JULYAN /L

A coin operated fruit machine
that really pays out!

AVING had a keen interest in fruit
Hmachines (also known as “‘slots",

“automatics’’ or ""one arm bandits™")
for as long as the authors can remember,
they have always had it in mind to con-
struct one. At a very early age. mechani-
cal designs constructed using Meccano or
Lego were attempted. but met with limited
success, so an electronic machine was the
obvious alternative.

Many years ago. an all TTL system was
proposed, but if even the simplest of fea-
tures were to be included. the circuitry
would have been very complex. Some time
later, a microprocessor design was con-
sidered, but it still would have involved
considerable hardware and a hefty power

supply.
PAYOFF

Now, finally, a design based around
a single chip PICI6C57 microcontrolier
has become possible, and has resulted
in a simple circuit, with battery power
capability and plenty of space left for the
single most important feature - a real
payout mechanism.

This design, which it is believed fits
into the “executive toy™ category, makes
use of two simple-to-construct plastic coin
mechanisms, a coin detector and a coin
payout mechanism. Both mechanisms are
designed to work with the new small five
pence piece. This coin was chosen for two
reasons. First, the Fruit Machine had to be
reasonably inexpensive to play while at the
same time offering a high value jackpot.
Second, since the five pence coin is the
smallest, lower value coins will not fit
through the slot, so no reject mechanism is
required.

ANIMATED FRUIT

In order to minimise the number of
mechanical components, large 7-segment
displays are used instead of “‘reels” to
reproduce the "‘fruit’” symbols. Animation
techniques have been used to give the
“reels” a realistic spinning action, and
software algorithms have been designed to
simulate the inertia and friction of an
equivalent mechanical system.

The fruit symbols are passed through the
displays from top to bottom, quickly at
first, then progressively more slowly until
stationary. The three reels have been given
different characteristics, so that the left reel
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stops first. followed by the centre reel and
then the right reel.

To add further realism, the sound of the
reels clicking against ratchets as they spin
has been simulated too. Features includ-
ing “"hold™ and *‘gamble™ have been incor-
porated which appear at random introduc-
ing an element of skill into the game.

A mechanical arm, used to start the reels
spinning, has been rejected in favour of a
“start” button in line with the more up-
to-date designs of fruit machine. Naturally,
the machine cannot be started until at least
one coin has been inserted. Several coins
can be inserted if desired, and are registered
as “credits” inside the machine.

A set of eight le.d.s called the Feature
le.d.s are normally used to indicate the
credits but are also used to liven up
the machine by flashing various sequences
prior to payout and when the machine is
not being played.

PAYING OUT

The Fruit Machine has an average
payout of about 75 per cent and so is
capable of making a profit. Interestingly,
commercial machines are bound by law to
return a minimum percentage of the stake,
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typically 70 per cent to 90 per cent, to the
player. The exact value is indicated on the
front of the machine. Since it does not
make commercial sense to payout more
than this, the odds are manipulated to
maintain this percentage with great ac-
curacy, it does not matter whether you play
to win or lose.

This design does not monitor the payout,
it is genuinely random and skilful play will
increase the payout rate, although never
above 100 per cent! For this reason, the
Fruit Machine would make an ideal money
box for a child who should ultimately dis-
cover the futility of gambling!

PROFESSIONAL
PRESENTATION

The Fruit Machine is housed in a
standard ABS plastic box measuring
220mm x 150mm x 60mm approx. A spe-
cially commissioned full-colour self-
adhesive front panel is available which
considerably enhances the machine’s
appearance. All the electronics including
the displays and switches are mounted on a
single sided p.c.b. measuring 100mm x
140mm approx. which is available from the
EPE PCB Service, code 914.

The specially programmed PIC16C57
microcontroller is available from the

authors, price £12, and the colour front
panel is £2 (see Shoptalk).




MODE
MANAGEMENT

The Fruit Machine’s microcontroller
continually manages a number of different
tasks. These include multiplexing of the
display matrix, monitoring the switches
and coin detector, and controlling the piezo
and servo outputs. In addition to this,
*mode” control and the complex task of
animating the three reels must also be
carried out.

The program flowchart is shown in Fig.
1. At any one time, the Fruit Machine
can be in one of seven different modes,
idle, sequence, spin, win, pavout, gamble or
nudge. When the machine is first switched
on, the idle mode is entered. If there are no
credits, i.e. no coins have been inserted.
the machine switches to the sequence mode
after two seconds to encourage play.

Inserting a coin takes the machine back
to the idle mode. In this mode, all three
reels are stationary, and the program waits
for the szart button to be pressed. If the
hold feature is active, the three hold lights
will flash and the hold buttons will be
active.

When the start button is pressed, the
machine enters the spin mode. Next, a
random number generator decides which
combination of fruits the reels will stop at.
Whether or not a win will be given and its
value is decided even before the reels start
spinning!

When all three reels have stopped. the
winning line is analysed and the machine

Interior of the Fruit Machine showing the “mechanical mechanism " to be described

next month,

910

enters either the win mode, or returns to the
idle mode if the game is lost. The win mode
consists simply of a short sound and light
sequence, after which the payour mode is
entered. In the case of wins with three fruits
the same, the gumble mode may be entered.
Here, the win is either collected or gambled
up or down. The nudge mode just steps all
three reels forward or backward by one
fruit.

In the payour mode, the “odds™ table is
read and a counter is set up to pay out
the required number of coins. The servo
motor is then moved to and fro and the
counter decremented until it reaches zero.
After payout, the Fruit Machine returns to
the idle mode.

The random number generators. used to
decide the winning line and to control the
hold and gamble features. are simply fast
counters which cycle continuously and are
read each time the start button is pressed.
It is impossible to anticipate the values of
the counters. however. making it impos-
sible to cheat!

IN A SPIN

A “mechanical analogy” of one of the
Fruit Machine’s reels is shown in Fig. 2.
Although the system is essentially *all
software™, the algorithms of the spin

mode were closely modelled on the equiv-
alent mechanical system shown. The prin-
ciples used are best described using this
analogy, simply publishing parts of the
source code would make very dull reading
indeed!

The three reels each have six fruit sym-
bols, but a total of 30 individual steps.
This enables a reel to be displayed part
way between two fruits for animation pur-
poses, although the reel cannot stop in this
position. Each reel has a speed parameter
which is used to step the reel forward at a
constant rate. Each time a reel is stepped,
the piezo electric sounder output is toggled
giving a “click” sound. :

Initially, the reel is set spinning at a
constant speed, then, after a short period,
the speed parameter is decremented at a
constant rate which slows the reel down.
To ensure that the reel stops accurately on
the fruit, rather than half way between
two fruits, slowdown is delayed until the
selected fruit passes through the win line.
The complete slowdown process then takes
exactly two revolutions until the speed
parameter reaches zero and the reel stops.

Fig. 2. Mechanical analogy.

MECHANICS

Since the Fruit Machine handles real
coins, the job of getting them into and
out of the machine requires a couple of
mechanical devices.

Insertion of coins is handled by the coin
detector mechanism. This uses a simple in-
fra-red beam which is broken as the coin
drops through. Whilst this design does not
have any obvious security features, tam-
pering is countered by measuring the time
for which the beam is broken. Durations
outside of a "window™ value are rejected
thereby ignoring the insertion of “inap-
propriate” objects.

Coins are payed out by the coin payout
mechanism which uses a simple sliding tray
to pull the coins, one at a time, from the
bottom of the coin stack. It is driven by
a servo motor, the type typically used in
radio controlled models.

Both the coin detector mechanism and
the coin payout mechanism are con-
structed, very simply, out of sheet plastic
available from most model shops. A length
of plastic pipe is required for the coin stack
which is easily obtained in the form of
overflow pipe for water tanks, available
from builders merchants.

COMMERCIAL
SCENE

The design of the Fruit Machine was,
to a certain extent, inspired by the tech-
niques used in commercial machines. For
this reason, and by way of a small diver-
sion, it may be interesting to take a look at
the way these fascinating machines work.

Unlike early mechanical machines, which
used electricity just to illuminate the front
glass, modern machines are based entirely
around complex microprocessor circuitry.
The CPU board will typically contain a
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ADO 1 TO CREDIT

HAS A COIN BEEN INSERTED?

4

‘PAYOUT"

Fig. 1. Mode Control

ENTER 'SPIN' MODE
CALCULATE "FRUITS"
USING RANDOM NUMBER GENERATOR

SET REELS SPINNING
START SLOWDOWN OF REEL 1

START SLOWDOWN OF REEL 2
START SLOWOOWN OF REEL 3

l.—

I CONTINUE SLOWDOWN OF REELS ]

HAVE ALL 3 REELS STOPPED?

IS THE WAN A LOW VALLE?

ENTER ‘WIN' MODE
FLASH FEATURE LEDS

¥

IMOVE SERVO TO PAY OUT COINS

ENTER 'PAYOUT' MODE

¥

SUBTRACT 1 FROM

CREDIT COUNTER

ENTER ‘NUDGE' MODE
STEP REELS TO NEXT FRUIT

IS 'WIN' LOWER THAN PREVIOUS
WIN?

Fig. 1. The EPE Fruit Machine program flowchart
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Z80 or 68000 processor and the usual
EPROM and RAM. Battery backed RAM
or EEPROM may be used to maintain
“odds" data during power off.

A large number of power transistors
will be present to drive solenoids, stepper
motors and the matrix of light bulbs which
illuminate the reels and feature panels on
the front glass. A sound effects chip may
also be present.

The reels are, of course, mechanical, but
being of an ultra light weight construction,
have virtually no inertia and are controlled
directly by the CPU using stepper motors.
The speed of rotation and the point at
which they stop is under CPU control. Any
random behaviour here comes from ran-
dom number generators in the software.

A large number of miniature filament
lamps, which sit behind the front glass,
are connected up in a matrix of rows and
columns. Unlike l.e.d.s, these lamps con-
duct in both directions and therefore each
lamp requires a series diode, which may be
mounted in the lamp holder.

COIN DETECTION

Detecting the insertion of coins in com-
mercial machines may be handled in two
different ways.

The mechanical method uses an
elaborate mechanism employing a counter-
balanced cradle into which the coin drops.
tipping the cradle over and sending the
coin down a channel towards a
microswitch which registers a credit.

Coins that are too small drop straight
through the cradle and into the coin return
chute, whereas large coins get stuck, re-
quiring use of the coin reject lever. This
forces open the whole mechanism allowing
any large item to drop straight through.
Additional safeguards include a magnet
which attracts ferrous metal objects such as
washers.

Modern coin detectors use a simple slide
fitted with a number of coils through which
a range of different coins can be passed.
The coin changes the inductance of the
coils as it passes, generating a unique signa-
ture for each coin.

Only coins with recognised signatures are
accepted, a solenoid diverts alien devices to
the reject chute. Once a valid coin has been
detected. its signature is used to divert it
down one of several different chutes.

A solenoid operated plastic paddle
diverts the coin initially down one of two
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chutes, then two more paddles, mechani-
cally linked and controlled by a further
solenoid, split the two chutes into four. In
this way, two solenoids operating in a
binary fashion, can sort up to four different
coins into four plastic tubes.

COIN PAYOUT

The coin payout mechanisms, of which
there are likely to be four. are situated at
the bottom of the tubes in which the coins
stack. They are similar in design to the one
used in this project, although they use a
metal slide moved by a solenoid.

The solenoids are massive. each about
the size of a mains transformer and are
typically operated from 50 or 60 volts.
Tremendous pulling power is required to
slide a coin out from the bottom of a stack
containing a couple of hundred coins.

All this gadgetry is housed in a tall
cabinet made of chipboard with glass front
panels. Several locks are employed to
prevent access to a number of large plastic
buckets sitting in the bottom of the
machine which collect the coins that
overflow from the coin stacks.

Commercial fruit machines are expen-
sive items of equipment, although when
situated in the right places, are capable of
making a healthy profit.

cIrRCUIT

DESCRIPTION

The full circuit diagram for the EPE
Fruit Machine is shown in Fig. 3.

A microcontroller is ideally suited for a
project like this, to control the various In-
put and Qutput (1/O) devices found in the
design. The amount and complexity of the
software, and the memory required (2K).
determine the specific controller, and this
was chosen to be the 28-pin PIC16CS57
manufactured by Arizona Microchip. The
PIC16C57 (IC1) has three “ports™ A, B
and C, (one four-bit, A, and two eight-bit,
B and C, where any bit can be configured
as an input or an output) all of which are
used (see Fig. 3).

The seven lines RBO to RB6 are set up as
outputs (port B), and drive the seven seg-
ments of each main “fruit” display, “a” to
*g". The displays are multiplexed such that
“segment’’ data is output via port B on
lines RBO to RB6. Then the appropriate
*digit™ drive bit on one of the four lines of
port A (RAO to RA3) switches transistors
TRI1 to TR4 in turn to sink current, light-
ing up the “digit” (the fourth digit cor-
responds to the *feature™ l.e.d.s).

Segment drive “h™ (RB7), which is
usually the decimal point on 7-segment
displays, is not connected as such, but is
routed off to the le.d.s within the hold
switches. Drive current to each of the
segments is limited via resistors R1 to R8.

Each segment of the four displays is
“overdriven’ in turn by about four times
its maximum rated current. This is accept-
able and is done to increase the brightness
of the displays. Because each segment is
only on for a quarter of the time, there is
no risk of damage to the displays or the
drive transistors.

The clock circuit for IC1 uses a simple
ceramic resonator for stability, and con-
sists of components X4, C! and C2. This
generates a clock frequency of IMHz.

The start and hold switches S1 to S4
*ground™ the input lines RC4 to RC7 of
port C (IC1) when pressed, and are other-
wise pulled “high™ by R32 to R36.

The servo requires two pulse trains of
Ims and 2ms at S0Hz for the *collect™

and “payout™ positions respectively, for
the coin mechanism. These are generated
using a CMOS 7556 dual timer chip (IC2).
The first timer in the chip (IC2a) is con-
nected as an oscillator, generating the SOHz
via resistors R24, R25 and capacitor C3.
This S0Hz output is connected to the trig-
ger input of the second timer (IC2b), which

COMPONENTS

Resistors
TN TCIM o
to k7 (12 off)
2%;2%2 220 (2 off) §ﬁ9ﬁ
.R24,
R28 4k7 (30ff) page
R26, R29,
R31 10k (3 off)
R30 15k
R25 100k
R27 150k

R321to R36 4k7 (s.i.l. resistor pack)

Potentiometers

VR1,VR2 10k sub-min. preset
(2 off)
Capacitors
C1,C2 22p disc ceramic (2 off)
C3.C9 100n disc ceramic (2 off)
C4,C5 10n disc ceramic (2 off)
C6toC8 1000y axial elect. 10V
(3 off)
Semiconductors
D1 1N4148 signal diode
D2to D5 1N4001 rectifier diode
(4 off)
LEDS min Infra red l.e.d.
LED6to
LED13 S5mmil.ed.std. (yeliow)
(8 off)
X1to X3 0-8in. 7-segment display
(common cathode) (3
off)
TR1to TR5 BC548 npn silicon
(5 off)
TR6 to
TR13 BC558 pnp silicon
(8 off)
TR14 min Infra red
phototransistor
X4 1MHz ceramic resonator
IC1 PIC 16C57 (see text)
1C2 7556 dual CMOS timer
Miscellaneous
S1t0S4
(LED1 to
LED4) p.c.b. switch with
internal l.e.d. (4 off)
S5 round rocker switch
(black)
MO1 servo motor (Futaba
FP.S148)
PL1, PL2,
PL4 p.c.b. 2-way plug (3 off)
PL5 p.c.b. 3-way plug
PL3 p.c.b. 4-way plug
SK1, SK2
SK4 p.c.b. 2-way skt (3 off)
SK5 p.c.b. 3-way skt
SK3 p.c.b. 4-way skt

28-pin i.c. socket; 14-pin i.c. socket;
battery holder 4xAA (long type); bat-
tery clip (PP3 type); box ABS MB86;
l.e.d. display filter (red); plastic sheet
0-060in. white; plastic sheet 0-080in.
white; plastic sheet 0-080in. black; plas-
tic tube 6mm diameter, 1 strip; plas-
tic tube 21mm diameter, 100mm; plastic
glue; paper clip; solder etc.; printed cir-
cuit board available from the EPE P.C.B.
Service, code 914.

Approx cost
guidance only

£65
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Fig. 4. Fruit Machine printed circuit board component layout and full size underside copper foil master pattern. This board is available from the EPE PC B Service,code 974.




Top and underside views of the completed p.c.b. Note the electrolytic capacitors and connectors on the underside.

is connected in monostable mode. giving
the correct pulse width determined by resis-
tor R27 and capacitor CS. The voltage at
the reference pin (pin 11), is adjusted by
preset VR to obtain the 2ms pulse. TRS is
switched on via link J1 to select a paral-
lelled resistor pair which generates the Ims
pulse train, and this is adjusted using preset
VR2 (see “Testing™ - next month).

There are four isolated power supplies
to power the led.s, servo, timer and
microcontroller i.c.s. In each case. a diode
“taps off " the battery supply (D2 to DS5).
isolating and localising any interference.
Each supply is smoothed and decoupled
with a capacitor (C6 to C9). The diode in
the *“PIC power™ section (DS) reduces the
maximum voltage for IC] to a safer work-
ing level, as a new set of four batteries may
exceed the 6V maximum supply rating for
this i.c.

Sound is generated as a square wave, by
toggling a bit (RC0) on ICI at an ap-
propriate frequency, (depending on the fea-
ture), and this signal is connected directly
to the piezo electric sounder.

P.C.B. ASSEMBLY

The printed circuit board (p.c.b.) com-
ponent layout and foil master pattern is
shown in Fig. 4.

Due to the nature of construction, some
of the components are not mounted flush
on the p.c.b, notably the, feature l.e.d.s. As
a rough guide, the legs of these eight yellow
l.e.d.s should be cut to a length of 16mm,
and then should be soldered as high off the
p.c.b. as possible.

The eight feature le.d.s. the three hold
switches and the start switch all protrude
from the front panel of the box. thus the
cut-outs need to be quite accurately made
so that the p.c.b. will make a snug fit. The
main displays have a red filter fitted in
front of them. This increases the contrast
of the displays, and it really works! It fits
in one piece behind the cut-outs in the
front panel of the box. Note that these
cut-outs are actually smaller than the dis-
plays themselves.

Construction proceeds by first fitting the
seven links, and all the resistors including

the presets. Then fit the capacitors, diodes
and transistors, displays and l.e.d.s. Finally
fit the switches, but note that the green
l.e.d. in the start switch needs to be turned
around. This can be done quite easily by
disassembling the switch housing with a
small watchmakers screwdriver, and it is
easier than it sounds!

Note that some components are fitted
underneath the microcontroller chip (ICI).
Next fit the sockets for the microcontroller,
and the 7556 timer (IC2). Finally, fit the
three 1000 capacitors on the back of the
p.c.b. and fit the i.c.s when required, during
testing.

The connectors are also mounted on the
reverse side of the p.c.b, and because the
p.c.b. is single-sided, care should be taken
when soldering the plug pins to it. It may
be easier to push the pins of the connector
until they protrude equally from either side
of the plastic mounting, and then solder
them to the p.c.b, pushing the plastic part
of the connector flush to the p.c.b. last.

Next Month: Mechanical assembly and
testing.
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ENHANCED AIR/SEA SAFETY

British enterprise
vibrantly leads
the international

high-flyers

by Hazel Cavendish

AST vyear the small Hampshire

engineering firm of Stewart Hughes
won a Queen's Award for Export
Achievement by increasing its export
sales from £266,000 to £2.71 million in
three years. The increase was largely
through their R & D into a method of
detecting mechanical faults in helicopters
at an early stage. This was an exercise
which also won them the American
Helicopter Society’s Harry T. Jensen
award for contributing towards the safety
of aircraft.

The Company. established 14 vyears
ago, originated as a department of
Southampton University. Both Chairman
Ron Stewart and his M.D. Tony Hughes
had worked in the University's Institute of
Sound and Vibration, specialising in the
diagnosis of machinery fauits by analys-
ing vibration signals. Their development
of this technique has resulted in the
unique design of a box for helicopters
to be used as part of the Flight
Data Recorder which controls the Crash
Protection Unit.

The approach they use is the HUMS
system (Health Usage Monitoring Sys-
tems). Incorporating inmos transputers,
the latest generation of the system
carries out continuous automatic vibration
analysis of the components within the
helicopter drive train, thereby helping to
detect mechanical faults at an early stage.

A factor of considerable importance is
the ability of the system to distinguish
one gear from another. ‘It is important to

Circuit boards showmg the use of Xilinx FPGAs in Systems developed by Stewart

know which gear is faulty,” says Con-
sultant Systems Engineer Max Hadley,
“otherwise a signal indicating merely
that the gearbox was faulty would mean
having to change the whole box, dis-
mantle it completely and inspect every
gear. It is essential that aircraft are able to
be turned around quickly, and with this
system the faulty part can be identified
instantly and replaced with minimum
delay while the aircraft is in service.”

The system uses software called the
Flight Regime Recogniser which also
looks at data signals from additional
sensors throughout the arcraft. These
too are recorded in the Crash Protection
Memory, made by Penny and Giles of
Dorset.

More advanced technology using
Xilinx 4000 FPGAs (Field Programmable
Gate Arrays) has been developed to meet
military specifications for 100 systems
supplied to the Canadian Defence forces
for a fleet of helicopters ordered from Bell
Helicopter

“These FPGA devices are interesting
because the data held within them can be
readily reconfigured in situ,” says Mr
Hadley. “When the system is switched
on, the first thing the software does is
to load the hardware configuration into
the FPGA which then starts the main
software. It is a highly complicated sys-
tem configuring from a common set of
data which contains that for the FPGAs
and the software for the Inmos proces-
sors. All this data can be uploaded into

hughes for use in helicopters servicing the North Sea oil rigs.
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the box via a connector in the front panel
from a special adapter card which can
be plugged into a lap-tap PC. All the
software and FPGA configuration is held
in flash memory within the box.

“As far as | know, we are the first com-
pany anywhere to use transputers in a
certified piece of civil avionics. The idea
of systems being able to be programmed
in the field without having to go back to
manufacturers to have a chip removed
and a new one soldered in, is just taking
off.”

This autumn the Company also landed
a six-figure contract with the American
Defence Department by designing “a
little black box” the size of a standard
pack of corn-flakes which will monitor
the cooling system of a Spruce class
destroyer, a task previously done by
personnel.

Stewart Hughes beat off the competi-
tion from top US companies specialising
in electronic technology with its Intel-
ligent Sensor Interface, which Max Had-
ley, who directed the development, des-
cribes as "a complete Star-Trek type of
automated maintenance.”

Handy Third
Hand

The new Panavise JR is a vice that is
more like a third hand than a tool. Work
can be moved through three planes without
removing it from the vice. The head is
designed to rotate and swivel 360 degrees,
and is able to pivot 210 degrees. One turn
of the control knob, and you are able to
securely position your work exactly where
you want it.

The parallel closing jaws have an open-
ing from Omm to 730mm and are made
of strong fibre reinforced thermal plastic
for careful but firm holding of your work.
The vice weighs in at only 567g. yet the
body is made of cast zinc which provides a
firm base that can also be bolted down. Its
versatility makes it perfect for dozens of
uses such as soldering, drilling. painting,
gluing, assembling, fly-tying. repair, and
even industrial use. ideal for the profes-
sionals, weekend professionals and do-it-
yourselfers alike.

The Panavise JR has a retail price of
£23.44 (including VAT) and is available
from many hardware stores, hobby and
model shops. or with £4.95 carriage from
Longs Ltd.. Dept EPE, Hanworth Lane
Trading Estate, Chertsey, Surrey KT16
9LZ. Tel: 0932 561241.
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AF PDM
AMPLIFIER

The first in a range of modular PDM (Pulse Duration Modulation) audio
frequency amplifiers for experimenters and systems engineers has been intro-
duced by D-Systems.

The appeal of PDM modules lies in their versatility. They work by encoding
the audio signal as a proportional variation in the mark,space ratio of a high
frequency power switch and decoding passively at the output. The system
encodes the whole audio signal without sampling.

The audio performance is up to the standards of the best hi-fi amplifiers
available and distortion is almost completely second harmonic and mostly
below 0-2 per cent. This generally excellent performance, and the high ef-
ficiency and low standby current consumption, makes the modules suitable for
general purpose battery-powered monitoring use, possibly in remote locations
using solar powered supplies. They can also be used as booster amplifiers for
personal stereos.

The first of D-System's PDM modules is the PMI which operates on a
single 9V or 12V rail with quiescent current drain of only 400 microamps.
Full power bandwidth is 10Hz to 100kHz at 6W into 3ohms with a conver-
sion efficiency of more than 90 per cent. Sensitivity is 0-7V r.m.s. input for
full rated output. The price of the PMI is £14.35, inclusive of post and
packing.

For further information contact D-Systems, Dept EPE, Moss Drive, Has-
lingfield, Cambridge CB3 7JB. Tel: 0223 871555.

Tactile Audio

A new radio cassette player-recorder has arrived onto the market designed
specifically for those people with visual or physical disabilities who find con-
sumer products complicated and difficult to operate.

Designed and manufactured by Clarke & Smith Industries and commis-
sioned by the British Wireless for the Blind Fund, this user friendly product
incorporates many special features which are of particular benefit to elderly,
visually impaired and disabled people.

For example, the three waveband radio cassette — f.m., m.w. and l.w. ~hasa
very simple operating layout. lts large, easy-to-grip operating controls in the
high colour contrast of yellow on grey, are generously spaced to be easily
distinguishable and carry tactile symbols for easy identification.

An audible rising/falling tuning tone on the digital push button indicates the

| radio band position, and an audible “‘cue’ and “review” facility helps the user
to locate a particular position on a cassette tape. In addition, a large yellow
safety knob sits on the end of the aerial, a surprisingly common danger for
those with failing sight or with young children.

Along with these special features, this hard-wearing radio cassette has ail the
facilities such as five preset stations for each waveband, allowing up to fifteen
stations to be stored. It has a high quality four inch speaker, is mains or battery
operated and is easily serviceable.

For further information contact: Jane Marren, Clarke & Smith Industries,
Dept. EPE, Melbourne House, Melbourne Road, Wallington SM6 8SD. Tel:
081 669 4411.
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The savings
start here!

Use this coupon to claim a
£1.50 discount on up to
THREE tickets
to the
Christmas
Computer
Shopper
Show

Qrand Hall, Olympla, London.

Y
BLEN
Sponsored by Computer Shopper Magazine
Show opening times

Thursday 1 - Saturday 3 December  10.00am - 6pm
Sunday 4 December 10.00am - 5pm

Photecopies not valid. Vaild on entry te show enly.
120 claiming £1.50 off 1] or 2(] or 3 (] tickets. PLEASE TICK.

TRY THE
INTERNET!

You are sure to have heard about the Internet, the infor-
mation highway and the global village, but do you really
know what it means and how you can access it? You can
find out more by going to the Christmas Computer Shopper
Show at Olympia and visiting Carrera Technology who will
allow you to access the network direct from their stand.

On their stand will be displayed the first Internet-ready
PCs in the UK with Easynet software and a US Robotics
Sportster modem pre-installed. Hooking up to the Net then
becomes simply a matter of plugging the machine into a
phone line.

As a special show promotion, Carrera Technology will
also be offering free vouchers for use in the newly opened
central London cafe, Cyberia — the UK'’s first cybercafe —
which has a range of Internet-ready PCs.

To help you visit the show we are pleased to include
above a special voucher which allows you £1.50 off the
entry ticket price. The show is to be held at the Grand
Hall, Olympia, London from the 1st to the 4th of December
1994.

For more information, please contact Helen Sheffield on
081 742 2828.

Lithium saves iceman!

Lithium cells supplied by Saft Nife helped the remark-
able Rupert Hadow to return from the polar ice safely
after the 32-year-old Scot failed earlier this year to walk
410 miles. unaided. to the North Pole. Temperatures of
—45°C and two falls into arctic water ended this year's
attempt after 24 days, but the long-life, low-tem-
perature lithium cells, in battery packs assembled by
Woolsery Electronics of Bideford, continued to power
radiocommunications and satellite navigation equip-
ment perfectly.

Not all applications are as gruelling as the Sector
lce Man Challenge, but Saft Nife's high energy den-
sity, lightweight and reliable LSH lithium cells are ideal
power sources for emergency applications for medium
and high drain use, and where high start-up voltages are
required after long storage periods.

For further information contact: Antoinette Leach,
Saft Nife Ltd., Dept. EPE, Station Road, Hampton,
Middlesex TW12 2BY. Tel: 081-979 7755.
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with David Barringﬁton

EPE Fruit Machine

Apart from the pre-programmed
microcontroller, several other components
required to complete the £PE Fruit Machine
need special mention and may not be
obtainable locally.

Starting with the most important device first,

the ready programmed PIC16C57 controller
chip is available from the authors, price £12.
The coloured, self-adhesive front panel over-
lay is also available from the same source for
the sum of £2. Please add 50p for UK p&p
and £2.50 for Overseas postage and pack-
ing. Orders should be sent to: Dept EPE, 28
Blisworth Close, Yeading, Hayes, Mid-
dlesex, UB4 9RF. MA/L ORDER ONLY.

The 0-8in. 7-segment displays must be the
“common cathode” types. The ones used in
the model are designated HDSP3405. An
alternative type is the RS588-960 (code)
stocked by Electromail, the RS mail order
outlet.

The servo motor is the Futaba type
FB.S14B and should be stocked by most
good model shops. A range of low voitage
servos are stocked by Magenta Elec-
tronics and one of these may work here but
they have not been tried in the unit.

The switches with an integral le.d. are
Maplin type JUO4E (red) and JUOSF
(green). On/off switch also came from
above, code JRI6E.

The printed circuit board is available from
the £PE PCB Service, code 914.

Universal Code Lock

The Universal Code Lock circuit has been
designed to operate with virtually any key-
board as long as it has a matrix formation,
i.e. rows and columns, and is not one with a

common connection. Choice of keypad will,
of course, depend on application

The choice of small keypad is quite large
and people like Bull Electrical, Green-
weld, Maplin, in fact, most of our com-
ponent advertisers should be able to offer a
suitable type. The solenoid/lock mechanism
may have to be purchased from your local
hardware/DIY store, but someone like Bull
or Greenweld may have one hidden away
amongst their vast stocks of unusual items.

The custom programmed PIC1654RC
microcontroller i.c. is available from the
designer - Mail Order Only - for the sum of
£9.50 including postage. Customers outside
Europe are asked to add an extra £2 for
postage. Orders should be sent to: B.
Trepak, Dept EPE, 20 The Avenue,
London, W13 8PH.

The printed circuit for the Code Lock is
available form the EPE PCB Service, code
922 (See page 975).

Video Modules

All components listed for the Wiper mod-
ules and the Audio Mixer, this month’s Video
Modules projects, appear to be “off-the-
shelf”” items and should be obtainable from
your regular component supplier/advertiser.
The printed circuit boards are available from
the E£PE PCB Service, codes 916 (Horiz.
Wiper), 917 (Vert. Wiper) and 918 (Audio
Mixer).

The case shown housing the modules is
not specified as it was felt readers may care
to choose their own, also it usually sells
for over £30. The one used by the author
is known as a “"1U” type and measures
432mm (W) x 45mm (H) x 254mm (D), the
front plate is, of course, 19 inch (428mm)

wide. This was originally purchased many
months ago from Rackz Products (4
0749 840102). Most of our advertisers will
be able to offer something similar.

Rodent Repeller

The main outlay for constructors of the
Rodent Repeller project will be the purchase
of the Xenon flash unit. This was selected
from the range of “‘burglar alarm accessories’
stocked by Maplin and is the “clear” ver-
sion of the low profile Xenon Flasher, code
ZC16S (clear).

The “scare” buzzer was also obtained from
the above source and is the High Power
Buzzer, code FK84F. This has a claimed
operating range of 3V to 24V d.c. and an
output power of 103dB at one metre. One
further point, the sounder must be the type
with internal drive circuitry — other types will
not work here.

It is important to use a good quality mains
transformer which also has an adequate cur-
rent rating. This will remain cool in operation
during continuous use. Suitable transformers
are listed by Greenweld (code 88-0255)
and Maplin (code YN15R). The printed
circuit board is available from the £PE PCB
Service, code 913. Finally, pay special atten-
tion to the notes about mains wiring, its
the unwanted visitors we want to remove!

Spacewriter Wand

Another special pre-programmed chip
is called for this month in the novel
Spacewriter Wand, the first of our offerings
for the festive season. This device is only
available from Magenta. .

A complete kit of parts, including p.c.b.
and chip loaded with the message Merry
Xmas, for the Spacewriter Wand is available
from Magenta for the sum of £16.99 plus £3
post and packing. Magenta Electronics,
Dept EPE, 135 Hunter Street, Burton-
on-Trent, Staffs, DE14 2ST. Kitcode 849.

The printed circuit board is obtainable
from the £PE PC8 Service, code 921.

% IMHz - 2.4GHz

s Sensitivity less than 1mV
from 10MHz to 800MHz

% 2 Gate/measurement periods
s Display hold switch

s 8right 8 digit LED display

s Charge & Gate LEDs

s Aluminium case -
100 x 87 x 28mm

s 700mAh Ni-cad batteries

QUANTEK FC2000

ULTRA HIGH SENSITIVITY
FREQUENCY COUNTER/FINDER

» o

~£T19

s Maximised sensitivity for + £5 P&P
measuring transmitted MADE IN UK
radio signals ot a distance el Dl

% Supplied with mains adaptor/charger & telescopic antenna
TO ORDER CALL

021 457 7994
FAX ORDERS 021 457 9745

QUANTEK ELECTRONICS,
wminmy 1678 BRISTOL ROAD SOUTH, BIRMINGHAM B45 9TZ

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX % 031 667 2611

The supplier to use if you're looking

A WIDE RANGE OF
* COMPONENTS AIMED AT THE x

D) @ HOBBYIST

for:—- :

* COMPETITIVE VAT INCLUSIVE »

PRICES __  oF

* MAIL ORDER -generally by x
RETURN OF POST

* FRIENDLY SERVICE %

OPEN:
Monday-Thursday 9.15 - 6.00
Friday 9.15-5.00 ?
Saturday 9.30-5.00 i SN Ry
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EASY-PC, Schematic and PCB CAD

Over 18,000 Installations

in 80 Countries World-wide!

¢ Runs on:- PC/XT/AT/
286/ 386/ 486 with
Hercules, CGA, EGA
or VGA display and

—~N\____{4

LUNIN
mut

Still
Only

T f)
i[}'??\x]/

Options:-500 piece Surface Mount Sy
1000 piece Symbol Library £38, Gerber Import facility £98.

many DOS emulations.

- Single sided,
Double sided and
Multidayer (8) boards.

e Provides full Surface
Mount support.

e Standard output
includes Dot Matrix /
Laser / Ink-jet Printer, -
Pen Plotter, Photo-
plotter and N.C. Drill. .

e Tech Support - free.

e Superbly easy to use.

o Design:

£98.00!

BRITISH

DESIGN

AWARD
1989

[£]
" 1.

. 'Q.'-":sz.
P 'ﬁ.‘-"::sz.
1 r 3 v

‘=1

Crannel 7 1aertor

T San

r—fibol Library £48,

Integrated Electronics CAD  Affordable Electronics CAD
= _—M —H EASY-PC: Entry level PCB and $196.00 £€98.00
- — ';”Hﬁf Schematic CAD.
a ] i EASY-PC Professional: Schematic $376.00 €1956.00
i Capture and PCB CAD. Links directly
Schematic Capture = =4 | 1o ANALYSERIlland PULSAR.
T =< T T EASY-PC Pro’ XM: Extended Memory $4756.00 £€245.00
—— - l 2 ‘)" ] | [T—rrm—wrl ‘4 Versioanreat!y increased capacity -
== S == .}_ o< 3 t PULS:\;RO:ODigitialc(a:irw;ySimulator $195.00 £€98.00
— A oSl B = gajecapacty. e
: Analogue | ! === | PULSAR Proessional: Digital Circui $375.00 | £395.00
“—a. & Dlgltal ] g-., e - Simulator ~ 50,000 gate mpaﬂ'y. - B 'l
o R = ANALYSER ll: Linear Analogue Circut | $196.00 £98.00
3 N Simulation i E %‘* Simulator ~ 130 node capability B
ANALYSER ill Professional: Linear $376.00 £196.00
m Analogue Circuit Simulator
=2 ~ 750 node capability.
5 Z-MATCH for Windows: NEW Windows $476.00 £245.00
i based Smith-Chart program
And PCB DeSIQn ‘ _for RF Engineers . ) e |
vd. FILTECH: Active and Passive Filter $276.00 £146.00
L] L Design program B | I S
. W, t 1y de policy. Y USS$ pri UKE prices
Prices from UKE195 / US$375 rimsmmusron. | B3 | S5n
For full information, please write, phone or fax:- o TECHNICAL SUPPORT FREE FOR LIFE
« PROGRAMS NOT COPY PROTECTED.
Number One Systems « SPECIAL PRICES FOR EDUCATION,
UK/EEC: Ref. EVD, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR.
Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 International +44 480 461778
USA: Ref. EVD, 1795 Granger Avenue, Los Altos, CA 94024
Telephone/Fax: (415) 968 3306 MASTERCARD, VISA Welcome.
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Regular Clinic

CIRCUIT
SURGERY

ALAN WINSTANLEY

Welcome once again to our popular column devoted to readers’ problems and
circuit suggestions. This month, we offer some advice to those constructors who
fabricate their own printed circuits boards at home, and help with a query on

gery marks my first year at the helm
our “agony column” - I hope readers
continue to find it varied, interesting and
helpful. Remember, this is your column,
so if you have any suggestions for circuit
ideas which you would like us to inves-
tigate, or any topical comments which
you would like to make, please write to
Circuit Surgery at the editorial address.

THIS month’s edition of Circuit Sur-
o

All wound up

We have a mixture of both theoretical
and practical topics this month, start-
ing with a query from a budding
radio amateur in South Africa. Mark
Lamprecht of Durban, 4001 Natal posed
a question relating to the techniques for
winding simple coils.

I've just started a course in Amateur
Radio and am really keen to build my
own equipment. However, I've discovered
a problem when trying to construct induc-
tors and hope you can offer some advice.
Suppose an inductor is, say, 100uH in
value — then how many turns of wire is
that? What gauge wire can I use? Is there
a formula that one could apply or is it a
case of hit and miss? I would be very
grateful for any helpful suggestions you
could offer.

There isn't a particular problem when
winding inductors, thanks partly to the
availability of ferrite core kits which
permit you to custom-wind these com-
ponents to a high degree of accuracy. For
example the “RM" series or similar ferrite
cores are available in kit form from
several of our advertisers (see later).

The unit of inductance is the Henry,
symbo! H, named after the American
physicist Joseph Henry who was credited
with the discovery of the principle of
self-inductance in 1832 (data: Microsoft
Encarta™). The usual units of measure-
ment of inductance are these:

milliHenry (mH, 1 x 10-3 Henrys)
microHenry (uH, 1 x 10~ 6 Henrys)
nanoHenry (nH, 1 x 10-9 Henrys)

The inductance of a coil is propor-
tional to the square of the number of
turns on the core, and it's desirable to

920

winding your own inductors.

use the largest diameter gauge of
enamelled copper wire which can be
accommodated on the chosen core. A
larger diameter wire has a larger cross
sectional area together with a lower
electrical resistance than a narrower
gauge. So it’s best to wind on the thickest
wire possible which the core will allow,
for the specified number of turns.

This brings us to the next question,
how many turns? The formula you need
is the following:

_ T
N= AL

where N is the required number of turns,
L is the desired inductance and A is the
specific inductance of the ferrite core — in
effect, a measure of the inductance per
turn.

A useful data sheet no. K5774 is pub-
lished by RS/ Electromail which describes
their own product selection. If you know
the number of turns required, the data
sheet will help to choose the appropriate
core and also the gauge of the wire.

Praying mantissa!

The parameter A; is an inductance
factor which is specific to each type of
core. It could range typically from
160nH to 400nH or more. A particular
trap in the above equation concerns the
value of L which, if the data specifies 4,
in nH, must be stated in nanoHen-
rys also. If for example Mark’s coil
is 100pH, you can convert this to
nanoHenrys quite easily using *‘scientific
notation” which saves having to write
lots of noughts. Here’s a quick reminder:

L = 100pH = 100 x 10~6 Henrys
= |x10-4 Henrys in scientific
notation. Convert this to nH.

Mathematicians will know that the
“1" is termed the mantissa whilst the
10-4 is the exponent. In order to
multiply numbers together using scien-
tific notation, one multiplies the mantis-
sas together whilst adding the powers
(exponents). Recall that nanoHenrys are

expressed as 10-9 Henrys. Working
backwards from all this, a value of
1x10-4 Henrys equals 1x105x10-9
Henrys — i.e. 1x105 nanoHenrys. The
less academic conversion factor is simply
InH = 0-001uH, implying that 100puH is
equivalent to 100,000 nH (1 x 105). Take
your pick, depending on your mathe-
matical inclinations.

The choice of ferrite core may some-
times depend on the frequency of opera-
tion. In some applications (e.g. power
supply filters), the d.c. current becomes
relevant too and this also determines the
wire gauge. For this example let’s select
the smallest pot core in the range, which
has a value for 4, of 160nH.

To fabricate a 100pH inductor, we can
use the above formula to calculate the
required number of turns and we obtain
a figure of just 25 turns (i.e. the square
root of 625). Tables included in the data
sheet tell us that the specified pot core
(RS Order Code 228-214) will accept
25 turns of a maximum wire diameter
of 0-56mm (approximately 24 standard
width gauge), so that’s the optimum wire
gauge to plumb for when selecting the
enamelled copper wire.

Several of our regular advertisers
stock a comprehensive range of induc-
tors, ferrites and other r.f. components.
In particular, ElectroValue Ltd (40784
442253) deserve a special mention be-
cause of their comprehensive range of
Siemens ferrites whilst CirKit Distribu-
tion (40992 448899) are the UK
stockists of Toko products.

Several others, including Maplin, also
list a useful selection of components.
You could possibly check out a modest
book entitled Coil Design and Construc-
tion Manual published by Babani which
is listed by our own Direct Book Service
(code BP160), price £2.50 plus P&P. This
might help further.

P.C.B. techniques

Back in the September issue I touched
on the subject of making your own
printed circuit boards (p.c.b.s) using the
ultra violet system. Whilst the EPE PCB
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Service is as popular as ever, we’re of
course well aware that many readers do
prefer the satisfaction of etching and
fabricating the boards for themselves at
home. I've received several letters from
readers asking for some advice on this
topic.

If you decide to dabble with p.c.b.
production yourself you can adopt one
of two approaches. Either use a *di-
rect etch” method, whereby etch resis-
tant transfers are physically applied to
the copper foil of a “blank” p.c.b. —
then immerse the whole board in ferric
chloride etchant for a period to remove
the unwanted copper. Afterwards, polish
off the etch resist transfers and then drill
out the copper pads.

I can recommend the Alfac range of
transfers, which are listed both by Green-
weld (40703 236363) and ElectroValue
Ltd (40784 442253). They are used ex-
actly like rub-down lettering.

This method is fine for quicker one-off
boards but there are several drawbacks:
the artwork is destroyed each time after
etching, so it’s really irksome if you need
to produce a small quantity of boards; if
you find you’ve made a mistake, error
correction is impossible after etching, so
you have to start all over again - the
same applies if you find that you want to
modify the circuit after performing some
circuit trials. You can’t save the artwork
for reference in the future, and it’s ex-
tremely inconvenient if not impossible
to originate the artwork if the circuit is
complex.

To relieve this tedium you can use the
ultraviolet (UV) technique, though it’s
more expensive and a little more com-
plex. For the benefit of less experienced
readers, Fig. 1 is a basic illustration
showing how the UV system works.

The desired copper track pattern is
first drafted onto a clear acetate or
polyester film, again Alfac transfers are
ideal here. This means that the artwork
can be amended now or in the future,
and can be re-used to produce more of
the same design at a later date. You can
also copy magazine artwork using the
same system, by tracing it from the page.

A blank p.c.b. is used which has to be
coated with a special UV photo-sensi-
tive lacquer. Either buy pre-sensitised
boards (which I much prefer to work
with) or use a special aerosol spray-on
coating. The next step is to place the
artwork ‘‘positive” over the prepared
board (right way round of course!) and
then expose the board to an ultraviolet
light source for a period of typically
between ten to twenty minutes or so.

The exposed board is subsequently
developed either using a proprietary
developer or a weak solution of Sodium
Hydroxide (domestic caustic soda). This
will dissolve away the UV lacquer which
has been subjected to UV light, so all
that will remain is photo-resist lacquer
which had been masked by the p.c.b.
artwork. The lacquer is resistant to
etchant and the board can be etched in
ferric chloride in the usual way.

With the unwanted copper now
removed, a quick swab of acetone (nail
varnish remover) afterwards will dissolve
away the lacquer to reveal the copper foil
track pattern, and the board may now be
drilled to obtain a really crisp,
professional finish.

P.C.B.s exposed!

Of course, you need a UV light source
for this technique and you might con-
sider making your own. I previously
suggested the UV Exposure Unit we

—

\

\\ Utra Violet

Light
\ Source

- / Photo-sensitive
glass fibre
printed circuit
board

Fig. 1. Basic UV method of p.c.b. fabrication: 1 Expose to UV light through artwork.

2 Develop. 3 Etch.
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published back in October 1991. Reader
Frank Bagshawe of Buxton, Derbyshire
had a few useful tips for those con-
templating building an exposure unit for
themselves:

The project you recommended for the
construction of a UV light box is
straightforward apart from the winding of
the transformer. My difficulties with
winding this led me to purchase a
Sluorescent tube driver from Maplin ( Auto
Light YZ35Q), similar types are also
available from Greenweld as single or twin
tube types L1652 or L1655.

The 8W UV tubes themselves were
sourced from Maplin ( FIS5K). This com-
bination of parts works satisfactorily from
a 12V mains power supply. However, I
have come across boards which are said to
react to daylight — could you give a few
tips on exposure times for these boards?

Thanks for the information on your
alternative approach to making a UV
light unit. As far as timing’s concerned,
when you're exposing a photo-resist
board to ultra violet light it’s essential
that the UV is allowed to penetrate
through the entire depth of the lacquer
so that it reacts thoroughly.

Exposure value

Failure to expose for long enough will
result in just the surface layer of the
lacquer developing away, and a residue
of resist will remain on the board render-
ing it useless for etching. It takes a little
experience to familiarise oneself with the
technique, and how long you expose for
depends on the combination of UV
power, the thickness of the photo-resist
lacquer and the distance between the
light source and the board.

Mr. Bagshawe mentioned that some
boards are available which could be ex-
posed using ordinary daylight. Perhaps
so — but it’s strictly a matter of trial
and error as it relies on the UV content
of natural daylight. It depends on the
time of day (and year), the weather, and
where you live!

I doubt if anyone will ever obtain con-
sistent and repeatable results simply by
using daylight, especially in the British
climate where the only thing predictable
about it is that it’s unpredictable! With-
out a doubt an exposure unit will save a
lot of heartache — and you can do it at
night!

It’s probably a good idea to err on the
side of caution by over-exposing the
board somewhat, to ensure that the
photo-resist reacts all the way through.
In theory, serious over-exposure will only
cause problems when the UV light
penetrates through the artwork if the
light-proof symbols are not sufficiently
opaque, or by undermining the transfers
at their edges and affecting the lacquer
underneath.

The latter is only likely to be a
problem if your design has very fine
copper conductors: they may then be
etched away completely in places. Un-
der-exposure is likely to be much more of
a nuisance.

I find that etch-resistant aerosol sprays
can cause a variety of problems. Because
the coating on the p.c.b. may be con-
siderably thicker (and not necessarily
uniform), exposure times may be incon-
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sistent and sometimes I find that I have
under-exposed.

It’s wise to experiment with some
scrap board to find the optimum ex-
posure times and generally become ac-
quainted with the behaviour of the spray
lacquer. A period of 20 to 30 minutes
exposure has been known, but it depends
on the power of your UV exposure unit.
Sprays are handy though if you have
ruined a pre-sensitised board for any
reason, when at least you can try to
re-use the blank board again.

My own UV unit has two 8W tubes
which is fine for my needs, and a period
of roughly 15 minutes seems average
for ready-coated boards. Incidentally,
I described a simple constructional
project UV Exposure Timer in the July
1992 issue of Everyday Electronics. The
mains-powered unit offers switched time
delays between 2 to 24 minutes for your
ultra violet light box and helps to ensure
that you avoid accidentally under-
exposing your boards. The circuit board
(only) for this project is still available
from the EPE PCB Service, Code No.
797.

Alternative UV unit

Steve Knight — author of the excellent
Calculation Corner series which has been
widely applauded by readers — dropped
in and suggested an alternative for a
DIY mains powered UV unit. Steve
suggests:

I found the best bet is to get hold of
an ordinary 300W UV Sunlamp from a
chemists or wherever, gnd fit it in an open
box as per the sketch of Fig. 2. The dimen-
sions aren’t critical and the box is made
from odd pieces of chipboard.

Paint the inside matt black and off you
go! I suggest give the lamp a few minutes
to warm up, and with the board about
10 inches/ 25cms away, I find that five
minutes is the required time.

It’s worth investigating Steve's idea as
the cost savings over a commercial unit
are substantial. You MUST however
take suitable precautions when dealing
with ultra violet light. It can damage
eyesight and therefore you should not
gaze at the light with the naked eye. ( We
strongly suggest that, for personal safety,
a curtain or hinged flap is placed across
the front opening of the unit. Ed.)

I would also warn novices of the
dangers of using ferric chloride etchant
please wear gloves and goggles and avoid
splashing this corrosive fluid on any-
thing.

Mains
batten
holder

300W
sunlamp

Chipboard
or Contiboard

7/
y

~ 25

-

¥

cms

40
cms

P

<

W——- ~ 35 cms

4

—_—

Fig. 2. UV exposure cabinet made with surplus chipboard and a 300W sunlamp.
Take care not to view the UV light with the naked eye.

GCSE Support

Many GCSE Electronics/Design &
Technology students write to the Surgery
at this time of year seeking assistance
with their chosen project. I'm only too
happy to pass on a few pointers
wherever possible, but Circuit Surgery
does not provide specific circuits for
projects as it is imperative that students
research and develop the circuitry for
themselves.

Our 12-part educational series Teach-
In '93 was specially written to support
GCSE and Advanced Level Electronics,
and as part of the course we designed the
Teach-In Mini Lab and the advanced
Micro Lab training units. We're pleased
to say that because of demand we have
now released the series as a complete
book, available from your local New-
sagent or from the Direct Book Service.
Hobbyists and constructors will also find
it useful for brushing up on theory, and
the completed Mini Lab forms a com-
plete test-bed to help you develop your
own circuits.

Finally this month, don’t forget
our re-introduced Ingenuity Unlimited
column - if you have any circuit ideas of
your own for possible inclusion
then please send a brief descrip-
tion (preferably typewritten or word-
processed) with neat diagrams showing
relevant component values, to myself at
the following address. Ideas must be the
readers’ own work and we will pay
between £10 to £50 for all circuits used
depending on their length and technical
merit. We will publish a selection at
suitable intervals.

Send your circuit ideas to Alan
Winstanley, Ingenuity Unlimited, Every-
day with Practical Electronics, Wim-
borne Publishing Ltd., Allen House,
East Borough, Wimborne, Dorset BH21
IPF. Or you can write to Circuit Surgery
at the same address.

Next Time

In the next Surgery, 1 hope to look at
regulated power supply design together
with heatsink calculations, and more!
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Mike Tooley, BA

Electronics from
the Ground Up

Part 3

provide you with a comprehensive and up-to-date
introduction to the world of electronics. The series
is based on Electronics Workbench, a remarkable new
software package that lets you use your PC to build and
test a wide range of circuits. A special low-cost version
of this software (with all the parts and test instruments

ELECTRONICS from the Ground Up is designed to

needed to complete the series) is available to readers, see
later for how to order.

in this third part we introduce semiconductor diodes.
We investigate the behaviour of half-wave and fullwave
rectifiers and develop these into complete power
supply circuits incorporating smoothing and voitage
regulation.

SEMICONDUCTORS

Atoms contain both negative charge
camiers {electrons) and positive charge
carriers (protons). Electrons each carry a
single unit of negative electric charge whilst
protons each exhibit a single unit of posi-
tive charge. Since atoms normally contain
an equal number of electrons and protons,
the net charge present will be zero. For
example, if an atom has eleven electrons, it
will also contain eleven protons. The end
result is that the negative charge of the
electrons will be exactly balanced by the
positive charge of the protons.

Electrons are in constant motion as
they orbit around the nucleus of the
atom. Electron orbits are organised into
shells. The maximum number of electrons
present in the first shell is two, in the
second shell eight, and in the third, fourth,
and fith shells it is 18, 32, and
50 respectively. In electronics, only the
electron shell furthermost from the nucieus
of an atom is important. It is important to
note that the movement of electrons only
involves those present in the outer valence
shell.

If the valence shell contains the max-
imum number of electrons possible the
electrons are rigidly bonded together and
the material has the properties of an in-
sulator. If, however, the valence shell does
not have its full complement of electrons,
the electrons can be easily loosened from
their orbital bonds, and the material has
the properties associated with an electrical
conductor.

File Edit Civcowt

An isolated silicon atom contains four
electrons in its valence shell. When silicon
atoms combine to form a solid crystal, each
atom positions itself between four other
silicon atoms in such a way that the
valence shells overlap from one atom
to another. This causes each individual
valence electron to be shared by two

\

,<— Valence shell

/

— -

Fig. 3.1 Lattice showing covalent bonding.
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atoms, as shown in Fig. 3.1. By sharing the
electrons between four adjacent atoms,
each individual “silicon atom appears to
have eight electrons in its valence shell.
This sharing of valence electrons is called
covalent bonding.

In its pure state, silicon is an insulator
because the covalent bonding rigidly holds
all of the electrons leaving no free (easily
loosened) electrons to conduct current.
If, however, an atom of a different ele-
ment (.e., an impurity) is introduced that
has five electrons in its valence shell, a
surplus electron will be present. These free
electrons become available for use as
charge carriers and they can be made
to move through the lattice by applying
an external potential difference to the
material.

Similarly, if the impurity element intro-
duced into the pure silicon lattice has three
electrons in its valence shell, the absence
of the fourth electron needed for proper
covalent bonding will produce a number of
spaces into which electrons can fit These
spaces are referred to as holes. Once
again, current will flow when an exter-
nal potential difference is applied to the
material.
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Regardless of whether the impurity ele-
ment produces surplus electrons or holes,
the material will no longer behave as an
insulator neither will it have the properties
that we normally associate with a metallic
conductor. Instead, we call the material a
semiconductor - the term simply indicates
that the substance is no longer a good in-
sulator or a good conductor but is some-
where in between!

The process of introducing an atom of
another (impurity) element into the lattice
of an otherwise pure material is called
doping. When the pure material is been
doped with an impurity with five electrons
in its valence shell (i.e, a pentavalent
impurity) it will become an n-type material.
If, however, the pure material is doped with
an impurity having three electrons in its
valence shell (i.e., a trivalent impurity) it
will become p-type material. N-type semi-
conductor material contains an excess
of negative charge carriers, and ptype
material contains an excess of positive
charge carriers.

DIODES

When a junction is formed between
ntype and ptype semiconductor rhaterials,
the resulting device is called a diode. This
component offers an extremely low resis-
tance to current flow in one direction and
an extremely high resistance to current
flow in the other. This characteristic allows
the diode to be used in applications that
require a circuit to behave differently ac-
cording to the direction of current flowing
init

An ideal diode would pass an infinite
current in one direction and no current at all
in the other direction. In addition, the diode
would start to conduct current when the
smallest of voltages was present. In practice, a
small voltage must be applied before con-

{

4+ 4+ 4+ 444

1

Depiletion layer where
no free charge carriers exist

Fig. 3.2 P-N junction diode.

direction. This leakage current is usually a
very small fraction of the current that flows in
the “forward™ direction.

If the ptype semiconductor material is
made positive relative to the ntype material
by an amount greater than its forward
threshold voltage (about 0-7V if the material
is silicon and 0-2V if the material is ger-
manium), the diode will freely pass current.
If, on the other hand, the ptype material
is made negative relative to the ntype
material, virtually no current will flow unless
the applied voltage exceeds the maximum
(breakdown) voltage that the device can
withstand. Note that a normal diode will be
destroyed if its reverse breakdown voltage
is exceeded.

A semiconductor junction diode is shown
in Fig. 3.2. The connection to the ptype
material is referred to as the anode whilst
that to the ntype material is called the
cathode. With no extemally applied poten-
tial, electrons from the ntype material will
cross into the ptype region and fill some of
the vacant holes. This action will result in the
production of a region either side of the
junction in which there are no free charge
carriers. This zone is known as the depletion

condition, the diode freely passes current. A
diode with the cathode made positive with
respect to the anode is shown in Fig. 3.4. In
this reverse-biased condition, the diode
passes a negligible amount of current. In the
freely conducting forward-biased state, the
diode acts rather like a closed switch. In the
reverse-biased state, the diode acts like an
open switch.

If a positive voltage is applied to the ptype
material, the free positive charge carriers will
be repelled and they will move away from
the positive potential towards the junction.
Likewise, the negative potential applied to
the ntype material will cause the free nega-
tive charge carriers to move away from the
negative potential towards the junction.

When the positive and negative charge
carriers arrive at the junction, they will attract
one another and combine (recall that unlike
charges attract). As each negative and posi-
tive charge carrier combine at the junction, a
new negative and positive charge carrier
will be introduced to the semiconductor
material from the voltage source. As these
new charge carriers enter the semiconduc-
tor material, they will move toward the
junction and combine. Thus, current flow is
established and it will continue for as long as
the voltage is applied.

As stated earlier, the forward threshold
voltage must be exceeded before the diode
will conduct. The forward threshold voltage
must be high enough to completely remove
the depletion layer and force charge carriers
to move across the junction. With silicon
diodes, this forward threshold voltage is ap-
proximately 0-6V to 0-7V. With germanium
diodes, the forward threshold voltage is ap-
proximately 0-2V to 0-3V.

Typical characteristics for small ger-
manium and silicon diodes are detailed in
Fig. 3.5. It is worth noting that diodes are
limited by the amount of forward current

duction takes place. Furthermore a small region. and reverse voltage they can withstand. This
leakage current will flow in the “reverse” A junction diode in which the anode limit is based on the physical size and
is made positive construction of the diode.
with respect to the In the case of a reverse biased diode, the
_”_ cathode is shown  ptype material is negatively biased relative
Depletion layer removed, in Fig. 33. In to the ntype material. In this case, the nega-
free charge carriers exist this fom)ard-blased tive potenﬁal apphed to the ptype material
P o~ P o~ N
® o» <o
o— g o* Forward current (mA)
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Fig. 3.4 Reverse biased P-N junction.
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attracts the positive charge carriers, draw-
ing them away from the junction. Likewise,
the positive potential applied to the ntype
material atiracts the negative charge car-
riers away from the junction. This leaves the
junction area depleted; virtually no charge
carriers exist. Therefore, the junction area
becomes an insulator, and current flow is
inhibited.

The reverse bias potential may be in-
creased to the reverse breakdown voltage
for which the particular diode is rated. As in
the case of the maximum forward current
rating, the reverse breakdown voltage is
specified by the manufacturer. The reverse
breakdown voltage is usually very much
higher than the forward threshold voltage.

A typical general-purpose diode may be
specified as having a forward threshold
voltage of 0-6V and a reverse breakdown
voltage of 200V. If the latter is exceeded,
the diode may suffer irreversible damage. It
is also worth noting that, where diodes are
designed for use as rectifiers, manufac-
turers often quote peak inverse voltage
(p.i.v.) or maximum reverse repetitive volt-
age rather than maximum reverse break-
down voltage.

Practical assignment 3.1:
Diode characteristics

In this practical assignment you will inves-
tigate the characteristics of a typical silicon
diode.

Objectives:

3.1.1 To plot the forward characteristic
graph for a silicon diode

3.1.2 To estimate the forward voltage drop
for a silicon diode at given values of
current

Instructions:
1. Connect the circuit shown in Fig. 3.6
using a 0-6V battery.

ideal

Fig. 3.6. Circuit for Assignment 3.1.

2. Switch on the power to your circuit and
measure the current flowing. Record the
value of current in Table 3.1.

3. Repeat steps 1 and 2 using battery volt-
ages of 0-625V, 065V, 0-675V, O-7V,
0725V and 0-75V. Measure and record
the current for each value of applied volt:
age.

4. Use the results from Table 3.1 to plot
a graph showing forward current (mA)
plotted against applied voltage (V).

5. Use the graph to determine the forward
voltage drop for a current of (a) 1mA, (b}
10mA, and (c) 100mA.

Conclusions:
To what extent have the objectives for
this assignment been met? Comment on

5.1V
{Zener voltage)
-8 -6[ -4 2
[ L |

Reverse current (mA)

40 -

Fig. 3.7 Typical characterstics for a 5-1V Zener diode.

the shape of the graph. Is the shape similar

to the one you would expect? If not, why
not?

ZENER DIODES

Zener diodes are heavily doped silicon
diodes which, unlike normal diodes, ex-
hibit an abrupt reverse breakdown at rela-
tively low voltages (typically less than 6V). A
similar effect occurs in less heavily doped
diodes. These avalanche diodes also ex-
hibit a rapid breakdown with negligible cur-
rent flowing below the avalanche voltage
and a relatively large current flowing once
the avalanche voltage has been reached.
For avalanche diodes, this breakdown volt-
age usually occurs at voltages above 6V.
Iin practice, however, both types of diode
are referred to as Zener diodes. A typical
characteristic for a 51V Zener diode is
shown in Fig. 3.7.

Whereas reverse breakdown is a highly
undesirable effect in circuits that use con-
ventional diodes, it can be extremely use-
ful in the case of Zener diodes where
the breakdown voltage is precisely known.
When a diode is undergoing reverse break-
down and provided its maximum ratings
are not exceeded the voltage appearing

across it will remain substantially con-
stant (equal to the nominal Zener voltage)
regardless of the cument fiowing. This
property makes the Zener diode ideal for
use as a voltage regulator.

A simple voltage regulator is shown in
Fig. 3.8. Resistor R is included to limit the
Zener current to a safe value when the load
is disconnected. When a load (R) is con-
nected, the Zener current (I) will fall as
current is diverted into the load resistance.
The output voitage (Vo) will remain at the
Zener voltage until regulation fails at the
point at which the potential divider formed
by resistors Rg and R_ produces a lower
output voltage that is less than V;. The ratio
of Rs to R is thus important.

As the circuit begins to fail to regulate:

Ru
R +Rs
where Vjy is the unregulated input voltage.

Thus the maximum value for Rs can be
calculated from:

Vz =me

v
Rsmax= Ry X { vl: -1

Unregulated
input = VIN

l

= Regulated
output = Vz

D1 R,

+—0——

Fig. 3.8 Simple Zener diode voltage regulator circuit.

Table 3.1 Measured values for Assignment 3.1

Voltage | OV 0-6v 0-625V | 0-65vV | 0675V | 07V | 0-725V | 0-75V
V)

Current
(A) 0

926

The power dissipated in the Zener diode,
P; = 1; X V3, hence the minimum value for
Rs can be determined from the “offload”
condition when:

. _ Vn=Vz _ W —V:
Rsmin = —= = {5, maxVp)
_ Un—VaxV;

P;max
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(Vin X V)= V7

P;max
where P;max is the maximum rated power
dissipation for the Zener diode.

thus Rgmin =

Example

A 5V Zener diode has a maximum rated
power dissipation of 500mW. If the diode is
to be used in a simple regulator circuit to
supply a regulated 5V to a load having a
resistance of 400€2, determine a suitable
value of series resistor for operation in con-
junction with a supply of 9V.

First we should determine the maximum
value for Rg:

VIN

A Ll

Rsmax =R x

thus Rsmax=400(l><(ﬂ -1)
5V
=400x(1-8-1) = 32002

Now to determine the minimum value for

_nxV)-V? _(9x5) -5
szax 05
_45-25
05
Hence a suitable value for Rg would be

15062 (roughly mid-way between the two
extremes).

Rsmin

= 4092

Practical assignment 3.2:
Zener diode characteristics

In this practical assignment you will in-
vestigate the characteristics of a typical
Zener diode.

Objectives:

3.2.1 To plot the characteristic graph for a
Zener diode

3.2.2 To estimate the Zener voltage for a
Zener diode

Instructions:
1. Connect the circuit shown in Fig. 3.9
using a 4V battery.

4V A ideal

Fig. 3.9 Circuit for Assignment 3.2.

2. Switch on the power to your circuit and
measure the current flowing. Record the
value of current in Table 3.2.

. Repeat steps 1 and 2 using battery volt-
ages of 4-25V, 4:5V, 475V, 5V, 525V,
5-5V. Measure and record the current
for each value of applied voltage.

. Use the results from Table 3.2 to plot
a graph showing reverse current (mA)
plotted against applied voltage (V).

5. Use the graph to determine the Zener
voltage at a nominal reverse current of
50mA.

Conclusions:

To what extent have the objectives for
this assignment been met? Comment on
the shape of the graph. Is the shape similar
to the one you would expect? If not, why
not?

RECTIFIERS

Diodes are commonly used to convert
alternating current (a.c.) to direct current
(d.c.), in which case they are referred to as
rectifiers. The simplest form of rectifier cir-
cuit makes use of a single diode and, since
it operates on only either positive or nega-
tive half-cycles of the supply, it is known as
a halfwave rectifier.

The switching action of diode D1 results
in a pulsating output voltage which is
developed across the load resistor (Rp).
Since the mains supply is at 50Hz, the
pulses of voltage developed across R, will
also be at 50Hz even if only half the a.c.
cycle is present. During the positive half-
cycle, the diode will drop the 0-7V forward
threshold wvoltage. However, during the
negative half-cycle the peak a.c. voltage will
be dropped across D1 when it is reverse
biased. This is an important consideration
when selecting a diode for a particular
application.

Assuming that the secondary winding of
transformer T1 provides 12V rm.s., the
peak voltage output from the tranformer’s
secondary winding will be given by:

V=1414xV,,, =1-414 x 12V
= 16968V

D1
+
T1 o —
Fig. 3.10 Simple half-wave
rectifier circuit.
240V 12v R,
o: -
D1
T -0—0 - = Fig. 3.11a Half-wave rectifier
+ + + circuit with diode D1
conducting (positive going half
Current fiow R, cycles of secondary voltage).
o— -
D1
T o o- —0- —
- Fig. 3.11b Half-wave rectifier
circuit with diode D1 not
No current flow R, conducting (negative going
half cycles of secondary
voltage).
+ +
-o- -

Fig. 3.10 shows a simple half-wave rec-
tifier circuit. Mains voltage (240V) is applied
to the primary winding of a stepdown trans-
former (T1). The secondary winding of T1
steps down the 240V rm.s. to 12V r.m.s.
(the turns ratio of T1 will thus be 240/12 or
20:1). Diode D1 will only allow the current
to flow in the direction shown (i.e., from
anode to cathode). Diode D1 will be for-
ward-biased during each positive half-cycle
(relative to common) and will effectively
behave like a closed switch. When the cir-
cuit current tries to flow in the opposite
direction, the voltage bias across the diode
will be reversed, causing the diode to act
like an open switch (see Fig. 3.11a and Fig.

3.11b respectively).

Table 3.2 Measured values for Assignment 3.2

Voltage | OV 4V 4-25V 4-5V 4-75V Y 5-25V 5-5v
V)

Current
(A) 0
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The peak voltage applied to diode D1
will thus be approximately 17V. The nega-
tive half-cycles are blocked by D1 and thus
only the positive haif-cycles appear across
resistor R_. Note, however, that the actual
peak voltage across R_ will be the 17V
positive peak being supplied from the
secondary on T1, minus the 0-7V forward
threshold voltage dropped by D1. In other
words, positive half-cycle pulses having a
peak amplitude of 16-:3V will appear across
resistor R,.

Fig. 3.12 shows a considerable improve-
ment to the drcuit of Fig. 3.10. The
capacitor, C1, has been added to ensure
that the output voltage remains at, or near,
the peak voltage even when the diode is not
conducting. When the primary voltage is first
applied to transformer T1, the first positive
half-cycle output from the secondary will
charge C1 to the peak value seen across R,.
Hence C1 charges to 16-3V at the peak of
the positive half-cycle. Because C1 and R_
are in parallel, the voltage across R, will be
the same as that across C1.

The time required for capacitor C1 to
charge to the maximum (peak) level is
determined by the charging circuit time
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D1

240V 12v

—l

O -

Fig. 3.12 Half-wave rectifier with reservoir capacitor.

constant (the series resistance multiplied
by the capacitance value). In this circuit, the
series resistance comprises the secondary
winding resistance together with the for-
ward resistance of the diode and the (mini-
mal) resistance of the wiring and connec-
tions. Hence C1 charges very rapidly as
soon as diode D1 starts to conduct.

The time required for capacitor C1 to
discharge is, in contrast, very much
greater. The discharge time constant is
determined by the capacitance value and
the load resistance, R.. In practice, R is
very much larger than the resistance of the
secondary circuit and hence C1 takes an
appreciable time to discharge. During this
time, diode D1 will be reverse biased and
will thus be held in its non-conducting state.
As a consequence, the only discharge path
for C1 is through R;.

Capacitor C1 is referred to as a reser-
voir capacitor. It stores charge during the
positive half-cycles of secondary voltage
and releases it during the negative halif-
cycles. The circuit in Fig. 3.12 is thus able
to maintain a reasonably constant output
voltage across R.. Even so, C1 will dis-
charge by a small amount during the nega-
tive half-cycle periods from the transformer
secondary. Fig. 3.13 shows the secondary
voltage waveform together with the voltage
developed across R with, and without C1
present. This gives rise to a small variation
in the d.c. output voltage (known as ripple),
as shown in Fig. 3.13.

A further refinement of the simple power
supply circuit is shown in Fig. 3.14.
This circuit employs two additional com-
ponents, resistor R1 and capacitor C2,
which act as a filter to remove the ripple.
The value of Q2 is chosen so that the
component exhibits a negligible reactance
at the ripple frequency (normally 50Hz). In
effect, this circuit acts like a potential
divider. The amount of ripple is reduced by
a factor equal to:

+
VRI? + XA

Example

The R-C smoothing filter in a 50Hz mains
operated half-wave rectifier circuit consists
of R1=100Q2 and C2=1000pF. If 1V of

ripple appears at the input of the circuit,
determine the amount of ripple appearing
at the output.

First we must determine the reactance of
the capacitor, C2, at the ripple frequency
from:

1 1

Xe= 37fC 628x50x 1000 10°°
_ 1000 _ 1000
626%50 314
Thus X = 3-18Q

The amount of ripple at the output of the
circuit (i.e., appearing across capacitor C2)
will be given by:

V. =]Vx.—&_
i v (R]2 + Xcz)
318

= 1Vx
V(100" + 3-18)

= 0.032V = 32mV

A further improvement can be achieved
by using an inductor (L1) instead of a resis-
tor (R1) in the smoothing circuit. This cir-
cuit also offers the advantage that the mini-
mum d.c. voltage is dropped across the in-
ductor (in the circuit of Fig. 3.14, the d.c.

D1
T —AAN—9—o0—
240V l 12v  a==C1 —C2
l l -o-—

R1 +

R,

Fig. 3.14 Half-wave rectifier with R-C smoothing circuit.

T1 secondary
voltage

Voitage across
R, without C1

Voitage across
R, with C1
present

Fig. 3.13 Waveforms for half-wave rectifier circuits.

Since ripple is undesirable we must take
additional precautions to reduce it. One
obvious method of reducing the amplitude
of the ripple is that of simply increasing
the discharge time constant. This can be
achieved either by increasing the value of
capacitor C1 or by increasing the resis-
tance value of R. In practice, however, the
latter is not really an option because R, is
the effective resistance of the circuit being
supplied and we don't usually have the
ability to change it! Increasing the value of
C1 is a more practical altemative and very
large capacitor values (often in excess of
4700uF are typical).
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output voltage is reduced by an amount
equal to the voltage drop across R1).

The circuit of a half-wave power supply
using L-C smoothing is shown in Fig. 3.15.
At the ripple frequency, L1 exhibits a high
value of inductive reactance whilst Cl
exhibits a low value of capacitive reac-
tance. The combined effect is that of
an attenuator which greatly reduces the
amplitude of the ripple whilst having a
negligible effect on the direct voltage.

Example

The L-C smoothing filter in a 50Hz mains
operated half-wave rectifier circuit consists
of L1=10H and C2=1000pF. If 1V of
ripple appears at the input of the circuit,
determine the amount of ripple appearing
at the output.

D1 L1
E— +
240V 12V e C1 —==C2 R,
l o- -

Fig. 3.15 Half-wave rectifier with L-C smoothing circuit.
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Fig. 3.16 Circuit for Assignment 3.3.

ideal

ld
N

12v E

4000 [V

+

Fig. 3.18 Circuit of Fig. 3.16 modified
for negative output.

GROUND @
TINE BASE TRIGGER
ERi s7div eoce FIR] @
X POS 1) -
Y/THiB/Alla/B
CHANNEL A

Fig. 3.17 Initial oscilloscope settings for Assignment 3.3

ideal
M o

Vi I
12v

1001F 3 4000 |

vi|

1

i

Fig. 3.19 Half-wave rectifier with reser-
voir capacitor ( Assignment 3.3).

Once again, the reactance of the

capacitor, C2, is 3-18Q (see previous
example).

The reactance of inductor L1 at 50Hz

can be calculated from:

X, =2nflL=2x314x50x 10
= 31400

The amount of ripple at the output of

the circuit (i.e., appearing across C2) will be

given by:
Vioge = 1V x
ripple \Oﬁﬁ + xcﬁ
318
= lvx T—
V(3140° + 3-189)
= 0-001V = 1mV

It is worth comparing this value with that

obtained from the previous example!

Practical assignment 3.3:
Half-wave rectifiers

In this assignment you will investigate the

behaviour of halfwave rectifier circuits. You
will also investigate the operation of simple
smoothing and Zener diode regulator circuits.
Objectives:

3.3.1 Toinvestigate the action of a half-wave

rectifier.

332 To use an oscilloscope to obtain

waveforms for a half-wave rectifier.

3.3.3 To determine the effectiveness of an

R-C smoothing circuit.

3.3.4 To investigate the action of a simple

Zener diode regulator.

Instructions:

1.

Connect the circuit shown in Fig. 3.16.
The 40012 resistor is used to simulate the
load that would normally be connected
to the power supply.

2. Display the input and output waveforms

on the screen of the oscilloscope (see
Fig. 3.17 for recommended initial set-

tings for the oscilloscope front-panel).
Note the shape of the output waveform
(you might like to make a sketch of it)
and measure its peak-peak voltage using
the vertical scale.

3. Reverse the diode connections (see Fig.

3.18). Repeat step 1 and note the dif-
ference in the output waveform (once
again, you might like to make a sketch of
it). Measure the peak-peak voltage and
check this is the same as before.

4. Reconnect the circuit as shown in Fig.

3.16. Connect the voltmeter across the
400Q resistor in order to measure the
output voltage. Record the measured

value of the d.c. output voltage and the
peak-peak ripple voltage (measured with
the oscilloscope) in Table 3. 3.

5. Now add a 100uF smoothing capacitor
(Fig. 3.19). Once again display the input
and output waveforrns. Note the shape of
the output waveform. As before, record
the measured value of d.c. output volt-
age and the peak-peak ripple voltage
measured with the oscilloscope.

6. Replace the 100uF capacitor with a
470uF capacitor and repeat step 5.

7. Next, add an RC filter to the circuit by
connecting a 10042 resistor in series with
the d.c. output from the rectifier and a
second 470uF capacitor in paraliel with
the output (as in Fig. 3.20). Once again,
note the shape of the output waveform
and record the measured value of d.c.
output voltage and the peak-peak ripple

e

voltage.

8. Finally, add a 5-1V Zener diode in order
to regulate the output voltage (see Fig.
3.21). Record the measured value of out-
put voltage and peak-peak ripple voltage.

Conclusions:

To what extent have the objectives for
this assignment been met? Can you ex-
plain, in your own words, how each part of
the circuit works? (Hint: divide the circuit
into three parts; the diode rectifier, the
smoothing circuit, and the Zener diode
regulator). Can you explain why the d.c.

47enr-l— 470uF % 4000 [:E

Fig. 3.20 Half-wave rectifier with smoothing filter.

ideal 1880

IV o
i

L
-

‘"”F-LT 470uF & tdeal 3 4900 [V

<
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Fig. 3.21 Half-wave rectifier with smoothing filter and Zener diode regulator (Assign-
ment 3.3).
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Table 3.3 Measured values for
Assignment 3.3,

Circuit under
investigation

Measured voltage
output ripple

No reservoir
capacitor
(step 4)

100puF
reservoir
capacitor
(step 5)

470uF
reservoir
capacitor
(step 6)

470 reservoir
plus 100Q2 and
470u smoothing
filter (step 7)

As above but
with Zener
diode regulator
(step 8)

output voltage was increased when the
reservoir capacitor was fitted? Which circuit
was most effective at removing the ripple?
Why? Was the output voltage what you
would have predicted? If not, why not?

FULL-WAVE
RECTIFIERS

The half-wave rectifier circuit is relatively
inefficient as conduction takes place only
on alternate half-cycles. A better rectifier
arrangement would make use of both posi-
tive and negative half-cycles. These full-
wave rectifier circuits offer a considerable
improvement over their half-wave counter-
parts. They are not only more efficient but
are significantly less demanding in terms of
the reservoir and smoothing components.
There are two basic forms of full-wave rec:
tifier; the bi-phase type and the bridge rec-
tifier type.

BI-PHASE RECTIFIERS

A simple bi-phase rectifier circuit is
shown in Fig. 3.22. Mains voltage (240V) is
applied to the primary winding of a
stepdown transformer (T1) which has two

D1
T o -0- —
+ ( +
Current flow R
+ L
t J
o —
+*
- Fig. 3.23a Bi-phase rectifier with diode D1
conducting and D2 non-conducting.
- .
D2

Current flow

N

o0~
D2

Fig. 3.23b Bi-phase rectifier with diode D2
conducting and D1 non-conducting.

D1
T oO—e—o0O —
= RL
_J
+ 1( -

O— -

identical secondary windings, each provid-
ing 12V r.m.s. (the turns ratio of T1 will thus
be 240/12 or 20:1 for each secondary
winding).

On positive half-cycles, point A will be
positive with respect to point B. Similarly,
point B will be positive with respect to
point C. In this condition diode D1 will
allow conduction (its anode will be positive
with respect to its cathode) whilst diode D2
will not allow conduction (its anode will be
negative with respect to its cathode). Thus
diode D1 alone conducts on positive half-
cycles.

On negative half-cycles, point C will be
positive with respect to point B. Similarly,
point B will be positive with respect to
point A. In this condition diode D2 will
allow conduction (its anode will be positive
with respect to its cathode) whilst diode D1
will not allow conduction (its anode will be
negative with respect to its cathode). Thus

diode D2 alone conducts on negative half-
cycles.

The bi-phase rectifier circuit in Fig. 3.23
shows the diodes of Fig. 3.22 replaced by
switches. In Fig. 3.23a diode D1 is shown
conducting on a positive half-cycle whilst in
Fig. 3.23b diode D2 is shown conducting.
The result is that current is routed through
the load in the same direction on succes-
sive half-cycles. Furthermore, this current is
derived alternately from the two secondary
windings.

As with the half-wave rectifier, the switch-
ing action of the two diodes results in a
pulsating output voltage being developed
across the load resistor (R). However, un-
like the half-wave circuit the pulses of volt-
age developed across R_ will occur at a
frequency of 100Hz (not 50Hz). This dou-
bling of the ripple frequency allows us to
use smaller values of reservoir and smooth-
ing capacitor to obtain the same degree of

D1
T 1 o - T
A L
Vag® 12V R, ?
240V _ o - 24iv
Vge= 12V
LA
D2

D1

P e
12v 'L' c1 R

12v

>

D2

Fig. 3.22 Bi-phase rectifier.
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Fig. 3.24 Bi-phase rectifier with reservoir capacitor.
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ripple reduction (recall that the reactance
of a capacitor is reduced as frequency in-
creases).

As before, the peak voltage produced by
each of the secondary windings will be
approximately 17V and the peak voltage
across R_ will be 16-3V (i.e., 17V less the
forward threshold voltage of about 0-6V to
0-7V dropped by the diodes).

Fig. 3.24 shows how a reservoir
capacitor (C1) can be added to ensure that
the output voltage remains at, or near, the
peak voltage even when the diodes are not
conducting. This component operates in
exactly the same way as for the half-wave
circuit, ie., it charges to approximately
16.3V at the peak of the positive half-cycle
and holds the voltage at this level when the
diodes are in their non-conducting states.

The time required for capacitor C1 to
charge to the maximum (peak) level is
determined by the charging circuit time
constant (the series resistance multiplied
by the capacitance value). In this circuit, the
series resistance comprises the secondary
winding resistance together with the for-
ward resistance of the diode and the (mini-
mal) resistance of the wiring and connec-
tions. Hence capacitor C1 charges very
rapidly as soon as either diode D1 or diode
D2 starts to conduct.

The time required for capacitor C1 to
discharge is, in contrast, very much
greater. The discharge time constant is
determined by the capacitance value and
the load resistance, R.. In practice, R_ is
very much larger than the resistance of the
secondary circuit and hence capacitor C1
takes an appreciable time to discharge.
During this time, diode D1 and diode D2
will be reverse biased and held in a
non-conducting state. As a consequence,
the only discharge path for capacitor C1 is
through R,. Voltage waveforms for the
bi-phase rectifier, with and without C1
present, are shown in Flg. 3.25.

BRIDGE RECTIFIERS

An alternative to the use of the bi-phase
circuit is that of using a four-diode bridge
rectifier (see Fig. 3.26) in which opposite
pairs of diode conduct on alternate half-
cycles. This arrangement avoids the need
to have two separate secondary windings.

Mains voltage (240V) is applied to the
primary winding of a stepdown transformer
(T1). The secondary winding provides 12V
r.m.s. (approximately 17V peak) and has a
turns ratio of 20:1, as before. On positive
half-cycles, point A will be positive with
respect to point B. In this condition diodes
D1 and D2 will allow conduction whilst
diodes D3 and D4 will not allow conduc-

T1

240V

12v

Fig. 3.26 Bridge rectifier.
T1

D4 D1
+_
D2 D3
R

—_—C -

D2

N

R,
Fig. 3.27a Bridge rectifier with diode D1 o’ _
and diode D2 conducting, D3 and D4 O -
non-conducting.
T
- - | D1
Current D4 -
flow T D3 +
. . D2
R
Fig. 3.27b Bridge rectifier with diode D1 =
and diode D2 non-conducting, D3 and D4 -O- -
conducting.
tion. Conversely, on negative half-cycles, Fig. 328 shows how a reservoir

point B will be positive with respect to point
A. In this condition diodes D3 and D4 will
allow conduction whilst diodes D1 and D2
will not allow conduction.

The bridge rectifier circuit in Fig. 3.27
shows the diodes of Fig. 3.26 replaced
by switches. In Fig. 3.27a diodes D1 and
D2 are conducting on a positive half-cycle
whilst in Fig. 3.27b diodes D3 and D4 are
conducting. Once again, the result is that
current is routed through the load in the
same direction on successive half-cycles.

As with the bi-phase rectifier, the switch-
ing action of the two diodes results in a
pulsating output voltage being developed
across the load resistor (R). Once again,
the peak output voltage is approximately
16:3V (i.e., 17V less the 07V forward
threshold voltage).

capacitor (C1) can be added to ensure that
the output voltage remains at, or near, the
peak voltage even when the diodes are not
conducting. This component operates in
exactly the same way as for the bi-phase
circuit, ie., it charges to approximately
16:3V at the peak of the positive half-cycle
and holds the voltage at this level when the
diodes are in their non-conducting states.
This component operates in exactly the
same was as for the bi-phase circuit and
the voltage waveforms are identical to
those shown in Fig. 3.25.

Finally, R-C and L-C smoothing circuits
can be added to both the bi-phase and
bridge rectifier circuits in exactly the same
manner as those shown for the half-wave
rectifier arrangement (see Fig. 3.14 and
Fig. 3.15).

T1 secondary +7v
voltage ov ™
o D4 D1
Volta Cross
R, S +18.3v 240V 12v -
present +
ov D2 ' D3
Voltage across Ripple “ RL
R, with C1 Tye t -
" ov - o.__

Fig. 3.25 Waveforms for the bi-phase rectifier.
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Fig. 3.28 Bridge rectifier with reservoir capacitor.
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Fig. 3.29 Bi-phase rectifier circuit for
Assignment 3.4.
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Fig. 3.31 Bridge rectifier circuit for Assignment 3.4.
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Fig. 3.30 Initial oscilloscope settings for Assignment 3.4,
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Fig. 3.32 Bridge rectifier with reservoir capacitor (Assignment 3.4).

<

Practical assignment 3.4:
Full-wave rectifiers

In this assignment you will investigate the
behaviour of bi-phase and bridge rectifier
circuits.

Objectives:

3.3.1 To investigate the action of full-wave
rectifiers (both bi-phase and bridge
types).

3.3.2 To use an oscilloscope to obtain
waveforms for fullwave rectifiers
(both bi-phase and bridge types).

3.3.3 To compare the effectiveness of R-C
and L-C smoothing filters.

Instructions:

1. Connect the biphase rectifier circuit
shown in Fig. 3.29. The 10002 resistor
is used to simulate the load that would
normally be connected to the power
supply. Note that this is a lower value of
resistance (and thus a more severe load)
than we used for the half-wave rectifier
circuit. Note also that the transformer
secondary windings are represented by
two 12V 50Hz a.c. voltage sources.

2. Display the output waveform on the
screen of the oscilloscope (see Fig. 3.30
for recommended initial settings for
the oscilloscope front-panel). Note the
shape of the output waveform (you

might like to make a sketch of it) and
measure its peak-peak voltage using the
vertical scale. Record this measured
value in Table 3.4.

3. Connect the bridge rectifier circuit

shown in Fig. 3.31. Once again, the
10092 resistor is used to simulate the
load that would normally be connected
to the power supply. This time you will
only need a single 12V 50Hz a.c. voltage
source,

4. Repeat step 2 (this time for the bridge

rectifier).

5. Add a 100pF smoothing capacitor to

the output of the bridge rectifier (as
in Fig. 3.32). Once again display the
output waveform and note its shape.
Record the peak-peak ripple voltage in
Table 3.4.

6. Replace the 100uF capacitor with a

470uF capacitor and repeat step 5.

7. Next, add an RC filter to the circuit by

connecting a 400Q resistor in series
with the d.c. output from the bridge
rectifier and a second 470uF capacitor
in parallel with the output (Fig. 3.33).
Once again, note the shape of the out-
put waveform and record the peak-peak
ripple voltage in Table 3.4.

8. Finally, modify the filter circuit by replac-

ing the 4009 resistor with a 10H induc-
tor (as in Fig. 3.34). Once again, note

the shape of the output waveform and
record the peak-peak ripple voltage in
Table 3.4.

Conclusions:

To what extent have the objectives for
this assignment been met? Can you ex-
plain, in your own words, how each part of
the circuit works? Did the two rectifier cir-
cuits produce identical output waveforms?
If not, why not? Which smoothing circuit
(R-C or L-C) was most effective at reducing
the ripple? Why? Can you suggest another
advantage of the L-C filter when compared
with the R-C filter?

BRAIN TEASER

This month’s challenge for those of
you who are using the full Electronics
Workbench package is to design a full-
wave power supply that provides equai but
opposite output voltages with a common
earth (OV) connection. The circuit is to
incorporate smoothing and each output
voltage is to be stabilised using a paral-
lel-connected 5V Zener diode. Use Elec-
tronics Worikbench to test your circuit and
check that it works correctly!

Answer to last month’s Brain Teaser
Each branch of the circuit will produce a
phase shift. Since the component values

ideal

4000

h ideal |

ideal 10H

M > .

Pt
4 4 ideal ¥ jdeal |
3 f—1 E 1000

470uF ¥ 1000 {deal I 420uF T 470 uF
a
4
)12

>

JR
aS

T

Fig. 3.33 Bridge rectifier with R-C smoothing filter.
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Fig. 3.34 Bridge rectifier with L-C smoothing filter.
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Table 3.4 Measured values for
Assignment 3.4.

(1kQ and 1uF) are identical but inter.
changed, an equal but opposite phase shift

will be produced in the two branches. Thus,

Circuit under Measured a 90° phase shift between A and B will be
investigation ripple produced when each branch gives a phase

voltage shift of 45°.

The phase shift produced by a C.R circuit

Bi-phase circuit 's given by:
without reservoir Xe  1/@rfQ 1
capacitor (step 2) tanb =% =—x T 2nfCR
Bridge circuit Hence:
without reservoir 1
capacitor (step 4) f= 2rCRtan®

100uF reservoir
capacitor (step 6)

Now when 6 =45°, tan 45° = | thus:
1

f=57cr

470uF reservoir
capacitor (step 6)

]
628x1x107%x1x10°

470uF reservoir
plus 400Q2 and
470uF smoothing
filter (step 7)

1000
L3 m = 159Hz
An easier way to soive the problem is to
remember that a 45° phase shift will be
produced at the frequency that makes Xc¢

470uF reservoir

= R (i.e., when the reactance is equal to
the resistance). We can then say that:

IMPORTANT NOTE:

If you have any problems installing
Electronics Workbench please note the
following points:

1. If you receive a “Mouse not installed”
error message please ensure that you
are using a Microsoft compatible mouse
driver.

2. If you receive an “Incorrect registra:
tion” or “Access denied” error message
please increase the FILES command in
your CONFIG.SYS file by 20 (i.e., if the
current setting of FILES is 20 you
should increase FILES to 40).

3. If you receive a “Graphics card not
recognized” error message and you are
using an EGA monitor, you should edit
the file EWB.OPT (using an ASCII text
editor) and change the line “DISPLAY;
VGA™ to read "DISPLAY; EGA™.

CORRECTION

In Electronics from the Ground Up Part
2 last month (EPE November 1994), at the
bottom left of page 864, the capacitive

plus 10H and
470uF smoothing N
filter (step 8) Xc = Rthus

as before.

1
2nfC

reactance formula for Xc should read:
=Rorf = 1— 1 1
2nCR Xc= =
2nfC 628x2x10°x10x10°°

Please

Please register me for the Upgrade disk of Tiex Frice

Assignments for the Entire Course O £9.50
| am an Ov reader, pl advise

me how to order Electronics Workbench

and/or the Upgrade disk. 0O -
Please d
Full version of Electronics Workbench [ £238.81
Model Set 1 (disk) [ £38.18
150 Circuits (book plus disk) O £€32.30
Trouble Shooting (book plus disk) ] £32.30
Practical Teaching Ideas (book plus disk) ] £26.43
Special Offer
(Full EWB pius all 4 add-on modules) a £€303.78

Total Payment €

“All prices include VAT at 17.5% and UK P&P.

Electronics Workbench = Order/Enquiry Form

From

Name ...
Address..

....... Post Code
CREDIT/DEBIT CARD NUMBER

N ) I N

LI T T T T T T 1

... Signature .
(Piease suply name and address of Cardholder if different from address shown)
Payments in £ Sterling only please. Cheque/PO/Visa/Access/Switoh
Simptly phone, fax or send this form (or photooopy) tot

Marshall (Burope) PLC

Progrees Cloes, Laofric Buliding Coventry
Tok 0203 233218 (International 044-203 233216)
Fax: 0203 233210 (international 044-203 223210)

CcvaaTP

TEACH-IN No. 7
Plus Free Software

ANALOGUE AND DIGITAL

ELECTRONICS COURSE
(Published by Everyday with Practical Electronics)
Alan Winstanley and Keith Dye B.Eng(Tech)AMIEE

The highly acclaimed Tencf-In '92 series, which included the con-
struction and use of the Mini Lab and Micro Lab test and develop-
ment units, has been put together in book form. Additionally EPT
Educational Software have developed a GCSE Electronics software
program to compliment the course and a FREE DISK covering the
first two parts of the course is included with the book.

An interesting and thorough tutorial series aimed specifi-
cally at the novice or complete beginner in electronics. The
series is designed to support those undertaking either GCSE
Electronics or GCE Advanced Levels, and starts with fun-
damental principles.

Available at the end of October. Price £3.95 — place an order with your newsagent NOW!

If you are taking electronics or technology at school or col-
lege, this book is for you. If you just want to learn the basics of
electronics then this book is for you. If you are teaching elec-
tronics or technology you must make sure you see it. Teach-In
No. 7 will be invaluable if you are considering a career in elec-
tronics or even if you are already training in one. The Mini
Lab and software enable the construction and testing of both
demonstration and development circuits. These learning aids
bring electronics to life in an enjoyable and interesting way:
you will both see and hear the electron in action! The Micro Lab
microprocessor add-on system will appeal to higher level stu-
dents and those developing microprocessor projects.
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OST hobbies are to some degree

seasonal, and electronic project
construction is no exception. No doubt
there are many who follow the hobby
all-year round, but for most it is a pas-
time that is pursued more avidly in the
winter months.

By the time this piece gets into
print we should be well under way
with a new season of project build-
ing, and many potential “new recruits”
will presumably be contemplating the
construction of their first project. This
inevitably gives rise to the question,
“what is the minimum | need in order
to get started?”’

TOOLS FORTHE JOB

Even if you are in the fortunate posi-
tion of having plenty of spare cash, it is
probably not worthwhile-going out and
buying every tool and gadget you see.
You will almost certainly end up wast-
ing a lot of money on implements that
you will rarely (if ever) use. It is much
better to start with a fairly basic toolkit,
and then add to it as and when the
need arises. Start by building a couple
of simple and straightforward projects
from recent issues of £PE. It should be
possible to construct these using just a
few basic tools.

A lot of the tools you will require are
the type of thing that is to be found in
the average household toolbox any-
way. These include such things as
pliers, a hacksaw or junior hacksaw,
screwdrivers, a centre punch, hammer,
files, a hand or power drill, and a set of
twist drill bits.

Some of these may not be ideally
suited to electronic project building,
which is mainly a small scale affair. For
example, large screwdrivers are of no
use when you need to tighten the tiny
grubscrew in a control knob. If you do
not already have a couple of mini-
ature electricians’ screwdrivers you will
certainly need to add them to your
toolkit. The cost should be less than a
pound for the two. It is also worth
having a small cross-point (Phillips)
screwdriver. Again, the cost of one
these should be minimal.

Whilst in most cases | advocate pur-
chasing the highest quality tools you
can afford, this is not really essential in
the case of twist drills. It is mostly soft
plastics and aluminium that you will be
working with, and even cheap drill bits
should have a reasonably long life
when used on these materials. If you
have a set of HSS (High Speed Steel)
drill bits with a good range of sizes
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ACTUALLY DOING [T

- by Robert Penfold

from about 2mm to 10mm in diameter
these should cover virtually all your
needs.

If you have to buy the drill bits it
would probably be better to obtain
individual drills in the sizes you will
need, rather than buying a large set
which is likely to contain numerous
drills you will never use. | find that the
vast majority of project drilling can be
handled by these four sizes:

3:3mm - for holes that will take
metric M3 or 6BA screws (e.g.
mounting circuit boards).

5mm — mounting holes for sub-min-
iature toggle switches

6-:35mm (0-25 inches) — mounting
holes for many push button
switches, miniature toggle switches,
miniature potentiometers, various
sockets, etc.

10mm - the standard mounting
hole size for potentiometers, rotary
switches, and many other controls.

In due course you will probably find
the need for several other sizes, but
provided you steer clear of unusual
switches, sockets, etc., these drills
should suffice initially.

Power drills are all right for project
work, but | find them a bit awkward to
use. When drilling soft materials such
as plastics and aluminium there is a
tendency for power drills to rip straight
through almost instantly in a rather
uncontrolled fashion. Particularly when
drilling larger holes, there is a definite
advantage in using a drill that can be
set to a slow speed. These days |
rarely use power drills when build-
ing projects. My preference is for a
heavy duty hand drill for the small and
medium sized holes, and a brace for the
larger ones.

CLEAN CUT

For holes larger than 10mm in
diameter a chassis punch is my
preferred tool. A chassis punch is
basically just a large nut and bolt, but
the nut is also a circular cutting blade.
First a hole of suitable diameter for the
bolt is drilled. Then the bolt is fitted
into the hole, and the nut is fitted onto
the bolt and tightened. With the aid of
an Allen key the nut is tightened so
much that it is forced through the
panel, punching a hole on its way.
Although this sounds like a very crude

way of tackling the problem, it actually
produces very high quality results very
quickly. Even a well worn chassis
punch seems to provide ‘‘cleaner”
holes than any drill. Although only
intended for use with metals such as
steel and aluminium, chassis punches
seem to work quite well with any
non-brittle plastic.

Chassis punches having diameters of
12:5mm and 16mm are very useful for
electronics work. These are suitable
for punching the mounting holes
for larger switches (especially toggle
types) and DIN sockets respectively.
Unfortunately, chassis punches are
relatively expensive, so it is probably
not worthwhile buying one unless you
really need it, and are likely to go on
using it. When only used on aluminium
and plastics a chassis punch has an
extremely long life, and is not expen-
sive in the long term.

Probably the most useful type of file
to have is a large half round type. A
small flat type is also more than a
little useful. In due course { would
recommend buying a set of mini-
ature files (needle files) as these are
useful for correcting small errors,
making irregular shaped cutouts, etc.
An “Abrafile” is a good low cost
alternative.

The type of pliers | find most useful
are, not surprisingly, electricians’ pliers.
Virtually any type of pliers will do in-
itially, provided you use them carefully,
but it is a good idea to invest in a good
pair of electricians’ pliers before too
long.

HOT STUFF

While a lot of the tools needed
for electronic project construction are
general purpose tools which you may
have already, there are a few which do
not form part of the average toolkit. The
most obvious of these is the solder-
ing iron. Most electronic component
catalogues list a few soldering irons
having ratings from about 12W to 50W.

For project construction an iron
having a rating of about 17W to 25W is
the most suitable. There is no need to
bother with expensive temperature
controlled irons. Something like an
Antex model CS will provide very good
results, will only set you back about
£10, and (with occasional bit replace-
ment) should last many years.

A soldering iron stand is an essen-
tial extra. It provides somewhere safe
to keep the hot iron between sol-
dering operations, and it also helps
to remove excess heat from the iron
during periods of inactivity. A matching
stand for your particular soldering iron
should cost no more than about £4.

You will also need some solder. Only
use a 60 per cent tin/40 per cent lead
solder containing a non-corrosive flux.
This is listed in most catalogues in two
thicknesses, which are 18 and 22 s.w.g.
For modern project construction the 22
s.w.g. solder is the easier to use, and it
is a good idea to buy a decent sized
pack of this, or even a large reel. Buying
solder in very small quantities is likely to
be rather expensive in the long term, and
you will inevitably find that you keep
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running out when projects are 99 per
cent complete! It is useful to have some
18 s.w.g. solder for larger joints, such as
when wiring-up controls and sockets,
but you can get by without it.

It is possible to buy soldering kits
which consist of an iron, a matching
stand, some solder, and a booklet on
soldering techniques. At about £14
these offer good value for money, and
are ideal for beginners.

A SNIP

Wire cutters and insulation strippers
are tools that should be regarded as
essential items. It is possible to im-
provise using scissors or a modelling
knife, but the end result is usually a
minor disaster. Scissors will soon be
ruined if you cut wire with them. Also,
they are simply too large and clumsy
for a lot of wire cutting work.

Using a knife is likely to almost
instantly ruin the blade, and there is a
strong risk of cutting yourself. With
both methods it is likely that the wire
core or cores will be nicked and
seriously weakened. Even with only a
small amount of flexing the wire will
almost certainly break.

A pair of combination wire strippers
and cutters should only cost a pound or
three, and can be adjusted so that they
will not cut so deeply that the wire
becomes damaged. | find that these
combination tools are very good as
wire strippers, and | actually prefer
them to expensive wire stripping tools.
As wire cutters they are perhaps less
than ideal, but they are more than good
enough to get you started.

In due course | would recommend
purchasing a pair of “side cutters’’. Al-
though miniature cutters might seem
to be the most apposite for modern
electronic work, | find a relatively sub-
stantial pair of six inch cutters much
easier to use.

THE REST

In due course you will certainly need
to add to your toolkit, but initially only
a few other odds and ends are required.
If your nails are cut (or bitten!) quite
short you will probably find it very dif-
ficult to pick up small pieces of wire,

Little and large "Hobby " vices. They are fixed in place via a suction cup.

and the smaller components such as
resistors. This may also be difficult if
your fingers are not quite as nimble
as they once were. A pair of tweezers
should make life a lot easier when deal-
ing with the more fiddly items.

Some sort of vice is more than a little
useful. Even something as basic as a
“hobby vice” will do to start with. In
fact | find these unlikely gadgets to be
extremely useful. A vice of this type is
basically just a scaled-down version of
a normal bench vice, but it is made of
plastic with metal inserts on the jaws.

It is fixed to the worktop via a large
suction clamp which provides a more
secure fixing than you might expect. A
vice of this type is very useful if you
have to borrow the kitchen table for
use as a temporary work-space when
constructing projects.

A printed circuit work frame (also
known as a mounting frame or a solder
frame) is a worthwhile addition to the
electronics workshop if you get in-
volved in building fairly large printed
circuit boards. The basic idea is to fit all
the components in place on the board,
and then clamp it into the frame. The
frame is then clipped in the closed
position, which presses the component
side of the board into a thick piece of

heat-resistant foam material. This holds
all the components in place while the
leads are trimmed and the soldered
joints are completed. Particularly with
larger boards, this method is very much
quicker and easier than dealing with
the components one or two at a time.

As a good quality printed circuit
frame costs about £40 or more it is
probably not worth buying one initially,
but for regular project builders it repre-
sents a sound investment.

Last but by no means least, no crea-
tive hobby can be pursued without
some plasticine or Bostik Blu-Tack.
This is useful for all manner of things,
such as holding components in posi-
tion while they are soldered in place,
and generally sticking down anything
that has a tendency to “"walk’’ away.

Although electronics is sometimes
accused of being an expensive hobby,
it is difficult to justify this claim. Even if
you have to start virtually from scratch
when assembling a toolkit, | would
guess that it would be possibie to
obtain the basic requirements plus the
components for a small project, and
still have change from £50. | doubt if
it is possible to get started in many
hobbies these days for this sort of
money.

N. R. BARDWELL LTD (EPE)
200 Signal diodes 1N4148 £1.00 QO Asstd disc ceramiccapacitors . £100

NEWMARKET

-

75 Rectifier Diodes 1N4001 £100 Asstd capacitors 1nfto 1uf £1.00 % TRANSFORMERS LTD. g
50 :ocl-:m Dnmodu 1Nmoom: z:l % 80 Aagweoloactrolync capacitors £1.00
25 Rectifier Di 1 £1 80 1UF 18V Radial electrolytics 1006 . .
100 Asstd. Zeners €100 | BO 4 7UF 18V Radial electrolytics £100 Unit 15, Craven Way Industrial Est., Newmarket, Suffolk. CBS 0AP
10 NESS5 Timer ICs €100 | 75 47UF 63V Radial electrolytics £1.00 Telephone: (0638) 662989 Facsimile: (0638) 660799
30 BC478 Transistors £1.00 80 10UF 18V Radial electrolytics €100 MANUFACTURERS
30 BCS47 Transistors €100 | S0 10UF 50V Radial electrolytics £100 TOROIDAL MA
30 BCSS58 Transistors €100 40 22UF 25V Radial electrolytics £100 Primary 220/240v Two Secondaries
30 MPSAQ2 Transistors £1.00 B0 33UF 16V Radial electrolytics €100 VA Price Dimensions
30 Smmredleds £1.00 80 100UF 10V Radial eletrolytics €100 i) £11.30 70 x 33Smm
25  Assid. high brightness | e d.s £100 50 220UF 18V Radial electrotytics €100 <0
24 Miniature red o.d s 3mm dia £100 | 60 470UF 10V Radial electrolytics €100 0 £1240 -g)y:_.‘bm_m
50 Axial (Diode package) wide 20 1000UF 10V Axial electrolytics £100 80 £13.90 ___90x 33mm

angle l.e.d.s g'l 00 12 voFoouF 25V Axial electroltics £1 00 120 £14.80 90 x 45mm
12 Assid. seven segment displays . 100 1 1Farad 5.5V memory back up T TCT Y 3
30 Assid iF transformers £100 capacitor £100 160 £17.85 110 x 45mm
48  Assw. coil formers £100 100 4N7 Miri Axial Capacitors 500 228 £19.20 110 x SOmm
100 Asstd. RF chokes (inductors) £100 100 Smmplastict e d holders (for 00 £19.86 110 x 60mm
30  Assid. connectors edge-dil-sil et £1.00 tapered | 0.d s) £2 00 00 62670 140 x 60m
10 4P 3WMBB min rolary switches.. £1 00 1 10 watt Stereo amplitier. 4 controls 300 X i
20  1inch Glass reed swikches £100 plus data £2 85 625 £28.90 140 x 70mm
20 Magnetic ear pips pius lead & plug..£1 00 800 £33.90 125 x S0mm
20 Min SP/CO slide switches ISR Prices include VAT, postage £1.25. Stamp for Lists o 10,90 160 x 70m:
30 Asstd. d.il. sockets up to 40 pin . . . £1 00 ' 1000  £3990 160 x 70mm
20 24-way turned pin IC sockets R 288 Abbeydale Road, Sheffield S7 1FL Prices include VAT & Carriage
24 24pind.i.) wire wrap IC sockets. .. £1 00 v For further infc ion and ity di contact Michael Dorman
2 ORPI12light dependant resistors. £ 00 Phone (0742) 552886 Fax (0742) 500689 : ‘29!9’ Fax: 0638 660799
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Dodo Apple

Is the Apple Mac now cast in the role
played by Betamax in its last few years?
Great picture, great sound, great features,
but with a future as secure as a Dodo.

Do those who now buy into the Mac
world risk becoming the victim of friends
who joke about their being “"the man who
bought Mac when everyone else was
buying PCs?"

Journalists like me, who kept banging
on about Beta’s superior benefits, finally
had to face reality. When does the Mac
press own up?

Even by now the Mac zealots amongst
you will be be fuming at the very sugges-
tion of a parallel with Betamax. So will
Apple’s staff. But there is clear writing on
the wall and there is no sign of Apple’s top
management addressing the problem.

Of course, lower and middle manage-
ment make all the right reassuring noises.
But without a sign from Apple’'s power-
masters it means nothing. Frankly, just as
when the Beta manufacturers like Toshiba
and Sanyo started to make VHS recorders
as well, it is hard to see what can now be
done to halt the death spiral.

Consider the Facts

A few weeks ago, and for the first time
since the Mac was launched, | was loaned
a Mac (portable) to try for myself. Never in
ten years had anyone from Apple ever said,
"I've seen all the rude things you keep
writing about the compatibility mess in PC

— Date with the Future

I have been working on a feature for these
pages which deals with the whole issue of
data storage cards like smart cards. How
they work. how much information they
can store. what they can do with it and
the security implications. One point that
emerged early and clearly is that some
people are very worried about any plan to
bring in Identity Cards. especially using
cards which can store very large volumes of
information.

Witness the recent fuss about the govern-
ment's scheme for a photo driving licence.
This reminds one of the fuss which preceded
launch of the licences currently in use.

After complaints about loss of privacy.
age and sex were not listed. But when [ hired
a car in the US last year. the counter clerk
wished me happy birthday. Date of birth
and sex. the clerk pointed out. are buried in
the innocent-looking six-figure Driver Num-
ber which is printed over the driver’s name.

Since then 1 have found friends and work
colleagues split between those who say “"Oh
everyone knows that™ and those who say 1

=[PORTT

— by Barry Fox

World, so why don‘t you try a Mac for a
few days and see for yourself how much
easier it is to plug in and use?"".

Gradually it now seeps out that Apple
has had an economy policy of restricting
the number of Macs available for review.
So they have been shuttled round bona
fide reviewers, rather than journalists with
a much more general approach. | was only
loaned the portable, because | was in-
volved with a highly respected, wide cir-
culation, magazine’s comparative review
of portables.

Given the chance to use a Mac, | was
struck immediately by the fact that using it
was an easy pleasure. Five years ago it
would have made a glorious change from
struggling with early versions of Windows.
But in those five years, the PC Windows
world has aped the Mac world so effec-
tively that the look and feel of the two
worlds is now almost identical.

Multiply this situation across the board,
and through the ranks of non-specialist
journalists writing for just the kind of real
world people the Mac is aimed at, and you
have a massive missed opportunity.

Even semi-specialists like me who have
invested tens of thousands of pounds into
buying PC hardware are hardly going to
pay the even higher price of Mac hardware
and software just to give it a try.

If Microsoft gets its new Windows-style
operating system, called Chicago, right
and brings plug-and-play convenience to
the PC world, what has the Mac world got
left to offer the customer?

never knew that™. Even those who do know,
do not know how to read the numbers.

Although it is easy to decode the date
when you know the tricks. you first have to
know the tricks. The date code varies with
the month and is further disguised by the
code used for sex. | checked a collection of
friends’ licences and birthdates to be sure |
had fully cracked the code.

The first and last digits tell the year of
birth. The third digit gives single figure
months (January - September). But double
figure months (October — December) use
the second and third digits. The second
digit has 5 added where the driver is
female. The fourth and fifth digits give the
day of the month.

So number 359149 tells that the holder
is female and was born on 14 September
1939. Number 306107 tells that the driver
is male and born on 10 June 1937.

Did vou know that this information is
available to any police officer who asks to
see your driving licence? Does it bother
you?

936

Certainly not chip speed, because both
PCs and Macs are already running so fast
that most of the time they just sit idle while
their owners perform routine tasks.

The people who love their Macs are the
people who have always used Macs. But
the bridges that are now being built be-
tween Mac and Windows software will
let corporate purchasing departments look
only at price when the time for the next
hardware update comes round. This will
suck Apple ever deeper into a price war it
can never win.

How can Apple compete on price
against the mass manufacturing might of
Korea, Taiwan and Mainland China? How
can Apple compete on the size, weight
and compactness of portables from mini-
aturization masters like Toshiba, Sharp,
Sony and the clone manufacturers making
for Gateway and Dell?

Apple can sub-contract, as it already
does to Sony and Sharp, but this shaves
the profit margins even tighter. Newton
was a flop, with early models now being
offered for sale at £100. The parallel with
BetaMovie, the world’s first genuinely
portable camcorder, is inescapable.

Licence to Kill

This whole scenario is the direct cause of
Apple’'s consistent refusal to license Mac
technology to other companies. Initially
this kept profits high. But it restricted
sales volume and gave the PC World and
Microsoft all those years it took them
to get Windows working, and Chicago
planned.

Remember how in the early days Sony
was reluctant to license Betamax tech-
nology., while JVC threw VHS licences
around like confetti? The parallels stack
up.
From the outside looking in, there is
only one way for Apple to stop the Mac
becoming another Betamax. That is to
move fast and license the technology to
clone makers who could then offer a
cheap alternative to the Pentium PC and
Chicago. Apple would then become a
licensing company.

There is no shame in this. Dolby
Laboratories have very wisely never made
a single piece of consumer equipment in
their life, but grown rich on the licence
fees paid by those who do. Microsoft has
never made any consumer equipment
either (except for a few sub-contracted
mice etc). They grow fat on royalties from
software.

With the launch of Chicago imminent,
I'd say that Apple has just about six
months left in which to shape its final
future. And my bet is that Apple will do
nothing, and sink into irreversible decline.
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“Electronics Workbench
is the best simulator to

design and verify circuits.”

Gordon MacDondld
Production Engineer Technician

Electronics Workbench is a highly
productive bench where you design and
verify circuits in a fraction of the time.
Connections are atways perfect. Wires
route themselves. And the simutated
components and test instruments work
just like the real thing.

File Edit Circuit Window

I EBEEX E X

Digital Modiile: Asalyding a logic.circuit

It’s faster than building with actual
components because you change
connections and component values
instantly. And since the simulated

components are free,you don't need to
replace burnt-out parts or keep an
i extensive inventory. The result: You save
| I precious time and money. Guaranteed!
veatzea ° by The standard for simplicity for
plicity and power
/ \ , z § over six vears, Flectronics Workbench is the
/ \\\ ﬂ_, 28 E et ""’E v most popular tool of its kind. It has gained
/ ~ o — % worldwide acclaim as the ideal complement
- - o) WK t 1> to any test bench. Fact: Over 90% of
j < | our customers recommend it to
Analog Module: Tuning an RF front end. their friends and colleagues.

Bt Electronics Workbench

The electronics lab in a computer™

Call: 44 0203 233216

Robinson Marshall (Europe) PLC

t £1 %k Nadella Building. Progress Close, Leofric Business Park. Coventry, Warwickshire CV3 2TF s
us FAX: (44) 0203 233210 Q57
FoqDOS) IR oAt NS, *30-day money-back guarantee. :::E =N
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WHETHER ELECTRONICS IS YOUR HOBBY
ORYOUR LIVELIHOOD...

CTRONICS MANUAL

FREE suU LuErM E | 482 % —-". H
P O GUARANTE : “ = B B2 The essential
MON | = s
30 DAY - reference Work
g | |
- e 4 1 I eEasy-to-use format
= Res T ers = B eClear and simple layout
- g\ £t eReqular Supplements
e EH oSturdy ring-binder

EVERYTHING YOU NEED TO
KNOW ABOUT ELECTRONICS!

eoNews of latest developments
eFull components checklist
eExtensive data tables
eDetailed supply information
eReady-to-transfer PCBs
eComprehensive subject range
o Detailed assembly instructions

e Professionally written

If the fascinating and fast-changing world of electronics is your livelihood, your
study subject or simply your passion, the revised edition of THE MODERN
ELECTRONICS MANUAL is the reference work for you to have at your side.

The Base Manual contains information on the following
subjects:

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

CIRCUITS TO BUILD:Construction techniques, radio, telephony,
microcomputing, measuring instruments, vehicle electronics,
security, audio, power supplies, electronic music (over 25
different projects).

REPAIRS AND MAINTENANCE:Basic circuit operation for
radio, television, audio/hi-fi, telephones.

DATA:Diodes, transistors, thyristors and triacs, digital and
linear i.c.s, microprocessors.

The Manual also covers Safety, Specialist Vocabulary with
Abbreviationsand Suppliers.

OVER 1,000 pages,with over 900 diagrams and photographs, A4
looseleaf format weighing over 3.5kg.

ALL-IN-ONE AND EASY-TO-USE: A sturdy ring-binder allows you
to use the Manual on your workbench. The looseleaf format also
means you can slot in the regular supplements as they arrive —so
all your information is there at a glance.

EXTENSIVE GLOSSARY:Should you come across a technical
word, phrase or abbreviation you're not familiar with = simply turn
to the glossary included in the Manual and you'll find a
comprehensive definition in plain English.

s (51 A R ANT £ mamanmaanammananan AR ARARRAAR
Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy %
with the Manual, for whatever reason, simply return it to us in good condition within 30 days and we

= will make a full refund of your payment—no small print and no questions asked.
' (Overseas buyers do have to pay the overseas postage charge).
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Now - at last - the most comprehensive reference work ever produced at a price
you can afford, the revised edition of THE MODERN ELECTRONICS MANUAL
provides you with all the essential information you need.



Over 1,000 pages of well-organised and clearly explained information is
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EMBEDDED
CONTROLLERS

JOHN DAVIES B.Sc.

From fly-by-wire aircraft to automobiles and home
control-systems, the applications for embedded
controllers are increasing in number and complexity.

with personal computers in one way

or another. They may use them at
work. see them while shopping or, more
often than not, play games on them. There
is, however, another type of computer
which is becoming more and more com-
mon and which comparatively few people
are aware of. This other type is the em-
bedded coniroller which usually has no
human interface other than maybe a few
flashing lights.

Before embarking on a tour of embedded
controllers it is worth defining a few points.
Firstly for the purposes of this article, the
author has defined an embedded controller
as a computer which is dedicated to one
task only.

This task may be to control a washing
machine a TV, or the ignition system
of a car, as will be seen the pos-
sibilities are endless. Secondly, because the
microprocessors used in embedded con-
trollers contain many peripheral devices
(interrupt controllers, memory, serial in-
terfaces etc.) they are generally called
microcontrollers.

The rest of this article looks at where and
why embedded controllers are used. what
the differences are between them and the
average PC (Personal Computer) and what
design problems are faced.

APPLICATIONS

The earliest application of an embedded
controller that the author has discovered
is the small computer developed for the
Apollo Lunar Programme of the 1960s.
This computer was designed to take con-
trol of the Lunar Module while it orbited
behind the Moon and was thus unable to
communicate with the computers on Earth.

Since then embedded controllers have
been used in aircraft, initially for naviga-
tion and then for weapons control, and
latterly for fly-by-wire systems whereby the
entire aircraft is controlled by computer.
Similar applications have been found in the
shipping world and the latest P&O liner
being built in Germany at the moment will
be steered into port by means of a small
joystick on the bridge.

One of the largest and most obvious
applications, however, is in the car market.
These applications were instigated by the
demands of the motorsport industry for

THESE days most people are familiar
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Fig. 1. Typical engine management system.

more and more power from existing engines
and these developments have now spilled
over into normal road cars. It is now very
unusual for even middle of the range cars
not to have an engine management system
based on an embedded controller.

The boom over the past few years in the
home entertainment industry has also seen
the introduction of embedded controllers
into televisions, video recorders etc.

Another area which has also been
revolutionised by the availability of cheap
embedded controllers is the design and
application of alarm systems (both fire and
intruder systems). Even cheap domestic
alarm systems costing less than £100 will
probably have a small microcontroller
inside them. More sophisticated systems
will even go to the length of having a
microcontroller inside each sensor.

The smallest embedded controllers in
use at the moment are the credit card
sized ’smart cards’. They are used for a
variety of applications, e.g. high security
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identification cards, rechargeable cards for
electricity meters etc., and usually contain a
simple microcontroller and a small amount
of memory.

MOTIVATION

There are three main reasons for intro-
ducing computer control. First, an im-
provement in performance in the equip-
ment being controlled can usually be ex-
pected. The major boost in power and
handling obtained by Formula One racing
cars is due in no small part to the skill of
the engineers who designed the on-car
electronics. Indeed the power increase is so
great that many of the electronic aids are
now being banned.

Applications in road cars have also
resulted not only in power increase but also
more importantly in economy. Recently,
however, the reduction in exhaust emis-
sions has become essential and embedded
controller applications are the only real
way to make progress. Fig. | shows the
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way in which a typical engine management
system would work.

Phenomenal increases in speed and
performance have also been obtained in
modern warplanes which now have very
sophisticated weapon systems which allow
the attacking of multiple targets simul-
taneously.

The second reason for using embedded
controllers is to provide features that
could not be provided using conventional
analogue based systems. Formula One
cars’ active suspension and traction control
systems, for example, could not realisti-
cally be implemented any other way.
Similarly. the sophisticated video recorder
programming methods using on-screen
menus, barcodes and code numbers could
not be done without embedded controllers.

Finally, embedded controller based sys-
tems are usually more reliable and need less
calibration than their analogue counter-
parts. Self test and diagnostic software can
be built in to ease repair work and
self calibration features can be used to
minimise any adjustments required for
measurement systems.

PC COMPARISON

The first and most obvious difference be-
tween a PC and an embedded controller is
the lack of a keyboard or screen. The em-
bedded controller’s view of the world is
obtained via analogue or digital signals.
The digital signals can be represented by
one bit of information, either on or off. An
analogue signal, however, is slightly more
complex in that it theoretically has an in-
finite range of values.

To simplify matters an analogue volt-
age is converted into a digital number
before being read by the microcontroller.
The resolution of the conversion process
depends on the application. A simple
volume control for a hi-fi may only need six
bits of resolution, where one bit represents
1/64th of the maximum voltage.

High performance measuring equipment,
however, may need up to 16 bits of resolu-
tion where one bit represents 1/65536th of
the maximum voltage. Needless to say the
more resolution needed the more expensive
the analogue to digital converter devices
and the more susceptible the circuit is to
noise.

An average PC usually has at least
640Kbytes of RAM and more often
anything up to 4Mbytes of RAM. The
average embedded controller application,
however, usually uses only hundreds of
bytes of RAM with possibly a few Kbytes
of EPROM for program storage. In
addition, the average microprocessor chip
used in embedded controllers packs in far
more interfaces and peripheral devices than
does say an 80386 or 80486 as used in
many PCs.

Embedded controllers are also generally
more rugged than the average PC, and this
is discussed in more detail later.

PROBLEMS

The first and most obvious embedded
controller problem is that of program-
ming. How do you program a computer
which has no keyboard, screen or disk
drive and whose program is stored in
an EPROM? Early embedded controller
applications were programmed by hand
coding the assembler software and entering
it byte by byte into an EPROM pro-
grammer which was then used to program
the EPROM. The controller was switched
on and more often than not didn’t work.
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Fig. 2. Future home control system.

These days the software is written and
assembled or compiled on a separate com-
puter (usually a PC), traditionally in as-
sembler but more and more in high level
languages such as C. The PC is then
normally attached to a separate piece of
equipment called an emulator which has a
pod which can be plugged into the circuit
board in place of the microcontroller chip.
The programmer can then download the
software into the emulator and can control
the operation of the microcontroller by
single stepping through the program or
setting breakpoints in much the same way
as developing software to run on a PC

Emulators for a simple microcontroller
chip cost a few hundred pounds whereas
emulators for specialist complex chips used
for telecommunications applications can
cost upwards of ten thousand pounds.
When the program is running satis-
factorily the emulator is removed, the
microcontroller replaced and the software
programmed into an EPROM.

The second major problem is that while
the average PC will operate in a relatively
benign office environment the average em-
bedded controller application will face a
more hostile climate. An engine manage-
ment controller in a car, for example, will
face an ambient temperature of —30°C in
Norway in mid-Winter and an ambient
temperature of + 50°C in southern Spain in
mid-Summer.

Very careful thermal design of the equip-
ment and the use of rugged, almost military
specification chips are needed to ensure
reliable operation. The use of CMOS based
low power devices is very important and
most manufacturers of microcontrollers of-
fer this option. Vibration can be a problem
with extra restraints needed for any large
components, e.g. capacitors, mounted on
the printed circuit board (p.c.b.).

A less obvious problem is that of
humidity and heat cycling. An alarm
system in a warehouse, for example, can be
quite cold overnight then warm up rapidly
during the day as the heating is switched on
and then cool down again overnight. This
sort of heat cycling can lead to condensa-
tion forming on p.c.b.s and components
usually with dire results. To overcome this
problem the p.c.b.s may need to be sprayed
with a waterproof coating.

LEGISLATIVE

IMMUNITY

A further design problem which has
only really been highlighted recently with
European and worldwide legislation is
that of Electromagnetic Compatibility or
EMC. There are two main aspects to
this legislation, namely susceptibility and
emissions.

Susceptibility means that your embedded
controller application must not be affected
by other electrical equipment. Usually this
means that the circuit must be unaffected
by large voltage transients occurring in the
vicinity. These can be the ignition system
in a car, lightning strikes, switched mode
power supplies or even the EHT in a televi-
sion. The voltage transients may be con-
ducted through the air or induced onto
wires connecting to the equipment.

Emission legislation means that your ap-
plication must not emit voltages such that
it would be hazardous to other equipment.
This may not seem to be a major problem
for embedded controllers but there are two
main areas of concern.

Firstly microcontrollers will operate at
clock speeds up to 10MHz and the har-
monics from digital signals at this fre-
quency are large enough to interfere with
radio equipment. Secondly, switched mode
power supplies are usually used to reduce
size and increase efficiency and these also
radiate at high frequency, especially onto
the mains power input which is usually run
all around a building.

Compliance with the various new bits of
legislation is now essential as from 1996 no
new electrical equipment may be sold in
Europe unless it passes the relevant EMC
tests.

RUN-TIME
ERRORS

A final problem which may not at first
seem to be a problem is that of dealing with
errors which occur while an embedded
controller is running. If something goes
astray with an expensive PC spreadsheet,
for example, then the user can expect
a reasonably friendly message explaining
what has gone wrong and what the com-
puter is going to do about it. With cheaper
software the computer usually sulks and
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the only remedy is the reset button or the
on/off switch. This is mildly annoying but
not normally a problem unless a large
amount of data has just been lost.

With an embedded controller system,
though, a message such as “Cannot find
file..” or “MSDOS Error 2" is not very
useful if the washing machine is busy
emptying its contents over the floor or worse
if you are landing your fly-by-wire fighter
aircraft on an aircraft carrier in the dark.

A common error which can lead to such
problems is to declare an array of n"
elements and then to try and access the
“n+ Ith” element of that array. At best
you get an incorrect result, at worst you
overwrite some other vital data. Some lan-
guages. e.g. ADA which is used for military
applications, will detect errors and allow
the programmer to write software which
will handle the errors if they occur. Most
languages, though. don't have this feature

|

Typical embedded controller application — TV remote controller.

and unless great care is taken over the
software an error will cause the embedded
controller to fail, usually disastrously.

A technique used to increase the
reliability of embedded controller systems
in life critical situations is to use more than
one system for each function. Three
systems are commonly used with three
independent microcontrollers using a
“majority vote” system to define any
output. This means that an error in one
controller will be overruled by the other
two controllers if operating correctly.

One problem which will not be solved
with this method is that any bugs in the
software will be replicated in each con-
troller so that although hardware failures
will be handled. software bugs will not. A
method of overcoming this last difficulty
is to have three systems as before but to

have each system programmed by a dif-
ferent team so that hopefully software bugs
are not replicated across the three systems.
This method is used on projects such as the
Airbus fly-by-wire systems.

FUTURE
DEVELOPMENTS

Over the past decade the trend for
microcontrollers has been to make them
smaller and consume less power whilst
packing in more features. There has also
been a tendency over the past few years to
provide microcontrollers with dedicated
specialised functions. An example of this is
a microcontroller which is able to drive an
lcd. and to scan a keyboard for use in
remote control handsets. Others provide
specialist communication path interfaces.
e.g. for telephones.

The interconnection of chips is also being
changed from the traditional parallel
address and data busses to using a simple
serial link. The 12C bus pioneered by
Philips is an example. Fig. 2 shows a
possible future application for an in-
tegrated home control system using all the
features described above.

Finally, what will undoubtedly change is
the range of skills needed by the engineers
who design and build these embedded
controller systems. No longer will there be
a clear cut distinction between hardware
and software design and engineers will
need both types of skills. The final system
design for any embedded controller ap-
plication will always be a compromise
between hardware and software design and
the most successful design will be the
one which combines the best from each
discipline.
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Constructional Project

UNIVERSAL

DIGITAL

ODE LOCK

BART TREPAK

PIC and choose the code that
keeps crooks from your pad.

VER since the earliest civilisations,
Ewhen men found that they were not

all equal and some had more posses-
sions than others. there has been a need for
locks. Even the ancient Egyptians had one
which, interestingly, worked on the same
basic principle as the modern pin-tumbler
lock mostly in use today for domestic
applications, although theirs was much
bigger and made mostly of wood. This
simple affair, backed up no doubt by
draconian punishments for offenders (such
as chopping the hands off anyone caught
stealing etc.) was presumably sufficient to
keep one’s valuables safe.

With the progress of civilisation and
technology. the sophistication of the lock-
smith and the criminal has advanced to the
stage where complicated mechanical locks
with three, five or more levers are required
to satisfy insurance companies while the
more liberal approach to punishment en-
sures that even these are not always suffi-
cient to deter the burglar.

KEY PROBLEMS

The *"trick™ with any lock design is to
make it easy to open for the legitimate
owner, but extremely difficult for everyone
else. With mechanical locks this is done
by providing the owner with a key which
(hopefully) only he possesses.

The problem here is that while it is pos-
sible to buy a duplicate key or at least have
one cut, it is not possible to buy a duplicate
lock with the result that instead of having
one key to open all your doors, a whole
bunch is required. This may be better from
the security point of view but it can be very
annoying to have to carry around all this
metal and then to fumble in the dark to
find the correct key. (Ancient keys were
very large. some up to a metre long so they
must have had an even bigger problem and
no electronics to offer a solution')

Worse still, keys can be easily lost or left
inside the premises and then the lock be-
comes more of an obstacle to the legitimate
owner than to the burglar who feels less
inhibited about, say, smashing a window to
getin.

Those who have had the misfortune to
lock themselves out of their car will know
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the feeling of frustration, especially when
told stories of “professionals”™ who can
break into any car in 30 seconds. When
keys are stolen the position is even worse
since all the locks may have to be changed
to ensure that a thief does not gain access.
Combination locks overcome most of
these difficulties at a stroke because they
eliminate the need for a key. but there
remains the problem of changing the com-
bination if the code is discovered. This
can be difficult or even impossible with
mechanical combination locks but is rela-
tively simple with electronic ones. Over the
years, some lock chips have appeared on
the market which required the changing of
a few links to alter the code. while later
developments have a memory which can be
re-programmed from the key pad.

These perform admirably but still have
limitations which preclude their use in many
applications. It was therefore decided to
design a lock which would be virtually
impossible to pick (unless one had the
patience of a saint) and which would be
useful in as wide a range of applications as

, g

geTTIILT

possible, from replacing your front door
lock, to preventing the unauthorised use of
your computer. It is worth mentioning at
this point that there is no such thing as a
totally secure lock as given sufficient time
and a computer, any code can be cracked.
Also. it should be remembered that a lock is
only as good as the door to which it is fitted.

LOCK
REQUIREMENTS

Compbination locks are used in many dif-
ferent kinds of premises all of which can
have different requirements, but common
to all. is that they must be simple to use,
difficult to open if the code is not known
and easy to re-program. Not much more is
required from a domestic lock but for one
used in a hotel or guest house for example,
two open codes would be an advantage.
One could be given to the customer or guest
which he or she could change at will, while
the management would have another code
which would allow the staff to enter rooms
to clean or when the guest had left and
omitted to leave the number that he had
programmed.

The customer should be able to change
only his own code while the management
should be able to change either should
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Fig. 1. Principal circuit diagram for the Universal Digital Code Lock.

this be required. In an office or research
laboratory, the requirement could be simi-
lar but it may be useful to give cleaners or
other people who need to have access for a
limited period a special temporary code
without the need to go around and re-
program all the locks once they had gone.
The lock to be described has a special
temporary code which can be easily pro-
grammed and automatically cancels itself
15 minutes after it is last used.

Another requirement concerns the use to
which the circuit is put. Most electric door
release mechanisms require to be energised
for a short period only to enable the door
to be pushed open. but in some situations,
such as arming or disarming a burglar
alarm or car ignition. the output must
remain latched in the open or closed state.
The lock is designed to provide either type
of output and this can be selected by means
of a diode link.

In some applications. it could be useful
to be able to connect a door contact ena-
bling the unit to sense if the door was open
or closed. A warning could then be given
if the door were inadvertently left open. a
desirable feature for fire doors or doors in
security sensitive areas.

An external alarm could also be sounded
if the door was forced, enabling the unit
to function as a self contained alarm
for the door or be connected to a more
comprehensive alarm system covering the
whole building. This feature has also been
added to the circuit and may be used with a
reed switch/magnet combination. the con-
tacts being normally closed when the door
is closed. If this feature is not required, the
input may be permanently shorted with a
wire link.

Programming should also be easy (for
the legitimate owner) without the need to
take the unit to bits or refer to a manual so
this should be possible from the keypad
using as few entries as possible. Some digi-
tal locks feature EEPROM memories to
store the programmed open code if there
should be a power failure. This is difficult
to justify in terms of cost or even con-
venience especially if. as in this case, the
lock control unit takes only a few seconds
to re-program.

Since a battery would be required to
power the solenoid to enable the user to
enter during a power failure anyway. this
battery could also retain the memory con-
tents. The unit consumes so little current
that a small battery would easily retain the
memory contents for the duration of a
power cut.

In this design, programming is carried
out by simply entering the current code
followed by two depressions of the star
(**") key while the output is open, keying
in the new sequence and pressing the star
key again. An l.e.d. is included which lights
to show when the unit is in the ““program
mode™".

Finally. to make the circuit compatible
with any key pad. it should be possible
to connect a piezo sounder to bleep each
time a key is pressed. This is particularly
useful with membrane keypads or those
which have little or no tactile feedback.
The sounder could then also form the local
alarm in case of tampering and alert the
user to any errors when programing.

HARD TO PIC

If the lock is to be easy to use, then the
open combination should be limited to as
few numbers as possible so that the owner
does not have to remember long strings of
digits or spend a long time entering them.
Obviously, the longer the code. the more
possible combinations there will be and the
harder it will be for the intruder to chance
on the correct one, so a compromise must
be made.

Given a 12-way keypad, the number
of possible three-digit codes is 1728
(12x12x12). The corresponding pos-
sibilities for four and five-digit codes are
20,736 and 248,832 respectively. If the
prospect of trying nearly two thousand
combinations sounds daunting, twenty
thousand does not bear thinking about, so
a four-digit combination was chosen.

To make things more difficult for the
determined code breaker or the one who
feels he has the time to spend trying every
combination, the circuit is designed to
sound a warning alarm for a short time and
disable the keyboard for a slightly longer
time following a preset number of incorrect
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entries. This means that assuming that the
keyboard lock out time has been set to 15
seconds and the alarm sounds after two
incorrect entries, the intruder would only
be able to enter at most six digits per
minute (in fact, after the first two incorrect
digits, every incorrect entry generates a 15
second delay so only four digits can be
entered every minute) so that it would take
him over three and a half days, working
day and night to try them all.

Even ignoring the sheer boredom of this
task and the inevitable breaks which would
be required, this estimate is wildly optimis-
tic. As there is no indication that the open
sequence is a four-digit one and not a three,
five, eight or some other number, or that
the keyboard is being disabled for most of
the time, the chances of someone discover-
ing the combination by trial and error are
virtually non-existent.

With so many requirements. the only
realistic way of performing all these func-
tions without resorting to twenty or thirty
standard logic chips, or developing a cus-
tom chip, is to use a microcomputer. This
circuit is based somewhat appropriately on
a PIC microcontroller and all the above
features have been incorporated.

The additional cost of adding any of
these features to a basic lock circuit is only
a few more lines of program code and
many of them can be easily disabled should
they not be required in a particular situa-
tion. This makes the circuit suitable for
the majority of applications from controll-
ing access to buildings or parts of build-
ings, including flats, hotels or offices, to
preventing the unauthorised use of equip-
ment such as computers, domestic alarm
systems or car ignition immobiliser/alarm
systems. The only modifications required
will be the type of output device selected,
such as a relay or solenoid, and which
diode links are fitted.

CIRCUIT DETAILS

The circuit diagram for the digital code
lock controller is shown in Fig. 1. The use
of a pre-programmed microcontroller, ICI,
reduces the circuit to almost trivial propor-
tions consisting of little more than the chip,
keyboard, programming indicator le.d.,
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piezo sounder and output drivers together
with a handful of resistors and diodes
required mainly for selecting the various
functions. The processor handles every-
thing from the keyboard scanning to driv-
ing the outputs and piezo sounder and also
contains the RAM which stores the open
codes as well as the ROM which stores the
program.

The chip includes a power on reset cir-
cuit which makes the computer execute its
start up routine which consists of “read-
ing” the diode links D4 to D7 and resis-
tor R7, and initialising the memory, after
which it settles down to scanning the key-
board and controlling the outputs as re-
quired. Resistor R2 and capacitor C| con-
trol the timing of the on-chip oscillator,
which in turn controls the bleep frequency
and alarm time, etc.

Since none of these times are critical, an
R/C oscillator was chosen so that the ac-
tual times quoted are only approximate.
The prospective intruder is not going to
complain if the alarm sounds for only 14
minutes and 35 seconds instead of the full
15 minutes quoted!

For use in a typical domestic lock ap-
plication, the output would switch on and
energise the lock solenoid SOLI via tran-
sistor TR1 for approximatly five seconds
following the entry of the pre-progammed
four digit combination. Each time a digit is
entered, the sounder WDI is bleeped and
an internal timer restarted so that if no
digit is entered within the next five seconds,
the digit counter is reset and the next digit
is assumed to be the first in the sequence.

Incorrect entries are counted and when
the count exceeds the preset number, the
internal alarm is sounded and the keyboard
is locked out for the preset time. Any fur-
ther incorrect entries will also do this and
will activate the external alarm WD2 via
transistor TR2. This may be a loud siren
or bell depending on the application and it
will sound for approximately 15 minutes,
or until the correct security code is entered.

Since the chip requires a SV d.c. supply
whilst most solenoids run at 9V or 12V,
Zener diode D2 and transistor TR3 are
included to supply the SV from the higher
voltage.

PROGRANMMING

Once the lock is open (i.e. the output is
on), the unit may be re-programmed by
entering “**" ("*" key twice). This will
cause the program l.e.d. (D8) to light and
the output to remain on (unlocked) in-
definately, or until the programming se-
quence is finished even if the unit is being
used in the momentary mode. Care should
therefore be taken not to leave the lock in
this state as some solenoids may not be
rated for continuous operation.

Depending on whether the manager or
customer code was entered when opening
the lock, (the manager code must always
start with the “#" key followed by four
digits while the customer code consists of
only four digits) the next four numbers
keyed will reprogram that code. The pro-
gram mode is terminated by pressing the
**** key once, when the l.e.d. will switch off
and the output will follow (if the unit is in
the momentary mode).

If the **™ key is pressed after fewer than
four keys had been entered, the sounder
will bleep three times and the unit will
remain in the program mode until at least
four digits have been entered. If more than
four digits are entered before the ***" key is
pressed, only the last four will form the new
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code, so if you make a mistake in program-
ming, simply key in the correct required
number before pressing the **"" key.

To change the customer code after having
entered the manager code to open the lock,
the “*" key should be pressed twice (to
enter the program mode) followed by the
“#" key. The following digits will now
modify the cusromer code with the *"" key
returning the unit to its normal mode, the
manager code remaining unchanged.

If this is done after the customer code.is
entered, the new code will form the tem-
porary code and a 15 minute timer will
start which will reset this code when it
times out. The temporary code may be used
to open or close the lock and will reset the
timer each time it is used, but if this code is
entered followed by "***' the unit will not
enter the program mode so that it is impos-
sible to change any codes if only this one is
known,

Any of the digits zero to nine may be
used in any combination with the same
digits repeated if required. The *'*” and
“#" keys are not allowed as part of the
code sequence and the only other limitation
is that the cusromer and temporary codes
must not start with the same digit, i.e. 5451
and 4451 is acceptable but 5451 and 5936 is
not.

The same programming procedure is
used when the unit is in the latched mode,
the only difference being that the output
will not switch off when the programming
mode is finished by pressing **" until the
new valid code is entered.

The following examples should make the
process clear:

Current manager code: 1066
Current customer code: 1234
Current temporary code: 5678

Key sequence entered:

1234 ** 0000 * customer code will now be
0000. Other codes remain unchanged.

Key sequence entered:

#1066 ** #0123456789 *

Customer code will change to 6789 (only
the last four digits are stored).

Key sequence entered:
5678 ** #98765 . . .

No change in any codes because pro-
gram mode is disabled if temporary code is
entered. Program indicator l.e.d. remains
off.

Key sequence entered:

6789 ** #4321 *

Temporary code will change to 4321.

Key sequence entered:

#1066 ** 1111 *

Manager code will now be 1111 (enter
#1111 to open or close the lock).

ALARMINPUT

As mentioned, the circuit also features an
alarm input which may be connected to
a normally closed contact such as a reed
switch/magnet assembly S14 which opens
when the door is opened. If the door is
opened while the lock is in the closed mode
(i.e. output is off) as would be the case
if the door were forced, for example, the
alarm is immediatly activated (transistor
TR2 switches on) and will sound for 15
minutes or until the correct code is entered.
Closing the door once the alarm has gone
off will, of course, have no effect.

If the lock is first opened and the door
then pushed open, the alarm will not go
off but the sounder will bleep twice every
twenty seconds to remind personnel that
the door is still open even if the output
turns off as it would in the momentary
mode.

Once the door is open, closing the lock
either manually or automatically while
holding the door open will not activate the
alarm as this will only be armed when the
door is closed and the output (transistor
TRI1) is off. The door open reminder can be
disabled if it is not required by omitting
resistor R7. The alarm can be disabled by
simply connecting a link in place of the
reed switch. In this case resistor R3 may
also be omitted.

There is, of course, one problem which
occurs when a person already inside the
room or building wants to leave, as open-
ing the door (even from the inside) without
first entering the open code would set off
the alarm.

Another keypad could be provided on
the inside but it would be tedious to have to
keep entering numbers to leave as well as
to enter, so a separate input for switch
S13 (which would be mounted within the
protected area) has been provided. Pressing
this will disable the alarm while the door is
opened and remove the need for an exit
timer, which would also need to be user
programmable to cater for different situa-
tions. The alarm is again enabled only after
the door has been closed.

SELECTING
OPTIONS

Functions such as momentary or latched
output, keyboard lockout time (following
incorrect entries), number of incorrect
entries allowed without setting off the
alarm, and initial open codes are selectable
by means of diodes D4 to D7 as shown in
Table 1. Note that only the pre-pro-
grammed management code selected is
valid after power on so that the first entry
must begin with the “#" key. These codes
have been chosen to make them easy to
remember and some readers may recognise
them as important historical dates. 1805
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Fig. 2. Suggested power supply circuit.
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was the Battle of Trafalgar, 1914 and 1939
the beginning of the First and Second
World Wars and 1066 which should need
no explanation.

Following initial power-up. customer or
temporary codes can be entered and
changed, as can the management code. only
after the initial preset code has been
entered. Note also that irrespective of the
preset number of incorrect entries which
have been selected, the circuit will give a
warning after the first incorrect entry and
an alarm following the second after the
unit is powered up. This will change to the
selected number once the correct sequence
has been keyed in.

POWER SUPPLIES

The circuit will operate from any supply
in the range 5V to 18V so the choice of
supply will be determined largely by the
supply requirements of the load and the use
to which the unit is to be put.

For door locks and area access applica-
tions where a solenoid or electric latch are
to be operated, a mains supply, such
as that shown in Fig. 2, capable of
supplying sufficient current to operate
the solenoid will be required. plus per-

Resistors See
R1 1k DL =)
R2. R4, gb)h'ﬂ@)lfq
R5 4k7 (3 off)
rso oo TALK
i 6k8 Page
R7 100k
R8to R14
(RM1) 7 x10ks.i.l. resistor
module
R15 see text
Capacitors
c1 220p ceramic
Cc2 10u radial elect. 16V
Cc3 100n polyester
C4 1000y radial elect. 25V

Semiconductors
IC1 PIC16C54RC
pre-programmed
microcomputer (see text)
TR1, TR2 ZTX600 npn Darlington
transistor (2 off)

eTY) [sevscss T84 |
- LR
- Te5 $
[

PNCBO
Nhet

i

5

[ 2l

Fig. 3. Printed circuit board component layout and full size copper foil master track

pattern.

haps a rechargeable battery with sufficient
capacity to operate the solenoid in the
event of power failure. This circuit could
be treated as a small plug in d.c. power
supply with a rechargeable PP3 battery in
the case of some low power electric latch
mechanisms. Alternatively, it could be a
higher power d.c. supply and a stack of
rechargeable C or D cells in the case of
some heavy duty solenoids.

If the rectified d.c. supply has a slightly
higher output voltage than the battery,
then this may also be used to trickle charge
it via resistor R15. The latter should have a
value to limit the charging current to that
recommended by the battery manufacturer
(usually O-1 times the amp-hour rating in
the case of Ni-Cads). Non-rechargeable
batteries should not be used with this
circuit.

If the circuit is to be used to switch on a
car alarm or disable the ignition, the 12V
car battery would be the obvious power
supply choice with the lock driving suitable
12V relays. It is not advisable to use the car
horn as the external alarm as these are not
normally rated for continuous use.

photocopiers etc., similar power supply
and output requirement considerations will

apply.
CONSTRUCTION

It is recommended that the circuit is built
on a printed circuit board (p.c.b.) as this
will make construction quicker and much
less error prone. Details of the component
layout and full size copper foil master track
pattern for the suggested p.c.b. are shown
in Fig. 3. This board is available from the
EPE PCB Service, code 922.

Care should be taken to ensure that all
diodes, transistors, electrolytic capacitors
and the integrated circuit are fitted to the
board the correct way around. Note also
that the resistor network module RMI
must be fitted the correct way around, the
common connection usually being indi-
cated by a dot on the component. The
microprocessor IC1 is a CMOS type and
although the input circuitry at the pins has
been designed to protect the device from
electrostatic damage it is best to fit a
suitable i.c. socket to the board and insert
the chip into this.

TR3 2N3903 npn transistor For restricting the use of other The order of assembly is of course
D1.D4to equipment such as computer systems, immaterial but it is usually best to begin
D7 1N4148 signal diode with the low profile
D2 BSVBBE5V6 Zener diod Tablel. components such as
D3. D910 S DIODE | POSITION | FUNCTION resistors and diodes
D11 1N4001 rectifier diode P e
(4 off) D4 A Latched Output o lhe taller ones
D8 5mm red l.e.d. Not fitted Momentary Output (capacitors, transis-
tors, led. and
Miscellaneous B #1805 Code terminal  blocks).
Miniature piezo transducer, printed D5 c #1914 Code Resistor R7 §?°”|d
circuit board available from the EPE D #1939 Code be omitted if the
PCB Service, code 922; 2-way p.c.b Not fitted #1066 Code ‘d00f open” signal
terminal block (4 off); 3-w7ay terminal is not [r)equﬁlrt;(:l afpd
block; 18-pin i.c. socket; 7-way key- diode D7 fitted if a
board connector (see text); 4 x 3 matrix 2 1 Incorrect E"".V Allowed latched output is
keyboard D6 F 2 Incorrect Entries Allowed h -
; G 5 Incorrect Entries Allowed required.  Diodes
Optional Not fitted 255 Incorrect Entries Allowed D4 10 D6 should be
S1 push-to-make switch; S2 fitted or gmmed as
door contact (reed switch/magnet H 10 secs Lockout Time required in accord-
assembly); siren; solenoid/lock 5 | 15 secs Lockout Time ance with Tab!e l. )
trreu;::)hamsm; power supply/battery (see J 25 secs Lockout Time 4 Theedcnrcunl 1S
' Not fitted 5 secs Lockout Time I e £
with virtualy any
; f i keyboard as long as
Approx cost £ R7 Fitted DOOR OPEN Warning . . i
guidance only 3 7 Not fitted No Warning lnlecll?gn?z:it.r;.x rc(?wns
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Fig. 4. Keyboard connection details.

and columns) and is not one with a common
connection. These are easily distinguished as
a 12-way keyboard with a common
connection will have 13 terminals while a
matrix connected keyboard will have only
seven. The choice of keyboard will depend
largely on the application. personal
preference and of course cost. If the unit is to
be mounted outside then a weather proof
type should be used. but as long as it is not
subjected to driving rain then a membrane
type or the low cost conductive rubber type
specified may sutfice.

The connections for the keyboard used
are shown in Fig. 4 but if your keyboard
does not have the same connections this is
not 1>o0 important as long as the column
connections of the keyboard are connected
to the -olumn connections on the printed
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circuit board and likewise with the rows. In
this case the circuit will work. although the
numbers will be different and in particular
the functions of the “*"" and “#" keys may
be performed by two of the numbered keys.
The wiring details used by the author are
shown in Fig. 5.

Although the keyboard could be wired
directly to the board using short lengths
of stiff copper wire. 1t is best from a
security point of view to mount the key-
board remotely from the unit on a iength
of ribbon cable. This enables the circuit
board to be mounted within the protected
area with only the keyboard outside and
prevents anyone from simply shorting out
the output transistor on the printed circuit
board to gain access. which could be easy
to do if the whole unit were mounted
outside.

KEY PLUGGED

Installation is also made much easier if a
plug and socket are fitted to enable the key-
board to be ““plugged™ into the circuit. Any
suitable miniature 7-way plug and socket
such as a DIN or D-type connector may
be used although a 7-way p.c.b. pin header
and mating crimp socket are probably the
simplest. These are available in 0-1in spac-
ing in 2. 3 and 4-way versions so a 7-way
version can be easily made up.

If other keyboards are used, such as
membrane types or even ones made up
from individual switches (as long as the
switches are connected in a 4 x 3 matrix),
the method of connection will need to be
modified to suit. In some applications, it
may be desirable to fit the led. and
sounder near the keyboard so that a similar
ribbon cable/plug and socket arrangement
would be required. To prevent noise pick-
up on the keyboard inputs, leads should be
kept as short as possible.

Note that this circuit uses a piezo
sounder or piezo element which should not
be confused with piezo buzzers which, as
well as the element, also contain an
oscillator circuit to produce a sound when
connected to a d.c. voltage. The p.c.b. has
been designed to accommodate either a
p.c.b. mounted sounder or one with flying
leads.

TESTING

When assembly is complete the circuit
may be tested using a 9V d.c. supply (or a
9V PP3 battery) with the correct polarity
connected to terminal block TB4. Light
emitting diodes with one kilohm series
resistors may be connected from the ter-
minals of TB3 to the positive line to
simulate the solenoid and siren. A toggle or
slide switch maybe used to seplace the reed

KEYBOARD

vy |

+12v ?—\bﬁ "

ov

ELECTRIC
LOCK
RELEASE

OPTIONAL HEADER FOR ¥
CONNECTING LED ANO | o
PIEZO SOUNDER IF MOUNTED
OFF THE BOARD

A

Fig. 5. Details of the interconnections between the printed circuit board and the

other components.
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switch and connected between the ter-
minals of TB2. A push-to-make switch,
S13, should also be connected to the ter-
minals of TBI.

Before plugging in the chip. switch on
and check with a voltmeter that you have
+ 5V between pins 5(—) and 14(+) of the
i.c. socket. If this is not the case, check the
polarity of the Zener diode D2 and transis-
tor TR3. If all is well, switch off and insert
the chip into its socket.

Note the diode settings and switch on.
All the l.e.d.s should be off and the opera-
tion of the circuit should be checked. If
the circuit appears to go into alarm mode
immediately on switch on, check that the
switch substituting for the reed switch is
closed. If the circuit appears to ignore any
keyboard entry, check that diodes D4 to
D7 (where fitted) are soldered the correct
way around.

INSTALLATION

No details are given for enclosing the
unit as so much will depend on how and
where the circuit is to be used. For a
door lock application, the circuit could
be housed in a suitably sized plastic box
which could also house the power sup-
ply and battery if used. This could be
mounted conveniently near to the door to
avoid long cable runs to the keyboard,
electric lock mechanism, reed switch and
siren. Switch S13 could be mounted on the

box. Whether or not the piezo sounder is
mounted in the box will depend on if it
can be heard from the location of the
keyboard.

The keyboard could be mounted on
some kind of decorative panel, on which
the l.e.d. (and sounder) could also be
mounted. The panel need not be par-
ticularly robust (such as the thick steel

unless you are afraid of someone wilfully
vandalising the keyboard out of sheer
desperation at being unable to break the
code. If the unit is constructed with the
electronics separate as suggested above,
removing or smashing the keybcurd will
only make entering numbers more difficult,
making it even harder to getin. O
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New Technology

HIs month we are taking a look at
Tsome of the developments which are
taking place in radio communications.
This technology is now a major growth
area of the electronics industry. As people
are finding they need more versatile
mobile communications, developments in
radio are taking place at an ever
increasing rate.

New breeds of cellular phones and
cheaper prices as well as developments in
data transmission. and of course the rise
in satellite television. have all fuelled
a tremendous amount of development.
Many of the new developments have
already hit the market place and we are
beginning to see the rewards. There are.
though, still a very large number in the
pipe line which promise some exciting
improvements for the future.

The enormous growth in radio telecom-
munications has brought about a need for
cheap high performance microwave i.c.s.
In the past, microwave components have
been notoriously expensive, but the
increased markets have now given many
manufacturers the incentives to start
developing low cost components for these
frequencies.

For some years now low cost MMICs
(monolithic microwave i.c.s) have been
available for operation at up to fre-
quencies of 1GHz (1000MHz) and more.
Now there is an increased demand for
greater levels of integration at frequencies
of up to 10GHz.

At these frequencies circuit losses be-
come a significant problem. Even conven-
tional glass fibre boards cannot be used
because of their poor performance. This
results in the use of expensive teflon or
p.t.f.e. based boards. If further com-
ponents could be integrated onto a single
chip, then many of the losses could be
reduced and costs cut.

Seeing the need for the development
of lower cost and more integrated
microwave circuits, the Microelectronics
Division of M A Com Inc. have
developed a new glass microwave i.c.
technology. This allows microwave i.c.s
and discrete components to be placed
onto the same substrate to give high
performance for a relatively low cost.

When developing circuits for
microwave applications there are a
number of features which must be
included which are not normally present
for digital circuits. Low r.f. losses are
obviously of paramount importance. In
addition to this, tracks between many of
the stages and components must form
accurately matched transmission lines.
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lan Poole reports.

To fulfil these requirements M/A Com
devised a new structure. Their new glass-
on-silicon wafer forms the basis of the
new i.c.s. Standard thin film techniques
can then be used to place the tracks and
transmission lines and lay down the com-
ponents, (Fig. 1.).

The ground plane is created by using a
layer of silver or gold between the glass
and silicon. It is then possible to connect
to this layer by bringing the ground con-
nection up through the glass using “via™
holes similar to those seen in ordinary
multi-layered printed circuit boards.

Glass-on-silicon and etched aerials are two of the
latest developments in communications technology -

Television aerials are a feature of our
modern society. Most houses will have
one attached to a chimney stack, and
there are a growing number of satellite
dishes appearing on building walls. In
view of this, a number of companies have
been working on deveioping methods of
manufacturing less unsightly aerials for a
variety of uses, commercial and domestic.

In one development being undertaken
at the Georgia Institute of Technology a
flat aerial which can be hung in a window,
or incorporated into a roof has been
developed. Although its current operating

DIELECTRIC
INSULATOR

METAL PLATES

OF CAPCITOR CAPACITOR

WIRE CONNECTIONS

THIN FiLM
RESISTOR
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GLASS / ‘ \ GLAS
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; HEAT FLOW E

|

J BASE OF PACKAGE
Fig. 1. Part of a typical glass-on-silicon i.c.
The silicon layer itself consists of range is between SOOMHz and 4GHz it is

heavily doped silicon, and this provides a
highly conductive path to the outside
package.

In the development of this technique.
great attention was paid to the thermal
aspects of the design. Many microwave
i.c.s consume high levels of current, and
this results in high levels of heat being
generated in localised areas. The silicon
itself has high thermal conductivity and it
provides an efficient path for the heat to
flow away from thei.c.s.

In addition to this, the thermal coeffi-
cients of expansion of the glass and silicon
are closely matched. This significantly in-
creases the reliability of the final circuit. If
this were not so then the resultant stresses
built up in the circuits could lead to early
failure of some of the components.

These circuits, along with many other
new ideas, should help to open up higher
frequencies to mass produced products.
New generations of cellular phones to-
gether with a host of other uses could all
benefit as the lower frequencies become
fully used and higher ones have to be used
to cope with the demand.

expected to find widespread usage in
a variety of applications including TV
reception, cellular telephones and even
satellite communications. Possible further
developments may be able to extend its
coverage up to satellite TV frequencies in
the region of 12GHz.

The aerials are constructed out of a
teflon or p.t.f.e. sheet and the conductors
for the aerial are etched out of copper on
the sheet using ordinary p.c.b. techniques.
These conductors make up an array of
dipoles, and by careful choice and calcula-
tion of the lengths and positions it is pos-
sible to alter the frequency bandwidth and
directivity performance.

Once the basic aerial has been manufac-
tured it is mounted in a layer of foam over
a metal sheet. This construction ensures
that the assembly does not distort and al-
ter its properties.

To aid with the design of the in-
dividual aerials the development team use
a computer program which enables the
basic specifications for the aerial to be
turned directly into the artwork needed to
manufacture the aerial.
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INTERFAC

Robert Penfold

IN LAST month's Interface article the
basics of fibre-optic data links were
discussed. This month we will look at
a practical fibre-optic RS232C interface
capable of operation at up to 19200 baud.

This system is a simple direct coupled
type, and is not of the tone
encoded/decoded variety. Consequently
its range is not particularly large.
However, 1 found that it was possible to
obtain good results using a 10 metre
length of fibre-optic cable, and this should
be more than adequate for most purposes.

Bright Lights

The transmitter end of the system is really
just an electronic switch driving a Le.d. The
transmitter circuit diagram is shown in
Fig. 1. Transistor TR1 is a simple common
emitter switching stage. It is driven by the
serial input signal via the potential divider
formed by resistors R1 and R2.

from the transmitter reaching the photocell
at the receiver. In order to achieve this, it is
necessary to use a proper fibre-optic device
at both ends of the system. Improvising
with an ordinary l.e.d. and some Blu-Tack is
unlikely to give usable results even over a
range of a few millimetres!

The specified le.d. is a visible red type
having a moulded-in orifice to accept a
standard 2-2mm diameter cable. The sys-
tem should work using any similar fibre-
optic l.e.d., but I have only tested it using
the specified device.

Seeing The Light

The circuit for the receiver is shown in
Fig. 2. The photocell is phototransistor TR1,
and this a special fibre-optic type which has
a moulded-in receptacle for the cable. It
is used as what is effectively an emitter
follower stage driving a common emitter
switch, transistor TR2.

02
SFH750
R3
68
R1

4k7
X >—— M~

01
1N4148

Gnd > ~

+9 to#l2v

- ov
C2 um

ICt = CA3140€
IOOnT -9 to~12v

Fig. 1. Circurt diagram for the transmit-
ter section of the fibre-optic data link.

When the input signal is high (at about
+3V to +12V) TR1 is biased hard into
conduction, and it drives the le.d. (D2) by
way of current limiting resistor R3. The
“on” Le.d. current is a little over 40mA, but
the average current consumption of the
circuit will normally be no more than about
20mA.

When the input signal is low (at about
—3V to —12V) TR1 is cut off, and it is
protected against an excessive reverse base
voltage by resistor R1 and diode D1. These
limit the base voltage to about —0-7V. In-
cidentally, the input should be low under
standby conditions, which results in the cir-
cuit having a negligible current consump-
tion when it is not handling any data.

The circuit will work on a 9V or 12V
supply, but the value of resistor R3 must be
altered to suit the higher supply voltage,
and maintain an “on” current of about 40mA
or so. Use a 180 ohm resistor for a 9V
supply, or a 270 ohm resistor for a 12V
supply.

A direct coupled optical link is heavily
dependent on a reasonable amount of light
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Fig. 2. Circuit diagram for the fibre-
optic data link receiver.

Under standby conditions TRI passes
only minute leakage currents. The emitter
load resistor (R1) ensures that these currents
are insufficient to even partially bias TR2
into conduction. The pulses of light from the
transmitter result in much greater leakage
currents through TR1, causing TR2 to con-
duct strongly. Op.amp IC1 acts as a trigger
circuit and level shifter. This gives an output
signal that switches rapidly and cleanly at
normal RS232C levels.

For IC1 to provide proper RS232C signal
voltages it must have a negative supply of
around —9V to — 12V. In practice it may
well be found that satisfactory results are
obtained even if IC1 pin 4 is simply con-
nected to the 0 volt supply rail, especially if
only a short cable is used to connect the
receiver to the peripheral device.

If dual supply operation proves to be
necessary, the negative supply can be gener-
ated from the positive supply using the cir-
cuit of Fig. 3. Note that this circuit should
not be used on a supply voltage of more
than 10V. The receiver circuit only con-
sumes about 3mA from each supply rail.

Clear-Cut

The correct cable to use with the SFH350
phototransistor and SFH750 Led. is a single
core type having an outer diameter of
2:2mm and an inner core Imm in diameter.
A fibre-optic cable will only operate effi-
ciently if both ends are properly prepared.

Cables are not usually supplied with either
end of the filament prepared and ready for
use, and they are often very inefficient as
supplied. The ends of the polymer filament
can be polished, but there seems to be no
real need to do this. Provided the ends of
the cable are cut neatly and cleanly at right
angles the cable should provide high trans-
mission efficiency.

1 find that the best way of doing this is to
trim off the ends of the cable using a modell-
ing knife fitted with a new blade. Place the
end to be trimmed on a cutting board, and
then cut through the cable in one go using
plenty of pressure (but taking due care to
cut nothing other than the cable). Make sure
that the cut is at right angles to the cable.
When both ends have been prepared, aim
one end of the cable at a light source and
check that plenty of light can be seen com-
ing from the other énd of the cable.

The SFH350 and SFH750 have holes into
which the cable must be pushed fully home.
They do not require any of the cable’s outer
sleeving to be removed. The cable is a
simple push-fit, and it pulls out again just as
easily as there is no form of buiilt-in grip.

It should not be too difficult to devise
a simple method of clamping the cable in
place so that it is not continually being
pulled out of the photocells, but be careful
not to clamp it too tightly. Any damage to
the polymer filament could seriously reduce
the efficiency of the cable. Note that the
clear casing of the SFH350 makes it sensi-
tive to any ambient light. It must therefore
be shielded from any bright light sources.

Adjustment

Preset potentiometer VR1 must be given
a setting that will accurately retain the input
waveform at high baud rates. At these baud
rates, particularly 19200 baud, the collector

+9v

1

100u

8
01 2
-9v IN4OON 5

oul Ic1 5 C2
o cL7660 | 4 T 10u

3

C1

T 10u
ov

Fig. 3. Simple negative supply
generator.

Everyday with Practical Electronics, December 1994



of transistor TR2 at the receiver switches
relatively slowly from one level to the other.

Probably the easiest method of setting
VR1 is to first measure the positive supply
voltage of the receiver circuit. Then at the
transmitter circuit, temporarily connect the
“TX” input to the + 5V supply rail so that
Led. D2 switches on.

Next measure the voltage at the collec-
tor of phototransistors TR1. This should be
about 5V or more below the positive sup-
ply voltage. If the voltage drop is much less
than this it is unlikely that the unit will work
properly, especially at high baud rates.

Preset VR1 should be adjusted for a wiper
potential that is half way between this volt-
age and the actual supply voltage. For ex-
ample, if the voltage at the collector of TR2
is 56V, and the measured supply potential
was 11:8V, VRI1 should be adjusted for a
wiper voltage of 87V (56V + 118V =
174V, 17-4V divided by 2 = 87V). Al-
tematively, if a logic pulse generator and
an oscilloscope are available, feed a 10kHz
squarewave signal to the input of the trans-
mitter, and then adjust VR1 for a I-to-1
squarewave output from the receiver.

Handshaking

A single fibre-optic data link is only
suitable for one-way (simplex) operation,
and it does not support any form of
handshaking. If two-way operation is
needed it is necessary to build two complete
systems, one for communication in each
direction. The two links must use separate
optical cables.

If handshaking is needed it is possible to
accommodate it using additional links. This
is not a particularly neat or cheap way of

handling the problem though. Where pos-
sible it is best to avoid handshaking al-
together by using a low enough baud rate to
ensure that the receiving device does not
become overloaded with data. If some form
of handshaking is essential, a two-way link
and software handshaking may well be the

simplest and most versatile solution.

Projects that connect to the serial port of
a computer can usually be relied upon to
bring in a few letters from readers who are
experiencing difficulty in getting the com-
puter to output any data. The problem
does not usually arise when the serial port
hardware is being controlled directly, and it
is mainly when data is sent to the port via
the computer's operating system that dif-
ficulties occur.

The important point to bear in mind here
is that although your hardware add-on may
not be using any form of hardware hand-
shaking, it is quite likely that the computer's
operating system will be monitoring and
responding to the handshake lines. This
means that it is often necessary to activate a
handshake input (i.e. take it high) before the
computer will output any data. If the hand-
shake output or outputs are not being used,
these usually represent the most simple way
of activating one or more handshake inputs.

With the BBC computers, simply linking
the two handshake lines enables data to be
output from the RS423 port. With PCs the
method of connection shown in Fig.4 should
enable a flow of data from the port. In this
case two sets of handshake lines must be
linked (RTS to CTS, and DTR to DSR).
Presumably the same general technique will
work equally well with other computers.

Beating Time

A number of PC shareware companies are
now distributing shareware and commercial
demo disks that have a sort of built-in time-
out function. The software works fine until
a certain date is reached, and thereafter it
refuses to run. Instead you simply get an
on-screen message explaining that the disk
is past its use-by date. This is fair enough,
but many of these disks originate in the
USA, and are near or past their expiry dates
by the time they reach British users.

Fortunately, with most of these disks
there is no difficulty in getting them to run
so that you can try out the software. Simply
using the computer’s built-in setup program
to set the clock/calendar back to a suitable
date seems to do the trick. The pro-
grams are probably reading the MS/DOS
clock/calendar rather than directly accessing
the hardware clock, so it would probably be
possible to fool these programs into action
simply by using the usual MS/DOS DATE
command.

Fibre-optic cable 2-2/1-0mm is available
from Maplin (order code (XRS6L). The
SFH350 phototransistor and SFH750 lLe.d.
are available from ElectroValue.

S

Fig. 4. A method of connection that
permits an easy flow of data from a PC
serial port.
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Constructional Project

VIDEO MODULES

HORIZONTAL

WIPER

ROBERT PENFOLD

& '_;—-:-‘-‘
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Part Two —

Your home videos will take on a whole new meaning if you build these low
cost modules. Professional presentations couldn’t be easier!
You can tailor the controller to meet your own special needs and budget.

e Simple and Improved Faders e Horizontal and Vertical Wipers

e Video Enhancer e 4-Channel Audio Mixer

e Audio Dynarnic Noise Limiter e System PSUL

faders and also gave details for a Video

Enhancer to boost picture definition.
This month we introduce the subject of
video wipers plus we describe the construc-
tion of a simple 4-Channel Audio Mixer.

Video wipers offer an interesting alterna-
tive to faders. The two basic types of wiper
are the horizontal and vertical types.

A wiper operates on the basis of having
part of the screen showing a normal pic-
ture. and the other section completely
blanked. The blanked part of the screen is
normally black, but a wiper circuit could be
designed to have the blanked area of screen
white, or any shade of grey. The wipers
featured here produce the usual black area
of blanked screen.

With a vertical wiper the screen is
progressively blanked from the top down-
wards until all the visible part of the screen
has been blanked. At the beginning of the
next scene the picture is restored from the
bottom upwards.

Most vertical wipers offer the alternative
of blanking from the bottom upwards, and
restoring the picture from the top down-
wards. A horizontal wiper provides a side-
to-side blanking and restoring action.

I AST month we dealt with simple video

HOW IT WORKS

The block diagram of Fig. 9 helps to
explain the way in which the Horizontal
Wiper functions. This is similar in many
respects to the Improved Fader circuit
described last month, and the Horizontal
Wiper has been developed from the Im-
proved Fader circuit.

The input signal is split two ways, with
part of the signal being fed to a
synchronisation separator. This provides
output pulses which trigger a monostable
at the beginning of each line synchronisa-
tion pulse.

The monostable has a variable output
pulse duration, and it is the pulse length
potentiometer that acts as the wiper con-
trol. With the minimum pulse duration set,
the pulse ends just as the luminance signal
begins. With the maximum pulse duration
set. the pulse finishes at the end of the
current line scan.

In the other signal path there is a d.c.
restoration circuit, an electronic switch,
and an output amplifier. The electronic
switch is controlled by the monostable, and
it permits the input signal to pass through
to the output of the unit only during a
pulse from the monostable.

WIPE
INPUT O ek A MONOSTABLE
0.C. ELECTRONIC
AMPLIF | ER OUTPUT
RESTORATION SWITCH e

Fig. 9. Block diagram for a horizontal wiper.
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The waveform of Fig.10a is a section
of the input signal, and Fig. 10b is the
processed output signal. Although there is
a small gap between one pulse and the next,
and a section of the signal is blanked, the
missing section is very small. It does not
carry any important picture information,

By shortening the pulse length slightly,
the electronic switch is turned off just
before the end of each line scan. This
results in the extreme right hand section of
the screen being blanked. If the monos-
table’s pulse duration is set at about half its
maximum length, the electronic switch will
be turned off about half way through each
line scan, and the right half of the screen
will be blanked.

Reducing the pulse length to its mini-
mum duration results in the switch being
turned off just before the luminance sig-
nal commences, and the entire screen is
then blanked. Waveforms Fig. 11 and Fig.
12 show the way in which this process
operates.

CIRCUIT DETAILS

The full circuit diagram for the Horizon-
tal Video Wiper is shown in Fig. 13.
This has obvious similarities with the Im-
proved Wiper circuit, including the same
synchronisation separator circuit based on
transistors TR1 and TR2.

This again drives a negative edge triggered
monostable based on a 4047BE (IC1), but
the C/R timing network is different. Resistor
R8 sets the minimum pulse duration at a
suitable figure, and VRI is the Wiper con-
trol. Resistor R9 and preset VR2 are con-
nected in parallel with VRI1, and VR2 is
used to trim the maximum pulse duration to
precisely the correct figure.

The d.c. restoration, electronic switch,
and output amplifier sections are also
much the same as their equivalents in the
Improved Fader circuit. The obvious dif-
ference is that the input of IC2b is simply
wired to “‘earth™, (OV) rather than being
fed an the input signal via a ‘“‘fader”
potentiometer. The current consumption of
the circuit is typically about 25mA.
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Fig. 12. The effect of the circuit with the minimum pulse length.

COMPONENTS

HORIZONTAL WIPER

Resistor

R1,R19 470 (2 off)

R2,R3,R10 47k (3 off)

R4 18k

R5, R7, R13, R15, R18 4k7 (5 off)

R6, R9 33k (2 off)

R8 5k6

R11,R12 22k (2 off)

R14 1k

R16 220k Seem

R17 12k .r'.. D

R20 68

All 0-25% carbon film TALK
Page
Potentiometers

VR1 47k rotary carbon, linear

VR2 100k min. preset, horizontal

Capacitors
Cc1 220n polyester

C2 10p radial elect. 25V

C3 10n polyester

Cca 1n polyester

C5 100y radial elect

Cé 100n ceramic

C7.C8,C9 100y radial elect. 10V (3 off)

Semiconductors

IC1 4047BE CMOS timer

1IC2 4016BE or 4066BE CMOS
analogue siwtch

TR1 BC557 pnp silicon transistor

TR2, TR3,

TR4, TR6 BC547 npn silicon transistor (4 off)

D1,D2 1N4148 signal diode (2 off)
Miscellaneous

SK1,SK2  phono socket (2 off)

Printed circuit board available from the EPE PCB
Service, code 916; 14-pin i.c. holder (2 off); con-
trol knob; connecting wire; single-sided solder pins;
solder etc

Approx cost

guidance only

c1 AT +mic wp M/COM
220n 16 ¢ '_l
s ) [} IC1
40478 &5 . Va2
' o
Cc6
< | + 1000/
N R CcS
%‘” 100y
+ O+12¥
c7
%lbﬁu
w29
SK2
. R10
47k
() oV

Fig. 13. Complete circuit diagram for the Horizontal Video Wiper.
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CONSTRUCTION

The printed circuit board (p.c.b.) com-
ponent layout and full size underside cop-
per foil design for the Horizontal Wiper is
shown in Fig. 14. This board is available
from the EPE PCB Service, code 916.

As IC1 and IC2 are CMOS integrated cir-
cuits the normal anti-static handling precau-
tions should be taken. Use holders for these
two components, and do not plug them into
the p.c.b. until the unit is complete.

Do not overlook the two link-wires
(below IC2). Construction of the board is
perfectly straightforward in all other
respects. The small amount of hard wiring
is also clearly illustrated in Fig. 14.

TESTING

To test the unit connect it between the
video output of a camcorder and the com-
posite video input of a suitable television
or monitor. Start with preset VR2 at a
roughly middle setting. The unit should
function more or less correctly. but VR2
must be set so that none of the screen is
blanked with Wipe control VR at maxi-
mum resistance. This is just a matter of
setting VR1 at maximum resistance and
adjusting VR2 for the correct picture.

If VR2 is set too low in value (too farin a
clockwise direction) the right hand section
of the screen will be blanked. If it is set
too high in value the beginnings of every
other line scan will be blanked. probably
resulting in a severe loss of picture stability.
There should be a narrow range of in-be-
tween settings that give the desired result.

It is just possible that with VR at mini-
mum resistance there will be a very nar-
row band down the left hand side of the
screen which is not blanked. Reducing the

General layout of video modules inside a rack-mounting case.

value of resistor R8 to 4k7 should cure this
problem.

If the monostable is set for the maximum
pulse duration. the electronic switch is in
the “on" state for what is virtually the

whole of each line scan. and the input sig-
nal is effectively passed though to the out-
put without any processing. The television
or monitor therefore shows an unblanked
screen. Fig. 10 helps to explain this process.

B et e S ]

The completed Hozizontal Wiper circuit board.
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Fig. 14. Horizontal Wiper printed circuit board component layout, wiring and full size underside copper foil master track
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VERTICAL

WIPER

Blanking the television or monitor screen using the
“frame-by-frame” technique.

VERTICAL Wwiper operates in a
A manner which is not dissimilar to a

horizontal type. but there are some
important differences between the two
types of circuit. Fig. 15 shows the block
diagram for the Vertical Wiper module.

Like the Horizontal Wiper, this arrange-
ment has part of the signal fed to a
synchronisation separator, with the resul-
tant output pulses driving a monostable
multivibrator. This in turn controls an
electronic switch.

The synchronisation separator used in
this application is different to the one
used in the Horizontal Wiper. This cir-
cuit must operate on a “frame-by-frame"
basis, rather than using a line-by-line ap-
proach. Accordingly. the synchronisation
separator produces a trigger pulse for the
monostable at the beginning of each frame
synchronisation pulse.

The pulse duration of the monostable
can be varied via a potentiometer, and this
acts as the Wipe control. As the blanking
process is being applied to frames rather
than to lines, the maximum pulse duration
is much longer in this application. It is
approximately equal to the duration of one
frame, or about 20ms in other words.

ELECTRONIC
SWITCH

The electronic switch is a changeover
type, and one input is fed with the full
composite input via a d.c. restoration cir-
cuit. The other input is fed via a luminance
stripper circuit which removes the bright-
ness modulation signal, but leaves the
negative synchronisation pulses (both the
frame and the line types).

With the monostable set for its minimum
pulse duration the full composite signal is
only switched through to the output for the
first few lines. As these are not displayed on
a correctly adjusted television or monitor,
this has no effect on the displayed picture.
For the rest of each frame the luminance
stripped signal is fed through to the out-
put. This gives a blanked screen, but it con-
tains the line synchronisation signals that
are necessary to maintain a stable picture.

As the monostable pulse duration is in-
creased, more lines at the top of the screen
have the luminance signal, and the pic-
ture is “wiped” onto the screen from the
top downwards. With the maximum pulse
duration only a few lines at the bottom of
the screen are wiped. As these are not nor-
mally displayed, a normal picture appears
on the screen of the television or monitor.
Gradually shortening the pulse duration of
the monostable has the opposite effect, and
“wipes" the picture from the screen.

Although this setup “wipes™ away the
signal from the bottom upwards, and
reintroduces it from the top downwards, it
is easy to obtain the opposite effect.

Simply inverting the control signals to the
electronic switch results in the picture being
wiped from the top downwards, and
reintroduced from the bottom upwards.

WIPE
INPUT O SYNC
e MONOSTABLE
LUMINANCE
1 strieeer '-l_
ELECTRONI
bl AMPLIFIER [0 0UTPUT

o.c.

RESTORATION

Fig. 15. The Vertical Wiper module block diagram.

COMPONENTS

VERTICAL WIPER
Resistors

R1 120
R2 390
R3, R4 47k (2 off)
RS 18k
R6, R8, R11,

R12, R15,

R17 4k7 (6 off)
R7 10k See
R9 2k7 1
R‘lg ggOK DU UNIY
R13, R14 22k (2 off
R e TALK
R18 220k Page
R19 12k
R20 5k6
R21 470
R22 68
All 0-25 5% carbon film

Potentiometers

VR1 470k rotary carbon, linear

VR2,VR3 1M min. preset,
horizontal (2 off)

Capacitors
C1 220n polyester
Cc2 10pu radial elect. 25V
C3 15n polyester

Approx cost
guidance only

C4 1n polyester
C5 22n polyester
C6 100p radial elect. 16V
Cc7 100n ceramic
C8. C9,
C10, C11 100u radial elect. 10V
(4 off)
Semiconductors
1C1 4047BE CMOS timer
1IC2 4016BE or 4066BE CMOS
analogue switch
TR1 BC557 pnp silicon
transistor
TR2, TR3,

TR4, TR5 BC547 npn silicon
transistor (4 off)

D1, D2,
D3, D04 1N4148signal diode

(4 off)

D5 0OA91 germanium signal
diode

Miscellaneous

S1 d.p.d.t. min. toggle

switch

SK1, SK2 phono socket (2 off)

Printed circuit board avaiable from the
EPE PCB Service, code 917; 14-pin i.c.
holder (2 off); control knob; connect-
ing wire; 1mm single-sided solder pins;
solder etc
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CIRCUIT
DESCRIPTION

The full circuit diagram for the Vertical
Wiper appears in Fig. 16. The synchronisa-
tion separator circuit is based on transis-
tor TRl and TR2. It is similar to the
synchronisation separator used in the pre-
vious two circuits, but it incorporates low-
pass filtering (R7 and C3) so that it will
only respond to signals of suitably long
duration. In other words. it is activated by
the frame pulses. but it will ignore the
much shorter line synchronisation pulses.

Once again, the monostable is a negative
edge triggered type based on a CMOS
4047BE. In this case the values in the
C/R timing network have been chosen to
give much longer pulse durations. Resistor
R9 sets the minimum pulse duration at
a suitable figure of about 150ps. Poten-
tiometer VR is the Wiper control. and this
permits the pulse duration to be varied up
to about 20ms. The series resistance of R10
and preset VR2 is connected in parallel
with VR1, and VR2 is adjusted to limit the
maximum pulse duration to a suitable
level.

The electronic switch (IC2) is a change-
over type. which is actually a pair of s.p.s.t.
switches driven with anti-phase control sig-
nals so that the required s.p.d.t. action is
obtained. Switch S1 governs the phasing of
the control signals to 1C2, and enables the
unit to be switched between wiping from
the top of the screen downwards and the
bottom of the screen upwards.

One input of the electronic switch is fed
with the normal composite signal via a
simple d.c. restoration circuit based on
diode DS5. The other input is fed via a
simple clipping circuit based on diodes D2
to D4.

This operates in the same manner as the
basic Video Fader circuit described pre-
viously. Preset VR3 is the “fader” con-
trol, and in this application it is preset to

Component layout on the completed Vertical Wiper p.c.b.

give a fully faded signal, so that only the
synchronisation pulses are passed through
to IC2.

Transistors TR3 to TRS are used in a
buffer amplifier. at the output of the circuit.
The current consumption of the circuit is
typically a little under 25mA.

CONSTRUCTION

The printed circuit board (p.c.b.) com-
ponent layout and underside copper foil
master pattern for the Vertical Wiper
module is shown in Fig. 17. This board is
available from the EPE PCB Service. code
917.

Remember that IC1 and IC2 are CMOS
integrated circuits, and that they require
the standard anti-static handling precau-
tions. Also bear in mind that the OA91
(D5) is a germanium diode, and that a
component of this type is more vulnerabie
to heat damage than the more familiar
silicon semiconductors.

It is not essential to use a heat-shunt
when fitting D3, but the two soldered joints
must be completed reasonably quickly. Do
not omit the single link-wire just below D4
and IC2.

The point-to-point wiring is also il-

lustrated in Fig. 15. This is very straightfor-
ward, and should give no problems.

ADJUSTMENT

Like the units described previously, test-
ing and setting up this device is easiest if it
is connected between a camcorder and a
suitable television set or monitor. With pre-
sets VR2 and VR3 set at roughly middle
settings the unit should work to some de-
gree. Preset VR3 should be adjusted for
the lowest resistance that gives a properly
“wiped” screen. In other words, it should
be given the most clockwise setting that
gives good results.

Preset VR2 must be set for the lowest
resistance that enables the full screen to be
*wiped”. This should be carried out with
switch Sl set for a **top downwards™ wipe
of the screen. If VR2 is set for too low a
resistance it will not be possible to fully
“wipe” the screen.

If VR2 is set for an excessive resistance,
with VR at around maximum resistance
the screen blanking will only occur on every
other frame, giving a very flickery picture.
Finding the right setting for VR2 is a matter
of first setting VR1 at maximum resistance,
and then using a bit of trial and error.
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Fig. 16. Full circuit diagram for the Vertical Wiper module.
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Dub a sound-track on your home videos.

ITH most camcorders and video re-
Wcorders it is possible to do some

doctoring of the sound when edit-
ing tapes. This usually consists of mixing
some background music with the original
sound track, and possibly adding a com-
mentary of some kind as well.

An Audio Mixer is needed in order to
accomplish this audio editing, but a sophis-
ticated mixing desk is not needed. In fact a
fairly basic mixer will handle the job very
well.

The audio mixer featured here is a simple
four-input (channel) type having one
microphone input and three high level
inputs. The latter can be fed from sources
such as a Compact Disc player, a Cassette
Deck, and the Camcorder itself.

The microphone input can be used with a
low impedance (about 200ohms to one

kilohm) dynamic microphone, or any
microphone which has comparable output
characteristics. This includes most electret
type microphones. The microphone input
is easily modified for operation with
high impedance (about 20k to 50k)
dynamic microphones, or microphones
which provide a similar output level.

STEREO

Although the mixer was designed as a
mono unit, it can be built as a stereo mixer.
It is basically just a matter of building rwo
mixer boards, one for use in each stereo
channel.

The “fader” potentiometers could then
be dual-gang types so that the two chan-
nels can be adjusted simultaneously. An
arrangement preferred by many is to have
individual slider controls for the two chan-
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nels, with each pair mounted side-by-side.
It is then easy to adjust the two channels
simultaneously, but it is also possible to
adjust them individually if some correction
of the channel balance should be required.

CIRCUIT
DESCRIPTION

The circuit is basically just a standard
summing mode circuit. The complete cir-
cuit diagram for the Four-Channel Audio
Mixer is shown in Fig. 18.

The low-noise j.f.e.t. input op.amp IC3
is used as the basis of the mixer stage,
and this is really a form of inverting mode
amplifier. However, in this case there are
four input resistors (R10 to R13), and the
output of the circuit adjusts to balance the
sum of the input voltages.

This gives the required mixing action,
and it also gives almost complete isola-
tion between the inputs due to the “virtual
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Fig. 18 Complete circuit diagram for the 4- Channel Audio Mixer. The input/output sockets can be mono or jack types.

earth” produced at the inverting input of
IC3. This ensures that adjustments to the
Fader control for one channel have no sig-
nificant affect on the other three channels.

Sockets SK2 to SK4 are the high level
inputs. and these feed three inputs of the
mixer via “fader” potentiometers (VR2 to
VR4). The maximum gain from each high
level input to the output is a little over
unity.

If necessary. slightly higher gain can be
obtained by making resistor R16 slightly
higher in value. The maximum voltage gain
is actually equal to the value of R16 div-
ided by 22k (the value of the input resis-
tors). The input impedance at the high level
inputs is around 15k.

MICROPHONE
PREAMPLIFIER

The output level from a low impedance
microphone is very low. In fact it is nor-
mally well under one millivolt r.m.s.. which
is about one to two thousand times less
than the signal from a high level source
such as a compact disc player. A high gain
preamplifier is therefore used to boost the
microphone signal to a level which is com-
parable to the signal level at the other in-
puts.

A very low noise bipolar operational
amplifier, IC1. is used in the input stage of
the preamplifier. This provides a much
better signal to noise ratio than the stan-
dard 741C. or even a low noise bifet device
such as the LF35IN. In fact it gives a noise
level which is only about one tenth of that
provided by a 741C.

Good noise performance is important in
an application such as this where very low
input levels are involved. IC1 operates in
the inverting mode. and has a closed loop
voltage gain of about 100 (40dB). Resistor
R1 sets the input impedance at approxi-
mately one kilohm (1k). which will give
satisfactory results with any normal low
impedance microphone.

For operation with a high impedance
microphone R1 should be increased in
value to 10k. and capacitor C2 should be
reduced to 2u2. This will give a closed loop
voltage gain of 10 (20dB) and an in-
put impedance of about 10k. This should
give good results with virtually any high
impedance dynamic microphone. or an
electret type which has a built-in step-up
transformer.

Further amplification is provided by
IC2. and this is a non-inverting mode
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circuit. It has a closed loop voltage gain of
just under 20 (26dB). giving a total voltage
gain of just under 2000 (66dB). This gives
an output level of several hundred mil-
livolts r.m.s. Potentiometer VR is the
Fader control for the microphone input.

The output Level control VRS would
normally be set for maximum output. It
provides an easy means of simultaneously
fading «/l the nput signals. The current
consumption of the circuit 1S approxi-
mately 9mA.

CONSTRUCTION

The printed circuit board (p.c.b.) com-
ponent layout and full size underside cop-
per foil maser pattern are shown in Fig. 19.
This board is available from the EPE PCB
Service, code 918.

COMPONENTS

None of the integrated circuits are static-
sensitive, but the NE5534A used for IC1 1s
not a particularly cheap device. It 1s
strongly recommended thatan i.c. holder is
used for this component. and it would be
advisable to use holders for the other two
integrated circuits as well. Fit single-sided
pins to the board at the numerous points
where connections to  off-board com-
ponents will be made.

There is a substantial amount of hard
wiring. and this is also illustrated in Fig.
19. The wiring to socket SK1 is very sensi-
tive to stray pick up of mains “hum™ and
other electrical noise. Therefore, it is essen-
tial to use a screened cable to connect SK1
to the printed circuit board.

The wiring from the other input sockets
to their respective Fader potentiometers is

£15

Approx cost
guidance only

AUDIO MIXER

Resistors
R1, R9 1k (2 off)
R2.R3
R14, R15 33k (4 off)
R4 100k
R5 2k7
R6. R7 PTALK
R10to R13 22k (6 off) age
R8 18k
R16 27k
All 0:25W 5% carbon film
Potentiometers
VR1 10k rotary carbon, log
VR2, VR3,
VR4 22k rotary carbon, log. (3 off)
VRS 4k7 rotary carbon, log
Capacitors
(& 100y radial elect. 16V
C2 22y radial elect. 16V

C3, C4,
cn 47 radial elect. 63v
(3 off)
C5 47u radial elect. 16V
C6. C8,C9,
C10 1uradial elect. 63V
(4 off)
C7.C12 10u10uradial elect. 25V
(2 off)
Integrated Circuits
1IC1 NES5534A low noise op.amp
1C2.1C3 LF351N bifet op.amp
(2 off)
Miscellaneous

Printed circuit board available from
the EPE PCB Service, code 918; 8-
pin 1c holder (3 off); control knob
(5 off); connecting wire; single-sided
solder pins; solder etc

Evervday with Practical Electronics, December 1994

. ey e



1 I*I
1 20T

-

NEGY

o
. ._J—r—\._°"
O ,"

! R2 e— R6 RS

i+ 12V

i ) Y

SK1

raw) MIC INPUT

Fig. 19. Audio Mixer printed circuit board component layout, wiring and full size copper foil master.

The Audio Mixer input and output sockets are mounted on the rear panel of the
case.

W/r/ng to the Mixer module printed circuit board, using screened leads, can be séen
in the right-hand corner of the metal case.
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less prone to stray pick up, but it would
still be advisable to use screened cables for
these connections unless this wiring is very
short. Similarly, screened cables should
also be used to connect controls VR2, VR3,
and VR4 to the p.c.b. unless this wiring is
very short.

Phono sockets are shown for SK1 to
SK5 in the wiring diagram Fig. 19, and
this is the type of socket normally used for
both the audio and video signals on
amateur video equipment. However, it is
obviously in order to use any type of
audio connector which fits in well with
your other equipment. For example, a
3-5mm jack socket might be a better
choice for SK 1.

TESTING

When initially testing the mixer it is
probably best to feed its output to the audio
input of a television set or monitor. You
can then feed signals to the inputs, and
check that the various controls have the
correct effect.

When trying the microphone input
remember that ‘*howl-around™ will almost
certainly result if the microphone level
control (VR1) is advanced too far. For this
reason, when using the microphone input
in earnest the audio output signal should
not be monitored using a loudspeaker. It
might be all right to monitor the signal
using headphones, but even this can cause
feedback problems.

Next Month: We conclude with a

Dynamic Noise Limiter and the System
Power Supply module.
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ELECTRONICS PRINCIPLESII
SOFIT'WARE

from E.P.T. Educational Software o3 sts

If you are lookin§ for a means of improving your knowledge of
the basics of electronics then this software is for you.

Electronics Principles Il covers:

* Insulators, Conductors, Resistance
* D.C. Circuits

* Capacitance and Inductance

* A.C. Series Circuits

* A.C. Parallel Circuits

* Reactance and Impedance

* A.C. and D.C. Power

* Frequency and Tuned Circuits

* Using Numbers

* Complex Numbers, Phase Angles
% P.N. Junction Diode

* Transistors

* Operational Amplifiers

* Logic Gates

* Digital Number Systems

% Combinational Logic

Electronics Principles 11 is a major revision of the successful original
version currently used by electronics hobbyists, schools, colleges, and
for training within industry throughout the U.K. and overseas. Some
of the modifications are as a result of feedback from teachers, but
mostly the changes are due to making greater use of the available
improvements in software development technology. Text has been
removed from the screen and is now selected by the F1 key. This
provides a larger screen area on which to develop the circuit diagrams
and calculations, greatly improving the graphics presentation.

The individual sub-menus are changed to selection buttons, this
makes all those topics available within a module, clearly visible to
the user. The layout of the calculations is considerably enhanced,
firstly by providing the formulae used and secondly by showing the
calculation steps, exactly as in a textbook; the advantage here being
that you can input your own values.

Mouse selection is improved by increasing the screen range over

* Flip Flops which the button may be clicked. There are several additional
* Counters and Shift Registers screens, developing further previous topics and a new program
% Memory illustrating microprocessor registers and the operation of a

% Microcomputer operation micro-computer.

Having reviewed a dozen, or more, educational softicare packages designed to “‘teach’ electronics, I was more than a
little sceptical when 1 first heard about Electronics Principles: there seemed to be little that could be done that has not
been done elsewhere. When | started to use the package my views changed. Indeed, | was so impressed with it that |
quickly came to the conclusion that Everyday with Practical Electronics readers should have an opportunity to try the
package out for themselves! — MIKE TOOLEY B.A. Dean of Faculty
of Technology, Brooklands Technical College

Over 200 menu driven screens with interactive graphics
enabling a learning by doing approach to encourage
experimentation.

Complete package Only £49.95 inc. VAT.
ELECTRONICS P.C. TOOLBOX VERSION 2.0

New extended and improved version of the popular Toolbox
software. Presents commonly used formulae i a way that makes
calculations easier thus encouraging experimentation in circuit design.

Demonstration disk available
Electronic Principles . GCSE Maths

or Mathematics Principles (state which)
send £2 (Overseas orders send £3
includes P& P

GCSE MATHS

Covers D.C. Calculations from Ohm's Law to Loading a Potential
Divider; Further D.C. Calculations from Power Ratio Decibels to
Kirchhoff's Laws; A.C. Calculations from Average Peak Current to
Filters and Admittance; Capacitance Calculations from values
to RC Time Constants; Inductance Calculations from value to
Selectivity; Binary Calculations from Addition to 2's Complement;
Numbers and Phase Angles from addition to Polar to Rectan-
gular; Operational Amplifiers from Inverting Op-Amp to Op-Amp

DL S TR Only £19.95 inc. VAT

FREE while stocks last each Toolbox Version 2.0 ordered will
be supplicd with two different EPE “Calculation Corner™ wall
charts covering D.C. and A.C. Flectricity .

A series of programs covering all the major topics
required by the school syllabus. Designed to be
user friendly enabling you to study or revise in
what we believe is an interesting and enjoyable
way. There are nearly one hundred and fifty menu
driven screens with interactive graphics, enabling
a ‘learning through doing’ approach to encourage
experimentation. Now being used in many schools
throughout the U.K.

Overseas customers or for those with a general
interest in maths order Mathematics Principles

Only £49.95 inc. VAT for either package

These programs require a PC (or fully compatible system) running DOS with an 80286 or better processor and VGA
(ideally colour) graphics. In addition you must have a hard disk, a high density (1.44Mb) floppy drive and at least
640K of RAM. We also recommend the use of a mouse. Site licences are available — please enquire.

Distributed by Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset BH21 1RW. (Mail Order Only).
Add £1 per order for UK post and packing. Make cheques payable to Direct Book Service.
Direct Book Service is a division of Wimbormne Publishing Ltd. publishers of Everyday with Practical Electronics.
Tel: 0202 881749. Fax: 0202 841692.

Visa and Mastercard orders aceepted (minimum credit card order £5) — please give card number, card expiry date and cardholders address if different
to the delivery address. Orders are normally sent within seven days but please allow a maximum of 28 days - longer for overseas orders.

OVERSEAS ORDERS: Add £2 postage for countries in the E.E.C. Overseas readers, outside the E.E.C. countries add £3 for airmail postage.
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VIDEOS ON ELECTRONICS

A range of videos designed to provide instruction on electronics theory. Each video gives a sound introduction and ground-
ing in a specialised area of the subject. The tapes make learning both easier and more enjoyable than pure textbook or
magazine study. They are proving particularly useful in schools, colleges, training departments and electronics clubs as well
as to general hobbyists and those following distance learning courses etc.

VT201 to VT206 is a basic electronics course and is designed to be
used as a complete series, if required.

VT201 55 minutes. Part One; D.C. Circuits. This video is an absolute must for
the beginner. Series circuits, paralle! circuits, Ohms law, how to use the digital
multimeter and much more. Order Code VT201
VT202 62 minutes. Part Two; A.C. Circuits. This is your next step in under-
standing the basics of electronics. You will learn about how coils, transformers,
ors, etc are used in common circuits. Order Code VT202
VT203 57 minutes. Part Three; Semiconductors. Gives you an exciting look
into the world of semiconductors. With basic semiconductor theory. Plus 15
different semiconductor devices explained. Order Code VT203
VT204 56 minutes. Part Four; Power Supplies. Guides you step by step
through different sections of a power supply. Order Code VT204
VT205 57 minutes. Part Five; Amplifiers. Shows you how amplifiers work
as you have never seen them before. Class A, class B, class C, op.amps.
etc. Order Code VT205
VT206 54 minutes. Part Six; Oscillators. Oscillators are found in both linear
and digital circuits. Gives a good basic background in oscillator circuits.
Order Code VT206
By the time you have completed VT206 you have completed the basic elec-
tronics course and should have a good understanding of the operation of basic
circuit elements.

VCR MAINTENANCE

VT102 84 minutes: Introduction to VCR Repair. Warning, not for
beginner. Through the use of block diagrams this video will take

through the various circuits found in the NTSC VHS system. You wi
follow the signal from the input to the audio/video heads then from

heads back to the output. Order Code VT102
VT103 32 minutes: A step-by-step easy to follow procedure for profes-
sionally cleaning the tape path and replacing many of the belts in most
VHS VCR's. The viewer will also become familiar with the various parts
found in the tape path. Order Code VT103

Each video uses a mixture of animated current flow in circuits plus

text, plus cartoon instruction etc., and a very full commentary to get

the points across. The tapes are imported by us and originate from
VCR Educational Products Co, an American supplier.

(All videos are to the UK PAL standard on VHS tapes)

Now for the digital series of six videos. This series is designed to
provide a good grounding in computer technology.
VT301 54 minutes. Digital One; Gates begins with the basics as you leam
about seven of the most common gates which are used in almost every digital
circuit, plus Binary notation. Order Code VT301
VT302 55 minutes. Digital Two; Flip Flops will further enhance your
knowledge of digital basics. You will leam about Octal and Hexadecimal
notation groups, flip-flops, counters, etc. Order Code VT302
VT303 54 minutes. Digital Three; Registers and Displays is your next step in
obtaining a solid understanding of the basic circuits found in todays digital
design. Gets into multiplexers, registers, display devices, etc.

Order Code VT303
VT304 59 minutes. Digital Four; DAC and ADC shows you how the computer
is able to communicate with the real world. You will learn about digital to
analogue and analogue to digital converter circuits. Order Code VT304
VT305 56 minutes. Digital Five; Memory Devices introduces you to the tech-
nology used in many of todays memory devices. You will leam all about ROM
devices and then proceed into PROM, EPROM, EEPROM, SRAM, DRAM, and
MBM devices. Order Code VI305
VT306 56 minutes. Digital Six; The CPU gives you a thorough understanding
in the basics of the central processing unit and the input/output circuits used to
make the system work. Order Code VT306

By now you should have a good understanding of computer technology and what
makes computers work. This series is also invaluable to the computer technician
to understand the basics and thus aid troubleshooting.

VT401 61 minutes. AM. Radio Theory. The most complete video ever produced
on a.m. radio. Begins with the basics of a.m. transmission and proceeds to the five
major stages of a.m. reception. Leam how the signal is detected, converted and
reproduced. Also covers the Motorola C-QUAM a.m. stereo system,
Order Code VT401
NaAtY VT402 58 minutes. F.M. Radio 1. F.M. basics including the functional
of a receiver. Plus r.f. amplifier, mixer oscillator, i.f. amplifier; limiter and
f.m. decoder stages of a typical f.m. receiver. Order Code VT402
Nﬂzm\gm%nﬁm.F.M.MoPmZ.Amﬂondth
ogy Part 1. Begins with the detector stage output, proceeds to the 19kHz
amplifier, frequency doubler, stereo demultiplexer and audio amplifier stages. Also
covers RDS digital data encoding and decoding. Order Code VT403
IS1a%Y VT501 58 minutes. Fibre Optics. From the fundamentals of fibre optic
technology through cable manufacture to connectors, transmitters and receivers.
Order Code VT501

ORDERING: Add £1 p&p per order for UK orders. OVERSEAS ORDERS: Add £2 postage for countries in the EEC.
Overseas orders outside the EEC countries send £25.49 (price less VAT) plus £3 per tape airmail postage (or £5 per
order surface mail postage). All payments in £ sterling dnly (send cheque or money order drawn on a UK bank).
Visa and Mastercard orders accepted - pleae give card number, card expiry date and cardholder’s address if different from the delivery address.
Orders are normally sent within seven days but please allow a maximum of 28 days - longer for overseas readers.

Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset BH21 1RW (Mail Order Only)

Direct Book Service is a division of Wimborne

Publishing Ltd., Publishers of Everyday with Practical
Electronics. Tel: 0202 881749. Fax: 0202 841692

each inc. VAT
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Constructional Project

RODENT
REPELLER

A flashy but soundly conservationist way to rid your
rooms of rodents - goodbye Mr. Mouse!

to produce a simple but effective
means of repelling some unwelcome
visitors to the attic — the Mouse Family.
Some people lay down poison and others
set traps. Some are not so brave and wish
the rotten rodents would go away with-
out having to kill them. The idea of a
poisoned animal wandering off and dying
somewhere is repugnant to many people.
Also, a trap sometimes leaves the
terrified creature caught by the tail and
releasing it can be a gruelling experience.
Humane traps are available which catch
the mouse alive but these would need to be
checked regularly if the occupant is not
going to starve to death - also, not
everyone can pluck up the courage to carry
the trap containing the terrified creature
within to release it.

PACK YOUR

BAGS

The Rodent Repeller will be found best
at keeping mice away. However, it should
also be successful at making the established
**Mouse Family™ pack their bags and seek
hospitality elsewhere. It works by using
a brilliant intermittent flashing light and
a high-pitched whistle - a combination
which frightens Ronald Rodent and family
and deprives them of a good night's sleep.

Although not very suitable for the
general living area of the house. it could be
used there to keep mice at bay while away
on holiday. It works well in cupboards,
roof spaces and other dark places since
then the light appears particularly bright.
The flashing lamp and sounder operate
together at varying intervals to keep Mr.
Mouse on his toes — the effect is not truly
random because the timing cycle repeats
after three but these animals are not
thought to be good at their arithmetic.

The Rodent Repeller is mains-operated
so may be left connected continuously for
very little cost. Although in the prototype,
the flashing light and audible warning
device are part of the main unit. it would be
a simple matter to mount them remotely on
a subsidiary plastic box.

It would then be possible to site the main
section in a convenient location — possibly
more accessible to the mains supply - so
that it could be switched on and off as
required. The inter-connecting wire could
be of any light-duty twin type of any
reasonable length.

Tms project was born out of the need

964

PIEZO

SLOW
ASTABLE

PSEUDO ~
RANOOMIZER

MONOSTABLE

/ SOUNDER

OARLINGTON
ODRIVER

XENON
BEACON

Fig. 1. Block diagram of the Rodent Repeller.

XENON TUBE

The light source is a xenon flash tube (of
the type used in small photographic flash
guns). This is part of a ready-made unit -
a xenon beacon - which is often to be
seen mounted on the external housings of
burglar alarm sirens. A clear (uncoloured)
beacon is best for this project. When ac-
tivated, these devices flash between once
and three times per second which makes
them effective for the present purpose.

The sounder is a piezo-electric buzzer. A
high-pitched sounder is most effective and

it should be chosen to be as loud as pos-
sible. It is also important to use the correct
type and more will be said about this later.
The sounder specified in the components
list will be found very suitable although
other types could be tried.

It is recommended that a frequency no
lower than 2-4kHz is used - the higher the
better. High-pitched sounds appear to be
particularly annoying to mice. Also, high
frequency sound does not *‘carry” very
well to the human living area since it
is easily absorbed by intervening objects.
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Fig. 2. Complete circuit diagram for the Rodent

Repeller.
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This means that it will be very loud where
the mice live, but less likely to disturb
paying occupants some distance away.

Although useful as a rodent repeller, this
is a versatile circuit and some readers will,
no doubt, find alternative uses for it. Other
12V output devices could be connected, up
to a total maximum loading of 250mA.

BLOCK DIAGRAM

The Rodent Repeller is illustrated in
block diagram form in Fig. 1. The first
section consists of a slow astable. This
produces a regular chain of pulses at a
rate of between one every 13 seconds
and one every 22 minutes approximately,
depending on adjustment and component
tolerances.

These pulses are applied to the second
section which pseudo-randomizes them.
New pulses are then delivered after a
certain number of input pulses have been
counted. These will be provided at twice,
three times and five times the frequency of
the astable. The cycle then repeats in-
definitely.

At minimum adjustment, therefore, there
will be output pulses at intervals of 26, 39
and 65 seconds approximately. At maxi-
mum, the nominal timings will be 44, 66
and 110 minutes.

The next section is a monostable. The
“randomized” pulses trigger this so that,
with the arrival of each one, an output is
provided of between five and 50 seconds
duration, depending on the adjustment.
This output operates the final part of
the circuit which is a Darlington driver
having sufficient current-handling capacity
to power the piezo-sounder and xenon
beacon.

POWERSUPPLY

The complete circuit diagram for the Ro-
dent Repeller project is shown in Fig. 2.
Power is derived from the 240V a.c. mains
supply by a conventional arrangement of
step-down transformer, T1, twin full-wave
rectifier diodes, D1 and D2 and smoothing
capacitor, Cl. There is a double-pole ON-
OFF switch with integral neon indicator,
S1, in the mains feed and fuses are included
in both the mains circuit (FS1) and low-
voltage section (FS2).

Note that a 9V transformer is sufficient
to provide a nominal 12V supply since
capacitor C1 charges up to the peak voltage

e

The complete Rodent Repeller in its case.

of the rectified waveform. This is ap-
proximately 1-4 times the nominal output
provided by the transformer secondary
winding - giving 13V approximately.

However, there is the forward voltage
drop (0-7V approximately) across the rec-
tifier diodes to take into account and an
additional voltage drop caused when the
load of the flashing beacon and sounder
is applied. The specified audible warning
device will operate over a wide voltage
range and tests show that the xenon beacon
will work on less than 10V so the operating
voltage is not particularly critical.

COUNTING
PULSES

The astable section is centred on ICI -
a ZNI1034E precision timer integrated cir-
cuit. IC1 differs from the common *'555
timer™ type device by using digital tech-
niques to allow a very slow pulse repetition
frequency to be obtained without the need
for high-value timing components which
would be bulky and costly.

With a supply connected to ICl pins
4 and 5 through resistor R3, a precision
2:6V output is produced by an on-chip
regulator. This is available at pin 14.

Capacitor C2 charges up from this preci-
sion supply through preset potentiometer

VR and resistor R1. The time taken to do
this is set by the values of VR1, R1, R2
and C2. Thus, with R1, R2 and C2 fixed in
value, the rate at which C2 charges can be
varied by adjustment to VR1.

As capacitor C2 charges, the voltage
across it rises and, at a pre-determined
threshold level, a count of one is clocked-
up by an on-chip binary register. It then
discharges to begin a further cycle. When
4095 (212 — 1) counts have been registered,
output pin 2 goes from low (0V) to high
(+5V) and output pin 1 goes from high to
low. This marks the end of the timing cycle.

When this happens, the low state of pin |
resets the i.c. by taking pin 3 low via
resistor R4. Timing begins once again
and the cycle repeats as long as a sup-
ply exists. Since precise timings are not
required in this circuit, an inexpensive
ceramic capacitor may be used in the C2
position. Capacitor C3 is required for
stable operation of the i.c.

The randomizing section centres on
decade counter IC2. This accepts pulses
applied to its clock input, pin 14, these
being derived from IC1 output pin 2.
However, these pulses are not of a sufficient
voltage level to be used directly. This is
because they arrive from ICl at +5V
rather than at + 12V as required by IC2.

-n‘ "E' A -
on né R10 vR2
*Nn ED> 7k ™
8
. a1
VRY 100k | WDY
2 & 12y
HVE  RST w *o.
THRES p‘—i ajinsoot et
cs L Y seacon
ZN103LE ] ™
TRIG j 100n
0o 1c3 i
el INT.CAL 1CM 7555 ah
E 3 | A b
GND 7 >
EXT. CAL 1 ~
GND TR3
LA cs TIP120
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The voltage is therefore amplified by ap-
plying the pulses to the base of transistor
TR1 through current-limiting resistor RS.
Thus, with the arrival of each pulse, the
transistor switches on and its collector -
and hence IC2 clock input pin 14 — goes
low. While the transistor is turned off, IC2
pin 14 is held high (+ 12V) via resistor R6.
Clock inut pin 14 is therefore pulsed be-
tween long high and short low states.

IC2 has ten fully decoded outputs 0 to 9.
With the arrival of positive-going pulses at
pin 14, each of the outputs goes high in
turn. When all outputs have cycled, the
chip automatically begins counting again
form zero.

KEEP ‘EM
GUESSING

When any of the connected outputs, QO,
Ql, Q3, Q4 or Q8, goes high, current is
directed through one of the diodes D3 to
D7 as appropriate and flows through cur-
rent-limiting resistor, R8, to the base of
transistor TR2. The transistor will there-
fore turn on at varying time intervals.
Note, however, that there is no further
effect if TR2 base remains high, only if it
goes low before becoming high again. The
outcome is that the collector of transistor
TR2 goes low successively at twice, three
times and five times the basic clock fre-
quency.

If, for example, VR1 is adjusted so that
IC1 produces 10-minute pulses, then TR2
will turn on at 20, 30 and 50 minutes
then repeat - good enough to keep Mr.
Mouse guessing. This particular arrange-
ment of used IC2 outputs gives good
results with the prototype but other com-
binations could be tried if desired.

The low transitions occurring at TR2
collector are applied. via capacitor CS, to

the monostable circuit centred on IC3.
Thus, when trigger input pin 2 goes low,
output pin 3 goes high for a time
determined by the values of preset poten-
tiometer VR2, resistor R11 and capacitor
C6. The output then reverts to a low level.

Adjustment to the timing is provided by
VR2 and with the specified values this will lie
between about five and 50 seconds. It could
be easily extended by increasing the value of
resistor R11 or capacitor C6 if required.

It is a characteristic of this type of timer
that a low pulse is required at the trigger
input rather than a high one. IC3 Pin 2 is
normally held high through resistor R10
and this prevents false triggering. Between
pulses, capacitor C5 discharges rapidly
through resistors R9 and R10, ready for
further operation.

While high, IC3 output pin 3 directs
current to the base of Darlington transis-
tor TR3 through current-limiting resistor
R12. Collector current then flows through
audible warning device WDI and xenon
beacon LPI connected in parallel.

A Darlington device consists of two
interconnected transistors in the same
package. It is equivalent to a single
transistor with a high input impedance and
an exceptionally high current gain. Thus, a
very small base current is sufficient to
provide a large collector output.

Note that TR3 is amply-rated to drive
the specified AWD and xenon lamp and
does not require a heat sink. Diode D8 is
included as a precaution in case an
inductive load. such as a relay, is ever
connected to the output. If this were done,
the collapse of the magnetic field on
switching off could generate a high-voltage
pulse which could damage semiconductor
components in the circuit. Certain types of
audible warning device could have a
similar effect.

MAINS POWER

Important Safety Warning: Construction
of this project. involves making mains con-
nections. It is therefore essential for any
reader who is not certain of being able to
make a safe job to seek professional advice.
Before removing the lid of the case to make
adjustments to the timings or for any other
reason, the unit must first be unplugged from
the mains.

The Rodent Repeller is designed to be
plugged into a standard mains wall socket.
It should not be permanently wired-in.
Note also that the completed project must
be housed in an earthed metal box
and correctly fused in both transformer
primary and secondary circuits as indi-
cated.

1t is important to use a good quality trans-
former of adequate current rating (see com-
ponents list). This will remain cool in opera-
tion and be suitable for continuous use.

Some cheap transformers have an exces-
sive off-load voltage. The theory is that the
voltage drops to the nominal value when a
full load is applied. These transformers
should be avoided in this application since,
between operations of the beacon and
sounder, very little current is drawn from
the transformer - that is, it is almost
off-load. The output voltage could then be
sufficiently high to cause damage to the
circuit.

CONSTRUCTION

One further practical point is that the
chosen sounder must be of the type with
internal drive circuilry. Other types will not
work. The correct type will be described as
being suitable for 12V d.c. operation (or a
range of d.c. voltages spanning 12V).

Most of the components for the Rodent
Repeller are mounted on a single-sided

QUTPUT
+) WOI/LPY |-
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Fig. 3. Printed circuit board component layout and full size copper foil master track pattern.
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printed circuit board (p.c.b.). A full-size
copper foil master track pattern and com-
ponent layout details are shown in Fig. 3.
This board is available from the EPE PCB
Service, code 913.

Begin construction by drilling the three
mounting holes in the circuit board. 2mm
in diameter, at the positions indicated. The
recommended assembly order is as fol-
lows. Firstly, solder in the three i.c. sock-
ets followed by resistors, non-electrolytic
capacitors (C2 to C5) and diodes -~ all
mounted flat to the board. Next, mount
the transistors and the two preset poten-
tiometers. Finally, solder in electrolytic
capacitors Cl and Cé. Take particular care
over the polarity of the diodes. transistors
and electrolytic capacitors.

Adjust the presets fully anti-clockwise (as
viewed from the top edge of the circuit
board) — this will provide the shortest
timings which will be convenient for testing
purposes. Solder a temporary wire 10cm
long to either position labelled T sec™ on
the circuit board and a similar piece of wire
to the position marked “*FS2". Solder two
further pieces of wire to the output pads
and secure the two-section piece of screw
terminal block to the free ends of these.

The terminal block will eventually be
used for the sounder and beacon connec-
tions. However, it is better if a small 12V
bulb (an MES type of 2:2W rating in a
suitable lamp holder for example) is used
for the moment. It is then possible to
test the p.c.b. using a 9V or 12V bat-
tery without the encumbrance of having
to observe mains safety precautions. Any
small problems may then be solved before
attending to the mains-operated section.

A PP3 battery is not really up to this job.
It would be better to use a PP9 type or,
perhaps, six “AA™ size cells in a suitable
battery holder.

Fig. 4. Wiring details for the Rodent Repeller.

T1 SEC  FS2 T1 SEC
LINK WIRE
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T1 260y
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Fig. 5. Alternative transformer wiring.

Insert the i.c.s into their sockets taking
care over the orientation. Since these are
all CMOS devices, they could possibly be
damaged by excessive static charge which
might exist on the body. It would there-
fore be wise to touch something which is
earthed, for example, a water tap, before
removing them from their packaging and
touching the pins.

Now, using crocodile clips or other reli-
able method, connect the battery negative
terminal to the wire leading to the position
marked “FS2” on the circuit board. Con-
nect the positive terminal to the wire lead-
ing to diode DI or D2. IC3 often triggers
when power is first applied so the lamp will
probably come on immediately and go off a
few seconds later.

Leave the battery connected and check
that the light operates at roughly the cor-
rect time intervals. As a guide these will be
26. 39 and 65 seconds. then repeat. Note
that on powering-up. IC2 may begin with
any one of its outputs high so the cycle
may not begin as expected. If the circuit
operates correctly in this basic test, atten-
tion may be given to preparing the case for
the printed circuit board and other internal
components.
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JUSTIN CASE

Prepare the box by drilling three holes in
the base section to correspond with those
already made in the circuit board. Drill
holes also for transformer T1, chassis fuse
holder FS2, and a further one of sufficient
diameter to accommodate the strain relief
bush to be used on the mains input lead.
Drill holes in the top section of the case for
on-off switch S1. panel fuse holder FS| and
terminal block TBl mounting (see photo-
graph).

Further holes will need to be drilled in
the top of the case to mount the sounder
and xenon beacon, depending on the type.
Holes will also be needed for their connect-
ing wires to pass through. If these com-
ponents are to be mounted remotely, a hole
will be needed for a small socket (for ex-
ample, a 3-5Smm mono jack-type socket) to
enable them to be connected through a
matching plug and length of twin wire.

TRANSFORMER
MOUNTING

Mount the mains transformer (only
loosely at the moment if the connections are
difficult to reach with the soldering iron)
noting the solder tag at one of its fixings.
This will be used for earthing the case and
transformer core and is essential for safety
reasons. It will probably be necessary to
de-solder the temporary wires which were
previously connected to the circuit panel for
testing purposes. However, those connected
to the output pads will be used.

Make the three connections from the
circuit board to the transformer secondary.
If the transformer is of the type having a
“9V-0V-9V" secondary (sometimes called
a centre-tapped secondary), proceed by
referring to Fig. 4. Here, the transformer is
shown having three secondary wires, or
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tags. These may be marked 9V, 0V, 9V™
or similar. If coloured, there may be two
white ones and one black. The two of
similar colour will be the 9V connections
and should be connected as such to the “T1
secondary™ positions on the circuit board.
The black wire is the OV one and is
connected to fuse FS2.

COMPONENTS

Resistors See
R1, R4, o
K7 10K @3off) SHOP
R 70k

R3 680 TALK
RS, RS, Page
R11 100k (3 off)

RS, R,

R10 47k (3 off)

R12  4k7

All 0-25W 5% carbon film or better

Potentiometers
VR1,VR2 1M vertical sub-min
preset (2 off)

Capacitors
C1 2200y 25V radial elect. 25V

C2 220n disc ceramic
C3,C4
C5 100n disc ceramic (3 off)
Ccé 47uradial elect. 25V
Semiconductors
IC1 ZN1034E precision timer
1C2 4017 decade counter
1C3 ICM7555 CMOS timer
D1, D2,
D8 1N4001 50V 1A rectfier
diode (3 off)
D3to D7 1N4148signal diode
(5 off)
TR1,TR2 ZTX300 npn transistor
(2 off)
TR3 TIP120 (or TIP121 or
TIP122) npn Darlington
transistor

Miscellaneous
miniature transformer with

240V primary and
9V-0V-9V (or twin 9V
secondaries) 250mA
minimum

S1 d.p.s.t. rocker switch with
1A minimum mains-rated
contacts and integral neon
indicator

FS1 20mm panel fuse holder
with 1A or 500mA ceramic
mains fuse to fit

FS2 20mm chassis fuse holder
with 500mA glass fuse to
fit

TB1 2A screw terminal block - 2

sections required
12V piezo sounder suitable
for 10V to 12V operation,
3kHz operation and
103dB output at 1 metre
LP1 clear xenon beacon (burglar
alarm type) - 12V
operation up to 200mA
rating - see text
Printed cricuit board avaiable from
EPE PCB Service, code 913; aluminium
box size 155mm x 105mm x 45mm; 8-
pin d.i.l. socket; 14-pin d.il. socket;
16-pin d.i.l. socket; 3:-5mm jack plug
and socket (see text); 3-core 3A mains
wire; strain relief bush, rubber grommets
(2 off); heat shrinkable sleeving, cable
ties, solder tags (2 off), nuts, bolts,
connecting wire, solder, etc.

w01

Approx cost
gurdance only

£39
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If the transformer has twin 9V secon-
daries, follow Fig. 5. Again, it will be clear
either by colour-coding or printing on the
body which wire or tag is which. It will be
seen in Fig. 5 that one of the OV wires and
one of the 9V ones are linked together to
form the new “*OV™ line which connects to
FS2. The 9V wire or tag left over together
with its OV counterpart are connected to
the “T1 sec™ positions on the circuit board
(either way round).

INTERWIRING

Referring back to Fig. 4. mount all
remaining internal components including
the circuit board itself. This should be
attached using small fixings through the
holes already drilled for the purpose. Use
Smm long plastic stand-off insulators on
the bolt shanks - these should ensure that
all connections on the copper track side
remain clear of the metal-work. If neces-
sary, place a piece of thick cardboard
between the p.c.b. and the bottom of the
case as an additional precaution.

Attach the sounder and xenon beacon.
Connecting wires passing through the box
must be protected using a rubber grommet.
Note the solder tag at one of WD fixings.
This will be used to provide reliable earth-
ing of the case top section. If this position
is not convenient. a small hole should be
drilled elsewhere in the top section and the
solder tag secured with a small fixing.

Complete the internal wiring apart from
the mains input lead. Use a piece of mains-
type wire to interconnect the solder tags in
the base and top sections of the case. Note
that all wiring shown drawn in thicker lines
in Fig. 4 must be mains type of 3A rating
minimum.

If the transformer has exposed primary
tags. make a cardboard or plastic shield for
these. Transformers having “flying lead™
connections, of course, do not need this.
Heat-shrinkable sleeving should be used
to insulate the connections at the on-off
switch St and fuseholder FS1.

MAINS LEAD

Make up the mains input lead using a
sufficient length of 3-core mains-type wire
of 3A rating minimum. Fit a standard
mains plug on the end and insert a 2A fuse.
Pass the other end through the strain relief
grommet and secure it. Complete the mains
wiring using more heat shrinkable sleeving
to insulate otherwise exposed connections.
Make certain that all connections are secure
and cannot pull free in service.

The wiring may be tidied up by group-
ing wires into bundles and using cable ties
or spiral wire wrap on them. Tighten the
transformer fixings firmly. Insert a 500mA
glass fuse in the chassis fuse holder (FS2)
and a 500mA or |A mains-type ceramic
fuse in the panel fuseholder (FSI). Note
that glass fuses are not suitable for direct
mains use.

ADJUSTMENT
AND TESTING

It is probably best to continue using the
small lamp already connected to terminal
TBI until the unit has been tested on the
mains supply and to enable the operat-
ing times to be set conveniently. Pass the
lamp holder wires through one of the holes
which have already been drilled for the
beacon or buzzer wires so that testing may
be undertaken with the lid of the case in
position.

Plug in the unit. switch on and check
for correct operation. If all is well, adjust
the preset potentiometers clockwise for the
required delays and operating time. This
could be the subject of experiment over the
next few days. Setting the wiper of preset
potentiometer VRI to approximately mid-
track position should provide a basic clock
rate of about one pulse every 10 minutes so
the lamp will operate at 20, 30 and 50
minutes then repeat. This is just a guide
and the actual timings will depend to some
extent on component tolerances.

With VR2 adjusted to mid-track posi-
tion, an operating time (beacon and
sounder on time) of some 30 seconds would
be expected. However. the actual value of
capacitor C6 is often higher than its
nominal value so the timing is likely to be
rather longer than that calaculated. When
the timings are set to satisfaction, the test
lamp may be removed and the beacon and
buzzer connected to terminal TBI with the
correct polarity.

FLASHLIFE

The rated life of the flash tube is approxi-
mately one million operations. Taking into
account the fact that the unit operates only
intermittently, the service life of the xenon
beacon will be in excess of 12 months. Since
it is unlikely that the unit will be used for
more than a few weeks in the year, the
potential life will be several years.

Experiment to find the best position for
the unit — near where the Mouse Family
nest and forage. Goodbye Mr. Mouse! [0
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POWERFUL SCHEMATIC CAPTURE,
PCB DESIGN AND AUTOROUTING
ALL FOR JUST £395...

PROPAK AR for DOS provides all the features you need to create complex PCB designs quickly
and easily. Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist
into ARES AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule
checks guarantee that the final PCB will correspond exactly with the schematic thus saving you from
costly layout errors and time consuming debugging.

m Attractive, easy to use graphical interface.
. = Object oriented schematic editor with automatic wire routing,
| dot placement and mouse driven place/edit/move/delete

8 Netlist generation for most popular CAD software

® Bill of Materials and Electrical Rules Check reports.

= Two schemes for hierarchical design
L]
L]

Automatic component annotation and packaging
Comprehensive device libraries and package libraries
including both through hole and SMT parts.

® User definable snap grids (imperial and metric) and Real
Time Snap to deal with tricky SMT spacings.

® Manual route editing features include Auto Track Necking,
Topological editing and Curved tracks

® Autorouting for single, doubte and multi-layer boards.

® Non autorouting PROPAK is available for just £250 if you do
not need or want the router

® Full connectivity and design rule checking

w Power plane generator with thermal relief necking

= Graphics support to 800x600 Super VGA.

= QOutput to dot matrix and laser printers, HP and Houston
plotters, Postscript devices, Gerber and Excellon NC

machines plus DXF and other DTP file formats.

CADPAK
Two Programs for the Price of One

ISIS ILLUSTRATOR
Schematic Drawing for Windows

on

ISIS SUPERSKETCH

A superb schematic drawing program

for DOS offering Wire Autorouting,

Auto Dot Placement, full component

libraries, export to DTP and much more.

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest.

O

<

Running under Windows 3.1, ISIS ILLUSTRATOR lets
you create presentation quality schematic drawings like
you see in the magazines. Furthermore, when the
drawing is done, transferring it to another document is
just a matter of pasting it through the Clipboard.

PCB Il
High performance yet easy to use manual PCB layout
package. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more

Alan Chadwick writing in ETI (January 94) concluded.
"At £79 [ thought this was an excellent buy.”

abcentcer

I

Now used by a number of prominent technical authors to
illustrate their latest books and magazine articles.

o= Call us today on 0756 753440 or fax

o

4 — rk\i}v“ . 0756 752857 for a demo pack - state

o- IT“;O? DOS or Wl:ndows. Mu'lu'-copy and
educational discounts available.

WE HAVE MOVED - NOTE NEW ADDRESS , e o0t 0o (e o e wiadyod

E | e ¢t r o n i ¢ s

53-55 Main St, Grassington, North Yorks. BD23 5AA.
Everyday with Practical Electronics, December 1994 969



€1 BARGAIN PACKS
- List 1

1,000 items appear in our Bargain Packs List
request one of these when you next order

1 x 12V Stepper Motor. 7-5degree. Order Ref: 910.

1 x 10 pack Screwdrivers. Order Ref: 909.

2 x 5 amp Pull Cord Ceiling Switches. Brown Order
Ref: 921

5 x reels Insulation Tape. Order Ref: 911

4 x 14mm Bull-races. Order Ref: 912.

2 x Cord Grip Switch Lamp Holders. Order Ref. 913

1 x DC Voltage Reducer. 12V-6V Order Ref: 916

1 x 10 amp 40V Bridge Rectifier. Order Ret: 889
Lightweight Stereo Headphones. Moving coil so
superior sound. Order Ref: 896.

2 x 25W Crossovers. For dohm loudspeakers Order
Ref: 22

2 x NiCad Constant Current Chargers. Easily adapt-
able to charge almost any NiCad battery. Order Ref:
30

18v-0-18V 10VA mains transtormer Order Ref. 813

2 x White Plastic Boxes. With lids, approx. 3" cube
Lid has square hole through the centre so these are
ideal for ight operated switch. Order Ref: 132.

2 x Reed Relay Kits. You get 8 reed switches and 2
coll sets. Order Ref: 148

12v-0-12V 6VA mains transformer. p.c b. mounting
Order Ref 938

1 x Big Pull Solenoid. Mains operated. Has %" pull
Order Ret 871

1 x Big Push Solenoid. Mans operated. Has 2" push
Order Retf" 872

1 x Mini Mono Amp. 3W into 4 ohm speaker or 1W nto
8 ohm. Order Ref 495.

1 x Mini Stereo 1W Amp. Order Ref-870

15V DC 150mA p.s.u., nicely cased. Order Ref: 942

1 x In-Flight Stereo Unit 1s a stereo amp. Has two most
useful mini moving coil speakers. Made for BOAC
passengers Order Ref: 28

1 x 0-1mA Panel Meter, Full vision fact 70mm square
Scaled 0-100 Order Ref* 756

2 x Lithium Batteries. 2-5V penlight size Order Ref:
874

2 x 3m Telephone Leads. With BT flat plug ideal for
‘phone extensions, fax. etc. Order Ref 552

1 x 12V Solenoid. Has good 2" pull or could push if
moditied Order Ret. 232

4 x In-Flex Switches. With neon on/off lights, saves
leaving things switched on. Order Ret: 7

2 x 6V 1A Mains Transformers. Upright mounting with
fixing clamps Order Ref. 9

2 x Humidity Switches. As the air becomes damper,
the membrane stretches and operates a micro switch.
Order Ref: 32

5 x 13A Rocker Switch. Three tags so on/off. or
changeover with centre off. Order Ref. 42.

Mini Cassette Motor, 9V Order Ref 944

1 x Suck or Blow-Operated Pressure Switch. Or it can
be operated by any low pressure variation such as
water level in tanks. Order Ret 67

1 x 6V 750mA Power Supply. Nicely cased with mains
input and 6V output lead. Order Ref 103A

2 x Stripper Boards. Each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well as
dozens of condensers, etc. Order Ref* 120

12 Very Fine Drills. For PCB boards etc Normal cost
about 80p each. Order Ref 128

5 x Motors for Model Aeroplanes. Spin to start so
needs no switch. Order Ref* 134

6 x Microphone Inserts. Magnetic 400 ohm, aiso act
as speakers. Order Ref 139

6 x Neon Indicators. In panel mounting holders with
lens. Order Ref 180

1 x In-Flex Simmerstat. Keeps your soldering iron etc
always atthe ready Order Ret:196

1 x Mains Solenold. Very Powerful as '
could push if modified Order Ret 199

1 x Electric Clock. Mains operated Put this in a box
and you need never be late Order Ref: 211

4 x 12V Alarms. Makes a noise about as loud as a car
horn. All brand new. Order Ret- 221

2 x (6" x 4") Speakers. 16 ohm 5 watts, so can be
joined in parallel to make a high wattage column
Order Ref: 243.

1 x Panostat, Controls output of boiling ring from
simmer up to boil. Order Ref" 252

2 x Oblong Push Switches. For bell or chimes, these
can switch mains up to 5A so could be foot switch if
fitted 1n pattress. Order Ref: 263

50 x Mixed Stlicon Diodes. Order Ref' 293

1 x 6 Digit Mains Operated Counter. Standard size but
counts 1n even numbers Order Ref: 28

2 x 6V Operated Reed Relays. One normally on. other
normally closed. Order Ref: 48

1 x Cabinet Lock. With two keys. Order Ret" 55.

6 862 5 Watt Speaker. Order Ref 824

1 x Shaded Pole Mains Motor. %" stack, so quite
powerful. Order Ref- 85

2 x 5 Aluminium Fan Blades. Could be fitted to the
above motor. Order Ref: 86

1 x Case, 3% x 2% x 1% with 13A socket pins. Order
Ret: 845.

2 x Cases. 2" x 2% x 1% with 13A pins. Order Ref:
565

4 x Luminous Rocker Switches. 10A mains. Order Ref:
793.

4 x Ditterent Standard V3 Micro Switches. Order Ref:

pull, or

4 x Different Sub Min Micro Switches. Order Ref: 313.

BARGAINS GALORE

MULT!I TESTER. 19 range, ex-British Telecom, recondi-
tioned These measure AC and DC volts. DC milliamps
and have 3 resistance ranges made to BT specification
and 20.000 opv movement. Complete with test prods.
£8.50. Order Ret- 8 5P3 Carrying case with handle £2
extra
FIELD TELEPHONES. Ex-GPO. reconditioned. just join
together with aimost any length twin wire, €15 each,
Order Ref 15P62
HEAVY DUTY TIME SWITCH (Smiths) Will switch on up
to 100A. ex-electricity board reconditioned. €10, Order
Ret 10P14
TIME ON SWITCH. Can be set anywhere from 0 to 30
mins with calibrated knobs. £2, Order Ret 2P158
FLASHING BEACON. Ideal for putting on a van. a tractor
or any vehicle that should always be seen Uses a
XENON tube and has an amber coloured dome Separate
fixing base s included so umit can be put away if
desirable Price £10 Order Ref 10P123
wrd HORSE POWER 12V MOTOR (Sinclair C5) £29.50,
Order Ref 29.5P1
SPEED CONTROLLER Suitable for the C5 or other DC 12V
motor Complete kit €18, Order Ref 18P8, already made
£29.50 Order Ret 29 5P2
LEAD LAMP. Ideal for motonsts. normal handgrip and
hanging hook, takes 60W bulb protected by glass cover, £4,
Order Ref. 4P31
POWER UNIT. Ideal model controller Mains operated. t0-
tatly enclosed so sate Controt arm reverses the polarity
and varies the voltage from 6V to 8V to 10V to 12V DC
Price £2, Order Ret 2P3
WATERPROOF HEATING WIRE. Nicrome element sur-
rounded by PVC casing ldeal tor putting around pipes to
stop them freezing 15m. the right length tor mains
working. €5, Order Ret 15P109
ULTRASONIC CAR OR HOUSE ALARM. Operates from its
own battery. nicely cased. is reasonably loud and can be
coupled to externat horn £10, Order Ref: 10P76
CLOCK MODULE. 2° LCD display. requires 1-5V battery.
goes back to zero when switched off so ideal tor tming
operations. £2, Order Ret 2P307
QUARTZ CLOCK MECHANISMS. Compiete with 2 sets of
hands. modern or period. made up ready to work. £3,
Order Ref 3P111
12v-6V REDUCER. Plugs into car socket to work radio. etc.
£2, Order Ret 2P318
DIMMER REPLACEMENT FOR WALL SWITCH up to 250W.
£2.50, Order Ret- 2 5P9 Coloured so please state colour
required
MAINS AXIAL FAN. Approximately 4x4. top quality German
make (PAPST) £8, Order Ret 8P35
MINI BLOW HEATER, 1kW ideal under desk, etc. but needs
simple case, £5, Order Ref 5P23
ANOTHER 12V-0V-12V TRANSFORMER 15 a 50VA and 1s
suitable for dropping through the chassis or as it 1s fitted
with 4 pitlars it can be mounted above the chassis Also
should you want a 12V 4A transformer. then this one
should be quite suitable, you use just one hall of the
secondary Price £3.50, Order Ref 3 5P7
0-2A PANEL METER. Circular. approximately 1%v2~
diameter, ideal for battery charger or for variable voltage
instrument. only £2, Order Ref. 366
POWER CONTROLLER. 0 to 250W. serve as a ight dimmer,
very simply mounted through circular hexagonal nut. £2,
Order Ref- 2P362
SHARP DISK DRIVE. Made to work with the Sharp com-
puter MZ700 or MZ800. Price £20, Order Ref. 20P25
PHONE LEADS. 3M long with the standard flat BT plug one
end We ve got a lot of these and we want to clear them so
are oftering 20 leads tor €5, Order Ret 5P246
0V-20V DC PANEL METER. This 15 a nice size 65mm sq It
15 1deal it you are making a voltage variable instrument or
battery charger Price £3, Order Ret 3P188
COAL EFFECT HEATER. This 1s a biow heater with switch
control alongside. made to look like a coal fire. It has a
fibreglass cover with a light underneath (but it doesn’t
smoke!) It's on curved iron legs, 1s free standing and
comes complete with flex. ready to go. It looks quite eftec-
tive, 1s very etficient and can easily be moved from room to
room Two heat settings. price £12.99, plus £5 special
packing, Order Ret 13P2
LOCAL HEATING. Where 1t 1s impossible to heat the whole
buiiding, consider using quartz glass elements These are
115V 360W so you would have 10 use 2 in series which
would give you 720W or 4 to give you twice that heat You
could incorporate a simple switch to cut it down on the not
so cold days You can have these quartz elements at a
bargain price of 2 for £1, Order Rel 907
INSULATION TESTER WITH MULTIMETER. Internally gen-
erates voltages which enables you to read insulation
directly in megohms The muitimeter has four ranges.
AC/DC volts. 3 ranges milliamps. 3 ranges resistance and
5 amp range These instruments are ex-British Telecom
but in very good condition, tested and guaranteed OK.
probably cost at least £50, yours for only £7.50 with leads.
carrying case £2 extra, Order Ret- 7.5P4

The same meter but slightly faulty, will not operate on
all ranges. probably repairable We supply diagram. €3,
Order Ret 3P176
TOUCH DIMMERS. 40W-250W. no knob to turn. just finger
on front plate. will give more. or less light. or off Silver
plated on white background, right size to replace normal
switch. €5, Order Ret 5P230
LCD 3% DIGIT PANEL METER. This i1s a multi-range
voltmeter/ammeter using the A-D converter chip 7106 to
provide 5 ranges each of volts and amps Supplied with full
data sheet Special snip price of £12, Order Ref: 12P19.
2MW LASER. Helium neon by Philips. full spec.. £30, Order
Ref: 30P1. Power supply for this in kit form with case 1s €15,
Order Ret. 15P16, or in larger case to house tube as well,
£18, Order Ref 18P2. The larger unit, made up. tested and
ready to use, complete with laser tube. €69, Order Ref
69P1.
PHILIPS 9° HIGH RESOLUTION MONITOR. Black and
white in metal trame tor easy mounting. Brand new, stll in
maker's packing. offered at less than price of tube alone,
only €15, Order Ret 15P1
15W 8 OHM 8 SPEAKER & 3 ° TWEETER. Made for a dis-
continued high quality music centre, gives real hi-fi and
only £4 per pair. Order Ret: 4P57.

€1 BARGAIN PACKS
- List 2

This is the £1 Bargain Packs List 2 - watch out for lists
3 and 4 next month

3 x Battery Model Motors, tiny, medium and large, Or-
der Ref: 35

2 x Tuning Capacitors for medium wave radios, Order
Ref: 36

Miniature 12V Relay with low current consuming coil, 2
x 3A changeover contacts, Order Ref: 51

2 x Ferrite Slab Aerials with medium wave coils. Ideal
for building small radio, Order Ref. 61

2 x 25W 8 OHM Variable Resistors.
loudspeaker volume control, Order Ref: 69
2 x Wirewound Variable Resistors In any of the follow-
ing values, 18, 35, 50, 100 ohms, your choice, Order Ref:
7

ideal for

4 x 30A Procelain Fuse Holders. Make your own fuse
board, Order Ref: 82

2 x 6% Metal Fan Blades for 5/16” shaft, Order Ref:
86/6Y:.

Mains Motor to suit the 6~ blades, Order Ref: 88

1 x 4.5V 150mA DC Power Supply. Fully enclosed so
quite safe, Order Ref. 104

10 each red and black small size Crocodile Clips, Order
Ref: 116

15m Twin Wire, screened, Order Ref: 122A.

100 Plastic Headed Cabie Clips, nail in type, several
sizes, Order Ref: 123.

4 x MES Batten Holders, Order Ref: 126

Complete Pocket Size MW Radio, believed OK but not
tested, Order Ref: 133R

4 x 2 Circuit Micro Switches (Licon) Order Ref: 157

1 x 13A Switch Socket, quite standard but coloured, Or-
der Ref: 164

1 x 30A Panel Mounting Toggle Switch, double-pole, Or-
der Ref: 166

2 x Neon Numicator Tubes, Order Ref: 170.

100 x 3/8 Rubber Grommets, Order Rei: 181.

6 x BC Lamp Holder Adaptors, Order Ref: 191

8 x Superior Type Push Switches. Make your own key-
board, Order Ref: 201

Mains Transformer 8V-0V-8V %A, Order Ret: 212

2 x Sub Min Toggle Switches, Order Ref: 214.

High Power 3" Speaker (11W 8ohm) Order Ref: 246
Medium Wave Permeability Tuner. Its almost a com-
plete radio with circuit, Order Ref: 247

6 x Screwdown Terminals with through panel in-
sulators. Order Ref. 264

LCO Clock Display, % " figures, Order Ref: 329

10 x Push-On Long Shatted Knobs for 4" spindle, Or-
der Ref: 339.

2 x ex-GPO Speaker Inserts, ref 4T, Order Ref: 352

100 x Sub Min 1F Transformers. Just right if you want
coil formers. Order Ref: 360

1 x 24V 200mA PSU, Order Ref. 393.

1 x Heating Element, mains voltage 100W, brass en-
cased, Order Ref. 8

1 x Mains Interlerence Suppressor, Order Ref: 21

3 x Rocker Swilches, 13A mains voltage, Order Ref: 41

1 x Mini Uni-Selector with diagram for electronic jig-
saw Order Ref: 56.

2 x Appliance Thermostats, adjustable up to 15A, Order
Ret. 65

1 x Mains Motor with gearbox giving 1 rev per 24 hrs,
Order Rel: 89

10 x Round Polnter Knobs for flatted %" spindles, Order
Ref" 285

1 x Ceramic Wave Change Switch, 12-pole, 3-way with
%" spindle, Order Ref: 303.

1 x Tubular Hand Mike, suits cassette recorders, etc
Order Ref: 305

2 x Plastic Stethosets, take crystal or magnetic inserts,
order Ref: 331

20 x Pre-set Resistors, various types and values, Order
Ref: 332.

6 x Car Type Rocker Switches, assorted, Order Ref: 333.
10 x Long Shatted Knobs for %" flatted spindles, Order
Ref: 339

1 x Reversing Swilch, 20A double-pole or 40A single-
pole, Order Ref: 343.

4 x Skirted Control Knobs, engraved 0-10, Order Ref:
355,

3 x Luminous Rocker Switches, Order Ref: 373

2 x 1000W Tubular Heating Elements with terminal
ends, Order Ref: 376.

1 x Mains Transformer Operated NiCad Charger, cased
with leads, Order Ref: 385.

2 x Clockwork Motors, run for one hour, Order Ref: 389

Prices Include VAT. Send cheque/postal order or ring
and quote credit card number.
Add £3 post and packing.
Orders over £25 post lree.

M & B ELECTRICAL
SUPPLIES LTD

Pilgrim Works (Dept. E.E.)
Stairbridge Lane, Bolney,

Sussex RH17 5PA

Telephone: 0444 881965

(Also fax but phone first)
Callers to 12 Boundary Road,
Hove, Sussex.
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DIRECT
BOOK
SERVICE

The books listed have been
selected by Everydasy with
Practical Electronics editorial
staff as being of special
terest to everyone involved
in electronics and computing.
They are supplied by mail order
direct to your door. Full order-
ing details are given on the last
book page. For another selec-
tion of books see next month's
issue.

ELECTRONIC PROJECTS -BOOK 1
Published by Everydsy Electronicsin iation

Special Everyday Electronics Books

ELECTRONICS TEACH-IN No.6 GUIDE
TO BUILDING ELECTRONIC PROJECTS
Published by EVERYDAY ELECTRONICS
Due to the d d from stud: hers and hobby
we have put together a range of articies from past 1ssues of
Everyday Electromics that will assist those involved with
the construction of electronic pvo,ecls

The book the Project Devel
for GCSE senies.

Contents: Features - First Steps 1n Project Buiiding,
Building with Vero; Project Development for GCSE; Get-
ting your Project Working, Guide to Printed Circuit Boards,
Choosing and Using Test Equipment - The Multimeter,
The Oscilloscope. PS.Us, Logic Probes, Digital Fre-
quency Molors Signal Genoralors etc, Data - Circuit

Codes. R ldomlfqu Com
pononls Capacnocs Actunllv Doing It - L

The subjects covered in each chapter of the book are:
Introduction and Power Supplies; Small Signal Amplifiers:
Power Amplifiers; Oscillators: Logic Circuits; Timers:
Radio; Power Control; Optocloctromcs

The nine constr. are: Ver-
satile Bench Power Supply Slmplo Intercom Bench
Amplifier/Signal Tracer; \
Die; Pulse Generator; Radio Receiver. Disco Lughu Con-
troller; Optical Communications Link.

36 pages £3.46

TEACH-IN No. 7. Plus Free Software
ANALOGUE AND DIGITAL [NEW |
ELECTRONICS COURSE

ing the Circuit Diagram, Component Codes, Mounting
circuit boards and controls. Understanding Capacitors,
Pro;ocu - Lie Detector, Personal Stereo Amplifier; Digi-
tal E s Unit Q . Swen Effocts Unit
uv E(posuve Unit: Low-cost Cap Meter; P

Radio

88 pages (Ad size)

rder code 115 £2.95

ELECTRONICS TEACH-IN No. 6
DESIGN YOUR OWN CIRCUITS
(Published by Everyday with Practical Electronics)
Mike Tooley B.A.
This book 1s designed for the beginner and expenenced
reader alike, and aims to dispell some of the mystique as-
sociated with the design of electronic circuits. It shows how
even the rel r 10 ek can. with the nght
approach, design and realise quite compiex circuits.

Fourteen indidual p.c.b. modules are described which,
with various detailed modifications, should allow anyone
to design and construct 8 very wide range of diff

{Published by Everyday with Practical Electronics
Alan Winstanley and Keith Dye B.Eng(Tech)AMIE
The highly acclaimed Teach-In ‘92 series, which included
the construction and use of the Min: Lab and Micro Lab
test and development units, has been put together in
book form Additionally EPT Educational Software have
developed a GCSE Electronics software program to com-
phiment the course and a FREE DISC covening the first two
parts of the course is included with the book

An interesting and thorough tutonal senes aimed spec-
fically at the novice or complete beginner in electronics.
The senes 1s designed to support those undertaking either
GCSE Electronics or GCE Advanced Levels, and starts with
fundamental principles.

If you are taking electronics or technology at school or
college, this book 1s for you If you just want to learn the
basics of electronics then this book is for you Hf you are
teaching electronics or technology you must make sure
you see it. Teach-in No. 7 will be invaluable if you are
conudenng a career 1n electromics or even if you are

projects Nine “hands-on” complete DIY projects have
also been included so readers can follow the think-
ing behind design, assembly, construction, testing and
evaluation, together with suggested “mods” to meet

with Magenta Electronics.

Contains twenty of the best projects from previous issues
of EE each bockod wuh a kit of components The projects
are: I} EE T Hunter, Mim
Strobe, Dng-ul Capacvunco Meter, Three Channel Sound
to Light. BBC 16K Sideways Ram, Simple Short Wave
Radio, Insulation Tester, Stepper Motor interface, Eprom
Eraser, 200MHz Digital Frequency Meter, Infra Red Alarm,
EE Equaliser loniser, Bat Detector, Acoustic Probe. Mains
Tester and Fuse Finder, Light Rider - (Lapel Badge, Disco
Lights, Chasers Light), M | Doorbell. Function

Titt Alarm, 10W Audio Amplifier, EE Buccaneer lnducuon
Balance Metal Detector, BBC Mudi Interface, Vanable Bench

Power Supply. Pet Scarer, Audio Signal Generator.
128 poges (Ad sice)  (ANMMMMINAAE ~ £2.46

ELECTRONICS TEACH-IN 88/89 -

INTRODUCING MICROPROCESSORS

Mike Tooley BA (published by Everyday
Electronics)

A complete coursa that can lead successful readers to the
award of 8 City and Guids Certficate in Introductory
Microprocessors (726/303). The book containg every-
thm? you need to know including full details on register-
ing for assessment, etc. Starting with basic terminology.
integrated circuits, logic families and numbering systems
the text builds in stages, with revision and assessments
built in, up to ptogummmg languages, flow charts, etc.
The course is ideal for the newcomer to lhe subject.

80 pages (Ad size) £2.45

dividual needs. The practical projects have each been
designed to stand on thewr own as complete items of
equipment. P.C.B.s for all the modules and projects are
available by mail order

g 1n one. The Mini Lab and software enable
lho construction and testing of both demonstration and
lopment These I 9 a1ds bring el

to life m an enjoyable and interesting way: you will both
see and hear the electron 1n action! The Micro Lab
microprocessor add-on systom wull appeal to h-ghov level

o and those devel. P
160 pages (A4 size) £3496

'N No.5
295
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Computers and Computing

HOWTO CHOOSE A SMALL BUSINESS
COMPUTER SYSTEM
D. Weale
This book is for anyone intending to buy an IBM com-
patible computer system, whether it is theu first system or
a replacement. There are on hard
tion and systems programs and how to actually make your
choice as well as sections on the law, ergonomics and a
glossary of common terms

The text contains many useful tips and some warnings
(which couid save much oﬂon and exponso)
114 pages £4.96

UNDERSTANDING PC SPECIFICATIONS
R. A, Penfold

if you require 8 puter for b d

or 8 high quality home computer, an IBM PC or companblo
is often the obvious choice. They are compomwely pvucod

AN INTRODUCTION TO 68000 ASSEMBLY
LANGUAGE

R.A. & J.W. Penfold

Obtain a vast increase 10 running speed by writing pro-
grams for 6800 based micros such as the Commodore
Amuga, Atani ST range or Apple Macintosh range etc.. in
assembly language It s not as difficult as one might think
and this book covers tho lundcmonlals

112 pages £2.95

MULTIMEDIA ON THE PC

Ian R. Sinclair

In this book, you'll find out what a CO ROM s, how 1t
works. and why 1t1s such a perfect add-on for a PC, allow-
g you to buy programmes, text, graphics and sound on a
CD. tt also describes the installation of 8 CO ROM dnive
and a sound card, pointing out the bl that
anse, and then shows how to use them to create a com-
plete mull ) that text, photos, 8

and are backed up by an er 18 range of

programs, hardwnre add-ons, etc. The main domculty lov
the unini d is deciding on the specification that will
best suit his or her needs. PCs range from simple systems
of limited capabilities up to complex systems that can
happily run applications that would have been considered
beyond the abilities of 8 puter not $0 long ago. It
would be very easy to choose a PC system that 1s nade-
quate to run your apphcations etficiently, or one which
goes beyond your needs and consequently represents poor
value for money.

This book explaing PC specifications in detail, and the
subjects covered include the following: Differences
between types of PC (XT, AT, 80386 etc); Maths
co-p ;  Input  devi (k ds., mice, and

). M y. including both oxpandod (EMS) and
extended RAM: RAM disks and disk caches; Floppy disk
drive formats and compatibility; Hard disk drives (includ-
ing interleave factors and access times). Display adaptors,
including all standard PC types (CGA. Hercules, Super
VGA, etc): Contains everything you need to know if you
can‘t tell your EMS from your EGA!

104 pages CEIEEEREE  £496

soundtrack with youv own voice recorded as a3 commen-
tary, even animation and edited video footage
£11.96

184 pages

A CONCISE INTRODUCTION TO MS-DOS

N. Kantaris

This guide is wntten with the non-expert, busy person in
mind and. as such, it has an underlying structure based on

“what you need to know first, appears first”” Nonetheless,
the guide 15 also designed to be circular, which means that
you don’t have to start at the beginning and go to the end
The more experienced user can start from any section.

The guide covers versions 3.0, 3.1 and 3.2 of both PC-
DOS and MS-DOS as -mplomemod by IBM and other
manuf; of ners
64 pages £2.95
MAKING MS-DOS WORK
FOR YOU (covers version 6.2)

N. Kantanis & P. R. M. Oliver

This book was written with the busy person 1n mind and,
as such, it has an underlying structure based on “what
you need to know first, appears first”. Nonetheless, the
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book has also been designed to be circular, which means
that you don’t have to start at the beginming and go to
the end

The book explains: How to write customised batch
files which allow you to display what you want on your
screen, and in the form and order you want it, instead of
being forced to use the DOS prompt on a blank screen
How to design and set up a fast interactive and profes-
sional looking menu system, so that you or anyone
else can run utility appl ial software
packages easily. How the ANSI SVS display and key-
board commands can be used to position the cursor
on any par of the screen, change the intensity of the
displayed characters or change their colour. How the
Ednt screen editor or the Edlin line editor can be used
to enter ESCape (ANSI.SYS) commands into simple
ASCI files to allow control of both your screen display
and your printer. How to control the operation of the
two main types of printers 1n use today, Epson com-
patible dot matrix and HP compatible laser printers.
How to use several useful routines, such as moving and
ﬁndin9 files, protecting files from accidental erasure, a

phified backup p . 8 screen saver, and a disc
cataloguing system.

The Debug program and how it can be used to create,
see and change the contents of any file, including those
of programs written 1n assembler code. This includes
how to find your way around the names and tasks
of the CPU registers and the meaning of some simple
assembler mnemonics.

182 pages [Ordor codo BPYTS IR

AN INTRODUCTIONTO CP/M
R.A. Penfold
In order to run and use programs operating under CP/M
1t 1 not essential to have an understanding of the

. but a ¢ ledge of the subject can
commlv be of immense help when minor p:obloms
occur, and also in fully /! the [ ial
of the system. This book tolis the. story|
84 pages [0 der code BPTSS R

971



Audio and Music

Project Building

ACOUSTIC FEEDBACK - HOW

TO AVOID IT

Feodback 13 the bane of all public address systems. While
feedback cannot be pl y eliminated. many things can
be done to reduce it to a level at which 1t 1s no longer a

om.

Much of the trouble 1s often the hall iself not the equip-
ment, but there 15 a simple and practical way of greatly
improving acoustics Some microphones are prone to feed
back while others are not. Certain ioudspeaker systems are
much better than others, and the way the units are positioned
can produce or reduce feedback All these matters are tully
explored as well as electronic aids such as equalizers, fre-
quency-shifters and notch filters

The special requirements of live group concerts are con-
sidered, and also the related problem of instability that is
sometimes encountered with large set-ups. We even take a
look at some unss, ful pts to cure feedback so as to
save readers wasted ime and effort duplicating them

Also included 1s the circuit and layout of an inexpensive
but highly successful twin-notch filter, and how to operate it
92 pages [0 :der code BPITO] £3.96

PRACTICAL MIDI HANDBOOK
R.A. Penfold
The Musical Instrument Digital Interface (MIDI) 1s sur-
rounded by a great deal of misunderstanding, and many of
the user manuals that accompany MIDI equipment are quite
incomprehensible to the reader

The Practical MIDI Handbook is amed pnmanty at
musicians, enthustasts and technicians who want to exploit
the vast capabiiies of MIDI, but who have no previous
knowledge of electronics or computing The majonty of the
book is devoted to an explanation of what MIDI can do and
how to exploit it 10 the full, with practical advice on
connecting up a MIDI system and getting it 1o work, as well
as deciph h | inf 110 those manuals

[Ordorcode POTT LR

PREAMPLIFIER AND FILTER CIRCUITS

R. A. Penfold

This book provides circuits and background information for a
range of preamplifiers, plus tone controls, hiters, mixers, etc
The use of modern low noise operational amphfiers and a
specialist high performance audio preamplifier 1 ¢ results 1n
circurts that have excellent performance. but which are still
quite simple. All the circuits featured can be built at quite low
cost (just a few pounds in most cases)

128 pages

AN INTRODUCTION TO LOUDSPEAKERS AND
ENCLOSURE DESIGN

V. Capel

This book explores the various features, good points and
snags of speaker designs. It examines the whys and
wherefores so that the reader can understand the
principles involved and so make an informed choice of
design. or even design loudspeaker enclosures for him or
herself Crossover units are also explained. the various
types, how they work, the distortions they produce and
how to avoid them. Finally there 15 a step-by-step
description of the construction of the Kapelimeister
loudspeaker enclosure.

148 pages £2.95

COMPUTERS AND MUSIC - AN INTRODUCTION
R.A.Penfold
Computers are playing an increasingly important part in
the world of music, and the days when computensed
music was strictly for the fanatcal few are long gone

If you are more used to the black and white keys of a
synth keyboard than the QWERTY keyboard of a computer,
you may be understandably confused by the jargon and
terminology bandied about by computer buffs. But fear
not, setting up and using a8 computer-based music making
system 1s not as difficult as you might think

This book will help you learn the basics of computing.
running applications programs, winng up 3 MIDI sys-
tem and using the system to good effect, in fact just
about everything you need to know about hardware and
the programs, with no previous knowledge of computing
needed or assumed. This book will help you to choose the
nght components for a system to suit your personal needs,
and equip you to expioit that system fully
174 pages £8.95

ELECTRONIC PROJECTS FOR GUITAR

R. A. Penfold

This book contains a collection of guitar effects and some
general purpose effects umits, many of which are sunabie for
beginners to project building. An introductory chapter gives
guidance on construction.

Each project has an introd an | n of how
1t works, a circuit diag pk on strip-
board layout and assembly. as well as notes on setting up
and using the units. Contents include. Guitar tuner; Guitar
?_reampllﬁer, §unw headphone amplifier; Soft distortion unit;

The preamplifier circuits featured include - Microph
preamplifiers (low impendance, high impedance. and crys-
tal). Magnetic cartridge pick-up preamplifiers with R.I.A A

lisaty Crystal/ pick-up p phfier. Guitar
pick-up presmplifier. Tape head preamplifier (for use with
compact cassette systems)

Other circuits include:- Audio hmiter to prevent overioad-
ing of power amplifiers. Passive tone controls. Active tone
controls. PA filters (highpass and lowpass). S and
rumble fitters. Loudness filter. Audio mixers. Volume and

balance controls
[Orde: code BP30] £3.96

92 pages

Er pe waa was; Phaser; Dual tracking ef-
fects unit; Noise gate/expander, Treble booster, Dy

HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING

R.A.Penfold

We have all built projects only to find that they did not
work correctly, or at all, when first switched on. The aim
of this book 1s to help the reader overcome just these
problems by indicating how and where 1o start looking for
many of the common faults that can occur when building
up projects.

96 pages £2.95

HOWTO DESIGN AND MAKE YOUROWNP.C.B.s
R. A. Penfold

Deals with the simple methods of copying printed cir-
cuit board designs from magazines and books and covers
all aspects of simple p.c.b. construction including photo-
graphic methods and designing your own p.c.b.s.

80 pages 10 rder code BP1 7T SRS

How to Get Your How 10
Electronic Projects °Sign an

Working Your 0 d Make

wn PCB,

A BEGINNERS GUIDE TO MODERN ELECTRONIC
COMPONENTS

R. A, Penfold

The purpose of this book 1$ 10 px i
1o help the reader sort out the bewildering array of com-
ponents currently on offer. An advanced knowiedge of the
theory of electronics is not needed. and this book is not
ntended to be a course in electronie theory. The main aim
1s to explain the differences between components of the
same basic type (.. carbon, carbon film, metal film. and
wire-wound resistors) so that the right component for a
given lication can be sel d. A wide range of com-
ponents are included, with the emphasis fimly on those

i 1int

treble booster; Envelope modifier: Tremelo unit; DI box.
110 pages Order co. 110 £8.

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION
R. A. Penfold

Practical constructional details of how to build 8 number of
sudio power amplifiers ungnrng from about 50 to 300/400
watts r.m.s. Includes MOSFET and bipolar transistor du&gns
96 pages £3.96

Theory and Reference

ELECTRONIC HOBBYISTS HANDBOOK

R.A. Penfold

Provides an inexpensive single source of easily lo-
cated information that the amateur electronics en-
thusiast 1s likely to need for the day-to-day pursuance of
this fascinating hobby Covers common component
colour codes. Details the charactenstics and pinouts of
many popular seimiconductor devices, including various
types of logic ICs. operational amplifiers, transistors.
FETs. unijunctions. diodes. rectifiers, SCRs. dracs. tri-
acs, regulators and SMDs. etc Illustrates many useful
types of circuits, such as timers and oscillators. audio

of us do not wish to afford the cost of large ref

D s that are used a great deal in projects for the
home constructor.
166 pages £3.95

BEGINNER'S GUIDE TO BUILDING ELECTRONIC
PROJECTS

R. A. Penfold

Shows the complete beginner how to tackle the practi-
cal side of electronics, so that he or she can confidently
build the electronic projects that are regularly featured in
magazines and books. Also include examples in the form
of simple projects

11

2 pages [0 :dor code 37 £1.96

ELECTRONICS SIMPLIFIED - CRYSTAL SET
CONSTRUCTION

F.A.Wilson, C.G.LA. C.Eng.. F.L.E.E.. F.LE.R.E.. F.B..M.
Especially written for those who wish to participate in
the i b Y :

books which explain many concepts in fair detail. Here 1s
an answer, an inexpensive reference guide which ex-
plains briefly (but we hope, well) many of the underly-
ing electronics features of pratical devices. most of
which, to a certain extent, control our hves

This book 1s 1n effect more than just a dictionary of
practical electronics terms, it goes a stage further in also
getting down to fundamentals. Accordingly the number
of terms may be | d but the expl s of the many
which are included are designed to leave the reader more
competent and satisfied - and this i1s without the use of

amplifiers and filters, as well as including a sep

section on power supphes. Also contains a mulutude of
other useful data

88 pages IR €495
FROM ATOMS TO AMPERES
F. A. Wiison

Explains in crystal clear terms the absolute fundamentals
behind electricity and electronics Really helps you to
discover and understand the subject. perhaps for the first
time ever.

Have you ever: Wondered about the true link between
electricity and magnetism? Felt you could never under-
stand the work of Einstein, Newton, Boltzmann, Planck
and other early scientists? Just accepted that an electron
is like a little black bali? Got mixed up with em.t and
p.d.? Thought the idea of holes in semiconductors is a
bit much?

Then help is at hand with this inexpensive book, n as
simple a way as possible and without too much complex
mathematics and formulae.
244 pages

ELECTRONICS - A "MADE SIMPLE" BOOK

G. H. Oisen

This book provides exceilent background reading for our
Introducing Digital Electronics Teach-in Book and will
be of interest to everyone studying electronics. The sub-
ject is simply explained and well illustrated and the book
assumes only a very basic knowledge of electricity

330 pages O der code NETO] £6.95

Temporarily out of print

A REFERENCE GUIDE TO PRACTICAL
ELECTRONICS TERMS

F. A. Wilson

Electronic devices surround us on all sides and ther
numbers are increasing without mercy Ours 15 the
problem therefore in keeping up with this relentless
expansion. unfortunately we cannot know it all and most

972

p d math which often on first reading
can even be confusing
For those who also wish to get right down to the
root of the matter. there 1s a second volume entitled A
Reference Guide to Basic Electronics Terms (BP286).
each of the books refernng to 1ts companion as neces-

sary
A reference guide for practically everybody concerned

with electronics
10 der code BP257 NELEL

432 pages
NEWNES ELECTRONICS POCKET BOOK
E. A. Parr

Newnes Electronics Pocket Book has been in pnint for
over twenty years and has covered the development of
electronics from valve to semiconductor technology and
from transistors to LS| integrated circuits and micro-
processors. To keep up to date with the rapidly chang-
ing world of electronics. continuous revision has been
necessary This new Fifth Edition takes account of recent
changes and includes material suggested by readers of
previous editions. New descriptions of op amp. applica-
tions and the design of digital circuits have been added.
along with a totally new chapter on computing, plus
other revisions throughout

315 pages (hard cover) £12.96
ELECTRONIC MODULES AND SYSTEMS FOR
BEGINNERS

Owen Bishop

This book descrnbes over 60 modular electronic circuits
how they work, how to build them, and how to use them.
The modules may be wired together to make hundreds of
diff L IC sy both gue and digital. To
show the reader how to begin building systems from mod-
ules, a selection of over 25 ek NC are described
n detall, covenng such widely diffenng applications as
numing, home secunty, measurement, audio (including a
simple radio recever). games and remote control

200pagas Ordar we E 5 £3.95

ies of el ics more ] | con-
struction than by theoretical study. It is igned for all
ages upwards from the day one can read intelligently and
g?,ndla simpia tools.

pages [0/ dercode BPS] €1.76

GUIDE TO BUILDING ELECTRONIC PROJECTS
Published by Everyday Electronics

See the first page of books - ELECTRONICS TEACH-IN
No.5 - for full details.

ELECTRONICS PROJECT BOOK

Published by Everydasy Electronics in sssocistion
with Magenta Electronics.

See the first page of books for tull details.

HOW TO USE OSCILLOSCOPES AND OTHER
TEST EQUIPMENT

R. A. Penfold
This book lsins the basic function of an oscilloscope,
gives 3 detailed | ion of all the dard |

and provides advice on buvinr. A separate chapter deals
with using an oscilloscope for fault finding on linesr
and logic circuits. plenty of p f help to
iltustrate the control functions and the effects of various
fault conditions. The function and use of various other
pieces of test i are also d, including
signal generators, logic probes, logic pulsers, and crystal

calibrators
[Ordoc code BP267] £3.50

104 pages
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Circuits and Design

PRACTICAL ELECTRONIC FILTERS
Owen Bishop
This book deals with the subject in a non-mathematical
way. It reviews the main types of filter. explaining 1n simple
terms how each type works and how it is used
The book also presents a dozen filter-based projects with
applications in and around the home or in the constructor’s
workshop These include a number of audio projects such
as a rythm sequencer and a multi-voiced electronic organ
Concluding the book 1s a practical step- by - step guide to
designing simple filters for a wide range of purposes, with
circurtdiagrams and worked examples

88 pages £4.95

ELECTRONIC ALARM CIRCUITS MANUAL

R. M. Marston

One hundred and forty useful alarm circuits, of a vanety of

types. are shown in this volume The operating principle of

each one 1s explained in concise but comprehensive terms,

and brnief construction notes are given where necessary
Aimed at the pracucal design engineer, technician and

experimenter, as well as the electronics student and

amateur.
[Order code NET1)

124 pages
DIGITAL LOGIC GATES AND FLIP-FLOPS
lan R, Sinclair
This book, intended for enthusiasts, students and tech-
. seeks to bhish a firm foundation n dignal

electromics by treating the topics of gates and fhip-flops
thoroughly and from the beginning

Topics such as Boolean algebra and Karnaugh mapping
are explained, demonstrated and used extensively, and
more attention 1s paid to the subject of synchronous
counters than to the simple but less important npple
counters

No background other than a basic knowledge of elec-
tronics 1s assumed. and the more theoretical topics are
explained from the beginning. as also are many working
practices. The book concludes with an explanation of
microprocessor techmiques as apphied to digitat iogic

200 pages £8.95

ELECTRONIC CIRCUITS FORTHE COMPUTER
CONTROL OF ROBOTS
Robert Penfold
Robots and roboucs offer one of the most interesting areas
for the electronics hobbyist to expenment in Today the
mechanical side of robots 1s not too difficult, as there
are robotics kit and a wide range of mechanical com-
ponents available The micro controller 1s not too much of
a problem either, since the software need not be ternbly
complex and many inexpensive home computers are well
suited to the task

The main stumbling block for most would-be robot
builders is the electronics to interface the computer to the
motors, and the sensors which provide feedback from the

£€13,95

robot to the computer The purpose of this book 1s to
explain and prowvide some relatively simple electronic
circuits which bridge this gap

92 pages Order code BP179 £2.95

ELECTRONIC POWER SUPPLY HANDBOOK
lan R. Sinclair
This book covers the often neglected topic of electronic
power suppties All types of supplies that are used for elec-
tronics purposes are covered in detail, starting with cells and
batteries and extending by way of recufied supphes and
linear stabihsers to modern switch-mode systems, IC switch-
mode regulators, DC-DC converters and inverters

The devices, their opersting principles and typical cir-
curts are all dealt with in detail The action of rectifiers
and the reservoir capacitor 1s emphasised, and the subject
of stabilisation 1s covered The book includes some useful
formulae for assessing the likely hum level of a conven-
tional rectifier reservoir supply

136 pages L3
50 SIMPLE LED CIRCUITS
R.N.Soar

Contains 50 interesting and useful circuits and applica-
uons. covenng many different branches of electronics.
using one of the most inexpensive and freely. available
components - the light-emitung diode (LED). Also in-
cludes circuits for the 707 common anode display

64 pages 3P42

BOOK 250 morel e d circunts £1.95
CIRCUIT SOURCE BOOK 1
A. Penfold

Wntten to help you create and expenment with your
own electronic designs by combining and using the
vanous standard *'building block” circunts provided Where
applicable, advice on how to alter the circuit parameters is
given

The ciwrcuits covered 1n this book are mainly concerned
with analogue signal p g and include Audio
amphfiers (op amp and bipolar transistors). audio power

phfiers, d ¢ phfiers, highpass, lowpass, bandpass

and notch filters, tone controls. voltage controlled
amphfiers and filters, tnggers and voltage comparators,
gates and electronic switching, bargraphs, mixers. phase
shifters, current mirrors, hold circuits, etc

Over 150 circuits are provided. which 1t 1s hoped will be
useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists
182 pages rde de BP321

CIRCUIT SOURCE BOOK 2

R.A. Penfold

This book will help you to create and expenment with
your own electronic designs by combiming and using
the vanous standard “building blocks™ circuits provided.
Where apphcable, advice on how to alter the circuit
parameters 1s provided

£4.95

Radio, TV,

Satellite

PROJECTS FOR RADIO AMATEURS
AND S.W.LS.
R.A. Penfold
This book describes a number of electronic circuits, most
of which are quite simple, which can be used to enhance
the performance of most short wave radio systems

The circuits covered include - An aenal tuning umt, A
stmple active aenal. An add-on b f.0. for portable sets, A
wavetrap for combat signals on spurious responses, An
audio notch filter, A parametnc equahser; CW and S S 8
audio filters; Simple noise imiters, A speech processor. A
volume expander

Other useful circuits include a crystal oscillator. and

AN INTRODUCTION TO AMATEUR
COMMUNICATIONS SATELLITES
A. Pickford
Communications and broadcast satellites are normally
inaccessible to individuals unless they are actively in-
volved in their technicahties by working for organisations
such as Bnush Telecom, the vanous space agencies of
military bodies even those who possess a satellite televi-
sion receiver system do not participate n the technical
aspects of these highly technological systems

There are a large number of amateur communications
satellites 1n orbit around the world, traversing the globe
conunuously and they can be tracked and ther sig-

RTTY/C.W. tone decoder. and a RTTY senal to parallel
converter. A full range of interesting and usefull circusts for
short wave enthusiasts

92 pages Order code BP304 £3.95

AN INTRODUCTION TO AMATEUR RADIO

1. D. Poole

Amateur radio 1s 3 umique and fascinating hobby which
has attracted thousands of people since it began at the turn
of the century.

This book gives the newcomer a comprehensive and
easy to understand guide through the subject so that the
reader can gain the most from the hobby It then remains
an essential reference volume 1o be used time and again
Topics covered include the basic aspects of the hobby,
such as operating procedures, jargon and setung up 3
station. Technical topics covered include propagation,
receivers, transmitters and aenals etc

150 pages [0 dor code BP207 BENNCERY

SIMPLE SHORT WAVE RECEIVER CONSTRUCTION
R.A. Penfold
Short wave radio 1s a fascinating hobby. but one that
seems 10 be regarded by many as an expensive pastime
these days In fact it 1s possible 1o pursue this hobby for a
minimal monetary outlay if you are prepared to undertake a
bit of d.i.y.. and the recewvers described in this book can all
be built at low cost All the sets are easy to construct, full
wiring diagrams etc are_provided. and they are suitable
for complete beginners. The receivers only require simple
aerials, and do not need any complex alignment or other
difficult setting up procedures

The topics covered in this book include The broad-
cast bands and therr charactenstics, The amateur bands
and their charactenstics; The propagation of radio signals,
Simple aenals, Making an earth connection, Short wave
crystal set; Simple trf. recevers, Single sideband recep-
tion; Direct conversion receiver

Contains everything you need to know In order to get
started in this absorbing hobby

88 pages [071 code BPYIC IRERD

nals d with relatively inexpensive equipment This
equipment can be connected 1o a home computer such as
the BBC Micro or IBM compatible PCs, for the decoding of
received signals

This book describes several currently available systems,
thetr connection to an appropriate computer and how they
can be operated with suitable software
102 pages Order code BP290 £3.96

AERIAL PROJECTS
R.A. Penfold
The subject of aenals 1s vast but in this book the author
has considered practical aenal designs, including active,
loop and fernte aenals which give good performances and
are relatively simple and inexpensive to build The com-
plex theory and mathematics of aenal design have been
avoided

Also included are constructional details of a number of
aenal accessones including a pre-selector, attenuator, fil-
ters and tuning unit
96 pages Order code BP105 £2.50

INTERNATIONAL RADIO STATIONS GUIDE
P. Shore
Provides the casual hstener, amateur radio DXer and the
professional radio monmitor with an essental reference
work designed to guide him or her around the ever more
complex radio bands This new ediion has been com-
pletely revised and rewntten and incorporates much more
information which 1s dvided 1nto the following sections.
Listening to Short Wave Radio: Choosing a Shornt
Wave Radio Receiver, How to Use the IRSG, Abbrevia-
tions; Country Codes: Worldwide Short Wave Radio Sta-
nons, European, Middle Eastern and Afrncan Long Wave
Radio Stations, European, Near and Middle Eastern and
Afncan Medium Wave Radio Stations, Canadian Medium
Wave Radio Stations, USA Medium Wave Radio Stations,
Broadcasts in Englhish; Programmes for DXers and Shorn
Wave Listeners; UK FM Radio Stations, Time Differences
From GMT; Wavelength/Frequency Conversion
226 pages 255 £5.95
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The circuits covered are mainly concerned with signal
generation, power supphes, and digital electronics.

The topics covered 1n this book include: 555 oscillators;
sinewave oscillators, funcuon generators; CMOS oscil-
Iators, voltage controlled oscillators; radio frequency oscil-
iators, 555 monostables: CMOS monostables: TTL monos-
tables, precision long umers, power supply and regulator
circuits, negative supply generators and voltage boosters;
dignal dividers, decoders, etc. counters and display dnvers:
D/A and A,;D converters, opto-isolators, flip/flops. noise
generators tone decoders, etc

Over 170 circuits are provided, which it 1s hoped wilt be
useful to all those involved in circunt design and applica-
tion, be they professionals, students or hobbyists
192 pages : £4.96

rder code BP322
HOW TO USE OP-AMPS

E.A. Parr

This book has been written as a designer’s guide covenng
many operational amplifiers, serving both as a source book
of circuits and a reference book for design calculations.
The approach has been made as non-mathematical as pos-

sible
O+ der code BPBE] £2.95

160 pages

A BEGINNERS GUIDETO TTLDIGITALICs

R.A. Penfold

This book first covers the basics of simple logic circuits
in general. and then progresses to specific TTL logic
integrated circuits The dewvices covered include gates,
osciliators, timers, flip/flops, dividers, and decoder circuits.
Some practical circuits are used to illustrate the use of TTL
devices in “'real world” applications

142 pages £4.95
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I BABANI BOOKS I

We now supply all the books published by Bernard Babani (Publish-
ing) Ltd. We have always supplied a selected list of Babani books and
you will find many of them described on the previous pages or in next
month’s issue of Everyday with Practical Electronics (all books with a
BP prefix to the order code are Babani books).

Many readers have asked us to also supply various other Babani
books, which have a reputation for value for money. Qur customers tell
us they appreciate our speedy service and low postage charge and they

would like to be able to purchase all the books from us and thus keep
the postage charge to an absolute minimum (£1.00 for UK p&p no
matter how many books you buy). We are pleased to be able to
respond; with the aid of Michael Babani (M.D.) we are now able to
meet all your requirements for their books. /f it's Babani and in print we
can supply it. Babani presently list over 160 different technical titles
those not described in detail on the previous Direct Book Service pages
or in next month'’s issue are listed below:

Code Title Price Code Title Price Code Title Price
BP37 50 Projects using Relays. SCRs and TRIACs  £2.95 BP245  Osgnal Audio Projects £2.95 BP303  Understanding PC Software £4.95
BP39 50 (FET) Field Eftect Transistor Projects £2.95 BP246  Musical Applications of the Atan ST's £5.95 BP305S  Learning CAO with AutoSketch for Windows £5.96
BP44  IC 555 Projects £2.96 BP247  More Advanced MIOI Projects £2.96 BP308 A Concrse Intoduction to AmiPro 3 £4.96
BP48  E Progects for Beg: £1.96 BP249  More Adh d Test E t C £3.50 BP307 A Concise Introduction to QuarkXPress £4.96
BP49 Popular Electronic Projects £2.50 BP250  Programming in FORTRAN 77 £4.96 B8P308 A Concise Introduction to Word 8.1 on the
BP56  Electronic Secunty Devices £2.95 BP251  C Hobbyists Hendb £5.96 Macintosh €5.96
BP74  Electronic Music Projects £2.95 BP258 Learning to Program in C (revised edition)  £4.95 BP311  Anlintrod to end 9 £4.96
BP76  Power Supply Projects £2.60 BP259 A Concrse Introduction 1o UNIX £2.96 BP312  An introduction to Microwaves £3.96
BPTB  Practical Computer Expenments £1.76 BP260 A Concse Introduction to 0S/2 £2.96 BP313 A Concise Introduction to Sage £3.96
BPB4  Owgital IC Projects £1.96 BP261 A Concise Introduction to Lotus 1-2-3 BP314 A Concise Introduction to Quattro Pro 3.0 £4.96
BP0  Audio Projects £2.50 (revised edition) £3.96 BP315  Ani 10 the Ek gnetic Wave £4.95
BPS4 Electronic Projects lor Cars and Boats £1.95 BP262 A Concise Introduction to WordPerfect BP320  Electronic Projects for Your PC £3.96
BP95  Model Railway Projects £2.96 (revised edition) £3.95 BP322  Cwcuits Source Book 2 €4.96
BP122  Audio Amplifier Construction £2.96 BP264 A Concrse Advanced User's Guide to MS-00S BP324  The Art of Soldering £3.96
BP125 25 Simple Amateur Band Aerals £1.95 (fevised adilion i COvar yersion.6.2) £4.96 BP326  Anl to c ications  €5.96
BP126  BASIC & PASCAL in Parallel £1.50 BE269 g an initodctiontolDeskion Rublemng E5.88 BP327  0OS One Step st a Time (covers verson 6.2)  £3.96
BP132 25 Simple SW Broadcast Band Aenals £1.95 Br2i2 9PCs & C £3.96 BP328  Sage Explamned £6.95
BP136 25 Simple ndoor and Window Aerials £1.75 BP273  Practical Electronic Sensors £4.96 8P330 A Concise User's Guide to Lotus 1-2-3
BP144  Further Pracucal Etectromcs Calculations BP274 A Concse Introduction to SuperCalcs £4.95 Release 2.4 £4.96
& Formulae £4.95 BP276  Short Wave Superhat Receiver Construction  £2.96 BP331 A Beginners Guide to MIO| £4.96
BP145 25 Simple Tropicsl and MW Band Aerials £1.75 BP280  Getting the Most From Your PC's Hard Oisk  £3.96 BP334 Magic Electronics Projects £4.95
BP148 C T gy £1.95 BP283 A Concise Introduction to SmartWare (1 £4.95 BP336 A Concise Users Guide to Lotus1-2-3
BP171  Easy Add-on Projects for Amstred CPC BP284  Programming in QuickBASIC £4.95 Relesse 3.4 €5.96
464. 664, 6128 and MSX Computers £2.96 BP2B7 A Reference Guide to Basic Electronics Terms  £5.96 BP337 A Concue Users Guide to Lotus1-2-3
BP176 A TV.OXers Handbook (revised edition) £€7.95 BP291 A Concrse Introduction to Ventura £3.95 for Windows €5.95
BP1B2  MIOI Projects £2.95 BP292  Pubic Address L ker Sy £3.95 8P338 Q,CM“' Introduction to Word for EBiet
BP190  More Advanced Electromic Secunty B8P293  An Introduction to R Wave Propagati £3. " . :
Projects £2.95 BP294 A Concise lnlroduclmo Microsoft o €3 BP339 A Concise Introduction to WordPerfect
BP192  More Advanced Power Supply Projects £2.95 Works (revised edition) £4.95 2 lcqWindows I ) 5.9
BP193  LOGO for Beginners £2.95 BP298 A Concise Introduction 1o the Mac System e educton o e eaioe
BP196  BASIC & LOGO in Pacaliel £2.95 & Finder £3.95 :
BP198  An Introduction to Antenna Theory £2.95 BP301  Antennas for VHF and UHF £4.96
8P230 A Concise Introduction to GEM £2.95
BP243

B8BC BASIC86 on the Amstrad PCs and
IBM C - Book 1 L

BBC BASICE8 on the Amatrad PCs and
1BMC - Book 2. Graphics and

Ousk Files

IFNO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P.)
SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS

ﬂ’ 203 ﬁg’,\“ "_'; a4 | PROJECT TITLE - I | Order Code Cost
i _ ; ; I“,s' i | Amstrad Speech Synthesiser 689 £4.68
| - 5 ¥ - Hand Tally: Main Bd and Display Bd 699/700 £10.95
Y - ny 8 Ghost Walker 703 £4.32
F cy M
Printed circuit boards for certain EPE constructional projects are available from the Me.'— - i £h.ab
PCB Service. see list. These are fabricated in glass fibre, and are fully drilled and Spatial Power Display N4 £5.33
;ollev_ unn_led. Andpric(;s Einclude xAT and postage and packing. Add £1 per board | Amstrad PCW Sound Generator 75 £6.03
or airmail outside of Europe. Remitances should be sent to The PCB Serv- [ o: : —- a1 B IR -

{:’9. Szorydsy wirh8 :gc;g::lcilocrroniu, dAllen House, East Borough, Simple Basic Alarm I VIAH 91 § = Pﬂ £4.50
imborne, Dorset . Cheques shouid be crossed and made payable to Humidity Tester | APR'91 | 1 %
Everyday with Practical Electronics (Payment in £ sterling only). Modlel 'gain Controller (double-sided) e ;33 gg.gzs

NOTE: While 95% of our boards are now held in stock and are dispatched = P VYN
within seven days of receipt of order, please allow a maximum 0192.8 days Digital LCD Thermostat
for delivery — overseas readers allow extra if ordered by surface mail. - Control Board 740 £4.05
Back numbers or photostats of articles are available if required - see the - Power Relay Board M £3.76
%dlito,m page If‘oy details. Control and Power Relay Boards together £5.00
ease check price and availability in the latest issue. Di ights - Simple Chaser BNIVIIE
Boards can only be supplied on a payment with order basis. ModtlaBiscolohis g&ne?p: Modu ;:g Eg?g
All p.c. b.s on THIS | Automatic Light Control - PSU Board 747 £4.88
i Logic Board 748 £5.17
El page reduced to Mod. Disco Lights
Superchaser (Double-sided) m £6.91
1 Supersweep (Double-sided) 772 £8.26
2 | Bicycle Alarm B 773 £5.01
Knockerbox 775 £5.36
(Just send half the price shown, while stocks isst.) Signal Generator - Main Board 776 £7.46
PCBs ON OPPOSITE PAGE: PRICES AS SHOWN Mind Machine - Main Board 778 £7.00
PROJECT TITLE Order Code | Cost —:\A—‘f:‘zr:;gh:fgm = P ;;2 g’gz
—— — — i achine - Programmer Boar JAN'92 E
| Suntan Timer 610 £307 | I Transistor Checker 781 £4.63
| Doorbell Delay ,, 616 £3.56 Stepping Motor Driver/Interface 782 £10.39
Sound-to-Light Interface 637 £6.24 | | Micro-Sense Alarm 783 £5.42
Midi Pedal 639 £7.00 Telesound | FEB'92 | 784 £4.66
Midi Merge 640 £3.00 | | Programmable Timer 785 £4.63
| A.udlo Le?fi Tester e | 641 | I £5.77 Auto Garage Light [l VIARS2 | 786 £6.10
Light Sentinel: Main Board 632 £9.20 | | Versatile BBC Computer Interface 787 £11.59
4-Channel Auto-Fader Interface 642 £6.80 Economy Seven Timer 788 £5.20
_ Electronic Spirit Level EIEEEN | 649 ~_£385] | Sonic Continuity Tester 789 £4.79
Music on Hold 646 £385| | TelephoneRinger 790 £5.46
| _Power Supplies - 25V 700mA 656 | f£435 Experimental Weighing Scale 792 £5.17
i L_ogo/Lego & Spectrgm_lnter!ace 664 £5.60 12V Drill Charggr/PSU (both boards) 793 £5.31
| Quick CapTester NN | 668 £3.92 Digital Servo Interface 791 £4.73
| Superhet Receiver/Tuner/Amp 679/680 _£4§ Eg; Lg:/'erb Unit ;gg gg;g
Stereo Noise Generator 681 £4.24 | | Switch-Mode Power Supply 796 £7.01
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PROJECT TITLE o Order Code | Cost | [ PROJECT TITLE B Order Code | Cost
UV Exposure Timer 797 £5.33 L.E.D. Matrix Message Display Unit
Cnpket Game 798 £6.77 Display Board 870 £18.00
Quick Prom B 799 £5.61 CPU Board 871 £7.20
Gas Alarm 800 £547 S;eveo Noise Gate 873 £6.14
Dual M_etronome 801 £6.74 Slmplg TENS Unit 875 £5.84
Ultrasonic Tape Measure 802 £6.06 Capacitance/Inductance Meter ) 1 876 | 644
| Quicktest 803 £4.82 Advanced TENS Unit 877 £6.56
Extended Range Capacitance Meter (SISl 804 €563 | Dionel Water Meter— Scaler . Sl
Traffic Lights System 806 £5.04 Counter/Display 879 pair
F——— — . - L.E.D. Matrix Message Display Unit
Mini Lab MINILAB | £14.95 Keypad 872 £5.19
EPE Altimet (Altlmeter) 807 £6.30 PC Interface 880 £5.82
Personal Stereo Amplifier o 808 | £847 Microprocessor Smartswitch 881 £5.61
gnivevsal infra-Red Remote Control [JEIESEN 811T/811R| £6.56 Microcontroller P.I. Treasure Hunter 882 £6.60
ombination Switch 812 55681 I ; g T 1 7
! ' Print Timer 874 £5.82
_Chnstmas nghts Colour Spectv.um 813 £5.97 Watering Wizard 883 £6.60
TV/UHF Aerial Amp (double-sided) m 814 £7.23 Simple NiCad Charger 884 £4.98
Continuously Variable Balanced Power Supply 815 £6.65 Voxbox 885 £6.90
| _Emergency Lighting Unit o 816 £6.77 Stereo HiFi Controller - 1 Power Supply 886 £5.66
Biomet Pulse Monitor Stereo HiFi Controller - 2 [

Sensor 817 £6.30 Main Board 887 £7.39

Display o | 818 £6.30 Expansion/Display Boards (pair) 888 £9.80
Biomet Pulse Monitor | MAR™93 | Dancing Fountains - 1

- ADC Interface (double-sided) 819 £7 11 Pre.amp 889 £5.28
Car Electric Window Enhancer 821 £5.00 Pump Controller 890 £5.41
Simplifly Atari STFM Interface 822 £5565 Filter 891 £5.23
_Personal Stereo Amp. Add-On 823 | £3.90 6802 Microprocessor Development Board 894 £9.15
Electronic Fire 820 £484 | | Dancing Fountains - 2 SEPT'94 ]
Mind Machine Mkl - Signal Generator 824 £557 PC- Compatible Interface (double-sided) 892 £10.90
Ventilation Fan Timer 825 £4.70 Automatic Greenhouse Watering System 895 £5.33
Universal Data Logger ) 826 £5.88 Seismograph - 1 Sensor/Filter 895 £6.23
Mind Machine MkI| - Magic Lights 827 £6 58 Clock/Mixer 897 £5.87
Superhet Radio Control Receiver 828 £5.93 3-Channel Lamp Controller 899 £8.17
Guitar Preamp and Distortion Unit 829 £5 46 Seismograph - 2 ]
Linear Clock - Timing Board 830 £8.00 PC-Compatible Interface (double-sided) 898 £10.72
Diveha et i £7001 | visvat/Audio Guitar Tuner 900 £7.55
| Universal Alarm Module R 3.004 I pigilogue Clock 901 £12.50
Electronic Snooker Scoreboard 832 | £917 Hobby Power Supply 902 £6.00
Mind Machine MKII Audio Auxiplexer

— Computer Interface 833 £6.39 Control Board 903 £7.72
Xenon Strobe 834 £5.84 Receiver | so4 £6.24
Electronic Gong 835 £7.50 Power Controller 905 £4.99

| Micro Lab - p.c.b., EPROM, PAL and booklet ) MICRO £35.00 1000V/500V Insulation Tester 906 £578

Bike Odometer (pair of boards) 836/7 £7.00 Active Guitar Tone Control 907 £4.50

Amstrad PCW A to D Converter (double-sided) 838 £9.85 | | TVOft-er  (pair) 908/909 £7.25

Experimental Electronic Pipe Descaler 839 £5.50 Video Modules -1 Simple Fader 910 £6.12

. . - 1 1 Improved Fader 911 £6.37

Sound Activated Camera Trigger 840 £5.34 Video Enhancer 912 £5.15
L.E.D. Sandglass i —

Main and Display boards 841/2 £7.30 | | Rodent Repeller 93 £6.26
Kettle Alert 843 £5.19 EPE Fruit Machine 914 £8.14
Linear Power Supply (double-sided) 844 £9.77 | | Video Modules -2 Horizontal Wiper 2 £

. : Vertical Wiper 917 £6.35
Multi- Purpose Audio System 4-Ch | Audio Mi 918 £6.20
~ Six Channel Stereo Mixer 7 845 £1198 ) | o ocowriter Wand G LR L 021 £4.00
Mulu-Purpose Audio System | NOV'93 | Universal Digital Code Lock 922 £6.25

Microphone Pre-Amp module 846 f4.88

RIAA Pre-Amp module 847 £5.11
20 Metre Receiver ) 848 £6.63 l‘""""""""""""'I
Muiti- Purpose Audio System | DEC’93 |

Tone Control and 1W Stereo Amplifier 849 £6.09 : EPE PRINTED CIRCUIT :

Tone Control 850 £5.12

1W Stereo Amplifier 851 fa88] | B R E RV I E ]
Three-Way Christmas Tree Lights Flasher 853 £665 | § OA D s c ]
Auto Alarm 854 £5491 | Order Code Project Quantity Price |
250W/600W Battery to Mains Inverter 855 £13.92 i i
Multi-Purpose Audio System B e i

10W + 10W Stereo Power Amplifier i i

Amplifier 852a £5.65 NGMIE. ...

Power Supply 852b £5.49 | § !
Pond Heater Thermostat 856 EST77 0 8 AAAress.......o.ovvveivrcieoo e, I
Timer/NiCad Capacity Checker 857 £6.30 | § ]
Multi-Purpose Audio System B e, i

Balanced Microphone Preamplifier 858 £5.30 i i

Balanced Microphone Power Supply 859 B s st ees i
Whistle Controlled Light Switch 860 £6.19 ) )

Battery to Mains inverter - U.P.S. charger board 862 £7.38 | b Ienclose payment of f..... .(cheque/PO in £ sterling only) to: §
Three Phase Generator 861 £5.95 : - Everyday with :
Visual Doorbell 863 £5.80 e Practical Electronics
| CCD TV Camera - Control Board ! Access (MasterCard) or Visa No. '
(double-sided, plated-through- hole) 865 £1500] § Minimum order for credit cards £5 I
Telephone Ring Detector 864 ta72| !} I
CCD TV Camera ] ]
Combined Video, Test & Ext Plug Boards 866a/e £11.00) ]
Frame Grab Control 867 £15.00 | § ]
(double-sided plated-through-hole) _
EPE Sound DAC PC Sound Board 868 £4.77 : Signature R . .CardExp.Date...............cc.......... :
MOSFET Variable Bench Power Supply 869 £5.80 L Please supply name and address of cardholder f different from the address shown 1

Everyday with Practical Electronics, December 1994 975



EPORTING
UR RAD

Tony Smith G4FAl

AMAL

CIS CALLSIGNS

There has been some confusion over
the amateur callsigns of ex-USSR
stations since the break-up of the Soviet
Union. Some countries immediately
reclaimed their pre-WW2 prefixes, for
example Estonia, ES, Latvia, YL, and
Lithuania, LY. There were official new
allocations from 1st January 1994, but
some stations have continued to use
previously issued calls now allocated to
other countries.

Callsigns are allocated in series by the
International Telecommunications Union
(ITU). Countries are allocated blocks of
prefixes beginning with a single letter, a
pair of letters, or a number and a let-
ter. Sometimes a block covers all pos-
sible prefixes with the same beginning,
sometimes a half-series is allocated so
that two countries share the same prefix.
Swatziland, for example, has 3DA-3DM
and Fiji 3DN-3DZ. Other countries, with
many radio amateurs, have several prefix
blocks.

The following is a list of the new ITU
allocations for the countries of the ex-
Soviet Union, including their previous
calls for ease of reference.

BLOCKS COUNTRY PREFIXES
ALLOCATED NEW OLD
EKA-EKZ Armenia EK UG
EMA-EOZ Ukraine EO UB/UT/UY
ERA-ERZ Moldava ER uo
ESA-ESZ Estonia ES UR
EUA-EWZ Belarus EV uc
EXA-EXZ  Kyrgystan  EX UM
EYA-EYZ Tajikistan EY uJ
EZA-EZZ Turkmenistan EZ UH
LYA-LYZ Lithuania LY ua
RAA-RZZ Russia RA UA
UAA-UIZ Russia UA UA
UJA-UMA  Uzbekistan UM Ul
UNA-UQZ  Kazakhstan UN uL
URA-UZZ Ukraine us/uT/
UXx/uy UB/UT

YLA-YLZ Latvia YL (V]
4JA-4KZ Azerbaijan  4J/4K  UD
4LA-412 Georgia 4L UF
R1F Franz Josef

Land R1F 4K2

YEAR IN REVIEW

| have been looking back over the last
twelve months at some of the matters
reported in this column to see if any
conclusions can be drawn from them. |
have chosen only one subject from each
issue although there are of course several
topics discussed each month.

In December 1993, an extract from the
Radiocommunications Agency’s Annual
Report showed that there were fewer
radio amateurs in 1992/93 than in the
previous year. Numbers dropped from
61.442 in March 1992 to 59,242 a year
later, a loss of 2,200. Publication of this
year's Report has been delayed but |
hope to have the 1994 figures next
month.
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January’s column reported that the
Radio Society of Great Britain's repre-
sentatives at the IARU Region 1 Con-
ference in the previous September had
abstained from voting on the issue of the
amateur Morse test. Apparently they had
no mandate on this subject despite a
recent RSGB survey in which a large
majority of those voting had supported
retention of the test.

February’s column recorded that an
Ariane launch vehicle had recently carried
no less than seven amateur satellites into
orbit.

March carried the finally released official
Morse test survey resuits, showing that
67.5% of those taking part voted “No” to
the concept of a code-free licence while
32.5% voted “Yes".

April highlighted the Young Operators’
International Radio Club, a Russian based
international organisation of young people
under 30, which seeks to promote
friendship and a better understanding of
each other by sharing ideas and
information about radio and other hobbies
through radio communication and a
newsletter.

COMMEMORATION

May saw news of “Operation Maquis”,
an amateur radio special event associated
with the D-Day celebrations. Special
French stations planned to be on the air to
commemorate the WW2 clandestine radio
links between France and Britain, and to
honour the memory of those who died
undertaking this dangerous work.

In June, there was a report on the
work of Australian radio amateurs who
provided communications support for the
firefighters during the bush fires in New
South Wales in January.

July carried the reassuring news that the
Report of the Stage 3 Radio Spectrum
Review Committee, covering 28MHz to
470MHz, “having noted the value of
amateur radio to the community”
proposed, for the foreseeable future, no
change in the amateur radio frequency
allocations.

In August this column reported, before
any specialised amateur radio publication
carried the news, that the International
Amateur Radio Union had appointed a
special sub-committee to examine the
issues related to the amateur Morse test,
and to propose the position the IARU
should take on this controversial matter.

September saw a report on the first
course run by STELAR (Science and
Technology through Educational links
with Amateur Radio) for teachers from
schools with no current amateur radio
programme.

In October, we delved into the fas-
cinating world of “numbers stations™, an
intriguing aspect of short wave listen-
ing involving mysterious stations labelled
with such names as the ‘‘Lincolnshire

Poacher”, Bulgarian Betty”, “Bugle Sta-
tion”, and *’Russian Counting Man".

In November there were details of
changes in the terms and conditions of the
amateur radio licence. These introduced
some new privileges, including the use of
higher power in the 1:8MHz and 50MHz
bands; and some restrictions including
a requirement that unattended packet
operation should have the facility to
close-down rapidly when other services
were being interfered with.

CONCLUSIONS

So what conclusions can be drawn from
this brief review of a year of “Reporting
Amateur Radio’? It seems clear that the
question of the amateur Morse test is the
one issue that won't go away. A survey of
amateurs resulted in a substantial “retain
it’ majority, yet the RSGB would not
adopt that viewpoint as its policy. Now the
IARU is trying to decide what its policy
should be at international level.

The annual figures show that the num-
bers of licensees are decreasing, and there
is a view that this trend could be reversed if
only the Morse test were abolished. As the
survey showed, there is also a substantial
contrary view so this particular controversy
is likely to continue for some time yet.

Frequent references to rules and regula-
tions emphasise that amateur radio is very
much a disciplined hobby governed by
detailed terms and conditions. In a world
where “'breaking the rules” is a common
occurrence, radio amateurs who do this
can lose their licences and few choose to
take the risk.

ABOVEALLIT'S FUN

My limited selection of topics gives
some indication of the scope of amateur
radio. A look back at the actual pages,
however, widens the perspective and
shows very clearly that it is not just one but
many hobbies rolled into one, offering
enjoyment and satisfaction at many levels.

None of this is parochial either. Amateur
radio is international, with many ac-
tivities involving contact with amateurs in
other countries, often resulting in lasting
friendships with them.

This column seeks to emphasise how
easy it is for beginners to make a start
in amateur radio. Once they have studied
for and acquired their licences, newcomers
are welcomed by the “specialists” who are
more than pleased to help them start and
make progress in the various branches of
the hobby.

If you have a radio with facilities for
listening to amateurs, try listening to them
on the international bands over the festive
season when they catch up with old
friends, and make new ones. You will
begin to get some idea of what its all
about. It's an absorbing activity, satisfying
and rewarding. Above all it's fun. Happy
Christmas!
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SURVEILLANCE

PROFESSIONAL

QUALITY KITS
or Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters

are tuneable and can be received on an ordinary VHF FM radio.

Genuine SUMA Kkits available only direct from Suma Designs. Beware inferior imitations!

UTX Ultra-miniature Room Transmitter
Smallest room transmitter kit in the world! incredible 10mm x 20mm including
mic. 3-12V operation. 500m range £16.45

MTX Micre-miniature Rosm Transmitter

Best-selling micro-miniature Room Transmitter

Just 17mm x 17mm including mic. 3-12V operation. 1000m range.
STX High-portermance Room Transmitter

Hi performance transmitter with a buffered output stage for greater stability and range.
Measures 22mm x 22mm including mic. 6-12V operation, 1580m range £15.45
V1500 Reem Transmitter

Powerful 250mW output providing excellent range and performance. Size 20mm x
40mm. 9-12V operation. 3000m range. .£16.45
VXT Veice Activated Transmitter

Triggers only when sounds are detected. Very low standby current. Variable sensitivity
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45
HVX400 Mains Powered Room Transmitter

Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm.
588m range .£19.45
SCRX Subcarrior Scrambisd Room Tranemitter

Scrambled output from this transmitter cannot be monitored without the SCDM decoder
connected to the receiver. Size 20mm x 67mm. 3V ogeration. 1000mrange............£22.95
SCLX Subcarrier Telephone Transmitter

Connects to telephone line anywhere, requires no batteries. Output scrambled so
requires SCOM connected to receiver. Size 32mm x 37mm. 1080m range............£23.95
SCOM Subcarrier Decoder Unit fer SCRX

Connects to receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9-12V operation £22.95

ATR2 Micre Size Tolephone Recerding Interface

Connects between telephone line (anywhere) and cassette recorder. Switches tape
automatically as phone is used. All conversations recorded. Size 16mm x 32mm
Powered from line . £13.45

£13.45

*kk Specials Kk

BLTI/BLK Retie Contrel Suitch

Remate coalrol anything sroend your homne or gurien outilide Sgies sy JOgey

system eic. Systam consists of a smatl VHF transmitier with digital enceder and recower

unllt with deceder and relly output, momentary or et 8-way dll seliehes 0n hoth

eacds sel your own unique Scurity cede. TX size 45mm x 45mm. RX sta¢ 35mm x

#wnn, Bl 9V opaeation Muptoi’ﬁm

c-wus_m-) A
TMDLTX

-ol“-~

Mat techaicatly a survellisnce device bt 3 griat ! Comoatts 22 e

of your Hi-Fi, tape or CD and transmits I%-F1 quality t0 2 nearby ¥

favourlte music anywhere around the heuse, gardien, in the bsth or in the garage and
you den't Nv;stg)ut up wath the DJ's

DerT. EE

SUMA

UTLX Uttra-miniature Telephone Transmitter
Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm!
Connects to line (anywhere) and switches on and off with phone use.
All conversation transmitted Powered from line. 580m range.

TLX700 Micro-miniature Telophuae Transmitter

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assembie than
UTLX. Connects to line (anywhere) and switches on and off with phone use. All
conversations transmitted. Powered from line. 1080m range

STLX High-porformance Tolophone Transmitter

High performance transmitter with buffered output stage providing excelient stability
and performance. Connects t0 line (anywhere) and switches on and off with phone use.
Alt conversations transmitted. Powered from fine. Size 22mm x 22mm.
1500m range

TKX900 Sigaaliing/Tracking tr-nnm.v

Transmits a continous stream of audio pulses wifh variable tone and rate. Ideal for

signalling or tracking purposes. High power output giving range up to 3080m. Size
25mm x 63mm. 9V operation .£22.95

C0400 Pocket Bug Detecter/Locater

LED and piezo bleeper puise slowly, rate of pulse and pitch of tome increase as you

approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V
operation ..£30.95

CD8OG Professional Bug Detecter/Locater

Mutticolour readout of signal strength with variable rate bleeper and variable sensitivity
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to
distinguish between localised bug transmission and normal legitimate signals such as
pagers, cellular, taxis etc. Size 70mm x 100mm. SV operation ....

QTX180 Crystal Controlied Room Transmitter

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and
requires the use of a scanner receiver or our QRX180 kit {(see catalogue). Size
20mm x 67mm. 9V operation. 1000m range .£40.95

.£15.95

£16.45

QLX180 Crystal Controlled Telephone Transmitter
As per QTX180 but connects to telephone line to monitor both sides of conversat-
tions. 20mm x 67mm. 9V operation. 1000m range. ....£40.95

G3X130 Line Powered Crystal Centrolied Phene Transmitter
As per QLX180 but draws power requirements from line. No batterles required. Size
32mm x 37mm. Range 500m.............cc.cc........ .£35.95

QRX180 Crystal Contreiled FM Receiver

For monitoring any of the Q" range transmitters. High sensitivity unit. All RF section
supplied as a pre-built and aligned module ready to connect on board so no difficuity
setting up. Outpt to headphones. 60mm x 75mm. 3V operation ...£60.95

A bulld-up service is avallable 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 0827 714476.

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

THe WoORKSHOPS, 95 MAIN ROAD,

BAXTERLEY. NEAR ATHERSTONE,

DESIGNS
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VISITORS STRICTLY BY APPOINTMENT ONLY

Tel/Fax:
0827 714476
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EXPRESS COMPONENTS

MAINS IONIZER KIT. Very useful
kit that increases the flow of negative
ions, helps clear cigaretic smoke, dust,
pollen ctc. Helps reduce stress and
respiratory problems. £15. kit, £20
built.

COMBINATION LOCK. Electronic
9 key combination lock suitable for
alanns, cars houses etc, easily program-
mable. Includes mains 2Arclay o/p. 9v
operation. £10 kit, £14 built.
VARIABLE POWER SUPPLY.
Stabiized, short circuit protected. Gives
3-30v DC at 2.5A, ideal for workshop
or laboratory. £14 kit,£18built. 24VAC
required.

LEAD ACID CHARGER. Two auto-
matic charging rates(fast and slow),
visual indication of battery slatc. Ideal
for alann systems,emergency lighting,
battery projects etc. £12 kit,£16 built.
PHONE LINE RECORDER.Device
that connects to the 'phone line and
activates a cassette recorder when the
handset is lifted. Ideal for recording
'‘phone conversations elc!. £8 kit, £12
built.

ROBOT VOICE. Tums your voice
into a robot voice! answer the phone
with a different voice!. £9 kit, £13
built

PHONEBUG DETECTOR. Thisde-
vice will wam you if somebody is
eavesdropping on your 'phone line. £6
kit £9 buitt.

PHIONE BUG. Simallbug powered by
thetelephoneline Only transinits when
the phone is used. Popular surveil-
lance product.£8 kit, £12 built

BULK PACKS

PREAMP MIXER. 3 channel input,
independent level and tone controls.
Ideal for usc with the hi power FM
transmitters. £15 kit, £19 built
TREMBLER ALARM. Designed for
bikes etc, adjustable sensitivity, preset
alarmtime, auto resel. Could be adapted
for all sorts of "borrowable" things £12
kit,£16 built.

ULTRASONIC RADAR. A project
that can beused as amoveinent detector
in an enclosed space. Range about 10
melres, 12vDC. Good basis for
car,shed,caravan alarm etc £14 kit, £19
built

PIIONE CALL RELAY. Very useful
kit that incorporates a relay that oper-
ates when the phone rings. Can be used
to operate more bells, signalling lights
ctc. Good for noisy enviroments or if
you have your headphiones on! £10kit,
£14 built.

PORTABLE ALARM SYSTEM.
Small 9v alanmn system based on a mer-
cury switch. The alarm contitues to
sound until disabled by the owner
Buzzer included. £11 kit £15 built
800W MUSIC TO LIGHT EFFECT
Add rhythm to your music with this
simplesound to light kit £8 kit, £12
built.

MOSQUITO REPELLER. Modem
way to keep the midges away! Runs for

978

STROBE LIGHT. Bright strobe light
with an adjustable frequency of 1-60hz.
(a lot faster than conventional strobes!)
£16 kit, £20 buily.
4WFMTRANSMITTER 3 RFstages,
audio preamp. 12-18vDC. Medium
powered bug £20 kit, £28 built.

3 CHANNEL LIGHT CHASER. 3x
800w output, speed and direction con-
trols, can be used with 12 led's (sup-
plied) or TRIACS for mains lights (also
supplied). 9-15v DC. £17kit, £23 built.
25W FM TRANSMITTER . 4 stage, a
preamp will be required (Our preamp
below is suitable) £79 built (no kits).
SOUND EFFECTS GENERATOR
Produces any thing from bird chips to
sirens! add sounds to all sorts of things
£9 kit £13 built.

FM/AM SCANNER. Well not
quite,youhavetoturntheknob yourseif
but you will hear things on this radio
{even TV) that you would not hear on
an ordinary radio! A recciver that cov-
ers 50-160MHZ both AM and FM. Built
in Sw amplifier. £15 kit, £20 built
CAR ALARM SYSTEM. Works on
vibration and/or voltage drop from door
etc being opened. Entry and exit delays
plus adjustable alarm duration Low cost
prolection! £12 kit, £16 built.

15W FM TRANSMITTER. 4 stage,
highpowerbug.You willnced a preamp
for this (see our preamp below which is
ok) £69 built. (no kits)

1W FM TRANSMITTER 2 stage in-
cluding preamp and mic. Good general
purposc bug. 8-:30VDC
£12 kit £16 built

about a month on one

1.5v barttery. Frequency is

set to drive away mosquitos etc. £7 kit,
£11 built,
3 CIIANNEL SOUND TO LIGHT.
Can be used any where as no connection
is made to hi fi. Scparate sensitivity
controls  for each channel,
1,200Wpowerhandling Microphonc
included. £14 kit, £19 built.
MINIMETAL DETECTOR Detects
pipes,wires etc upto 20cm deep Use-
ful before you drill those holes! £8 kit,
£12 built

0-5 MINUTE TIMER. Simple time
switch adjustable from 0-5 mins,will
switch 2A mains load 12v op ldeal for
laboratory, photographic projects ctc
£7kit, £1] built.

TWATT IH F1 AMPLIFIER. Uscful,
powerful amplifier 20hz-15hz, 12-
18vdc. Good for intercoms, audio sys-
tems, car atc. £7 kit £11 built.
INCAR SOUND TO LIGHT. Put
some atmosphere in your car with this
kit. Each channel has 6 led's that create
a beautiful lighting effect! £10 kit, £14
built.

YOX SWITCI. This is a sound acti-
vated switch, ideal for use on transmit-
ters, CB's, tape recorders etc. Adjust-
able sensitivily, built in delay. Mic in-
put. £7kit, £11 built.

50 /C's for £1.50
Nice mix of chips at a bargain price!

FUSE PACK NO2
30 mixed 1.25" fuses again ideal for
spares cic. Just £1.00

CERAMIC CAPACITOR PACK
Good mixed pack of 100 capacitors
for just £1.00

WIRE PACK
25 Metres of insulated wire for just
£1.00, good for projects etc.

ELECTROLYTIC PACK1
100 small mixed clectsolytic
capacitors just £1.00

ELECTROLYTIC PACK 2

SLEEVING PACK
100 assorted pieces of sleeving for
connectors ctc. Yours for just £1.00

50 larger electrolytic mixed
capacitors

DIODE PACK
100 assorted diodes for just £1.00

RESISTOR PACK NO 1
250 low wattage resistors, ideal for
most projects etc. Just £1.00

LED PACK
20 light emitting diodes for £1.00

RESISTOR PACK NO2
Hi waltage pack, good sclection of
mixed waltages and values 50 in all,

TRANSISTOR PACK
50 mixed transistors, another bargain
at £1.00

bargain price just £1.00

PRESET PACK
Nice selection of 25 mixed preset

BUZZER PACK
10 things that make a noisc for just
£1.00!

pots for just another £11

RELAY PACK NO 1
6 mixed relays for £1, thats just 17p

POT PACK
10 pots for £1, (5 different types) a
snip at £1.00

each.

CONNECTOR PACK
10 different connectors, again for £1

DISPLAYS
10 seven segment displays for
£1.00

99p

FUSE PACK NO 1
40 mixed 20mm fuses, ideal for
repairs elc, or just to stock up the

ORDER 10 PACKS OR MORE
AND CHOOSE ONE FREE
PACK!!

spares box! Just £1.00

LIQUID LEVEL DETECTOR.

Usceful item, can be used o detect
fluid levels in watertanks, baihs, ponds
fishtanks etc. Could also be used as rain
alarm with an easily constructed sen-
sor. £5 kit, £9 built.
FM TRANSMITTER. Mini FM trans-
mitter 2 transistor, comes with FET
minalure mic and is tuneable from 63 to
130MHZ. £7 kit, £11 built
FUNCTION GENERATOR. Gener-
ates sinusoidal, saw tooth and squarc
wavefoms from 20hz up to 20khz. Sepa-
rate level controls for each wavefonn.
24vac. £15 kit, £20 built
5 WATT SIREN. Powerful siren kit
with an impressive S watts output. Ideal
for alarms etc. £6 kit £10 built
TELEPHONE AMPLIFIER. Very
sensitive amplifier which usinga‘'phone
pickup coil (supplied) will let you fol-

By FAX
By Post...PO box 517 Hove Sussex BN3 5QZ

Payment by ACCESS,VISA, CHEQUE OR POSTAL ORDER.

Cheques and postal orders should be payable to Express Components.

ALL PRICES ARE SUBJECT TO99p POST AND VAT. Some of our products
may be unlicensable for usc in the UK (particularly the FM transmitters.)

FREE COMPONENT CATA-

LOGUE WITH EVERY ORDER!!

KITS 'N MODULES

low a telephone conversation without
holding the handset to your car! £11 kit
£15 built.

SWITCH PACK
10 switches for just £1.00

12vFLOURESCENT. A useful kit that
willenableyouto light large flourescent
tubes from your car battery eic. 9v mains
transfonner required. £8 kit, £12 built.

KNOB PACK
10 knobs for just £1.00

REMEMBER! YOUR FREE COPY
OF OUR CUT PRICE COMPO-
NENTS CATALOGUE SENT
WITH EVERY ORDER!!!
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JANUARY 1994 TO

EVERY TICAL DECEMBER 1994
Pages Issue Pages Issue
W'TH PRAC 1 g8 January 4883-560 July
89-176 February 561-644  August
177-248 March 645-716 September
ggg-sgi April ga ;-gog October
A A R -4 May -89 November
The No 1 Magazine for Electronic & Computer Projects  405-488  June 893-984  December
CONSTRUCTIONAL PROJECTS
ACTIVE GUITAR TONE CONTROL by John Charwin 842  MICROPROCESSOR SMARTSWITCH by Bart Trepak 452
ADVANCED TENS UNIT by Andy Flind 460  MOSFET VARIABLE BENCH POWER SUPPLY
AMPLIFIER, QUAD Il POWER, REBUILD 112,134 by Mark Stusrt 262, 362
AMPLIFIER, VALVE 112,134  MULTI-PURPOSE AUDIO SYSTEM by Max Horsey 56,156
AUDIO AUXIPLEXER by William E. Chester 770 .
AUDIO GUITAR TUNER, VISUAL/ 742 :;gﬁg gﬁ;‘ﬁ‘é‘g ‘;’:&gfg“ 5?2
AUDIO MIXER 99  ETlGHT i
AUDIO/R.F. MONITOR by lan Hickman 198
AUDIO SYSTEM, MULT! PURPOSE 56,156  NOISE CANCELLING UNIT, EXPERIMENTAL 574
AUTOLIGHT by Tenry de Vaux-Balbimie 16 PAIN RELIEF UNITS 346, 460
. PC STEPPING MOTOR DRIVER 388
BATTERY CHECKER, TIMER and NiCAD 35 POND HEATER THERMOSTAT by Alan Winstanley 70
BATTERY TO MAINS INVERTER 42.69.134  pORTABLE AUTOLIGHT by Tery de Voux-Balbimie 16
BENCH POWER SUPPLY, MOSFET 262,362 POWER CONTROLLER by Alan Winstaniey 870
CAPACITANCE/INDUCTANCE METER by Doug Kennedy 356 nggg SUPPLY, MOSPET VARIABLE BENCH 262,363
Al i LU R S5 PRINTTIMER by Androw Chadwick "536
CAR IMMOBILISER -
CCD TV CAMERA by John Becker 210,300,362,618  PROTECTOR PLUS CAR ALARM by Teny de Voux-Balbimis 658
CHARGED-UP by Ken Loe 596  QUAD Il POWER AMPLIFIER REBUILD 112,134
oo 3 RECORDING BOARD, VOXBOX VOICE 502
COMPUTER SOUND CARD, EPE SOUNDAC 280 :Egugﬁggg/‘)’&-gfoso““" by Jake Rothman n2 }g
Sl iU Ll 546.628  QODENT REPELLER by Tany dl Voux-Balbimie 964
DANCING FOUNTAINS by John Becker 5%06%  SEISMOGRAPH, EXPERIMENTAL 676,786
DIGILOGUE CLOCK by John Scott Patrerson 730 SIMPLE NiCAD CHARGER by Steve Knight 512
DIGITAL CODE LOCK, UNIVERSAL 944 SIMPLE TENS UNIT by Andy Flind 246
DIGITAL WATER METER by John Becker 430 SMART-KEY IMMOBILISER by Nicholss Watkins 190
DISPLAY, L.E.D. MATRIX MESSAGE 370, 468 SMARTSWITCH, MICROPROCESSOR 452
DOORBELL, VISUAL 222 SOUNDAC, COMPUTER SOUND BOARD by Phil Green 280
DUAL STEPPING MOTOR DRIVER FOR PCs 388 SPACEWRITER WAND by Mark Stuert 906
STEPPING MOTOR DRIVER FOR PCs 388
ENHANCER, VIDEO 835 h
EXPERIMENTAL NOISE CANCELLING UNIT by Robert Penfold 547 gg:gg :gg‘é'&ﬁ%‘ty‘j og; gmmy 5486, %
EXPERIMENTAL SEISMOGRAPH by John Becker 676,786
TELEPHONE RING DETECTOR by Andy Flind 320
FADER, VIDEQ 830833  TENSUNIT, ADVANCED 460
FISH POND HEATER THERMOSTAT 70 TENS UNIT SIMPLE 246
FOUNTAIN, DANCING 590,696  THERMOSTAT, POND HEATER 70
FRUIT MACHINE, EPE, by Brett Gossage & Julyan liett 909  THREE-CHANNEL LAMP CONTROLLER by Andy Alind 687
THREE-PHASE GENERATOR by R. T, Inish 230
GAME MACHINE, FRUIT 299 TIMER, COUNTDOWN MICROCONTROLLER 134
GARDEN WATERING WIZARD 525
GENERATOR, THREE-PHASE 23088 R 5lINICAD CAPACITY.CHECKER by Andy Flind i~
GREENHOUSE WATERING SYSTEM by Mike Richards 868 1o ONTROL ACTIVE GUITAR o
GUITAR, STEREO NOISE GATE 380 TREASURE HUNTER, MICROCONTROLLER Pl 418
GUITAR TONE CONTROL, ACTIVE 842 A oD eI
GUITAR TUNER, VISUAL/AUDIO 742 1y SWITCH-OFF TIMER by Chvis Brown R
HOBBY POWER SUPPLY by Terry de Vaux-Bilbirie 766
HORIZONTAL WIPER, VIDEO g54  UIUTETER | DLEPOWER SUPPLY. 250W/600W 1 69,134
IMPULSE CLOCK MASTER UNIT by Huw Griffiths 316 UNIVERSAL DIGITAL CODE LOCK by Bart Trepak 944
INDUCTANCE/CAPACITANCE METER 356 VERTICAL WIPER, VIDEO 957
INSULATION TESTER, 1000V/500V 822 VIDEO MODULES by Robert Penfold 830, 954
INTRODUCTION TO MICROCONTROLLERS -TIMEOUT VISUAL/AUDIO GUITAR TUNER by Robert Penfoid 742
by Peter Crowcroft 128 \iSUAL DOORBELL by Andy Flind 222
INVERTER, BATTERY TO MAINS 42,69,134 VOXBOX VOICE RECORDING BOARD
LAMP CONTROLLER, THREE-CHANNEL 687 by Guy Dance & Jersmy Austin 502
L.E.D. MATRIX MESSAGE DISPLAY WAND, SPACEWRITER 906
by Julyan llent & Brent Gosssge 370,468  WATERING SYSTEM, GREENHOUSE 668
LIGHTSWITCH, WHISTLE CONTROLLED 104 WATERING WIZARD by Terry de Vaux-Balbimie 525
LOCK, DIGITAL CODE 944  WATER METER, DIGITAL 430
O e 909  WHISTLE CONTROLLED LIGHTSWITCH by Bart Trapak 104
MESSAGE DISPLAY, L.E.D. MATRIX 370,468  OVto25V at0to 2-5A MOSFET VARIABLE PSU 262, 362
METAL DETECTOR 418 10W plus 10W STEREO POWER AMPLIFIER 56
METER, DIGITAL WATER 430  13A POWER CONTROLLER 870
MICROCONTROLLER PI TREASURE HUNTER 250W/600W INVERTER & UNINTERRUPTABLE POWER
by Mark Stuart 418 SUPPLY - 2 by Mark Daniels 42,69,134
MICROPHONE PREAMPLIFIER 156 1000V/500V INSULATION TESTER by Mark Stuart 822
MICROPROCESSOR DEVELOPMENT 608 6802 DEVELOPMENT BOARD by Richard Srone 608
979
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SPECIAL SERIES

ACTUALLY DOING IT, TECHNIQUES by Robert Penfold
76, 164, 234, 384, 400, 449, 624, 876, 934
AMATEUR RADIO by Tony Smith G4FA1
84, 172, 244, 328, 466, 556, 640, 713, 804, 888, 976

Train Sound Effects 517
Water Probe 672
Zener Diodes 26
555 Timer Triggers 516

BEST OF BRITISH ELECTRONICS FROM THE GROUND UP
by Terry de Vaux-Balbirnie 274, 364, 438, 520, 622 by Mike Tooley, B.A. 748, 854, 924
1 - Introduction 748
CIRCUIT SURGERY by Alan Winstaniley 2 - Capacitance, Inductance, A.C. Circuits 854
26, 120, 202, 293, 360, 428, 516, 605, 672, 738, 920 3 - Semiconductors 924
Aquarium Thermostat 517
Astable and Monostable Timing 293 INGENUITY UNLIMITED 846
Battery Back-Up 120, 294, 605 Auto Power Down 846
Bilge Pump Controller 429,673 L.E.D. Voltmeter 848
Bistable Briefing 361 Liquid Crystal Display Tester 846
Capacitor Problem 360, 605 Simple Lights-On Alert 847
Car Battery Monitor 607 Voltage Drop Car Alarm 847
Car Electrics Probe 516,674
Coil Winding 920  |NTERFACE by Robert Penfold
Education Service 295 54, 144, 226, 298, 392, 476, 540, 616, 704, 794, 844, 952
D.C. Motor Controller 738
Fuses 203 CALCULATION CORNERby Steve Knight
Halogen Lamp Protector 428 50, 146, 219, 312, 352, 442, 542, 598, 684, 780
Lamp Dimmer, Mains 204 1 - Getting to Know the Basics 50
Light Box for PCBs 91 2-0Ohm's Law 146
Low Voltage Monitor 27 3 - Work, Energy and Power 219
Marine Battery Back-Up 605 4 - Measuring Instruments 312
NiCad Charger Conversion 739 5 — Capacitors 352
Power Factors 672 6 — Time Constants 442
Printed Circuit Boards 921 7 - Getting to Know Decibels 542
Reed Relays 120 8 - Kirchoff's Law 598
Regulator Protection 606 9-A.C. Theory 684
Semiconductors, Checking Unmarked 202 10 - A.C. Theory continued 780
Shock Horror 361
Shed Some Light 429 SAFETY FIRST by Terry de Vaux-Balbirnie 28, 150, 206
GENERAL FEATURES
I'LL BE SEEING YOU by Alan W. Rudge 586
CHICAGO CONSUMER SHOW by Barry Fox 838 INVISIBLE FORCE, THE by Mike Crow 694
DOWN TO EARTH by George Hylton 796,867  News 22,108,194, 270, 355, 425, 509, 582, 664, 736, 826, 916
EDITORIAL NEW TECHNOLOGY UPDATE by /an Poole
15,103, 189, 261, 345, 417,501, 573,657, 729, 821, 305 NTC OPEN 2L4EAI’;8|:QQGGCZ(;ISR3SBE6R4E%/6IE$O bl 9652
ELECTRONICS WORKBENCH REVIEW by Mike Tooley 285
ELECTRONIC TESTING AND FAULT DIAGNOSIS 64
EMBEDDED CONTROLLERS by John Davies 941 PLEéAasni,TYA,';EMN a?nzﬁ P 69 3§§
EUROPEAN INTERNATIONAL AUDIO & VISUAL FAIR CCD TV Camera 362
by Banry Fox 122 Christmas Tree Lights Flasher, Three-Way (Dec '93) 69
MOSFET Variable Bench PSU 362
FOX REPORT by Barry Fox Waterproof Delay Switch (Dec '93) 69
68, 132, 236, 319, 398, 458, 508, 702, 784, 936
SHOPTALK with David Barrington
HOME BASE by Terry Pinnell 154, 238, 296, 534, 625 69, 143, 225, 295, 362, 465, 518, 581, 674, 783, 868, 918

SPECIAL OFFERS AND SERVICES

ADVERTISERS' INDEX
88, 176, 248, 332, 404, 488, 560, 644, 716, 808, 892, 984

COMPONENT CATALOGUE

(Bull Electrical ‘95 96-page) banded with Dec ‘94
COMPONENT CATALOGUE

(Display Electronics 32-page) between 44/45
COMPONENT CATALOGUE

(Greenweld ‘95 196-page) banded with Nov ‘94
COMPONENT CATALOGUE

(Greenweld 48-page Summer) between 524/525
COMPONENT CATALOGUE

(Greenweld 32-page Winter) between 132/133

DIRECT BOOK SERVICE
79,167, 239, 323, 395, 479, 551, 635, 707, 799, 883, 971
DISPLAY ELECTRONICS NEWS (32-page) between 44/45

ELECTRONICS FORMULAE - 1 Wall Chart Free with Mar ‘94
ELECTRONICS FORMULAE - 2 Wall Chart Free with April ‘94
ELECTRONICS PRINCIPLES
34,133,228, 378, 484,535, 634, 712, 798, 866, 962
ELECTRONICS VIDEOS
78, 166, 229, 292, 379, 448, 554, 604, 706, 764, 852, 963
ELECTRONICS WORKBENCH SOFTWARE DISC
Cover Mounted — Oct ‘94
PRINTED CIRCUIT BOARD SERVICE
82,170, 242, 327, 399, 482, 555, 638, 711, 802, 886, 975

980
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FCB Designer

For Windows 3.1

Runs on any PC running
Windows in standard or
enhanced mode

Onl

]ncluswe

v Produce Smgle or Double snded PCBs

v Print out to any Windows supported printer.
v' Toolbar for rapid access to commonly used
components.

Helpful prompts on screen as you work.
Pads sizes fully customisable.

v

v

v" No charges for technical support.

v" Snap-to grid sizes 0.1", 0.05" 0.025" and
unrestricted.

v" SMT pads and other pad shapes

v" Positive reviews by Robert Penfold and Pau
Stenning, copies available on request.

Phone (0432) 355 414 (Access and Visa welcome)

Niche Software

22 Tavistock Drive, Belmont, Hereford, HR2 7XN.

Please Note Since PCB designer 1s so easy to use, and to keep costs down, PCB Desgrer has an On-Line
manual, in Windows Help format A FREE tutonal is also supplied

LOOKING FOR...

ICs %

TRANSISTORSs * SEMlIs?
especially those hard to find?

Why not give us a buzz?
WE STOCK A MASSIVE RANGE

We specialise in devices with the following prefix
(to name but a few):

2N 2S5A 2SB 2SC 25D 2SJ 2SK AN BA BC BD BDT BF
BFR BFY BFX BU BUK BUT BUV BUW BUZ CA DTA
HAIRFLALBLCLFLMMMC MJ MJE MM MPS
MPSA MPSU NE RC SAA SAB SDA SISL SN STA
STKSTRTATBA TC TDA TIP TEA TL UAA ULN UPC
XR ZN ZTX . .. plus daily arrival of new numbers.

ALSO
RESISTORS * CAPACITORS % CHOKES % CABLES
LEADS * CONNECTORS * VIDEO HEADS % DRIVE BELTS
SWITCHES & TTL « CMOS & OP AMPS * VOLTAGE REGS
SPECIAL FUNCTION * TRANSFORMERS ETC ETC ETC

WE SPECIALISE IN PHONE & FAX MAIL ORDERS
BY CREDIT CARD
Callers & Mail orders welcome

CRICKLEWOOD ELECTRONICS

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET

TEL: 081 452 0161 & 081 450 0995 FAX: 081 208 1441
'Y CATALOGUE DUE OUT AUTUMN 1994 1!

Inverter 1oro:dat transformers 225VA 10 5 0 10 5V
prmary 0-260- 285V secondary £29.95

LEDs 3mm ot 5mm ted or green Bp each yellow
11p each High intensity red green or yellow
5mm 30p each shaft

Cable Ties 1p each £5.95 per 1000 £49.50 per
10 000

QWERTV keyboard 58 key good quatity svnu:hes
500

Alrpu AB2903 C large stepping motor MV
75 step 27 ohm 68mm dia body 6 3mm
£8 95 or £200.00 for a box of 30
Polyestar capacitors box type 22 5mm lead pitch
0 9uF 250V dc 18p esch 14p 100+ 991@

High quality photo resist copper

clad epoxy glass boards 20p 100 + 15p 1000 .

Dimensions single-sided double-sided 1,F 50V b tectroh i 1 1 h
Dipensio iy A u_’ sp‘gop.?laro rotytic axial leads 15p eac
4x8 inches £2.75 £2.99 0 22,:F 250V polyester anial leads 15p each
6212 inches £6.20 - 100 + 7 5p each

12x12 inches €12.26 Polypropylene 1uf 400V d ¢ |Wima MKP10)

27 5mm pich 32 x 29 x 17mm case 75p each
RECHARGEABLE BATTERIES 60p 100 +
AA (HP7) 500mAH £0.99 Phll-pl 123 seres solid sluminium sxial teads.

AA 700mAH 175 33uF 10V & 2 2uF 40V 40p each 25p 100
C 2AH with solder lags £360 Philips 108 seres 22uF 63V axial
D 4AH with solder tags £4.95 . 30p each 16p 1000
1°2AA with solder tags €155 Muitilayer AVX ceramic capacitors all Smm
AAA (HP16) 180mAH €1.76 pitch 100V 100pF 150pF 220pF 10 00@pF
A 500mAH with solder tags €1.55 {100} 10p each 5p 100+ 3.5p 1000

C {HP11) 1 8AH £220 500pF compression trimmer 60p

D (HP2) 1 2AH £2.60 0uF 370V ac motor start capacitor [dialectiol type
PP3 8 4V 110mAH £4 95 contamng nopc bs) £5 95 or £49 50 for 10
Sub C with solder tags £2.50 Welwyn W23 9W 120 ohm 35p each 20p 100 +
1/3 AA withtags (Philips CTV) €1.95 680 0hm 2W metal tiim resistor

4p 100+ 2p 1000
Solid carbon resistors very low inductance ideal
forrt circuits 270hm 2W 68ohm 2W 25p each
15p each 100
we have arange of 0 25W 0 5W 1W and 2W
solid carbon resistors  please send SAE for iist
P.C 400W PSU (Intel part 201035 001) with
standard motherboard and § disk dnve
connectors fan and mains inlet output
connectors on back and switch on the s de (top
tor tower case) dims 212 x 149 x 149mm
excluding switch £26 00 each £138 00 lor 6

Standard charger, charges 4 AA cells in 5 hours
0r4CsorDsm 121014 hours + 1xPP3(1 2 3
or 4 cells may be charged at a time) £5 95

High powaer charger, as above but charges the
Cs and Ds in § hours, AAs Cs and Ds must be
charged n twos of fours. £10.95

Nickel Metat Hydryde AA celis. high capacity

with no memory 1000mAH £3 85 1200mAH £4.40

SPECIAL OFFERS - PLEASE CHECK
FOR AVAILABILITY

42mmx 16mmdia 1 2V €146 MX180 Digital multimeter 17 ranges 1000V
Stick of 4 171mm x 16mm dia with red dc 750V ac 2Mohm 200mA uansistor Hie 9V
and black leads 4 8V £5 95 and 1 5V battery test €12 95

AMD 27256 3 EPROMS £2.00 each €1 25100 +
DIL switch 3PCO 12 pin (ERG SDC-3-023) 60p
each 40p 100

gvade with screw
3B0CONF 20V £2.50; B7000uF 10V £1.95;
68000uF 15V £2.95; 10000,F 16V £1.50,

58000uF 60V £4.95 Disk Drive Boxes lor 8 5 25 disk drive with room
7-segment common anode le d display for 8 power supply hght grey plastic 67mm x
12mm £0 45 268mm x 247mm 7.95 or £49 50 tor 10

Handheld Ultrasonic remote control £395
CV2486 gasrelay 30mm x 10mm dia with
3 w"e terminals will also work as a neon
g 20p each £7 50 per 100
A23 12V battery for car alatms or hghters
75p exch £50 100
BS$250 p-channel MOSFET All products adv«:::;‘s:’tz:: rstle.\:;:nd unused unless

a5p

BC559 transistor £3 95 per 100

74LS05 Hex inverter £10.00per100 Wld'c 1ar.\‘g'e of CMOS T ;:HC 74F Linear

Used 8748 Miciocontroller £350 ot e sty

SL952 UMF Limiting amplifrer LC 16 sudace IR A aVRIIVStOC
mounting package with data sheet €1.95 Please add £1.95 towards P&P

AM27502... .£1.25 each 90p 100 VAT includng « !l orices

foa f L At JPG ELECTRONICS

Sinclair lright gun temminated with & )2tk plug and

PP3 clip gives a signal when pomnted at S0Hz )

fiickering hght with output waveform chant £3 95 276-278 Chatsworth Road
DC-DC converter Reliability model Vi2P5 12V

n 5V 200mA out NPUL 1o OUtput IS0lation

with data £4 95 each or pack of 10 £39.50
Hour counter used 7 digit 240V ac 50Hz £1.45

LM2931AT 5 0 low drop out 5V
regulalov T0220 package £0.8!
7812and 7912 12V 1A regulators  £26.00 per 100
LM 337K TO3 case vanable voqulalo: €1.9!
100+ £1.44 each
GaAs F.E.T. low leakage current SB873 €12 95
each £8.9510+ £7.95100

Chesterfield S40 28H
Access Visa Orders: (0246) 211202
Callers welcome
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WE HAVE THE WIDEST CHOICE OF USE
OSCILLOSCOPES IN THE COUNTRY

TEKTRONIX 7000 SERIES OSCILLOSCOPES
Avalhble from £200- PLUG-NS SOLD SEPERATELY

ot 21Ny

244 D Trao “TNMY Dl Swen Aopag Sorgge €350
THES 15 JUST A SAMPLE - MANY OTHIERS AVARABRLE

1 0S00PES
1000z Oual Trace, Delsy Sweep. ____For Only £350

S 000

TN 3
AP Anad e LIPE

WP 1417 M Frames Orty rmdrwes £700

HP3ASEAE Set O True
351 Dk-

5‘_uﬂ"—\rt\h

Freq Sowta- 1 36K :m'“a’ell-wsm
2 Coanser Timer 3

AT 2637 e n;"‘v.,. 130NH2 8 gt

WARCON mummcwmmmm

L..'l’CO\ I:SUA‘W?QCGNB RS0z 8 s

200 § st

1 w D "-‘NSMSW.
U Pty W Dhz- 1 20N 7 Ot
ATROW 1367455 2 ALY uur-YngM
a7 W | agr sy & DL ooy

e T [yr\ oo \ED
A3 g A O 852 SMG“B(EE
CLAETRON T1585, 535 e T et

€300
£300

50
[30e]
1%
£128
£200
£123
£100
£100
£se
€200

,u AFTRON 05 45 200 thaAwar "\A"pl Bhm 00

S LEA R A.mm\met&m& 005% £600
~A' '.' W B an aed  from €150
- mA ~ ;Lc Brage 1% £12%

£800
£1000

FARNLL BT T8 ﬂ
FARMELL L30E 0 560 0-SA €128
- N WES mm; xm msmwsvumm £90

£15%0

nnw oG nzla osu 2‘
FEETNOR FGAA0 SMe Sq Tr) 001 1z- 100
LN DTN Puse Gen PRF 1+7- 2002 *006¢
FARNEW PG*01 Pusse Cen 10&\5&31@0@-15«1&) £12%
FO0N LA® M8 AutD Anaval

FADAMEPIT Autio Aneyse €350
Mmsiswwmanmm £12%0
uwwwwnm Jstator

4

£100
i‘” * P36 MO Power Meter 5nad
HP 1Dt Aper d3ch €750
4P MIOTA CTor SRt 1-1000NEY fogm

2 34
MTMMDeqSW €653
o Trace SO Comp Tester €392
Du2) Trace 200 Dggal Strage €653
TR X0 W 2 0

BACK STAR FOUNWNT PLF 2Uuats £2
APOLLO 10 WENNE Comnter Ter G rad Tom e ex  £202
APOLLO 199 SU0MIE W 0P Wi Suce Sy ers

I&TEONO!‘FGEOUE\UCOU&TEN —ad 1

WETEON 60° FREQUENCY COUNTER 60N €145

WEEM T F'cEJ RO\ CIMNTER 10H2 £18

TO% SO £ L0 TN RN MI mws«hm 119

OWINTEL »u ST (z2.]
» fv'g-sumvv*km

QSCLUC0PE PSR hemctwg #1 10 PP i

Usea - Gua .
This 13 a VERY SMALL SAMPLE OF STOCK SAE or lelephone for 1ists Please check avarlability before
ordering CARRIAGE ail urvts £16 VAT to be added 10 Tota) of Goods and Carriage

Tel: 0734 268041

STEWART OF READING I
110 WYKEHAM ROAD, READING, BERKS RGS 1PL
Fax: D734 3516896 Cavers weromeSemio§

m MONFRI(UNTIL 8om THURS
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EVERYDAY

Everyday with Practical Electronics reaches twice
as many UK readers as any other independent
monthly hobby electronics magazine, our audited
sales figures prove it. We have been the leading
independent monthly magazine in this market for
the last nine years

If you want your advertisements to be seen by the larg

est readership at the most economical price our classified and

semi-display pages offer the best value. The prepaid rate for semi-display space is £8 (+ VAT) per single column centimetre

(minimum 2.5¢m). The prepaid rate for classified adve

rts is 30p (+ VAT) per word (minimum 12 words).

All cheques, postal orders, etc., to be made payable to Everyday with Practical_EIectron.ics. VAT must be added. Advertise-
ments, together with remittance, should be sent to Advertisements, Everyday with Practical Electronics, Holland Wood House,
Church Lane, Great Holland, Essex CO13 0JS. Phone/Fax (01255) 850596.

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above.

* * * SURVEILLANCE KITS * *

MRT 1 MICRO TRANSMITTER, 26mm x 20mm including sensi-
tive electret microphone, tuneable 80-115MHz, S00M range
Kit €4 95, Assembled £8.95
MTT1 TELEPHONE TRANSMITTER. 35mm x 10mm, powered
from line. transmits all conversations. S00M range, B0-
120MHz Kit £5 85. Assembled £10.95

All prices include p&p Send 2x2nd class stamps lor Catalogue

Cheques/P O s payable to
EXCEL PRODUCTS (Dept. EPE)

Unit 14. Sunningdale. Bishop's Stortiord, Herts CM21 2PA
BTEC ELECTRONICS
TECHNICIAN
FULL-TIME TRAINING

THOSE ELIGIBLE CAN APPLY FOR E T. GRANT SUPPORT
AN EQUAL OPPORTUNITIES PROGRAMME

O.N.C.,O.N.D.andH.N.C

Next course commences
Monday 9th January 1995
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD
EARLS COURT, LONDON SW5 9SU
TEL: 071-373 8721

R ASTRA Desk Top Accounting™
,;S; R Overture - Invoicing. Sales. Nominal, VAT. ec
[TEER Premier - plus Stock. Jobs, EPOS, eic
8.3 Professional - plus Multi-Currency/Depts. eic
S&S Systems Ltd, Bretton Court, Manor Road, Wales

Sheffield, S31 8PD, UK. (Software distributors and Applc dealers)
Tel: (01909) 773399 » Fax: (01909) 773645 * Int Code: +44 1909

The Amazing CLEANFIT wirefree
Harm System

@ Protects homes, cars and outbuilding.

@ Advanced radio technology linked detectors
@ DTI Approval lygc MPT 1340

@ Fitted in under 2 hours

@ Full remote control operation

LOWEST PRICES TN

Free Info Puck. Tel: 0246 240800 or Fax 0246 240400

THE VINTAGE ELECTRONICS
AND WIRELESS LISTING
Py hed regularly, for sale hundeds of otd, mod
and out of print Electronics and Wireless Books. Magazines
Surplus and obsolete components, spares, valves, semicon-
ductors, and \ Send six first
class stamps for next catalogue or £3.75 for next four 1ssues
Dept. E. CHEVET SUPPLIES LTD.,
157 Dickson Road, Blackpool FY1 2EU
Tel. 0253 751858 Fax: 0253 302979

\\ / Solid State

. ' 1// Lightning Generator
A2, —e 100.000 Volts DC

— 07, Operates from 12-15V DC

/ \'\ Lab quality device

Caution required

Complete kit £119.50

Assembled and tested
£189.50
Cheque and postal orders to A. Radley

12 Orford Avenue, Warrington,
Cheshire WA2 7QL

RCS VARIABLE VOLTAGE 0.C. BENCH POWER SUPPLY

Tto24 volts upto % amp 11020 voita up to t amp 110 18 voits up to 1’4
amps d ¢ Fully stabsised Twin panet meters for instant voltage and cur-
rent readings. Overload protection

mnc

e £45

i m 4 .

+ Post and

Compact
Suze 9 x 5% x in insurance £4
NEW MDDEL. Up to 38volts dc 2t 6 amps 10 amps pesi Fully vanable)
Twin panel maters Size 14% x 11 x 4%in €98 inc VAT Can £6

RADIO COMPONENT SPECIALISTS

337 WHITEHORSE ROAD, CROYDON
SURREY, U.K. Tel: 081-684 1665

List, Lasge SAE. Delivery 7 days Callers weicome Closed Wednesdsy

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics enthusiasts
by personal contact and through a
quarterly Newsletter.

For membership details, write to the
Secretary:

Mr. J. F. Davies, 70 Ash Road, Cuddington,
Northwich, Cheshire CW8 2PB.

Space donsted by Everyday with Practicsl Bectronics

FRASER
ELECTRONICS

NEW CATALOGUE/PRICE LIST
NOW AVAILABLE - 76 PAGES

3000 items at competitive prices!

Batteries @ Buzzers o Cable o Displays
Capacitors @ Cases @ Connectors ¢ LDR
CMOS o Crystals e Data switches e Diodes
Displays e Fuses eintegrated circuits
Knobs e LEDs e Loudspeakers o Relays
Resistors e Solder equipment e Switches
Transformers o Transistors e Triacs e etc

For your copy, send your name and
address, with 50p (stamp) towards
cost of carriage to:

FRASER ELECTRONICS

42 Eim Grove, Southsea, Hants PO5 1JG

Miscellaneous

PROTOTYPE PRINTED CIRCUIT BOARDS
one offs and quantities, for details send s.a.e. to
B. M. Ansbro, 38 Poynings Drive, Hove, Sussex
BN3 8GR, or phone Brighton 883871.
G.CS.E. ELECTRONICS KITS, at pocket
money prices. S.A.E. for FREE catalogue.
SIR-KIT Electronics, 70 Oxford Road, Clacton,
COI53TE.
PLDs AND EPROMS copied or programmed.
We supply logic devices/convert discrete logic to
PLDs. Aiso PCBs designed. Send for details to
PO Box 1561 Bath (0225 444467).
PROTECT YOURSELF AGAINST
COMPUTER/T.V. EMANATIONS. Fix our
Harmonisers to your instruments/sets. Small,
innovative, different. Future Concepts, 19
\r\;eI;ﬁeld Avenue, London, N10 2EA. 081-883
0767.
AUDIO COMPRESSOR/EXPANDER KIT. All
components supplied. Input 10mV-1V. Output
90mV r.m.s. (nominal). Power requirements 6
volts d.c. 10mA (typical). £12.95 inc. postage. Star
Designs, 67 Medoc Close, Cheltenham GL30 4SP.
SOLAR TECHNOLOGY CATALOGUE. New,
3rd edition, S0 pafes with wide range of security
lights. portable lamps, battery chargers, in-
dividual solar cells, small motors and many other
components. Send £5 (£3 refund on order) to:
SPI Lid/EPE, 2la Broadwalk, Pinner Road,
North Harrow, Middlesex HA2 6ED. Tel:
081-424 0262 (Fax: 424 0824).
VALVE ENTHUSIASTS: Capacitors and other
parts in stock. For free advice/lists please ring,
Geoff Davies (Radio), Tel: 0788 574774.
PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Small Production. We
can raise your artwork from magazines or your
draft designs at low cost. PCB's also designed
from schematics. For details send to P. Agar, 54
Forthill Street, Enniskillen, BT74 6AJ or phone
0365 326800 (7 days).
OSCILLOSCOPE. Farnell DTV 60 3 Channel
8 Trace 60MHz with manual probes and soft
case. Current model, in absolute pristine condi-
tion. Cost £779 sell for £365. Tel: evenings 0272
407599.
FREE Variable Power Supply +12 project
catalogue £1 P&P. Poweramps, 60 watt £5, TO3
iltleka:tsink. ex-equipment. K.1.A., 1 Regent Road,
ey.
HUNDREDS of unusual items cheap! Send £1
coin for interesting samples and list. Grimbsy
Electronics, Lambert Road, Grimsby.

This 2'4cm space in
Everyday with

Practical Electronics
Would ONLY cost you

£20 v

1000 MIXED VALUE
RESISTORS

Intelligent mix Yew 5% CR25
Carbon film. Full E12 range. %Z;i?&"‘:‘

4R7to 10M 64 different values.
Satisfaction Guaranteed.

KARE ELECTRONICS

32 Pear Tree Avenue, Ditton, Aylesford,
Kent ME20 6EB. 0732 844633.
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MAKE YOUR INTERESTS PAY!

Over the past 100 years more than 10 milion students throughout the worid have found it worth
their while! An ICS course can heip you get a better job, make more money and
have more fun out of life! ICS has over 100 years experience in home-study courses, and is the

correspondence school in the world. You lsam at your own pace, when and where you
‘personal’ tutors. Find out how we can heip YOU. Post or

largest

want under the guidance of expert

phone today for FREE INFORMATION on the course ol your choice. (Tick one box only!)
L N N N § N § N § & N § N N §N |

Electronics D TV, Video & Hi-Fi Servicing
I C & G Basic Electronic Engineering |:] Refrigeration & Air Conditioning
I Electrical Engineering l:] PC Repair
I Electrical Cmtr;ﬁngllnsmuation G 1 AComputer Programming

| jonal C. Sch 'Fm.ECSC‘:}ZIZ{NHthM
Sutton, Surrey SM1 1PR. Tel: 041-221 7373 (24 hours). Fax: 041-221 £1J

EN

Cooke International

SUPPLIER OF QUALITY USED TEST INSTRUMENTS

ANALYSERS. BRIDGES, CALIBRATORS. VOLTMETERS. GENERATORS.
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE
EXPORT.TRADE AND U.K. ENQUIRIES WELCOME
SEND LARGE S.A E. (50p POSTAGE) FOR LISTS OF EQUIPMENT & MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE
DISCOUNT FOR BULK ORDERS SHIPPING ARRANGED
OPEN MONDAY TO FRIDAY 9AM-5PM
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, PO22 0EB
Tel (+ 44) 0243 545111/2 Fax (+ 44) 0243 542457
EQUIPMENT & ACCESSORIES PURCHASED

SERVICE MANUALS

We have what is probably the largest range of
Service Information available anywhere.
From the Earliest Valve Wireless to the
Latest Video Recorders. Colour Televisions,
Test Gear, Audio, Computers, Amateur Radio
in fact practically anything.
Write, Fax or Phone for immediate Quote.
Originals or Photostats as available.

Also available. Our FREE catalogue
detailing Hundreds of Technical Books
and Repair Guides available.

STOP PRESS

Now Available. Our Service Manuals Index on P.C.
Disc (3.5") for use on your Computer. Just £3.50 with
FREE everlasting Updates Order MP-285.

MAURITRON TECHNICAL SERVICES (EPE),
8 Cherry Tree' Road, Chinnor, Oxon, OX9 4QY.
Tel:- 01844-351694. Fax:- 01844 352554.

Please forward your latest catalo, éue for which I enclose 2 x Ist Class Stamps.
or £3.50 for the Technical Books Catalogue plus Manuals Index on PC Disc(s).

NAME
ADDRESS

POSTCODE
\ If you do not wish to cut xour magazine photocopy this coupon or use a separate shest .

MARAPET ELECTRONIC COMPONENTS

Tel: 0452 526883
Spares for TV * Video * Audio * Compuler Equipment
- IVI;'!&I::"!! T o COMPUTER SPARES
can supply ors. idlers, PHILIPS MONITORS EQUIPMENT MANUALS
Kits. Heads + many other Service & | CMBBIILINGO/P Tx.  £2127 ) VAT ON MANUALS'
CM11342Line O/P Tx  £24.49

Specific parts for over 160 makes. ¥
TV - SATELLITE CMBO73 Power Switch  £5.63 Fhilibe CM11342 Service £330

Philips CM8833
AUIO SPARES, AMSTRAD ome. POWBS 12 Service, €14 55
®. | CPCass - £25.52 amg PC12HACO Service £5.00
PEUCILIT08 18008 Svallibee 40034 ROM (+2) £1100 g PCIACO/O Service . £5 00
EQUIPMENT MANUALS Av3sei21c £6.58  Com Cou/CoIC Service L1490

Large selection of Manufacturers | SEDS420CAC £1483  camedUser
Service & User ¢ [ CBM CB4C User t499
Original manuals suppliad if possible. 8580 VIC (C64) £13 49 CBM C + 4 User 5 49

SEMICONDUCTORS 8585 VIC (C84C) €150

We can supply thousands of different 728 (A3000) o
Custom & Industry Standard devices. | MB81416-12(C18) (375 arcearomns P
FLYBACK TRANSFORMERS  Spectrum ZX8401 oo

REMOTE CONTROL HANDSETS
Very large range available trom .. £10 99 | We can supply s large range for
many Monitors {Also TV equip)

PHONE for 8 'PRICE & AVAILABILITY" on
your requirements, or send SAE for
MOore information on our service

—

w.onlymnmllunmdourm Many Batienies. Loads
Printer Spares also avaiiable Please enquire

All |mumoublvdldmy Prices can change without notice

Order by Post or Phone. We accept Credit
Carde, MLTA & SWITCH. (Please give
Val Dates & Issue No.'s). Add £1.20
(UK) P&P {+50p tor LOPTx's) & 17.5%
VAT. (NB: VAT is aiso due on PAP -
are zero-rated)

| Order 1o
.‘\|"~.‘5[ |
LOUCES Hu\"|l

D INFOTECH & STREEX

76 Church St, Larkhall, Lanarks, ML9 1HE
Phone (0698) 883334/888343 or Fax (0698) 884825

Remember: Not only do we have every sheet ever produced, but we also have
The World’s Largest Collection of
SERVICE MANUALS & CIRCUITS

We are now successtully running a Library Service which allows you to borrow any
manual you want for as long as you want, and when you need another manual, just return
the one you have, plus a £4.95 exchange fee and tell us what you want next.

Borrow any Service Manual for £4.95
regardless of its size or normal cost

The cost of this service is a yearly subscription fee of only £59.95. Join now & get a free
‘Data Ref Guide'.

VARIABLE VOLTAGE A iois Coetl =
TRANSFORMERS i e pibecot

INPUT 220/240V AC 50/60 controtiable amount of Huid from » medical synnge
OUTPUT 0-280V (latter not supphed) Contains the foflowing remov-
Price P& P | able components Dua! Micro Processor Boards and
£31.90 £6.00 EPROMS Escep Precmion 12V DC Motor with
300 1 Gear Box and opvul encoder coupled 10 a

(CM 53 inc VAT) e Mains supply

€7.00 mlhOxlSVN:CodAAt.ﬂsboclup LCc.D

(CSG 58 inc VAT) | Digital read-out 17mm high with legends Audible

2KVA 10 amp max £59.40 warning

€8.50
gc79 78 1nc VAT) These are soid fov‘t‘ho dhm:'onﬁng of the exceptional

0.5KVA 2.5 amp max

1KVA 5 amp max £41.

qualty componen
3KVA 15 amp max Ridiculously low 00 + £4.00
ST 02400 Vam [ e P En B0ine VAT
5KVA 25 amp max £139 12V0.C.GEARED MOTOR
(Plus Carriage) [12v DC Reversibie precion-but Motor Output

Buy dwect from the | Keoenest prices in the country | epeeds. Wmvzo v-20 6V-1
COMPREHENSIVE RANGE OF Pffeestd vono?: and .“rpm
Id..l for robotics ':.

Shaft 3mm x
mewns iead of 0pen rame type Avaslable for immediate delvery long Prce £8.00 +50p p&p (€10 00inc VAT)

INIDE RANGE OF XENON FLASNTIS 240V AC CENTRIFUGAL BLOWER
Mfl’ﬁfnv iries B Nwmndw&mm suitable for

cool

ULTRA VIOLET BLACK LIGHT Onull unl.’!)!"()xsﬁmm .mueo 36mm
FLOURESCENT TUBES mpetor 60mm 60mm Prce £14.10

;:gwm £12.00 (callers only) e x . i

TRANSFORMERS-LT-ISOLATION & AUTO
110-240V Avo transier edher cased with Amencan socket #nd | 40mm W 29 mm H 39mm

(€14 10 inc VAT) p&o & VAT)

wett £7.44+ €1 25p8p £10 21 inc VAT)
128 wet £4.80-+ 750 pap (8 82me VAT SEWING MACHINE MOTOR
Sin B watt £3.96 + p (€5 24 inc VAT) | Brand new 220/240V AC/DC SEW TRIC 2 load Brush
6in 4 watt £3.96 + 50p (€5 24 inc VAT) | Motor Size L 100mm x H semmss
ZINAC!ALLASTKIT o % . x 110 long Pﬂatilﬂ)mcp&olVA
For either Bin, Sin or 12in tubes £6.06 + €1 40 GEARED MOTORS
plp (tB?Sm:VAY) 71 RPM 20ib inch torque reverssbie 115V AC n-
put and for 240V AC
0 £38 No{lwp& NS:Emc VAT) operstion Pncs inc VAT & p&p £27.73
WATT SELF BA|
LIGHT MERCURY !UL! SOLID STATE EHT UNIT
Available with 8 C orE § fiting Input  230/240V AC. Output 15KV

Producing 10mm sperk Buit-n 10 sec tmer
Essity modihed for 20 sec, 30 sec to continuous.
Designed for borer nonbmdu-ummo
lloldolnhymlf\d og supplying
uumcuoocuo

Price inc VAT & plp £25.86

12V D.C. BILGE PUMPS
500 GPH 15k head 3 amp £19.98

1750 GPH 154 head 9 amp £34.56 ‘n o argon tubes etc Price
Also now svarable p&p([|28| chAT) NMS
glVDC 12051’"15017...4 >

sopl SAVE POUNDS !!!

All deos: 10 be used submerged

“,555'?,«1 DE PAP & VAT . (\ Builg v;: own forged benk now du-.:w Con

EPROM ERASURE KIT

Buldyou own EPROM ERASURE for a fraction of the

of a made-up unt kit of perts less case includes

|2m8m2537~w7ub-8ﬂnmwrduan
Neon indheator. on/off switch. safety

cireurt £15.00+ €2 00 'l'|996m<vnl

amonget a
Complete kit of parts less case. 240V ac. mdud
.ngo' uvbbchhqm tube. starter snd
r wlm-ncludmop&pl-
Mn:ﬂ

Pre MICROSWITCH
SUPER HY.LIGHT STROBI 15 amp ¢ lever
Designed for Dieco, viuhnom Brand new pnce 5 for £7.06 inc VAT & p&p
Approx 16 joules Adjustable speed £50.00+£3.00 pbp WASHING MACHINE WATER PUMP
(£62.28 inc VAT) | Brand new 240V AC tan cooled Can be used for
Caee and reflector £24.00+£300 php  (£31 73 inc VAT). | vanety of purposes Inlet 1%in. outlet 1in che. Pnce
SAE for further details including Hy-Light and in- | includes p&p & VAT £11.20 each or 2 for meo

. type S171

57 Bl}lDGMAN ROAD, CHISWICK, LONDON W4 5BB

duewisl Strobe Kits nclusve E
Ample
o]

SERVICE TRADING CO
: 081-995 1660 FAX: 081- 06549
ACCOUNT CUSTOMERS MIN ORDER £1 Povky
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Mixed metal/carbon film resistors ¥ sW £12 series 10 ohms to 1 Megohm ... )

Film resistors %W 5% E24 series 0.51 Rto 10MO ....... . e AP
100 off per value - 765p. even hundreds per value totalling 1000 ........... £6.00p
Moetal Film resistors W 10R to 1 MO 5% E12 series - 1%p. 1% E24 series ..2p
Mixed metal/carbon film resistors YW £24 series 1RO 1o 40MO ... s 1%p
1 watt mixed metal/ Carbon Film 5% E12 series 4R7 to 10 Megohms ......... . 5P

Linear Carbon pre-sets 100mW and %W 100R to 2M2 E6 series p
Miniature polyster &?g.citon 250V working for vertical mounting

015, 022, .033, .047. .068-4p. 0.1 - 5p.0.12,0.15,0.22 - 6p.0.47 -8p.0.68 - 8p 10-12p
Myler (polyester) capacitors 1 working £12 series vertical mouming

1 t0 8200p - 3p. .01 t0 .068 - 4p. 0.1 - 5p. 0.12.0.15,0.22 - 6p. 0.47/50V - Bp
Submin ceramic plate capacitors 100V wls&?nicgl mountings. £12 series

2% 1.8pfto 47pf - 3p. 2% 56pf to 330pf - 4p. 1 90p-4700p . .. . ap
Disc/plate ceramics 50V E12 series 1 PO to 1000P. E6 Series 1500P 10 47000P 2p
Pol rene capacitors 83V working E12 series long axial wires

10pf to 820pf - Sp. 1000pf to 10,000pf - 6&.)(1)2.000;\' 7p
741 Op Amp - 20p. 555 Timer ~ 20p. LM3900 .......... ... 80p
CMOS 4001 - 20p. 4011 - 22p. 4017 - 40p. 4069UB unbutfered . 20p
DIL holders. 8-pin 98: 14- 16-, 18-pin 12p; 24-pin 18p; 28- pin 20p; 40-pin 25p.
ALUMINIUM ELECTROLYTICS (Mfds/Volts)

1/50, 2.2/50.4.7/50,10/25,10/60 ........ s . 5p
22/16, 22/25, 22/50, 33/16,47/16, 47/25, 47/50 6p
100/16,100/25 7p: 100/50 ............ 12p
220/16 8p; 220/25, 220/50 10p; 470/16. 470/25 . 1p
1000/25 25p; 1000/35, 2200/25 35p; 4700/25 ........................... 70p

Subminiature, tantslum bead oloctrolgtico (Mfds/Voits)
0.1,0.22,0.47,1.0,2.2,3.3@ 35V -4.7/16,6.8/10, 10/6, 10p; 6.8/35, 12p.

4.7/25, 6.8/16,10/6, 11p; 15/16. 22/6, 33/10, 15p; 10/25, 16p; 10/35. 22/16, 20p
47/10, 20p; 47/16, 25p; 47/20. 30p; 47/35, 32p; 100/3, 18p; 10076, 220/6. 20p
VOLTAGE REGULATORS

1A + or = 5V,8V,12V, 15V, 18V & 24V - 55p. 100mA. 5.8,12,15.V + 30p
DIODES (piv/amps)

75/25mA 1N4148 2p. 800/1A 1N4006 4%p. 400/3A 1N5404 14p. 115/15mA OA91 . 8p

100/1A 1N4002 3%p. 1000/1A 1N4DO7 5p. 60/1.5A S1M1 5p. 100/1A brdge 25p
400/1A 1N4004 4p. 1250/1A BY 127 10p. 30/150mA 0A47 gold bonded .18p
Zener diodes E24 series 3V3 to 33V 400mW - 6p. Twatt ... 10p
Battery snaps for PP3 - 7pfor PP9 .. .. R 12p
L.E.D.'s 3mm. & 5mm. Red, Green, Yellow - 10p. Grommets 3mm - 2p. 5mm .. 2p
Red flashing L.E.D.’s require 9-12V supply only, 5Smm .. ... 50p
Maing indicator neons with 220k resistor ............... 10p
20mm fuses 100mA to 5A. O. blow 6p.A/surge 10p. Holders, chassis, mounting ... . 6p
H?h speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0mm - 40p. Machines 12Vdc ............ £1500
HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs £4 50

AA/HP7 Nicad rechargeable cells 90p each. Universal charger unit
AA/HP7 zinc/carbon batteries in packsof 4 ... ... .

£6 50
.£1.10 per pack
Glass reed switches with single pole make contacts - 8p. Magnets . 20

0.17 Stripboard 2% x 17 9 rows 25 holes - 25p. 3%« x 2%" 24 rows 37 holes 70p
Jack plugs 2.5 & 3.5m - 14p; Sockets Panel Mtg. 2.5 & 3.5m. ....10p
Ear pieces 2.5 & 3.5mm, dynamic - 20p; 3.5mm crystal... ... .£1.50
Multi cored solder, 22G - 8p yard, 18G - 14p yard

TRANSISTORS

B8C107/8/9 - 12p. BC547/8/9 - 8p. BC557/8/9 - 8p. BC182, 182L, BC183, 183L.

B8C184,184L,8C212, 212L - 10p.

BC327, 337, 337L - 12p.BC727, 737 - 12p. BD135/6/7/8/9 - 25p. BCY70 - 18p.

BFY50/51/52 - 20p.

BFX88 - 15p, 2N3055 - 55p, TIP31, 32 - 30p, TIP41, 42 - 40p. BU20SA - £1.50, BF195,197 - 12p

lonisers with seven year guarantee, 240V AC, list price £16.95 or more £12.50
Do not add VAT. Postage 30p {free over £5). Stamp for hist.

THE CR SUPPLY CO

127 Chesterfield Rd., Sheffield S8 ORN Tel: 0742557771 Return posting

SHERWOOD ELECTRONICS
7 Williamson Street, Mansfield, Notts. NG19 6TD
SPECIAL OFFER - choose 2 x £1 packs FREE with every 12 purchased

SP1 15 x 5mm Red Leds SP37 15 x 100735V radial elect caps
SP2 15 x 5Smm Green Leds SP42 200 x Mixed 0.25WC F resistors
SP3 12 x 5mm Yellow Leds SPa7 5 x Min push button switches
SP4 10 x 5mm Amber Leds SP102 20 x 8 pin DIL sockets

SP10 100 x 1N4148 diodes SP103 15 x 14 pin DIL sockets

SP11 30 x 1N4001 diodes SP104 15 x 16 pin DIL sockets

SP12 30 x 1N4002 diodes SP112 5 x Cmos 4093

SP18 20 x BC182 transistors SP125 10 x 1000/18V radial elect caps
SP19 20 x BC183transistors SP130 100 x Mixed 0.5WC.F resistors
SP20 20 x BC184 transistors SP133 20 x 1N4004 diodes

SP22 20 x BC214 transistors SP134 15 x 1N4007 diodes

SP23 20 x BC549 transistors SP137 4 x WOO05 1 5A bnidge rectfiers
SPa4 5 x Cmos 4001 SP138 20 x 2.2/50V radial elect caps
SP28 5 x Cmos 4011 SP142 2 x Cmos 4017

SP29 4 x Cmos 4013 SP147 5 x Stripboard 9 strips x 25 holes
SP36 25 x 10/25V radial elect caps SP185 2 x LF35) Op-amps

RESISTOR PACKS - 0 25WC Film

RP3 5 each value - totat 365 €250
RP7 10 each vaive - total 730 €378
RP10 1000 popular values £4 95

Catalogue available £1 or FREE
with first order over £5

Chequesorr.0.tc SHERWOOD ELECTRONICS wowr
Plosse add £1.25 PAP 1o all orders

Millions of quality components
at lowest ever prices!

Plus Tools, Watches, Fancy Goods, Toys.
Mail order UK only.
Allinclusive prices —

NO VAT to add on.
Send 43p stamped self addressed label or
envelope for catalogue/clearance list.

At least 2,100 offers to amaze you.
Brian J Reed
6 Queensmead Avenue, East Ewell

Epsom, Surrey KT17 3EQ
Tel: 081-393 9055

VALVES 100 off phono plugs........... £2.95"
30L15, £4; ECC804, £3; 50 off mixed terminal A Dv E RT' s E R s | N D Ex
ECH84/EF85/EH90/EY86/ blocks......................£2.50"
PCF801/PCF806/PCL88/ 25 off buzzers & sounders..£3.50" AUDON ELECTRONICS. ...
PL81/PL83/PY82...... All £1 ea® | 25 off mixed relays. .. £4.95"° N. R.BARDWELL.........
S 50 off mixed switches........ £7.50° B.K. ELECTRONICS .
250 off i.c. sockets £3.95° BRIAN J. REED........

6%" to 3%" floppy converter
leads......................£1.50 ea® | 1000 off Ceramic caps........ £7.50°
STC p.s.u. 240V Input; 5V 6A 5 off 3V Lithium memory

Output, (converts to 12V 3A, back-up batteries...... £2.00*
details supplied)...............£5.95 | 100 off 2200uF 25V caps...£6.00"
Temperature probes, with 100 off 4-7uF 25V caps......£2.50"
data........ooocorririnn, .£3.95° | 3Ib mixed component pack..£4.95
Universal Timer (10 min Jumbo component pack.......... £10
delay and 20 min. cut-off Crystal oscillators
functions).... .....£3.95° 10/12Mhaz. ..£1ea
_— 5V DPCO D.I.L. relay........ 60p ea®
TRANSISTORS 5V SPCO S.I.L. reed relay..40p ea*
BDX42/BDY91/BD237/ 12V Piezoelectric Sounders.50p ea
BUX85/BSS52......... All 50p ea” | DIL Switches 3/4/6 and
_— 12-way. .. 35pea’
12V 400mW Zeners, ......£1 - 100° | 3-5mm jack plugs......... 10 for £1°
MOSFETS, 10A 450V, 100 off Zener diodes, mixed....£2°
10A500V...................£2.50 @a® | 21-piece mini screwdriver
UM1287 sound and video set......... £3.95"

modaulator..... ....£2.50e@a" | Universal test lead kit......... £3.95°
3AMP mains filters........ £1.00ea" | 10 crocodile clip leads........ £3.50°
12Vcounters. ... £1.00ea° | 20 off mixed R.F. Filters

40 Character x 1-line dot Crystals, etc. ... £4.95°
matrix display............£4.95 ea” | 100m P.V.C. sleeving £4.50°
Car Dashboard Display (shows QUANTITY DISCOUNTS

lights, indicatars, doors, AVAILABLE PLEASE RING.

on picture of car).......... £4.957 | e also buy all forms of electronic
4-digit clock display........... £2.50° | components, p.s.u’s, disk drives etc.
4-digit l.c.d. with 7211 Lists to below address.
driver.........ccoooeiiniinnn. £3.50*

ALL PRICESINCLUDE VA.T.
PLEASEADD £2.00p&p EXCEPT
ITEMS MARKED= WHICH ARE 50P.
SAE FOR BULK BUYING LIST

. PAYMENT WITH ORDERTO

Dept EE, COMPELEC,

17-digitv{. display. ... £2.95"
Giant 2 digit v.f. display.....£2.95"
12V stepper motors, 48 steps
perrev., 7-3° step angle...£3.95
Zig:sﬂmlxed e'é?f_""_“'? _£4.95° 14 Constable Road,
250 off polyester caps........£4.95° AT EITTT [ TN
1000 off mixed resistors Cambs PE17 6EQ
UW........ i £4.95° Tel/Fax: 0480 300819

CHATWIN GUITARS (JCG)...
CIRKIT DISTRIBUTION......

COMPELEC..................
COOKE INTERNATIONAL.........

CRICKLEWOOD ELECTRONICS..
CR SUPPLY COMPANY.............

DISPLAY ELECTRONICS..................
ELECTROMAIL (RS COMPONENT
ESR ELECTRONIC COMPONENTS.....
EXPRESS COMPONENTS.............
FRASER ELECTRONICS.........

GREENWELD ELECTRONICS...
:'::;;RT ELECTRONICKITS......

INFOTECH & STREE.

JPG ELECTRONICS....
KARE ELECTRONICS...
LABCENTER.....................
MAGENTA ELECTRONICS.
MAPLIN ELECTRONICS.....
MARAPET ELECTRONIC
MAURITRON...........cc.cc........

M&B ELECTRICAL SUPPLIES..
MQP ELECTRONICS................cooooo
NATIONAL COLLEGE OF TECHNOLOG
NEWMARKET TRANSFORMERS...........
NICHE SOFTWARE...................
NUMBER ONE SYSTEMS...
OMNI ELECTRONICS......

PICO TECHNOLOGY.
POWERWARE...................

QUANTEK ELECTRONICS..
ROBINSON MARSHALL.
SEETRAX CAE...............
SERVICE TRADING..........
SHERWOOD ELECTRONICS.
STEWART OF READING.....
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POWER AMPLIFIER MODULES-TURANTABLES-DIMMERS-

LOUDSPEAKERS-19 INCH STERED RACK MFIERS

THOUSANDS PURCHASED p ; : R : SUPPLIED READY BUILT AND TESTED.
BY PROFESS'ONAL USERS These modules now enjoy & Id-wid for quaiity and pe! al & realistic price Four

models are available 10 suit the needs of the protessional and hobby market 1 @ Indusiry, Leisure, Instrumental and Hi-Fi
elc When comparing prices, NOTE that all modets include foroidal power supply. integral heat sink, glass fibre PC.B and
drive circuits 1o power a compatible Vu meter Atl models are open and shor circuit proot

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor ~300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 £3.50P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor -300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 - £4.00 P&P

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S.INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: power suppiies with two toroidal transtormers # Twin L.E.D. Vu meters #
Levelcontrols & Illuminaled on/oft switch % XLR conneclors % Standard 775mV inputs % Open and shoft circuit
proof % Latest Mos-Fets for stress free power delivery into viftually any load % High slew rate % Vevy low
distortion # Aluminium cases % MXF600 & MXF300 fan cooled with D.C. loud: ker and thermal pr 5
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3'2" (2U)xD11"
MXFA00 W19 xHS5 %" (3U)xD 12"
MXF600 W19 xHS5 4" (3U)xD13"
MXFI00 W19 xHS " (3U)xD14%"
PRICES:-MXF200 £175.00 MXF400Q £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
» -3dB, Damping Factor 300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 - £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S_into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor -300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE C1 32.85 - C5 00 P&P

OMP/MF 1000 Mos-| Fel Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S, into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor 300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £€259.00  £12.00 P&P

Advanced 3-Way Slereo Active Cross-Over, housed in a 19" x 1U case. Each channel has three level controls
bass. mid & top. The removabie front tascia allows access to the programmable DIL swiiches lo adjust the
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz. all at 24dB per octave. Bass invert swiiches
on each bass channel Nominal 775mV input/outpul. Fully compatible with OMP rack amplifier and modules

Price £117.44 + £5.00 P&P
G A= R NEZ Il . * ECHO & SOUND EFFECTS*

STEREO DISCQ MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with talk-over
switch, 8 Channels with Individual faders
plus cross fade, Cue Headphone Monitor. B
Sound Effects. Usetul combination of the
following inputs:- 3 turntables (mag), 3
mics, 5 Line for CD, Tape, Video etc.

Price £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS S00mV, BAND WIDTH 100KMHz.
PEC (PRDFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH SOKMz. ORDER STANDARD OR PEC.

WeYTL1J 7V 7' LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.

ROLA ALL EMINENCE UNITS B QHMS IMPEDANCE
Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 8 100 WATT R.M.S. MEB-100 GEN. PURPOSE, LEAD GUITAR. EXCELLENT MID, DISCO

transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required ?gs:rosazglnTesomn:f;_:g:gnhi:"‘?gé:i KEYBOARD. DISCO PEI;IgEELIi:IEZ’i?MIDtZ.OO RER
these units can be added to existing speaker systems of up lo 100 watts (more if two are put in series. FREE e N ° N ‘ =

RES. FREQ. 71Hz, FREQ. RESP, TQ 7KHz, SENS97dB. PRICE £33.74  £2.50 PAP
EXELANRTORYILEARCETS ZREISUPPLIED WITH.EACH pWEETER) 10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOC AL. EXCELLENT HIGH POWER MID.
. TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for § pes FREQ. 65Hz. FREQ. RESP. TO 3.5KHz. SENS 99dB. PRICE £43.47  £2.50 P&P
| 1\ ) (= J bookshelt and medium sized Hi-Fi apeakers. Price £4.90 - 50p P&P. 12 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCQ. STAGE MONITOR
\"&,\ X TYPE 'B' (KSN1005A) 3" super horn for general purpose speakers, §RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz. SENS 100dB. PRICE £35.64  £3.50 P&P
TP disco and P.A. systems etc. Price £5.99 - 50p P&P. 12' 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIOE RESPONSE, P.A., VOCAL. STAGE
o " ide di . v Hi-Fi sve. I MONITQR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 9848. PRICE £36.67 £3.50 PAP
;L::Eang (‘:(:I’i:"d?: iALfc ':ri w'dgsd;?efs;°g ":;’;,'“ quality Hi-Fi sys- B 0 200 WATT R.M.5. ME4 2-200 GEN. PURPOSE. GUITAR, DISCO, VOCAL. EXCELLENT MID.
oSG LD s e kit i RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 9808. PRICE £46.71  £3.50 P&P
TYPE ‘D' (K_SN1025A).2 x6" wide dispersion horn. Upper frequency §42° 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
response retained extending down to mid-range (2KHz). Suitable for high SRES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19  £3.50 P&P
quality Hi-Fi systems and quatily discos. Price £9.99 - 50p P&P. 15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
TYPE'E' (KSN1038A) 3%" horn tweeter with attractive silver tinish trim. :‘gs';::ev-::#léF':‘Esoh“EE‘s:;’305::‘61“15(;4559:"89‘;55 LDt BASSPz'SIETi:OJZ €4.00P&P
Sliitabis lor LR monitorgyslems elctBrice]bs. JO{W,SOpIPAT: RES. FREQ. 39Hz. FREQ. RESP. TO JKHz, SENS 103dB. PRICE £73.34 - £4.00 P&P

LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P.

ALL EARBENDER UNITS B OHMS (Except EBE-50 & EB10-50 which are dual impedance tapped iz 4 & 8 ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURRQUND
B8 SOwatt EBB-50 OUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

X RES. FREQ. 40Hz, FREQ. RESP. TQ 7KHz SENS 97dB. PRICE £B8.90 « £2.00P&P
A new range of quality gned 1o take ge of the latest 10 SOWATT EB10-50 DUAL IMPEDENCE. TAPPED 4/8 OHM BASS. HI-FI. IN-CAR.
speaker technology and enclosure desngns Both models utilize studio quality RES. FREQ. 40Hz. FREQ. RESP. TO 5KHz, SENS. 99d8. PRICEC13.65 - £2.50 P&P
12 cast alumimum loudspeakers with tactory fitted grilles wide dispersion 10" 100OWATT EB10-100 BASS, HI-FI, STUDIQ.
constant directivity horns extruded aluminium ¢orner protection and stee! RES. FREQ. 35Hz, FREQ.RESP. TO 3KHz, SENS 96dB PRICE £30.39 - £3.50 P&P
ball corners comphmented with heavy duty black covering The enclosures 12 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCQ.
are fitted as standard with top hats for optional loudspeaker stands RES. FREQ. 26Hz. FREQ. RESP. TO 3 KHz. SENS 93d8. PRICE £42.12 - £3.50 P&P

FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET S's SOWATT EBS-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.

FREQUENCY RESPONSE FULL RANGE 45SHz - 20KHz

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE£9.99 - £1.50 P&P
{bLFC 12-100WATTS (10048) PRICE £159.00 PER PAIR 6': GOWATT EB6-60TC (TWIN CONE) HI.FI, MULTI-ARRAY DISCO ETC.
ibl FC 12-200WATTS (100d8) PRICE £175.00 PER PAIR :E%()Fvei?"rgza:l' :ﬂﬁ% (ﬂ‘isl: zg:g')(:llﬁﬁnﬁ:‘:%mv TERGEE PRICE £10.99 1.50P&P
B8-60 -Fl, 1- b
SRECTATIST CARRICRIDEL. £12.50[FERIRAIR RES. FREQ. 40Hz. FREQ. RESP. TQ 18KHz, SENS B9d8. PRICE £12.99 - £1.50 P&P
OPTIONAL STANDS PRICE PER PAIR £49.00 10 6OWATT EB10-60TC (TWIN CONE) HI-FI. MULTI ARRAY DISCO ETC.
Dellvery £6.00 per pair RES. FREQ 35Hz. FREQ. RESP. TQ 12KHz, SENS 98d8. PRICE £16.49 - £2.00 P&P

AR ST

BOOSTER AM

CAR STEREO BOOSTER AMPLIFIERS | iL) MITTER HOBBY KIT

150 WATTS (75 - 75) Stereo, 150w [JPROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE

Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS .
250 WATTS (125 - 125) Slereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS 4
Bridged Mono 3W  TRANSMITTER 80-108MHz VARICAP CONTROLLEO PROFESSIONAL 1 I
400 WATTS (200 200) Stereo, 400W JPERFORMANCE RANGE UP TO 3MILES SIZE 38 x123mm, SUPPLY 12V + 0 SANP >

Bridged Mono PRICE £14.85 - £1.00 PaP
ALL POWERS INTO 4 OHMS FM MICRO TRANSMITTER 100-108MHz. VARICAP TUNED COMPLETE WITH

Features: 'VERY SENS FET MIC. RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY
* Stereo, bridgable mono ®* Choice of PRICE £B.80  £1.00 PAP PHOTD: 3W FM TRANSMITTER

high & low level Inputs % L & R level B.K. ELECTRDN'CS

PRICES: 150W £49.99 250W £99.99
400W €109.95 P&P £2.00 EACH

controls % Remole on.ott ® Speaker &
thermal orotection.

OROERS FAOM SCHOOLS, COLLEGES, GOVY. BODIES BCa ETC. UNITS 1& 5 COMET WAY, SOUTHEND-ON-SEA,
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND [l ViS4 | ESSEX.SS2 6TR.
. ACCESS ACCEPTED BY POST, PHONE OR FAX. Tel: 0702 -527572 Fax..0702-420243




ELEGTRONIC|PRODUCTS:

OUT OF THIS WORLD
ON SALE NOW
ONLY

Over 800 colour packed pages
with hundreds of Brand New
Products at Super Low Prices.
Available from all branches of WHSMITH, John Menzies in Scotland

ONLY, Eason & Sen in N. Ireland ONLY, and Mapilin stores nationwide.
The Maplin Electronics 1995 Catalogue — OUT OF THIS WORLD!:




