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12v 1BAhSEALED LEADACID BATTERIES,
new and boxed, unused pack of 4 £39,95 ref
CYCT or £15 each ref CYC6

AUTOMATIC CHARGER Fortne s bamencs crargss
2& oror, charge e ey crouery, & o chamge 10 CYCE

A new range of 12v to 240v
INVERTERS
IV400S (400 watt) £89
IV800S (800 watt) £159
IV1200S (1200 watt) £219

ECG MACHINES?6v 10AH BATTS/24V BA TX &
gsveTe? BCS macfines)  Messwres JSOXIONIZ0DMT. on I
St ame controts for scan soeed, scan deldy, scan moda ass of
CONNECEOns oN tha fed! ncudng vioes aut eic. Ontne frare panet aw
ten Tl sociats for comnectng Ue boxdy sensars 1o Sensts NGt
nAckuded. insde 2 X By 104K sealid ad acid bstts {pereraly rot in
QOO0 condLon), oS 253 a BAT 24v tommoai transiormer (mains in)
8 25 geds My have i of two broken ooors &40 cue (0 poor
Sope £1595 1= VP2

SODIUM LAMP SYSTEMS £75.70 Compiess sysimm
with 250w or 400 watt SON-T Agro bulb, mflector with buib
halder and remote balizst and starter{uncased) all you naed Is
wire. S0V tystam raf SLS1, {00Y! system SLS2

PC SUPPORT HANDBOOK The vitimsts mchnical
guide to byliding and maintining PC's. Over 450 Ad pages
packed with technical data and dizgrams just £10 ef PCBK._
you want 4 coples for EX) af PCEKZ. Also available Is a GO
packed with diagnortic HOgIammes (o Lz with the book £5 ref
PCBK1

D SIZE NICADS Tegged. 1206mA. 1.2v pack of 4 for £5 ref
CYCH of us 5 pack of 24 for £22 ref CYC10

D SIZE SEALED LEAD ACID BATYERIES

2v 23ah reonageane seaiad et 35 bataey s by Cyoon
EhASTIT (s2ndard O £2e) suopred 2= 2 sk of 32 or 20 ghEng you
cotors for tattery corfigeratons e 12v & Sah I4v = 2%ah &y &t
Hah Trese tatenes e panouiarly usedid i 53t you o armenge
N 1 your Srnect 10 oftTies £oaCE 8t (B Doat hatset ean) Pt o
12 £10 et CYCH. pack of 20 £15 ref CYCS
HYDROPONICS DO YOU GROW YOUR OWN>
Wit fave 3 R ookonr rpdiopcnacs S3taiogue FvaiEhe oomaEneyg
et e Fang for your fraa copy.

PC COMBINED UPS AND PSU Tre unt ros = et
powerd X0 watls slandem Moy doard corsectans and | 2pErpheies
PONT B30T R O oo Inse = 3 12v T el seaipd e 55T
cazenen Backeptime s Amng 2t Al icador X mers 3t farioae Maae
Tithe U by Magreen $10Gr25hvac Al *ovat3sa Brat BA »12v
3 GA -1 2t 5A oytrets 1TREZEDCIOMT rew and bored 273 55
Ref PRRES2

ALTERNATIVE ENERGY CD. pacren wats wti-
CAETS OF ALTERNATIVE ENERGY RELATED ARTDICLES PLANS
AND FORMATION ETC £12 50 REF CD56

AERIAL PHOTOGRAPHY KIT Trs rociet comes with
3Tl N Cameral 4 s up 4o 500 st {150 m) turns over, ard takes an
mme,rdmmoem The ket Iren fetums waits
fariva ts paacse Takes 110fim S.ppleo compiets win eventing
rouong 3 Buen pad 2nd 3 motans (0o ) £20 56 ref 2si
PROJECT BOXES Ancther targan %o you 22 these sman
ABS proaet Dowes, St o pEcE scTew MogENer c2se messeting
aperoy §x5 12" compiste with [ane) mourted LED $reian yter wil firdd
s of fee b, E:eneacs INCLOCS, OVt PESSiyE MAnG s o
ool 26 £18 55 e D7
TELEPHONESJ.'RI\[FSMSEF.C&GE'-‘E{]dmiﬁ
3 brand new and torrd. TWwe peace consinuchon - Birraesnd hey sl
tone o puse (swichariea), rEcak redal 3nd [3uge RighfAon 253 o
roger saRsh and quakty corsrucies,. OF whes soiowr and ™ supeied
wiha sardant SEmatona) ad (same 3¢ UE o rmodems) Fysu wsh
ot a 57 et suptedts comenthe prones mesa gre 21 S5eatn
red BTLY Phones £4.99 each ref PH2 10 off £30 ref SS2

JHP MAINS MOTORS srgie prase 240v, bend new, 2
poae. 341680 2250 rpm. bty auomative fesst ovencac P
tector ke shat (A8 )Waoe oy Lesson £99 eachiref LEES
BUILD YOU OWN WINDFARM FROM SCRAP
Naw putfcaton gres eiop by Sep guca o g v ganarsors and
oo Armed win s puttcaton and 3 goos oeE soEn yE
ool meke you saif sufficent ih eisciticon £12 ref LOTEY
CHIEFTANTANK DOUBLELASERSSWATT+3
WATT+LASER OPTICS covuteacaroatr oserimener.

\ong ange comms el Doubie Lasm units oesoned 19 fTn ine Sarred
OF 3 BrR each U Ras 2 sant CNchatior asers e mas dive wrds
o sigramant 7 mlaranga no oroul dagams due o MOD, newprice
250.0007 us? L3159 EBch Wt res twh  §3lum Arsande wmechen
3oz 1 xSwen { x3wadt Sllem waveiengin 20var SON7 peisa
oG The L0y 340 COM3iN 3 redevess 19 oatsct refectad sgrais fom
Erpes £156 R LOT4

MAGNETIC CREDIT CARD READERS anD
ENCODING MANUAL £8.95 Crseq with fysess cesg=d in
233G S3n3ard cecd catts! compiete wih eonird elcirorics POS e
MELES OO B NG SV T Ou U wart tn e zoeul whEts hikten
U3 TRnET S o0 your catdl paR £9 55 ref BARSE
SOLAR POWER LAB SPECIAL 6 ev 130ma
tes LLED's wie Leuzer; Swich - remmy of motr €7.98 REF SAZT
SCOLAR NICAD CHARGERS ¢ 24 sze 1590 ref
59475 2 C eze £6 2 ret 2577 YOUR HOME COULD
BE SELF SUFFICENT IN ELECTRICITY
Compreransee pians wiln i53ds of 0 60 885gRng Sy Sidvs, L3nals,
conirok eectones ex £7 &l Pyt

AUTO SUNCHARGER 152:000mm sotar panel wan dzce
Bngd T retee e et tae phay 12v Pw ,£1i§9’aﬂ'_xz-‘px1y.';1iﬁﬁ

— =

roEs wan ATt tnag serties 2rn otat 8 aradarele, B
trase, 0 TA/Ghase 1.6 deg step (200 wap) Bocy S838mm 21 36
BAref STESD, packdd L6 £42 85 PC based varianis specdcortroler
W35 ref STEF7

200mpg fromournew Velosolex
motorized bikes £695 Inc vat

Sales 01273 383848
Hydrogen fuel cells

Qur new Hydrogen fusd celis are tv 5t up Ip 1A oculpul,
Hydrogen input, easily driven from a small electrolosis
assembly or from a hydrogen source, our demo

uses a solar panel with the output leads in a glass of saht
water o produce the hydrogen! Each celfl is designed to be
completely taken apart, putback togetherand expanded to
what ever capacity you fike, {up to 10watts and 12v per
assembly, Cells cost£79 ref HFC11

We get over 10,000 hits a day.....
http:/fwww.bull-electrical.com

PHILIPS VP406 LASER DISC

PLAYERS, scaar outrur, Just put Your vipeo
DiSK IN AMD PRESS PLAY, STANDARD AUDKO AHD VIDEO
OUTPUTS, FULLY TESTED AMD WORKING. £24.85 REF VP403
SMOKE ALARMS wans powerea rade by the famenss
Gt comnsny, egsy R et to lght2fags, poser porrd. Pack of5E145
rel 8573, pack of 12 £24 rpf 5232 )

4AHD SIZE NICADS pack of 4£10 ref4AHPK
SENDER KIT Corarm 22 serponerts tabalkd 2 AV tarmsertter
compEets win c3se £30 ref VEXI2

10 WATT SOLAR PANEL amophossicotsans foea
N 3 anidaed AETasum ame. Pezosi meases 3 by 't with screw
fErmanss or e3sy connecton . ¥ X 1 soler panel £55 red MAG4S
Unframed 4 pack {3'x1°') £58.89 raf SOLX

12V SOLAR POWERED WATER PUMP perect
for mamy 12v DC uses, fom sciar Turtasns o Rypdonsmaes! Sman
ang compact yet poverfd works g from e 10 watt sosr penal
mboyrmn Mabhdi7RWarfow =8 Lomy SARSACSIIRED
SOLAR ENERQY BANK KIT 50x 6“x12"6v safar
panels(amorphous}+ 80 dicdes £99 ref EF112
PINHOLE CAMERA MODULE WITH AUDIO!
Superh beBMT CETEE W 0 DOST Soud! eara sl aust 28mm
squam (ncdng moroptione) xie f coven suoveslance Canbe
fooen nsde EN)yINNg | even 3 m3tenioxl Compicte with 15 mebie
cabie psyang vhe comrathes £48 85 i OO6S

SOLAR MOTORS Ty motors wisch i gue hagpsg on
votapes Som-10vie Works on our By ameorphous § paneis ang
YU c2n aun thes bom the sund 32mm e 20mm thsk £1 S3asch
WALKIE TALKIES t MILE RANGE £37/PAIR REF MAG30
LIQUID CRYSTAL DISPLAYS Bargain prices,
16 charactar 4 bne, 62x25mm £5.99 ref SMC1640A

40 character 1 Ene 154x1Bmm £6.00 raf SHCA01A
YOURHOME COULD BE SELF SUFFICENT
IN ELECTRICITY Comprencrsae plans wan isacs of inf
o desigrng Systems, pars. control ssctracs £o 87 el PV
AUTQO SUNCHARGER +152:300m~ sais canei wih oo
ano 3 metre tead arm ogar plop 12 2w £12.99 REF AUGI0F3
SOLAR POWER LAB SPECIAL a5 6y 13
cefig, 2 LE s wiz boree gwich - a3y o motor B7 99 REF SAZY
SOLAR NICAD CHARGERS < x AA szs £503
EP4T6 23 C e £9 89 rf 5377

MINATURE TOGGLE SWITCHES Trese top quasty
S3periess tanel moLrt Igge FacThes meeesE 351 312mem, 22 2
pofe crangeover a5 wil satoh 1A 2 250vac o 3 A Bt 125a
Comgists win ounting washes ard ren Suppied as = box of 100
sattones by £20 55 e STAS or 2 hag of 15 % £4 80 ref SWTIL
VOICE CHANGERS 1o o of 1esz unts over Yo
FICE MOUN [5ECE 211 YTk T30 2050S YT voice vsng the cotois on
the und! Basery opereed £15 m C03

pm—— = e

s

STEPPER MOTORS = newstacsarmess snmcng |

REGISTER FOR OUR |
ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

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

WITH ORDER PLUS £4.00 P&P PLUS VAT.

24 HOUR SERVICE £6.50 PLUS VAT.
OVERSEAS URDERS AT COST PIUS €3.50

FAX 01273 323077

Sales@bull-electrical.com

BULL ELECTRICAL
MAEL ORDER TERMS: CASH, POOR CHEQUE

(ACCESS,VISA, SWITCH. AMERICAN EXPRESS)

'phone orders : 01273 203500

30 WATTE OF SOLAR POWER forjust£69,4
panels each one 3'x1"and producing 8w, 13v.
PACK OF FOUR £69 ref SOLX

200 WATT INVERTERS rigs suagi vin.yous car

CuarELE fgrier socket and o Tiizd with a 134 socket so you cannn
YOUT MENS5 0DEFAtEd oevioes SO your car battary, £43 95 rel SS66
THE TRUTH MACHlNE?e.sdmﬁbmh)mn
UEOSE i Ihes voce, Bstiary operaten 'wioks & geres compsimn
ans on e THond and TV s waitl £42 a5 r2f TOS

INFRA RED FILM & ssurzpece of ferve =¥ mafimira
we oy aliow 1R LR tTough. Perect for coTvertng Godny tochas.
QR ReadIghIE E1C [0 MEE B O 0P T Oty U] S2A032% I bulls
Easdy ctto stame 6 squere £15 el IRF

33 KILO LIFT MAGNE Treooymasm 32mm gamétar wah
afirg ekt onthe bask for £33 moursg Each magnetwet B 33 oS
4 mEghaE botad to X pEe Wil B 2n romae 132 Kiost £15 e
MAGIE Pack & 4 just £30 reg MAGIIAS

HYDROGEN FUEL CELL PLANS .oox of rrmamon
onMmyogen elraps and oot cuon. Praceas pens 0l ed 3 By ogen
Sl et {Qood workshop 155tes requied) £8 ot ef FGPY
STIRLING ENGINE PLANS 1reestng dlormatonpack
covercg 23 aspects of Snng engies, oonres o rome mooe
enFres made T 2t axTsal cat ey on s candi £ 12 e STIRY
ENERGY SAVER PLUGS Sxwes o1 15% eecrcsy
when e wdn ipes. Moy S L 0 2A Lt DUts SRR g IS e
£9 &3 2! LOTTY, W0 pack £65 e LOTT2

12V OPERATED SMOKE BOMBS Tze3 53 12v
pger and 3 STOkE CaNrSters, B2ch Carnst= W B3 3 room n 3 vy
short space ol time! £14 S0 af SB3 Ty 2 5 20 crmalef carnsters
{=siaite foo mock equpment fres et and 1 tnggar moduie for £35
tof S52 Type Y5 & 12¢trgper 2t X ‘amge canmistes £43 et S84
HIPOWER ZENONVARIABLE STROBES st
12v FCB t200 Wi B power stroda tude 579 oondol electroncs 2nd
spesd o BREEomatid Perlect KF iNtMestneg pascts e
PS5 AT cperalon £6 as rf FLS T, pack of 10£48 rief FLS2
NEW LASER PCQINTERS 4 s, 75 memra range ram
T (512 NS D0 Ta4) A8 DESENSS {Suppied) 6700 £28 ref DECASY
HOWTOPRODUCE 35BOTTLES OF WHISKY
FROM A SACK OF POTATOES cermereramsie 270

Paze DOOK COVESS @3 aspeste of efom procuacton om sverydsy
ratenals’ Inchades consincirndetas o ssroe 5 (12 NS
NEW HIGH POWER MINI BUG vinarzngadlugta
&30 metres and 3 3 o35 use from a FPS 1S 1S 0w 10 g Dt
335E En 17 square anvt a A0 visce posep range. £23 Ref LOTI02
IR LAMP KIT sictatee for ooty cameras. enaties e camera
20 be used n 1o cankess® £6 el Er 133

INFRA RED POWERBEAM s~ bettery pawerd

amp. <wchreflectny, gives out powerfius pure infareg kit pesfect foe
CCTV uze nghtsgts g 70 e Pt

SUPERWIDEBAND RADARDETECTOR eserss
rnmacerandieser, XK KA Laras spasd camenas. 2 83 iown
gresd delacimn systems 320 csgree coverage, frontér
ezrwveguides | 192 Txd € s on visor o dssn £945
LOPTX uate oy Sameung for eoious TV £3 exch ref 5552
LAPTOP LCD SCREENS z:2175mm c12 ref 5551
WANT TO MAKE SOME MONEY? STUCK

FOR AN IDEA? vie rewe cosnied 140 tusress raraE inad
e you TEormalion o Saing up ofsrent DuSneSEss yOu DELSE
mammmt*emmmmﬁc.m&mnﬁa
e cenficata enabdng you 1o revotsTE (and 5e) the Maruss a8
MLt 38 you kel S1L ref e S

HIGH POWER DC MOTORS, PERMANENT

MAGNET 12 - 24v crematon. podatily stz 1 Torse power
bogy mazzuras $00m ¥ TS walh 3 BOmim 1 Smm Ut shEt wans
mact:ned 3t oo a Foong 5 sl usng the wo thaesced bots pro-
trvong o tre fort. £22 ref MOTS

- . — - -

- Online

Wl web catalogue
T S bull-electrical.com
ELECTRONIC SPEED CONTROLLER KiT =

ths above motor & £15 ref MAG1T Szve £3 ¢ you buy them odn
ogethe, | MO pAS soeed CONTORST MR &S £41, 0%t rea 35 e
MNOTZA

INFRA RED REMOTE CONTROLS maz: > 7vs

G2 mEy Aove gther usts paok of 100 225 el IREM

RCB UNITS Inline IEC lead with fitted RC
breaker.Installed in seconds.Pack of 3£9.98
ref LOTSA

On ourweb sites you can

1. Order online.

2. Check your premium bonds.

3. Enter our auction or build your own.

4, Add E-commerce to your own site.

5. Discover our software site, optical site,
hydroponics site; holiday home exchange
site, inkjet site, hotels site,

e

| 6.View our web camera.

7. Invest in our future.

http://www.bullnet.co.uk
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Pro vojects and Civcuits

PROBE hy Jim Main
A herdware tool to help debug your PIC soiiware

MAGNETIC FIELD DETECTOR by Robert Penfold >
Where's the attraction? Find out with our Starter Project!

INGENUITY UNLIMITED - SPECIAL hosted by Alan Winstanley
Serial Port Splitter; Elderly Person Monitor; Réchargeable PP9 Batiery;

Clzss-D 30W Audio Amiplifier; National Lottery Predictor; Tumble Dryer Alarim:

Narrow Band Vision; Squash/Badminton Scorer; Time-Lapse Unit for
Camcorder; Audio Limiter

LOFT GUARD by Terry de Vaux-Balbirnie
A lofty way to keep your power bills low!

GINORMOUS STOPWATCH - 2 by Ned Stojadinovic
Adding giani digits {6 your Stopwatch display

Series and Features

CIRCUIT SURGERY by Alan Winstanley and tan Bell
0Op.amps; Fusible resistars -

INTERFACE by Robert Pentold

A serial approach to PC add-ons

NEW TECHNOLOGY UPDATE by lan Poole.

Curly nanotubes could determine the nature of future [Fahsistors
PRACTICAL OSCILLATOR DESIGNS - 6. Resistor/capacitor
oscillators by Raymond Haigh _

Warked examples and circuit info for hands-on constructars

TEACH-IN 2000 - 2, Capacitors and RC Timing by John-Backer
Esszntial info for the slectronics novice, with breadboard experiments and
interactive computer simulaiions.

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley
Jet Scream; Help Us to Help You; Brow-beaten; Help-line

Keg

EDITORIAL

NEWS - Barry Fox highlights techniology’s leading edge
Plus everyday news from the world of electronics
SHOPTALK with David Barrington

The essential guide to companent buying ior EPE projecis
READOUT John Becker addresses general points arising
CD-ROMS FOR ELECTRONICS

Parts Gzllery + Electronic Circuits and Components; Digital Electronics;
Analogue Electronics; plys PiCtutor, plus Modular Circuit Design

ELECTRONICS MANUALS _
Essential reference works for hobbyists, students and:service engineers.

BACK ISSUES Did you miss these?
DIRECT BOOK SERVICE

ulars and Services

A wide range of technical books availableby mail order, plus more CD-ROMs

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE
PCBs for EPE projects - Plus EPE software

ELECTRONICS VIDEOS Our range of educilional videos
ANNUAL INDEX 1999
ADVERTISERS INDEX

FREE CATALOGUE - MAINLINE FLYER UK issues only

870

879

897

905

926

883
885

888

891

914

938

869
874

882
909
912
924

932
934

937
241

2939
944

between pages 900/901

TELCAN -~ Unfertunately this featurs, advemsed last month; has been
held over dueto lack of space

Our January 2000 Issue will be published on Friday,
3 Decomber 1999, Sse page 859 for detalls.

Readers Services o Editorial and Advsrtisement Departments

Everyday Practical Electronics/ETI. Décember 1999

869

857



Visit our website
www.distel.co.uk

I

Converts your colour monltor Into 8 QUALITY COQLOUR TV
o TV SOUND &

— -

The TELEBOX = 20 etaore Ly ased mars powssd ik

edacraruss faedly ¥ Py N9 2 host of viden mondors of AV eganart whoh
a2 id vath 3 ooMposls video of SCART Tz The aormposta voao oept
il ak0 piog drecty i Mot voeo reoordars, siowng recepton of TV chan-
nels not recelvahlo on most lelovigion recebers® (TELESOX
)81 Push buton contrtls on the Font paned 2low rmcepton of 8 by treadie
o &' LAHF oclowr ik sion diannsts. TELEBOX M8 ooers vinuaby al teind
s Fequancss VHF ad LAF i the HYPERBAMD as usad by
mast cable TV cparmtons. ldsa! for deskiop compater video systams & P2
Picears i pctue) seups. For cornpiat s campstbiaty - even ke montons wehout
sound - &1 Reegal 4 weR Audio and iow eved H R 2o oot ae
provided as standd. Brand niew - by guesarteed.

TELEBOX ST lor composite video Tgiul typs morstins £356.95
TELEBOX STL as ST bt fined with integeal speaket _ E39.50
TELESOX MB Mutihand VHFASHF/Card verband tynar £69.85
For avarsaas PAL varsions €1ala 5.5 of 6 mHX sound dication

'For cabia / hyperband signal reception Telebox MEB should be con-
necied 10 & cabls lypa senvice. Shipping on all Telebox's, codds (@)

-';hsme of ihe ant PAL (UK sp=c) UHF TV tunér module
el
ﬁ- -0

with composila 1V pp video & NICAM hi §i siefeo scund
puts. Micro alectronics all on ¢nig smat PCB andy 73 x 160
<% 52 mm enabie full luning control via a simpla 3 wire link o an
1834 pec type computer. Supried compigie with simpls working pro-
gram and docymenizlion. Requiras +12V & 4+ 5V DT to opatale.
BRAAND NEVY - Order.as MY00. Oniy £49.85  code (B)
See www.dislol co.uk/deta_my00.htm for picture + full datails

F v e g N at=11V 7 Nt/ On
__FLOPPY DISK DRIVES 21" - 8"
JAf unils (uniess stated) are BRAND MNEW or removed lrom chan
biand new cquipaent and are hlly tasied. alignad ang shipped 1o
you wilh z luli 90 day guaraniee. Call or see our web site
wwiv. distel.eo.uk lor gver 2000 unlisted drives it sparas o renzin
I%"* Mitsubishl MF355C-L 1.4 Msg. Lapiops only £25.95(5

I%" Mitsublshi MF355C-0. 1.4 Mg, Nen lapiap £18.55(8
55" Teac FD-55GFR 1.2 '-'.1:? (for IBM pc's) RFE . £18.558
SH° Teac FD-535F-03-U 720K <080 (for BBC's ¢ic) RFE  £29.65(5,

5%° BRAND KEW Mitsubishl MF501B 380K £2255 8
TaXe 10p case with ntegral PSU for HH S%° Floppy fHD £29.55(8

87 Shugart 804/'801 8° S5 refurisshed & lest=d £210.0KE
8~ Shugart 810 6' SS HH Brand New } £155.000
8% Shugarnt B51 8" doubin sited rofuitvshed & tested £260.00(

8% Milsubishi M2894-63 double sdod MNEW £295.00{c

-8 hitsubishi M2895-63-02U DS stinine NEW
Dual 8° cased drivas with

=N 4 Tl LAY ¢ Vo
2 TO 1.1Gh laptop(12 5 mm H) MNew £7
21° TOSHIBA MK2101)424N 218 Gb taptop (19 mm H) Naw £89.50
25" TOSHIBA MK4309MAT 4340 fapiop (8.2 mm H) NewE105.00
24" TOSHIBAMKELOSMAV 6.1Gb laptop (12.7 mm H) New £ 190.00
27" 10 35" convession kit for Po's, compiete with connectors £14.65

3% FUJI FK-303-28 20mb MFM UF AFE £59.95
3%* CONNER CP2024 20 mb {DE UF [ar squrv.) AFE £59.55
‘3% CONNER CP3044 240 mb IDE LT {or equiv.) RFE £69.00
3%° OUANTUM 40S Prodr vo 42mb SC31UF, Naw RFE £49.00
5%° MINISCRIBE 3425 20mb MFM UF (or equmv.} RFE £49.95
5%* SEAGATE ST-238R 30 mb RLL UF Refuib £69.95
5% COC 94205-51 46mb HH MEM UF RFE tasted £69.55

5% HP 97548 850 Mb SCS) RFE tested
5%* HP C3010 2 Ghyle SCSI differentisl RFE lested

8" NEC D2246 85 Mb 5M0 interface. New £159.00
&'  FUJITSU M2a22K 18¢M 0 SHO UF RFE testad £155.00
B FUJITSU M2392K 2 Gb SMD LF RFE tasted £345.00°

Many other drives In slock - Shipping on all drives is cods (éf)

EQUIPMENT & SPECIAL INTEREST

MITS. A FAJ4SETKL 14° Industrial spec SVGA mondois
FARNELL 0-60V DC § 59 Amps, bench Power Supples
FARMELL AP3080 0-30V DC @ 80 Amrs. beach Suppy
KW 10 400 kKW - 400 Hr 3 phasd power Sounces - 83 stock
IBM 8230 Typ 1. Token fing base und diteer

Wayne Kerr RAZ00 Audio fraquancy response analyser
1BM 53F5501 Token Ring ICS 20 poit kba modules

1BH MAU Token ring dstribution panst 8228-23-50508
Al 501 Low dasterion Oscifator 34z to 33CKhz, IEEE
ALLGON B360.11805- 1880 MHz hytwid powar combimars £250
Trend DSA 274 Dala Analysar with GTO3(2M) 64 Vo €POA
Harconl 6310 Programmatia 2 10 22 GHZ sweep pendrator £6300
Marconi 2022C 10KHz-1GH: RF signal genatator £1550
Marconi 20230 opt 03 10KHZ- 1.3 GHz signal generator New £4955
HP1830B Logc Analyses £3750
HP3TB1A Pallem generator 8 HP3752A Eror Detacior 1
HPSE21A Dual Programmabia GPIB PSU 0-7 V 150 walts
HP&264 Rack mounl vanale 0-20V @ 20A metefed P5U
HP541214 DC 10 22 GHz fouwr channs! lest set

HPE130A opt 020 307 MHZ pulsa ganatalos, GPIB eic
HP A1, Al 8 pea HPGL high spoed orum piakters - fram
HP ORAFTMASTER 1°8 pan high spead plotier

EG+G Brookdosd §5035C Pracison lock in amp

Visw Eng. hed 1203 computansed inspection sysiem
Sony DXC-3000A High quaity CCD coiour TV camera
Kelihley 589 CV capaeitiv / woitaga anakyser

(Racal ICR40 dual 40 channal voice recorder 5

Fiskers 45KVA 3 ph On Line UPS - New Czherias
Emorson AP120 2 5KVA industrial spec. UPS

Mann Tally MT645 Hgh speed ne printer

inlel SBE 4861 335E Multibus 485 system. M6 Ram
Slemens K2400 54Kb to 14080b demux analysar

£245
£695
£1850
£POA
£760
£2500
€750
£as
£550

£POA
£595
¢PDA
£3750
£9560
£2100
£2200
£945
‘£2950

DISTEL on the web !! - Over 16,000,000 items from stock

THE ORIGINAL SURPLUS WONDERLAN

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

0
TSU ULK
10,000,000 items EX STOCK

fFor MAJOR savinas
CALL OR SEE OUR WER SITE www.distel.co.uk

ghest s on
¢ monitors you will ever see -
awu At this price - Don't miss it!!
Hitsubishl FAB415ETKL 147 SVCA Multisyne coioes mentse win fna

028 dot piIch b 2nd rescigon of 1024 x 768 A
venety of Nouts Alows comnecion 15 8 hod of comput-

f o ing BM PCs in CCA EGA VGA & SvGa
modEs, COMMODORE (ncding Amicn 1200),
Yo ARCHIMEDES arxd APPLE. L&T ba.'u‘&?Bd‘e:!
15 Gopate. o swithigg = LOW TION MPR
spacfication. Fuly guarardesd in EXCELLENT Eie

Aed oorkon

5 Order as

TR & Swivel Base £475 Only £119 @ wireaves
VGA catde for IBM PC inchodad. y SV

Extemal cables for othar typas of computers rvmitabla - CALL

Ex demo 177 0.28 SVGA Mitsublshi Diamond Pro
monitors, Full multisync eic.

Full 80 day guarantee. Only £199.00 (E}

Justin - Microvilzc 20° VGA (800 x 606 res.) eolour manitors.
Good SH condition - from £249 - CALL for Info

PHILIPS HCS35 (same styid as CMB8833) attractivaly styled 12°
colour mondor with bolll RGB and standaid compasite 15.625
Khz video Inputs via SCART sockal and separatd phono jacks.
tntegral zudio powar amp and speaker for 8ll audio visual uses.
Will conrect dect to Amiga and Atard EBC computers. idsal for gl
video monilocing { securily applications with direct conneetion
1o mast calour cameras. High quality with many leatwras sush as
frant concaaled fiap controls, VCR cottection button sle. Good

used constion - iyl Only £99.00 o

1esied - guaraniesd
Demensions: W!-‘.‘”IPHZ&S' x 15%° D.
PHILIPS HCS31 Ultra compadt §° colour vises moniad with stan-
dard composile 15.625 Khz video ingut viz SCART sockel Idezl
for al monitoring [ ssourity apglications. High gualty, ex-aequipment
fuBy tesiad & guarantzed (pOossie minos scresn bums). In attrac-
Lv@ snuare biack plastic case maasuring W10" x HI0® x 13%° O.

240 Y AC mains powered. Only £79.00 o

KME 10° 15010039 high definion colaur monitors with 0.28° dot
oitch. Superb clatily and modern styling.
Opetajas trom 15.625 Whe sync AGH videa (]
sousce. with RGH ana'og and compasite sync &
such as Alari, Commegare Amiga, Acorng.
Archimedes & BBC. Measures only 13%° x 12 x §
11°. Good used conddion, Only £125(El

20" 22" and 26" AV SPECIALS

upstly mave UK manulacture, PIL all sobd staic colour monitoes,
compiete with composile video & oplions/ sound input. Attractive
1eak style case. Perfect for Schoots, Stops, Disco. Cubs. sicln
EXCELLENT ltile ysad conddion wit full 90 day guarantes,

20"...8135 22".£155 26"..£185@#

‘Y& prabably hava tha largest rangz of video monliors In
‘Europe, All sizes and types from 4°10°42" call for Info.

__ DC POWER SUPPLIES
Virtually every type of power
supply you can imagine.Over
10,000 Power Supplies Fx Stock
Call or sesa our web site.

HPBOIBA G-20GV DT 6 17 Amps banch power supply
Intal SBC 486/125C08 Enhanced Mullibus {I45A) Naw
Nikgn HFX-11 (Erhiohol) exposure controd una £1450
PHILIPS PM5518 pro. TV sapnal generator 4 £1250
Molorela VME Bus Boards & Components List SAE / CALL EPOA
Trio 0-1B vdce Enzar, metsred 33 amp bench PS4, Now £358
Fuflisu M304 1R €030 LPM high speed band printet £1950
Fujitsu M3841D 502 LPM prnter with network intarfaca’ £1250
Perkin Elmer 2598 Infrared spectrophetomater £500
Perkin Elmer 597 inhrared spectrophotometar €
VG Electronlcs 1035 TELETEXT Decoding Margin Meter  £3250
LighlBand 60 output high spec 2u rack mount Vidao VOA's £485
Sekoni¢ SD 150H 18 channal tigial Hyb:id chan racorger  £1995
B&K 2833 Micropharie prg amgp

Taylor Hobson Tallysurd amplfier / recorder

ADC S8200 Carton dioxxdz gas datecior / mondns

BBC AM20/3 PP Mater (Ernest Tumar) ¢ deivg glactroniss
ANRITSU 5654A Ogtlical DC-2.5G/0 wa wlomm montor

ANRITSU MSI0018B1 0.6-1 7 uM optical spectium andlyser
ANRITSU MLSZA optical power etz L

-ANRITSU Fibi= optic characleristic tes! set

R&S FTDZ Dua!l sourxd unit

R&S SBUF-E1 Vision moduiator

WILTRO! E630B 12 4/ 20GHz AF sweep genenics

TEX 2445 150 MH2 4 trace csalloscope

TEX 2465 300 Mhz 300 MHz osclioscope rack moynd

TEX TDS380 400A02 dwgal realtana = chsk Crve, EF T atc

TEK TDS324A 500Kz thgitsl realisne + cofour drsplay ae
HP3565A Opt 557 20H2 10 40 hihz spectrum analyser

PHILIPS PW1730/10 60KV XRAY generalod & accesscoes
CLAUDE LYONS 12A Z40V snigia phace aulc voll regs
CLAUDE LYONS 100A 240/4715V 3 phase auls voX 1ags

ST

£1830
£1150

Surplus always
‘wanted for cash!

e Virtually New, Ultra Smart
§881 Less than Half Price!
RS Top cuaity 13° rack cabinats made n UK by
TxE .Optima Enclosures Ltd. Unils feature
533 designer, smokieg acrylc lockable front door,

1S387 full heignt lockable hed louvared tack door
SSEl ang louvered temovable side panels. Fuly
R3S atfustabic mlamal fong stiuts, ready punchen
* %

H for any conBguration of ecuimant maunting
© plus eady mountzd niegral 12 way 13 amp
£ocke] Switched maing dsirbution strp maie
thess racks some of the mos! versatile we
have sver sold. Racks may ¢ stackad sida by suig and therafoce
raquira cnly o side £anals 10 stand singly or i multiple bays.
Ovesall dmensizns are: 774" Hx 32%° O x 22° W, Order as:

»

OFT Rack 1 Compiate with ramovaltie £ide pansls. £345.00 (G)
OPT Rack 2 Back, Lats sids panels £245.00 (Gt
' er 1000 racks, shelves :
22

Mada by Eurocratt Enclosurés L4 to tha highest possible spee,
rack features all stazl constructlon with removatia
sida, front and back docts Front and back doors ara
hinged for easy accest and all ars lockable with 25
frve sacura 5 laver batrel Toeks The foal door
is conglruc{ed ol double walled stesl with a
‘designer slyle’ smoked acrylic front panel to |
enabla"shilus ndicators fo B3 seen thiough the §
panal, yol temain unobliusia. Intemaly the rack
faatwes fully siotled remntorced verucsl hixing
membais to take the heavies! of 19" 78ck
equipment. Tha lwos movabls vertical fiing struts
(extras awvailakie) are pre punched Jor sfandarg
‘cags nuts’. A mains distribution panel internal-
ly mounted to the boftom rear, provdss Bx IEC 3
Pin Euro sockets and 1 x 13 amp 3 pin switched N3
ulllity socket. Overad ventilation is provided by
fully touve:ed ack 0oOr &3 double skinned tep saction
with top and 538 leantes. The lop panel may ba ramgwad for fting
of Intagral fans 15 the sub plate e Other laatures include: Ened
castors angd floor levelsrs, prapunched uliity pancel sl kowar rear ko
cabls / connector access st Suprdiad o excallant, siightly used
condition with keys. Cotour Rayal blus. Exlernzl dimansions
mm=162EH x E3SD x 603 W (B4 Hx25 Ox 235" W)

Sold a1 LESS than a third of rmakers prico I

A superb buy atonly £245.00 ©
42U version of the above only

ordet brings you
the most amazing savings on these ulva high spac 12v DC 14 Ax
rechargeable baltaries  Mads by Hawker Energy Lid, type SBS13
featuring pure |pad plates which ctfes a far suparior shell & guaran.
dead 15 year seivice e, Fully BT & BS6280 approved. Suppied
BHAND ‘TEW and boxad Drmensions 200 wide, 137 bigh, 77 deep
ME ok lerminals, Fully guarantees Current mekers phce over £70 ¢

] ezt 0Qur Price £35 each «; or 4 for £99 5

= Y :
YS - 200,000 FROM STO
Saw by Choosag your naxt raay irom our Massive Stoc
covering fypas such as MRary, Octat Crage, Hemmetxaly Scaled,
Continantal, Contactors, Tima Delay, Reed. Mercury Wattad, Sold
Stato, Prinied Circuit Mownting etc . CALL or sea our wab site
www.dislcl.co.uk for more oformaton. Many cbsclele typss from
Stock. Sava CECEs

_COLOUR CCD CAMERAS o
Undoubledly a miracle of mocarn technaology 3

our specaal powet | A quality product tea-
turing a lully cas=d COLOUR CCO camaia a1 2
ghva away price | Unk featuces full autelight sensing for
uzs in low light 3 high light

i
applications. A 10 mm hxed focts

wid2 angte lgns ?'rves excellznt focus
and rasclutlon from elasz up o long
s fange Tha composite video oulput wil

| connatt o Any composits monitor of TV
(via SCART s0ck2!} and most video
recotdars. Unit runs from 12V 0C sc
itzat for sezurity & portable applica-
llons whera mans powsr Nt avarable
mm wida x 117 deep x 43 high. Suppsed

BRAND NEW & luly quamantend wah user data, 10OS of applica
tigris includng Secunty. Homs Video, Web TV, Web Cams &(¢. etc

Web ref - LK23

ONLY £99.00 or 2 for £180.00 &

SPECIA |
NT4 WorkSlation, complete with service pack 3
-and licence - OEM packaged. ONLY £88.00 5
EHCARTA 95 - COROM, Mot ihe fates! - but 81 this prica ! E7.55
DOS 5.0 on 3% disks wih tonzuse books otw QBasic . £14.95
Windaws (ce Woekgroups .11+ Dos §22 on 2.5° disks £55.00
Wordpiriact § for D03 suppiad on 3% disks wth manual  £24.95
shipping charqes for soltwate is ende B

-

www.disiel.co.uk

ALL M

o ssock. Dvsoourss

Dept PE, 28/35 Osborne Rd
Thornton Heath
Surrey CR7 8PD

Open kon - Fri.9.00- 5:30

Unrverstes and Los! Acevaties - mirimam
(Bi=ES 50, (C)=EB 50 (C1} £1250, (O=2
o Saie 2n0 ungss seiad

AIL TO LONDON SHOP

Opan ton - Sat 9:60 - 5:30
215 Whitehorse Lang
Soulh Norwood
On E4A Bus Routa

M. Thomion Haath &
Ssihurst Park S Anl Sialiona

Al prces e UK hanand UK cistomers a0 17.5% VAT 1 TOTAL ordier amours Asswmum omer P10 Bana 8o acous o0 axertad om GaeTinon St
BTt ot £50 Cheques ow £100 a2 subedt o 10 working days dearsnoe. Camogs dharges

15.00, (E}=E18 00, (F=20 00, (G)-CALL Alow prox 5 days o shopng - fxder CALL. Al goocs

for 90 cays. Al guarantees on a UM 10 Base bass Al ights resecved 1o a2 proes /

a3~ rq ==l
o woume Top CASH prices p2ag

LEPDISTELO
Visit our web sile
www.distel.co.uk
zmall = agmin @distal.co.uk

ALL ® ENQUIRIES

0208 653 3333

FAX 0208 653 8888

{A}=53 00, (154 00;
suppied 10 o Sardams Congoond
WL Dt notice. Orners st

3 ecfeahms
SUTRS QOOCS. Al tadenuhs, tratrames et acknowienged & Dy Bixcronics 1999 E 8D E 0729



SCRATCH BLANKER

It seams that reports of the death of vinyl discs have been somewhat
exaggeraied. While it is lrue that new vinyl records are nof made in
significant numbers any more, there is a thriving second-hand
market. In fact many types of record are now holly collscled,

including some that vere manufaclured quite recently. Interest in vinyl

records may still te quite strong, but the dravvbacks that resulted in
compact discs taking over have not gone away.

Noise caused by dust getting into the grooves is one problem,
but with proper care and handling this can be minimised. Physical
damage to this very vulnerable form of recording is probably the
main problem, and there is no easy solution to this one. Most ngw
vinyl recordings were supplied complete with a few “clicks” and
pops”, and even when handled with due care they tend to gain
some more over the years.

This stereo circuit provides a delay of less than one millisecond
o the audio signal so that "clicks” can be detected and removed
before the listener hears them. Mgake listening to your old viny! a
pleasure again.

FLASHING
SNOWMAN

If you wish to make an electronic
project popular you give it some
flashing l.e.d.s, ar you do if you believe
the in-joke that was popular in the
electronic magazine publishing
business some years ago. This joke
came about because one of the
magazines now incorporated into EPE
published a project that was basically
Just a soap dish fitted with some l.e.d.s
that flashed. Apart from looking pretty,
1t did not actually do anything, but that did not stop it from being
by far the most popular project ever published by that magazinel

This project is very much in the flashing soap dish tradition, it is just
a polystyrene ceiling tile fitted with some l.€.d.s that flash. It is a simplg
but amusing Christmas decoration that should raise a smile or two.

The tile is fashioned and painted to look like a
snowman (or snowperson?), and it has the Le.d.s
to form the eyes. nose and mouth. The idea is to
arrange the l.e.d.s so that the snowman’s
expression alternates between an internet siyle smile
and frown. This is just a suggestion, and there is plenty
of scape for doing your own thing. You could obviously use<a
ditferent character such as Father Christmas as the basis of the
project, and he could be made ta wink, for example.

 FROST
ALERT

Vehicle manuiacturers strive to make
our driving experience ever more
comfortable. Such items as ride
control, power sleering, electronic engine
management, and air-conditioning now appear as
standard fit on many vehicles and as a result we
become more and more defached from the outside
environment. One of the most important considerations
would seem lo be the qualily of the road surface, a
faclor that directly affects our sltyle of driving.

We generally notice if the road is wel, muddy, or
covered in leaves and take apprapriate precautions,
but we can't see black ice. For this we need an external
temperature sensor, varning us when the likely
conditions for ice on the road are developing. A cheap
solution is the l.c.d. strip attached to the driver's wing
mirror, but despite looking very pretty (especially if you
have heated mirrors . . .}, it tells us nothing about
conditions down at road level, The Frost Box gels us
right there, with a simple three colour l.e.d. indicator to
keep you informed.

PLUS: EPE TEACH-IN 2000 PART 3
AND ALL THE REGULAR FEATURES

NO ONE DOES IT BETTER

DON'T MISS AN

ORDER NOW!

TOBAY INTERRATIONAL

ISSUE = PLACE YOUR

Demand is bound to be high

\NUARY ISSUE ON SALE FRIDAY, DECEMBER 3

Everyday Praciical Electronics/ETI, December 1999
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T E L NE T

8 CAVANS WAY,
BINLEY INDUSTRIAL
ESTATE.
COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773
Mobile: 0860 400683

(Pramises situated close to Easlern-by-pass in Caventry with easy access
10 M1, M6, M40, M42, M45 and M69)
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Domiipiasr ad F rame-.b- = Lionane (e} EROA

- TGRS Syrehessed g—:ﬂG&a—? £730

Mszoon] 20154 — BiRHe- 1040MB: S resizes Siprat Generatsy -£1000
Marconi 214 ~ UE Syroesses (i EPOA
Hsreond 2185 = 1 -5GH2 e Py (ne-n e £POR
Marcont 2365 —hisceiston Mete —£1750
W=rcond 23375 — Adomes Dteren VMarar T _J;.%
T2

TING

— £3500

_prom £500

~—{roz £950

Waroami B33 — AFFm ez T EZ5D
Philips PRI5157 Miix Forezon Gererarer £405
Philips 3150 —L.F 1GPILE 1 £308

_Philiips £513 - Syreresisag er:.on @’!154 21500

FRilips PM3319 ~ TV Fasen Gorarate - £350
Ph PMS?16 - SOUIHz Puse Genorasy Rive]
- 6% ;‘:\;'Mﬂ [ - 350
Qusrteleck 2A - O A Fragarcy Surdey = £250
oyl 1992 - 1:GGHT Ereguency Coamar o LT00
Racal £1116151 - G5 Comp TeEr S&t EPOA
Racal Dana 50919502 ~ Sp‘-:hs:sec vt Geeranr SA0AIHY - froen €420
Racal Dana Sorad s:x:.tcu.p-h SERLE)
Bac DA T PSR R Thorae £330
Rzxcal Dara 33024 -AF ALM -az'-mso-\‘ s L3753
Rzzal Dzna 8333 — BT Love Mctar & = £553
Rzca) Dans 9317 ~ Sengy Wetsr SEDVET LANTE
Fohde & Schwarz LFLI2 - MJMWMWSE-FG&E& - £550

Rohde & Schwarz CMTA 34 — GEN Rido Corrs Anafyssy _EEFX
Schatlnes KSG 2008 - Lese Voinge Vanstion Srmesgine . - K150
Schistiner RSG 222A « frimrircenca Smuatye L 00
Schattner HEG 223 — imaderersa Garorasr . = £r00
Schlumberger 2720 - 1250MHT Frag.ancy Courter = = 400
Schipmbergar 4331 — 1GHz Rado Comyms Test Sar LEX3SE
Schiumbergar Stanfock 4080 — PaZe Gorvrsy Tes! St S T
Sehlumberges TOEGTOSSTE7S — Weslarostary Team €350
Staniord Ressarch DS 220 — 150z Syrfressaa Fureson (NEV1) zod Axta:q

Viaveform Gararany T Elg.’g

on Donnesr £330 veq.ex-; y Comser (a;‘.;G}u' L5

Tektronty AMSOT+ TMS01 & P5302 < Carect Prote robe ATpiSer_ L £355
Tektronix FOI0S ~TGS0T #5643 & TMSCS ~ Cetiarrog Costra'= £1955
Taktronis 577 - Qung Tresey €115
Tektronte 1246 — Ar&. — - £
Tektronix 'HIA-F Tes: Gemargter == .ris =
Teidroniz nLa.-E F-ProgerrebsDoomon ks o5t
TuunnhM-AFGswl-m-Fmésm ST 1200
Textromit — Svmaztia o 22 . SW5a3,

PGS!.FGSC-!- FG&n C'_‘u! T‘P.Saao-r'wqme LEPOA
Tima $811 - Prograriata = _ 400
Tima 9814 - k‘:”;f,x“Ca.u'm _£550
Valhalla Scientific - 2723 Programmstie Resynyrce Siydard __fPOA
Wande! & Goltermann PFJ-8 — EITCI o Test Sag LE13500

vands & Goltermann PCLS |4q:£as - S0

M&G&xmumﬂ- Test Pors Scamer 1560
Wayra Karr 4725 - LER L E500
Wavetak 171 -3 ‘_«mm Gareraior =% _E250
Visvetsk 1728 — T Sqmscummmmm ECUhT .IPOA
Waveisk IN- “e—szﬁweras:r T 5
Waveiek GHz Soral Gerargtr e e A AT
Viiitron HOS = 14‘.‘5!!5 {1MHZ-2GHrY = - £P0A
Wiltron B5295 Sueep Gonsiave rm—s&aw.; 550

IR Frumsr# ncl.DL i £35S0

550 - & r:l'-rsseaw-.@--—a::f (HIRHT-ZEICAT
Svorage ormaiaes

zzoo-m.:qeneensarfm =
AN - Ccsitasor =

MANY MORE ITEMS AVAILABLE ~
SERDILARGE SAE FORINMST.OF EQUIPMENT
AtlL EQUIPMENT IS USED

WITH 30 DAYS GUARAI

FOR| AVAILABIUW Q,QBqOHEeDRDERING
Y ALL GOODS*
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SUI
PROY

iSSIONAL QUALITY KITS

No. 1 for Kits
Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 20 years

and you can be sure that all our kils 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 othenwise stated all transmitters are

luneable and can be received on an ordinary VHF FM radio.

Genulne SUMA kits avallable only direct from Suma Designs. Beware inferior Imitations!

gTX Ultra-miniature R&om Transmitter

Smalest room transmiltes ki i the workd! Incredile 0mm x 20mm including mic. 3V-
12V gperafion. 500m rangs i © £16.45
MTX Micro-miniature Room Transmilter i m

Best-seling mi 3 Room Transmitter Just 17mm-x 17mm including msg, 3V-
12V operabon. 1600m rznge £13.45
STX Hl'_gih-performance Room Transmitter !

High pefiormance vansmitter with 5 buflzred cutput stage kor greater stabdly and
rafge. Measures 22mm & 22m, including miz. 6V-12V opsration, 1500m range €15.45
VT500 Hi h-power Room Transmitter

Powgdul 250m'Y outout prowiing excelent rarge and perlgrmance
Sze 20mm x 40mm. 9Y-12V aperation. 3000m range

VXT Volce-Activated Transmllter ‘
Tragers only whan sounds are dsiecied. Very kw standby current Variaiie sersiivity
and geigy with LED indicalor. S2e 20mm x 6/mm. 8V eperation, 1006m range £19.
HVX400 Mains Powered Room Transmilter

Connects directly t0 240V A.C. suzpiy for long-term monstating.
Size 30mm x 33mm. 500m range

SCRX Subcarrier Scrambled Room Transmiiter
Scramided from this fransmiitter cannat be moniored withou! the SCDM decader
cennecied 1o the recerver, Size 20mm x 67mm, Y cperztion. 1000m range £22.85
SCLX Subcarrier Telephone Transmitter

Cennects to telephonz Eng anywhare, requres no, batteries, Output scrambled o
requiies SCOM connsclzd to recaiver. Size 32mm x 37mm. 1000m range. £23.95
SCOM Subcarrier Decoder Unit for SCRX

Caonrects to receiver ez e sockel and prevides descded-audo oulgt to nead-
prones. Size 32mm x 70mm. 9V-12V opesation. B v X L]
ATR2 Micro-Size Telephone Recording Interface ;

Connects betwean telephone kne (anywhere) ant casselie recorder. Syitches taps
automaticady as phoma s used. Al conversalions recorded. Sze 16mm x 32mm.
Powered from line £13.45

£1645

£19:45

Size 25mm x 63mm. 9V cperation

%k 4 Specials w4

DLTX/DLRX Radlo Control Switch

Remote control anything around your home or garden, outside lights,
alarms, paging system eic. System consists of a small VHF transmitter
with digital encoder and receiver unit with decoder and relay output,
momentary or alternate, 8-wa¥(d.i.l. switches on both boards set your
own unique security code. TX size 45mm x 45mm. RX size 35mmx
80mm. Both 9V operation. Range up to 200m.
Complete System (2 kits)

Individual Transmitter DLTX

Individuat Recelver DLRX

MBX-1 Hi-F1 Micro Broadcaster

Not technlcaliy a survelllance device but a greal [dea! Connects to the
headphone output of your Hi-Fl, tape or CD and transmils Hi-Fi quality
to & nearby radio. Listen to your favourite music anywhere around the
house, garden, In the bath or in the garage and you don't have 10 put
up with the DJ's choice and boring waffte.
|Size 27mm x 60mm. 9V operalion. 250m range £20.95

£50.95
£19.95
£37.95

Dcey. EE

SUMA
DESIGNS
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UTLX Ultra-miniature Telephone Transmitter
Smzles! lelephone transmattzr kit evalable. Incredibla sizeof 10mm x 20mm!
Connects 1o Fnz (anywhere) and saitzhas en and off with phona uss

“Afl comversabion trensmitted. Fowered from [ne. 500m range

TLX 700 Micro-miniature Telephone Transmitter

Best-seling felephane transmitter. Being 20mm x 20mm it 5 easier 10 assamiis than
UTLX. Conrects 1o line (anywhere) and seitches on and off with phone use. AY con-
versabions transmitted. Powesed from fine. 1000m range £13.45

STLX High-performance Telephone Transmitter :
High perisrmance tramgmitter with buflered output providing Excellen! stablty
ard pe . Connacis to ina [enywhiers) and swiches on and off with phone

All conversations transmitted. Powered from Ens.

Sizz 22mm x 22mm. 1500m ranga £16.45
TKX900 Signall[ng-‘Trackin? Transmilier )

T a continuows stream of audo pulses viln varizhis tons and rate. iea for 53~
naifing ¢f racking purposes. High power output giving rarga up to 3000m. i 9‘5

£15.95

CD400 Pocket Bug DetectoriLocator \ p

LED and pizzo biesper putse slawly, rate of puise and pitch of 1002 increase as yu
approach signal. Gan control 2liows pinpointing of source

Sza 45mm x 54mm. 9Y operabion -£30.95
CD600 Professional Bug Detector/Locator

Mutticoloor readout of signal strength vith variable rate bizeper and vanabie seasifivily
used $0 delect and locate ddsn fransmitters. Swiich to AUDIO CONFORM mode 1o
dsfingush between localsed bug transmission and norma! legiimate signals such as
pagscs. cefludar, taxds eic. Sze TOmm x 100mm. SV operaticn £3095

'QTX180 Crystal Controlled Room Transmitter

Narrow bard FM transmitter for the wifmate in prvacy, Operates on 1E0MHz and
requires the use of a sCanner receive? o cur ORX1B0 Kt (sz¢ catalogus).

Sue 20mm x 67mm. 9Y operation. 1600m range £40.95
QLX180 Crystal Controlled Telephone Transmitter

As pzr GTX180 but connects to telephone Ina lo manitor both sides of convarsations.
20mm x §7mm. 9V operation. 1000m rangs £40.95
QSX180 Line Powered Cryslal Controlted Phone Transmitter

As per QLX 180 but draws power requzaments from fine. No bantaries required.
Siza 32mm x 37mm. Range 500m £35835
QRX 180 Crystal Controlled FI Receiver

For monitering zry of the O range transmitters. High sensitivity uréL Al AF section sug-
pBed as pre-but and afighed madula ready to connect on board so no difficulty setting
up. Cutput to headphonas. 66 x 75mum. 9V operation £60.85
A bulld-up service Is avallable on all our kits if required.
UK customers please send cheqgues, POs of registered cash.
Pleass add £2.00 per order for PRP, Goods despatched ASAP
allowing for cheque clearance. Overseas customers send
Stetling Bank Draft and add £5.00 per order for shipment.
Credit card ordess vielcomed on 01827 714476.

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

LRI AN

-

VISA |

Tre WorksHors, 25 Main Roab;
BaxverLeY, NEAR A THERSTONE,
Warwicksuiie CV9 ZLE
VISTTORS STRICTLY BY APPOINTMENT ONLY

Tel/Fax:
G827 714476

861



£1 BARGAIN PACKS
= List No. 3
1 item per pack unless othenrwise stated.
soun CELL, wal give 10OmA of tree ercincity. Ocder Rats
PLAS‘TIC FAH BLADES. 3n. damater, push-on spincte, pack
of 2. Orddet Red 633,
pack of 6. Oriar Ref: 515,

PC GAMES in cases lor
PITHO HOISE MAKERS, stardard sizp, pat of 2, Orcer Rat,
&4

CITTO ot mind, cidy 23min acmiss. pack of 2, Crder Hak 5468,
COVERS, suth-za.:s.n'ders £is. noed 22mm hole, pack o
&. Ortias Rat-

10A MPCROS\‘IITCHES W SCTEW 1BITENANS, MENS VORRJe.
pack o 2 Order Aak 652,

PC3 MQUNTED RELAY, 5V/5V ooll, 2 changeover 5A con-
tazts. Crlor ek 655

CONTROLLED 4-ROCKER SW/TCH, 3 of &5 switches canrai
b on uriess tha frst mEsier is o0, sut 30 blow heaters, eic
Crder PBal: B85,

0-330F 1000V CAPS, deal o put In senes wih 115V 2-3W
moiocs, pack of 4. Order Rek 672

COPPER CLAD PAMEL, ==z 12in. x Sn. approumately,
maka your can PCH of 15 stohg enough 12 50t 28 a ¢hasss.
Crdar Rat §23

100M COH. OF CONMECTING YIRE. Ocder Ref- 685

D.C. MOTOR, ewra efficeent, neady Whe cwrrant so wll work
win sclar ootk Oedder Ral: 587,

-SUB MIN PUSH SWITCHES, pack cf 2. Omdlar Refz658.
CERAMIC BEADS, ideal insulation whire heal & fizme, pack
o 100, Oraigr Ref: 680.

6in. LENGTHS OF %in. DIAMETER PAXOLIN TUBRNG,
ke ysahdl test prods. eic, pack of 3. Ordar Rl 631,

122) VINTAGE RESISTORS, yox've probably never ssen any
b T8 Inase, patk of 2 Order Ref: £65.

440V A.C_ CAP, 4uF, shamimum cased. Oroar Ral-702.
;ga'-VEﬂ SUPPLY UKIT, cutput SV 100nA deo. Orger Rt

AM'm TUNING CAPACITOR, ax scaced ws b spincte.

Oraer Ref: 743

\CC;A PI.UG BARGAIM OFFER. You get 3 for £1. Cedar Het:

SR19,

gpn‘r ROCKER SWTI‘CHES for moter reversing, e pack of

HOISE TRAHSPAHEHT SPEAKER MESH, 125 x %n pask

cf 3. Ordes Rell 745

LIGHTEST TOUCH CHAMGEOVYER MICROSWITCHES,

TERS woRage. of 2. O-uer Ret: 748

PAIR PORCELAIM INSULATORS, pad( of 2, sutabse cahin

serals, eic. Ocdar Raf: 729

g:«ISED PSU, AC. cutput, 15V 150MA and 55V 60mA. et
B s

3 CHANGEGVER CONTACT RELAY with cod. muatable e

12¥ AC. ot 8Y D.C. Orier Ael: 750

LEVER-OPERATED MICROSWITCHES, er-cgupment, bakh

1;55;-1 any tauty would b replaced, pack of 10, Orter Rel

PROJECT BOX, size aporoxmately 10mm x 75msm x 24mam,

45 &4 i3 3 metd haat snk Omer Aok 752,

EX-BT INSTRURMENT In piattc case with carrying harcte, has

many usatul paits. Orger Rt TEQ,

;ﬁK-UP ARM wih damend efys. now 3nd uiwsdd Order
tef. 764

RUBBER FEET, f cooners of squars chasos, peck of 20.

Oriez Ret 763, =

El\é BAKELITE ENCASED AC. OR 0.C. BUZZER. Cruzr
el TT4.

COMPOHENT IOUNTING TAG STRIP, 32 tz33 sach side.

Oroer Asf: 779,

é&l::gOPOTS 6ach fiad doubis-pois cwiich, pack o 2. Crdar
tef: 71

€O MICROSWITCHES cperziad by 2 wre conbol 19 sprefa

throwgh sids, pack of &, Order Rad: 71

HULTETAG MAINS PANEL,Ms 12 375 to taka YN push-co

COMRRECts. el

REED SWITCH. izl nglasd of round B0 many more can ke

stacked in a emal areg. Order Rel: 785,

VERY THIN DRILLS (D-Smm) pack of 12. Croar Agf: 797

ROCKER SWITCHES, sprngloziad wsh char e 10A

230V contarts, pack of 2 Orcer Raf: £00.

lél:i!m: CIRCUIT BREAKER. 7A, pushbulion cp=rated Crdar

802,

IH-UNE SWITCH interded for elechic tlanast (o grve variable
heat, byt obviously has other uses. Order Ref: 505,
PLUG FOR CAR LIGHTER SOCKETS, cach having intzmal
fuse, pack of 2 Order Ref: 209
M.NHS TRAMSFORMER, 12V—0V 12V, 8W. Ocdst Rel: 811,
10 OF MAINS VOLTACE FLEX with screen and outes FVG
nsulston Crdar Aot 815
13A ADAPTORS 10 each tzhe 2 plugs. pack of 2 Orde: Rai:

/20,

0-1uF 250V 'MAINS WOHK.ING SUPPRESSOR CAPACITOR,
pack of 5. Ordler Ref 83

:NG HAIN JUHCTION BOXES 134, 230V, pack of 3. Orger
et BDY.

FLUSH PLATE LIGHT SWITCHES, 5A, whs, pack of 2.

Ordsr Ref: BDS

QOCTAL VALVE BASED, Paxntn, pack of <, CrTiar Rat: 12,

GERMAKIUM TRANSISTORS, COC45 ewc. pack of 52

assoried. Ocder Raf: 15

uﬁmﬂsrrlfsmvs TH.ANSFSTDRS. el OGP7D0, pack of 2.

Ocdor Bal: 15,

LOUOSPEAKER CROSSOVER, v taestes mid-range and

woctat, Orger Rel: 23,

SUB-MINH TOGGLE SWITCH, singls pole changeaver so can

ba uged for just on'of, cazk of 3. O'ﬁ-v Ref 155

TELEPHOME WIRE for pemmanent estensens, made 0 BT

?1;.;7:&;: ard oclour coded, white cutsr PYC, 25m., Crser Raf:

TV REMOTYE CONTROLS, {1 ¢ does nat st your TV, you

%:ua use & for cther projects, FM bug. eip, pask of 2. Ordar
af. 1053.

SA BRIDGE RECTIFIERS, with feiad heztenk, d=al car hat-

tary chargsr, Fack of 2 Order Ref: 1070,

cgrczt.s OYNAMO BULBS, 6V O-3A. pack of 10 Crdar Rzt

1

3. 12W SPEAKEH. WALPOe] 50 Sutabia for Hdoors O

outdoors. Ordas Ral: 1073

IHTERSTAGE TRANSFORMER ‘or tanssior cosmsten.

Ocdar Aat: 1/RCI2

12V 18AH RECHARGEABLE
BATTERY
It is Yuasa made jelly type so
maintenance-free and usable in
any position. Brand new and
guaranteed 12 months. The
regular price of these is £40 but
you can buy at £15.
Order Ref: 15P78.

i2v BA D.C. POWER SUPPLY. Totally
enclosed with its own cooling fan. Normai
mains operation. Price £11. Order Ref: 11P6.
D.C. MOTOR WATH GEARBOX. Size 60mm
long, 30mm diameter. Very powerful,
operates off any voltage tetween 6V and 24V
d.c. Speed at 6V is 200rpm, speed conlrollar
available. Specizal price £3 each. Order Sef:
3P108.

MOST USEFUL POWER SUPPLY. Rated al
9V 1A, this plugs into a 13A socket: Is really
nicaly boxed. €1. Order Rel: 2P733.
GROWERS PLEASE NOTE: W= now have a

very ussful 100W soll heatsr. This is ssan-

tially 5V 20A power supply, completely en-
cased and with built-in conling fan. We supply
with it 10m of cable with instructions an how
to couple it to give {he recommended 10W
per sq. ft. or W par sq. it. or a very low 2:5W
per sq. . Price for compléte i.c.u, £15. Qrder
Ref: 13P79.

BIG 12V TRANSFORMER. It is 55VA s0 over
4A. Beautifully mzde and well insulated. Live
parts are in g plastic framz 5o cz2rnot be ac-

_cidentally touched, £3.50. Crdzr Rel: 3.5P20.

BIKE RADIO. In facl. it's more than a radio,
it's an alarm ang a spoflight. The radio is
battety operaled, of courss, and nesds 3 AA

‘cells. Only one band but this is the FM band

so will receive Radio ! and Z. Comes com-
plete with handlebar fixing clips. Price £4.
Order Rei: 4P72. :

INSULATION TESTER WITH MULTIMETER.
Intemally gene:ates voliages which enable
you io read insuvlation directly in megohms.
The multimeter has four ranges AC/DC volis,
3 ranges. DC milliamps, 3 ranges resistance
and 5 amp range. Ex-British Telecom bul in
vefy good condition, lesied and guaranteed,
probably cost at least £50 each, yours for
only £7.50 wilh leads. carrying case £2 each.
Order Rel: 7.5P4.

REPAIRABLE METERS. We have some of
tha above 1esters but faulty, not working on &ll
ranges, should be repairable, we supply diz-
grams. £3. Order Rei: 3P176.

FOR QUICK HOOK-
UPS. You cant beat
leads with 2 croc clip
each end. You can have
a set of 10 leads, 2
gach of 35 assored
colours with insulated
crocodile clips on each
end. Lead length 36cm,
£2 per set. Order Ref:
2P459.
RECHARGEABLE NICAD AA BATTERIES.
You can have (hese at a bargain price of 50p
each, bul you have to buy a pack of 10 which
waould give you a 12V rechargeable battery.
However, it is quite ezsy to divide into 2 x 8V
rechargeables or 10 x 1-2V rechargeables.
Order Ref: 5P287. Made by Varia

1.5V-6V MOTOR WITH
GEARBOX. Motor is
mounted on the gearbox
which has interchange-
able gears giving aSS=l
ranga of speeds ang
motor torques. Comes
with full instructions for
changing gqears and
calculating spesds, £5.
Ordar Ret: 7P25.

50V < 50V, price £«
AR112

SMART HIGH QUALITY ELECTRONIC K{TS

CAT. NO. -DESCRIPTIOH PRICE
%

1005 Fouch Swecn i 287
1010 'S-ifiput stereo maer with aniaT

output 19.31
1016 Loudspaarer proletion unit 322
1023 Dynam head plaamp 250
1024 Nhcrophon® preampiiae 287
1025 7 wa't hi-fi power ampidar 253
1026 Running fights 450
1027 NiC cad battery changet n
1630 Light dmmar 253
1038 Stered VU mater 4.5
1042 AF generator 250Hz2-18hH2 1.70
1043 Loudness stefao uniy 322
1047 Sound swich 523
1048, Elactronic tharmasiat 3568
1050 3-input hifi sterso preamplifier $2.42
1052 3-input MG miter 521
1053 Electrong metronome 322
054 Lempul instrument mixe: 2.78
1057 Cassette head preampifier iz
1853 Telaphona ampldier 480
1062 SV 0-5A stab¥ised supply fer TTL 23y
104 ¥ 12V 0-5A slabisced supply s 322
1067 Sterzo YU mater with leads 8.20
1053 18V 0-5A stabésad pov?, Supiyy 253
1070 +o-fi preampidies 747
an -—-mput SEReCion 530
1080 lavel senscr, rain alamm 230
1682 GCar voitmetarwath leds 735
1083 Viden signal ampifier 236
708s DO corverter 12V 1o 6V or 7-5Vor 8V 253
1GE5 Wursie 13 light ot your ¢ar <
1083 « Windscresn wiper controdar 368
1635 Home alarm system 1242
1058 Diptal thermometer with Led. daplay 11.50
1 Dolar tesier 4.69
102 Stereo YU meter with 14 Leds £.57
1165 Themnometes with Le d.s &6.90
1107 Etectronics 1o he'lp win ths pocts 368
1112 Loudspesker protertion with dalay 4.60
1115 Counesy Byht delay 207
1118 Tune switch with sac 0-10 mans 4.14
1422 Tetaphons call rslay 2&3
1123 Morsa code ganerator 184
1128 F-hmph-ma preampiher 4.80
1427 tone comrot 4.50
1128a Pm\. r ffaghar 12y de 253
1133 Stereo sound to By 528

BUY ONE GET ONE FREE
ULTRASONIC MOVEMENT DETECTOR. Nicsiy
cased. lree standing, has wiemal atarm wihoch can
b sfenced. Alss has connechons for external

eaker or . Prica £10. Cedr Rel; 10P 154,
CASED POWER SUPPLIES winch, with a fow small
extra com;:eonentsamabnuimodﬂm would gve
12V at 10A. Onigmaly £9.50 each, now 2'tor £9.50
Ordes Rel:9 3P4,
3-OCTAVE KEYBOARD with pano sze keys. brapd
raw, pnoe%iﬂm’lmmepmeel
cns. Csder Ral: 9.85P5.

TOROIDAL MAINS

TRANSFORMERS

Al with 220240V cewnary windng
224V-24V 25VA, prize £3 Order
Aol 5R245
3J0V+ 30V 120VA. price £8, Order
Ref: 8PG2.
110V+110V  120VA. pnoa €8,
Qrgzr Ref: BPG3.
35V+35Y at 150V.CA, pree £8.
Crdze Ret: BFGE2
35V 135V 220VA, prce £9. Cedet

Rel; 9G4
QOrder Ret

110V=110V 2t 220V would give 110V al 2A or 220V al
44, price’€£10. Order Ref: lOP"S

IOV 4110V 33 S00VA would give 110V, at SA of 220V at
neatly 3A, price £75, Grozr Rek 257GS,

‘SUPER WOOFERS
-A 10in. 4 chm wih pawse rating of
250 musc and nomal 1500
Nommal seing price for this &
€S54 VAT, you can buy at £29 °
inclugng VAT znd carmage. Crosr
Rzl: 289P7. Thavcecond one is an
B 2 ohm. 200W music, 200W/
noimal, agam by Chadenger. price
€13, Crder Raf- 18F% 5
Deduct 10% from these prees § you order inpairs 8 can
cohsct. These are all brand naw in maker's packing
TERMS
Serd cach, PO, cheque of quote aredit card rumibet
— prdefs under £25 ad:! £3.50 ¢ chargs.

Pilgrim Works (Dept. E.Ei)

Stairbridge Lane, Bolney,
Sussex RH17 5PA
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I! New from FED - PIC 16F877 Chips and SuppOrt'!!
PIC & AVR Programmers, Development kits and C Compiler

PIC 16F877 20 MHz - £6
Microchip's latest EEPROM davice - 40 pin, 10 bit A’D.convert-
ers, master/slave IIC bus, full duplex USART, 8K ROM, 352 bytes
file regislers, 256 bytes internal EEPROM, upwardly compatible
with 18C74/16C77, but instant erase and rewrite. Supported by
our programmers, PICDESIM and our new C Compiler.
PIC 16F877 devices, 40pin DIP device, 4MHz - £5.50, 20MHz - ££6.00

ED PIC C

Supports all PIC 16Cxx, 12C6xx devices

Integrated Compiler Environment includes
FED's PICDE for simulation and debugging

Ring/Write for details or visit our Web Site:
£100 CD-ROM, £120 with printed manuals
http://dspace.dial.pipex.com/rabin.abbott/FED

/<> Forest Electronic Developments

60 Walkford Road. Christchurch. DorseL BH23 3QG.
E-mail — “robin.abbott@ dial.pipex.com™
_ﬁ Web Site — “hitgr/fdspace disl pipex. com/robin2bbott/FED”

me= 014235-274068 (Voice/Fax)

PIC, & AVR Programmers .

PIC Serial - Handies senially pregrammiad PIC devices in 2 40 pin muiti-width ZIF
sockel. 16G55X. 15C6X, 16G7X, 16C8x, 16FBX, 120508, 12C508, PIC 14000 it
Aisg In-Cirgut programming. Prica: £45/kit, £50/buill & tested.

PIC Introductory — Programs 8 & 18 pin davices @ 16C305, 16C55X, 16C61,
16CE2X, 16C71, 16C71X, 16C8X, 16FBX, 1205089, 1206712 2ic. £25&it.

AVR - 1200,2313,4144,8515 In ZIF. Price: €40kt £45 buill & tested.

[ Programmers opesat= on PC serial interface. No hard to handie paraiiel I
| cable swapping ! Programmsrs suppliad with instructions, + Windows
| 3.18568NT sohiveare. Upgrade Programmers from our web site ! al |

AVR, PIC, Scenix - Windows Development
AssemidarSimulalor allows davelspment of your AVR, PIC or Seenix-prejels in
one Windows program. Incovporate s filss, view heip file mormation directly
friom oocs, edit within projedt, buldfmack erross directly in source, than simsiate.
Mary brezkpoint types, follow cods in sourse, s&l bréakpaints in source. Run,
‘single step, o7 step over. Logle Analyser Displaylinput stimuli Includes clocks,
direct valuas and serial data. Profiler — exameng and tme fraguently calied rou-
finas use the infermaton o oplimise out bottie necks. PIC Version Simmulates up 1o
50 times {aster than MPSIM | B

Cost £20.60. Spscify PICOESIM (includes Scenix) or AVRDESIM version

l PIC BASIC Products - See our web site for details
16C74 version (8Kbyte EEPROM) - 20 MHz

] £30.00 Kit,£35.00 Built & Tested,

| Compller Avaiiabie - runs identical code

Prices are fully inclusive. Add £3.00

for P&P and handling w cach order: _
Cheques/POs payable to Forest VI S A .
Electronic Developmznts, or phomne s

with credit card demils.
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Transform your PC.... Into an

oscilloscope, spectrum analyser
and multimeter...

The ADC-200 range of PC based oscilloscopes 'offer
performance only previously available oh the mostexpensive | :
“benchtop’ scopes. By intergrating several instruments into |+

one unit, the ADC-200 is both flexible and cost effective. L=

Connection to a PC gives the ADC-200 the edge over traditional
oscilloscopes: the ability to print and save waveforms is just one example.
Units are supplied with PicoScope for Windows which is powerful, yet =
simple to use, with comprehensive on line help.

Applications Features
¥ Video ¥ Afraction of the cost of comparable benchtop
WV Automotive oscilloscopes
¥ Electronics design ¥ Up to 100 MS/s sampling -
¥ Production line tests ¥ Advanced tigger modes- capture LN g
V¥ Faultfinding one off events. : RJ%%G S
¥ Education V¥ Up to 50 MHz spectrum analyser e

: ‘ : V¥ Large buffer memory a1, SO0
All units ar;supplgad with ADE-200/700 £499 L e
software, cables and power
supply. Prices exclude VAT. "4@6-200_/50 £399

1 ADE-200/20 £299

A scope at vour fingertip

Onge oscilloscopes werelheas a'ﬁﬂclumsy'tohan(]“abut-* et the years they haye become smille
nd maller, The lalest devdlopmentin this field has justarivedta digital storage gsotllgscope in
hand§ slim housing, sgarcely longer than a pengil and about asithick asyour thumb. Despite itssmall
sizegits performance gafimateh that of a service oséilloscope.

¥ Can usé PC display § H
¥ Sample rates from|
50!15 to 1ims ,
. 4 Up to 20 MSIs

echnoloey Lindted

¥ On-the-spot measurements
V¥ Hobby electronics
¥ Measurements.in amplifiers 3
¥ Production line tests L
Pricesexclude VAT
Call for a FREL software demonstration disk or visit our web site



FLECTRONTILCS LT All Prices ihclude V4

EE208 135 Hunter Street; Burton-on-Trent, Staffs. DE14 25T e "
Tel 01283 565435 Fax 546932 % el

http://www.magenta2000.co.uk ('\
E-mail: sales@magenfa2000.co.uk

.T. Add £3.00 per order pf&p. £6.99 next day

MAIL ORDER ONLY ¢ CALLERS BY APPOINTMENT
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EPE MICROCONTROLLER1 PIC PIPE DESCALER
" Pl. TREASURE HUNTERI e SIMPLE TO BUILD o SWEPT
The latest MAGENTA DESIGN — highly * o HIGH POWER OUTPUT FREQUENCY
Vsmable & sensitive — with ).C. control | ¢ AUDIO & VISUAL MONITORING

1 of all timing functions and advanced I An affordable circuil which sweeps

EPE
TEACH-IN

I pulse separation techniques. ] ‘the incoming watar supply with
P
i 1 variable frequency electromagnetic
® High stability .+ Signzls. May reduce scale formation,
I dirift cancelling | ‘ldnrﬁolve mgslun%scalln and improve
7 athering ability by altering the wa X ¢ ] h !

: * l_l:.asy 1o build L gt T B U U Full set of top quality NEW

use V Kit includes case, PC.8, coupling componenis for this educational
I ® Noground A cmlhard lall components. series. All parts as specified by

fi Iy c currant P o
: ;I’g:;_:;gfs : R e R EPE. Kit includes breadboard,
. g KIT 868 .........£22.95 POWER UNIT.........£3.99 |Wrre. croc clips, pins and all
i e et 3 <components for experiments, as

5 32l listed in Introduction to Part 1.
1 siiver, ferrous 8 1 MIICRO PEsT Tidera s 2
! : ] tteries ard tools not includad.
1 non-ferrous E e
1 metals : SCARER . .
) Eff'clem quartz controlled g Our lalfesl dzsign — The ullimate ‘| TEACH-IN 2000 - )\
. he gn. Uses X
|  microcontroller pulse generation. i xﬁ; ‘l;ritcruc%?;c::ﬂghtrj:r;ndom KIT 879 £44.95
1 ® Full kit with headphones & al| delay and pulse ime. Easy to f ;
: hardware : build retiable circuit. Keaps pets/ MULTIMETER £14.45
pesis away from newly sowm areas,

LKlT_84_7_-,;';' N e AR E_6§, 9_5.| olay areas, el¢. Uses power source

from 9 to 24 voits.

PORTABLE ULTRASONIC o' RANDOM PULSES

1 %
: SPACEWRITER “‘L’q‘

An innovative ard exciting

PEsT SCARER e g]l?HL%%ﬂiﬁ il i 1 project. x;me the wand through %3

A rful 23kHz ultrssound ge oo o A | N ug. n power supp y . the alra vourma‘.sa;ce nppuafs.a %

‘a‘ﬁigmc': hapcll-heldl (c,a:‘;e. MQ%FIga&.Jl%tq:ﬂ KIT 867...... e leild a8 im 1w le Ol LA B (D £19.99 : i;?ﬁ?gi;gﬁc&ugiﬁwg #ﬁé’

v ‘25 a Special seale TanNSUCEr i n- W v o

;Sa.n_e pu!sé:s via a special wned émnsfoeng—er KIT+SLAVE U NIT ....... sesssns £32.50 ] pclg aﬂwrv:{p—nnnhéiube%lme’ G
g=i} T | 1 nstructions (Gt m ioa .

give. maiman. ot vnont any enecsl WINDICATOR l_le B9, ..o coreerreenrerer£16,991

seiting up. A novel wind speed indicator with LED readoui. Kit comes Ty o o i o e

KIT 842........ el :..£22.56 complete with sensor cups, and weatherproof sensing 12V EPROM ERASER

head. Mains power unit £5.99 extra.

MK. I ACOUSTIC PROBE S8 5600 500w T e T T s

A safe bovs cost ersser for up 10 4 EFACMS 2: atme
n less than 20 mimses. Operates from a 12V supply
,,,,,,,, £28.00 (#00ma. Used extensiely for mobde werk — up-

o NEV/ DESIGN
¢ HIGH SENSITIVITY & POWER

dating equiprmpsnt in tha Beid ele. Alsy in stuca

EN TENs uNlT tignal situatinns whare mains supples e nel 3
| at k prese Ot
Picks up vibrations amplifies, and drives * * e PG R G S e

haadphones, Sounds irom engines, watches,

g s s weush el ca e DUAL OUTPUT TENS UNIT

Sngincers and nosey parkers! Very effecive Ag featured in March '97 issue.

device.

SUPER BAT

KT8 B s M : Magenta have prepared a FULL KIT for this
il == £69.94 excellent new project. All components, PCB, DETECTOR
hardware and electrodes are included. |
ggpﬂgrt%/ggﬂacxes Designed for simple assembly and testing arfd 1 WATT OFF BUlLT.“\
motor/Gearbox seis. providing high level dual output drive. ‘SPEAKER, COMPACT CASE

Ideal for Modals, Robols,

Aufti ratio gearbox

Buggies atc. 1510 45V ’ KIT 8686.... Fullkit including iour electrodes £32.90 20kHz-140kHz

NEW DESIGN WITH 40kHz MIC.

gives wide range of speeds.

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

Stepping Motors |
MD38... Mini 48 step...£8.65 | i '
MD35..51d 48 step..£9.99 @ll
#40200...200 step...£12.99 components.

MDZ4 Large 200 step...£22.95 KIT 848........

scale meter,

<

Superb new design. Regulated
output, efficient circuit. Dual-

Reads up to 200 Megohms. and ‘double balanced mixer’ -
Kit includes wound coil, cut-our  §ive 3 stable, high peformance
case, meter sgale, PCB & AlL superheterodyne design.

o 1000V & 500V INSULATION A new circuit using a full bridgs’ audio

TESTER amplifier ic.. internal

speaker, and head-
phone’tape socket. The
latest sensitive transducer,

compact case.

MOSFET MkIl VARIABLE BENCH EPE
POWER SUPPLY 0-25V 2-5A.

A PROJECT | it oty v weat

and preserving all the
features, but now with \plcs
switching pre-regulator for Beeea.

much higher efficiancy. Panel Gar
meters indicate Volts and
Amps. Fully variable down o
zera. Toroidal mains trans-
former. Kit includes punched
and printed case and all
parts. As featured in April
1994 EPE. An essential piece
of equipment.

866

all* EPE Projects

Al £5.590 each

{*some projects are
copyright}

Programmed PICs for
16C84/16F84/16C71

PIC16F87T now in stock TRANSDUCER OUTPUT e UP TO 4 METRES

..... ...£32.95 ALSO AVAILABLE Built & Tested ....£38.90

Keep petslpests -away from

children's play areas, patios

etc. This project produces

intense pulses of ultrasound

which deter visiting animals.

e KIT INCLUDES ALL A
COMPONENTS, PCB 6.CASE

a EFFICIENT 100V

e COMPLETELY INAUDIBLE RANGE

£10 inc. vaTa postage | ~ 15 HuMANS o LOW CURRENT DRAIN
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YRR EIAYEE  EPE PIC Tutorial
NEREBIBEEE OWIERICE) Ke1to7 SISee At Last! A Real, Practical, Hands-On Series

INCLUDES 1-PIC16F84 CHIP 2 s .
SOFTWARE DISK, LEAD Power Supply £3.99 ] | e Learn Programming from scratch usan PIC16F84
ggggﬁ%gogmg%ﬁéﬁgsg EXTRA CHIPS: £4.84 e Start by lighting [.e.d.s and do 30 tutorials to Sound

‘ PIC 16784 £4. Generation, Data Display, and a Securitv System
Based on February '96 EPE. Magenta designed PCB and kit.
PCB with ‘Reset’ switch, Program switch, 5V ragulator and @ PIC TUTOR Board with Switches, I.€.d.s. and'on board
test L.E.D.s, and connection points for access to all A and B programmer
port pins. z

_ PIC TUTOR BOARD KIT
N (o [0t N NOIBNBISTHIWANMBIAMNARER | | ciuces: PIc1sFss Chip. TOP Quality PCB printed with

Component Layout and all components®* {*not ZIF

INCLUDES 1-PIC16F84 Kit 860 £19.99/ || Socket or Displays). Included with the Magenta Kit is a

WITH DEMO PROGRAM p cuoor £3.99 disk with Test and Demonstration routines. X

%%F_gwuéﬁﬁ)?\llssmgﬂ- Ly gl KIT'870 ...... £27.95, Built & Tested ...... £42.95

' FULL PROGRAM SOURCE Optional: Power Supply - £3.99, ZIF Socket - £9.99

16-CHARACTER 2-LINE | CODE SUPPLIED - DEVELOP LCD Display £7.99 EED Display ............. £6.99
LCD DISPLAY YOUR OWN APPLICATION! | | | LCP Disptay e .99 LED Display .............. g

Another super PIC project from Magenta. Supplied vyith. PCB, J d | \/

industry standard 2-LINE x 16-character display, data, all PlC TOOL' VZ

componenis, and softwvare to include in your own programs. ® SUPER UPGRADE FROM V1 o 18, 28 AND 40-PIN CHIPS

Ideal develpment base for meters, terminals, calculators, © READ, WRITE. ASSEMBLE & DISASSEMBLE PICS

e SIMPLE POWER SUPPLY OPTIONS 5-20Y

& ALL SWITCHING UNDER SOFTWARE CONTROL
o MAGENTA DESIGNED PCB HAS TERMINAL PINS AND OSCILLATOR
CONNECTIONS FOR ALL CHIPS

» o INCLUDES SOFTWARE AND PIC CHIP
CONTROLLER & LIGHT CHASER KIT 878 ... £22.99 with 16F84 .. . £29.99 with 16F877

counters, timers — Just waiting for your apphcauonl

" PIC16F84 MAINS POW

e WITH PROGRAMMED 16F84 AND DISK WITH = -
P ggﬁ%nsgf-rogv%ll-?cﬂﬁ\%sm Now features full 4-channad [ S U PE R PlC PR O G RAM MIE R
- ] chaser software on DISK
MULTIPLE CHASE PATTERNS | and pre-programmes o READS, PROGRAMS, AND VERIFIES
o OPTQ ISOLATED PIC16F84 chip. Easily v & o IARE
5 AMP QUTPUTS re-programmed for your o Ul S e
e 12 KEYPAD CONTROL %ﬁfgﬂgﬂ%&mv&w o PIC16CEX, 7X, AND 8X
e SPEED/DIMMING POT. el s L e USES ANY PC PARALLEL PORT 4/
o HARD FIRED TRIACS be jolicwed casily. ¢ USES STANDARD MICROCHIP e HEX FILES
Ki 855 £39 95 N — e OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
it LOTS OF OTHER APPLICATIONS o PCB, LEAD, ALL COMPONENTS, TURNED PiN
I PIC TOOLKIT V1 SOCKETS FOR 18, 28, AND 40 PIN ICs. £29 99
‘ 5 Kit 862
% PROGRAMNS FIC1ECB4 and 16F84 o ACCEPTS TASM AND MPASM CODE | e SEND FOR DETAILED
L L S et 1 NEBRV O Power Supply £3.99
“Needs CBASIC ar QUICKBASIC SUPERB PRODUCT AT AN SR ASSEIBIER
kiT871...£13.99. suilt and tested £21.99 UNBEATABLE LOW PRICE. SOFTWARE £11.75
L 2
ALL PARTS FOR SERIES INCLUDING PCBs, DI CTEDPE TeY D DINV/ER
?h 2L B PRO%R‘iA:éA“MgDSCrﬂP CD-ROM Awlafglizg_;gé Pl C STEPPING MOTOR DRIVER
MAIN BOARD FULL KIT BUILT .......... . e A ~ = z
VO PORT KIT oo £16.99 BULT ... £24.99 | || INCLUDES: PCE, Kit 863 £18.99
ool S £12.49 pPowersuppLY ..£3.99| || DEMO PROGRAM, FULL SOURCE CODE SUPPLIED
SOFTWARE DISK . L
8-BIT SWITCH/LATCH ..... £7.95 nT.MODULE .£10.45] |l arplicTONS ALSO USE FOR DRIVING OTHER
KIT 621 AND MOTOR. POWER DEVICES e.g. SOLENOIDS.

680()() DEVELOPMENT AND &
TRAINING KIT g

e NEW PCB DESIGN -

» 8 hiHz 68000 1&-8iT BUS

e Another NEW Magenia PIC project. Drives any 4-phase unipolar motor —up
_ £99 95 to 24V and 1A. Kit includes all components and 48 step motor Chip is
pre-programmed with demo softw are, then write your own, and re- program

& MANUAL AND SOFTWARE » ON BOARD tha same chip! Circuit accepts inputs irom switches etc and drives motor-in
® 2 SEALAL FORTS 5V'REGULATOR rasponse. Also runs standard demo sequance from memary.

e PIT AND 1’0 PORT OPTIONS .. # PSU £6.99 | e e

@ j2C POAT OPTIONS & SERIAL LEAD £3.99

As featured in AugfSept. ‘99 £PE. Full kit with Magenta
redesignzd PCB - LCD fits directly on board. Use as Data

Logger or 2s 3 test bed for many ather 16F877 projects. Kit
includes programmed chip, 8 EEPROMSs, PCB, case and all compoiients.

KIT-877 £49.95 inc. 8 x 256K EEPROMS
All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99
Tel: 01283 565435 Fax: 01283 546932 E-mail; sales@magenta2000.co.uk

Mini-Lab & Micro Lab
Electronics Teach-In 7

As featured in EPE and now
published as Teach-In 7. All
parts

are supplied by Magenta.
Teach-in'7 is £3:95 from us or
EPE

Full Mini Lab Kit - £119.95 --
Power supply extra— £22.55
Full Micro Lab Kit — £155.95
Built Migro Lab--£183.95
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TIME LINE

With the millennium fast approaching (or maybe vou- feel we should be accuraté

and wait for the end of 2000 10 celebrate?) we have decided to produce a series of
articles describing the development of electronics over the last 100 years. Our
friends and Editors of £PE Online, Max and Alvin in the USA, are producing it for
us and they asked a number of people to suggest- significant developments they
thought worthy of inelusion. We passed this request on to some regular contribu-
tors in the UK and their responses just about covered everything we could think of.
Tt should make a fascinating series and it should expose one or two myths about
who invented what first.

‘We are also planning to produce a “Time Line"” wall chart, showing all the sig-
nificant events/developments efc., which will be given away with one of the spring
issues of EPE. This series should start in the Feb '00 issue (on sale Jan. 7).

Max and Alvin have already secured a fascinating article from Horst Zuse aboit
his father. Konrad, who invented the first large-scale digital computer in Germany
in 1941. You can read all about it and see some fascinating, never previously
published, photos of the computer on our Online edition wéb site at
WAWW,.epenmiag,con.

ON-LINE CONTACT ]

As many readers will know, we have a Chat Zone on our UK EPE web-site at
www.epenag.wimborne.co.uk. This is so that readers can “cha” to cach other,
and help each other with information, advice, etc. However, we have noticed one
or two readers asking questions that would be better put to us at the editorial
department. Whilst we keep an eye on what is happening on the Chat Zone, yvou
should not be trying 1o ask us editorial questions on it. If you want to ask when
something was published, if we can supply a back issue, or to direct a question at
one of the editorial siaff, you should do this via our E-mail address:
editorial@epemag.wimborne.co.uk.

We do try to respond 10 both letters and emails within a few days but if some-
thing needs researching and we are tied up with getting the magazine out it may
take a little lopger.

AVAILABILITY Y

Copies ol EPE/ET] are avalable on s tmn
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Constructional Project =

JIM MAIN =

A neat /ittle tool to help debug your
PIC microcontroller code!

when developing PIC microconiroller

software, it's that sinking feeling when
you apply power for the first time and the
thing just sits there smugly dading
{apparenily) nothing.

In fact. your PIC chip is probably
whizzing away inside some loop or other,
or resetting isell several thousand times a
second. You'!l be none the wiser.

BUGS AND OPTIONS

There are various solutions 10 debug-
ging your code und indicating what's
going on inside vour chip. You could be
using a sofiware simulator, such as
MPSIM. You might have some led.s
altached to a spare port and be lighting
them up at various stages of your code (o
sez how far vou're getting. You might.
perhaps, have a serial port in your project
and be sending the odd character fo
indicate position” — you might even be
fortunate enough to have an in circuit
cmulator (you wish _ . .).

All these debugging methods are well
and good, but suffer from disadvaniages.
MPSIM requires time and efforn 1o set up,
and if you're running on-chip peripherals
such as serinl ports. PWNM, 12C, SPI elc..
then its usc becomes very limited.

Using l.e.d.s attached to a spare
port is an excellent idea. and the
author always try 1o incorporate a
bank of them on a printed circuit
board wherever possible, This gives
you an on-board debugger straight away
~ but only if you have the port pins to
spare. This is chip-dependant, and
remember some of the smaller 8-pin PICs
oily have one or two input/output pins to
begin with,

SINGLE PIN SOLUTION

An answer to this situation is 10 use an
existing output pin to output a very short
duration Debug word (of around 64ws).
There-are two advaniages to this:

lF there’s one thing which irks most

1. The code is held-up outpuiting ihe
Debug word for a minimum amount of
lime,

2. It may be possible to use a pin-that is
currently being used for other oupput
duties.

870

Advaniage 2 needs some further expia-
nation. ldeally, this output pin wiil be
something like a processor status le.d. pin
— or ot least a pin where a shost duration
word isn’t going 1o upsel whatever is con-
necied o it (a relay. for insiance. should
ignore a word of less than 100 micro-
seconds or so). In this way, the debug word
is transparently output on the pin.

The Micro-Probe described here is con-
neeted 1o the targe! output pin and "listens™
for any valid debug words coming from
that pin. There arc eight possible Flay
.cades. It does not matter whether the output
pin is held high or low before the word is
outpui — the probe will pick up the pattern
in exch case.

CIBCUIT
DESCRIPTION
The Micro-Probe has i very simplé cir-
cuit and uses the ever-popular PIC16F34 in
its 10MHz version. It is such a simple cir-
cuil, in facl, that it does not really warrant a
printed circuit board. Consequently, it has
been designed onto a piece of stripboard.
With reference 1o the circuil diagram:in
Fig.1. the PIC. IC1. is set up in a crystal-
timed configuration with a 10MHz crystal;
X1. and two 13pF capacitors. 3 and C4.

Note that because the PIC is to be operated
at 1ONtHz. it must be configured for the
HS crystal option prior to it being

prograntmed.

The 3V power supply for the PIC is con+
niecied to the circuit by means of two flying
leads with test clips on the ends. The clips
dllow the power 1o be obained from the
supply of the circuit under test. Since it
would be very easy to mix up the polarity
when conneciing into a targei circuit, diode
D1 is included 10 protect the PIC.

A power-on Le.d., D3, is taken across the
supply in series with hallast resisior R1.
You can then tell straight away if ane of the
power clips has fallen off?

The signal from the tarpet circuit conmies
in via diode D2. This drops the incoming
signat voltage level by the same amount as
D1 (so that you are not oves-voliing the PIC
with respect 1o the supply). R2 is a puli-
down resistor for the PIC's inpu1 pin RA4.
All other Port A pins are configured as out-
puts in the software and can be left
unconnected.

Four bicolour l.e.d.s are connecied 10
Port B via baliast resistors R3 to R6. These
l.e.d.s are actually two lLe:d.s in one pack-
age. connected back-to-back across each
other. Depending on the direction of the
current. the lLed. illuminates
etther red or green. so with four
le.d.s. eight sigmal indications
can be displaved.

If you prefer. vou cun replace
the bi-colour Le.d.s with eighr
individual Led.s. remembering
to add a ballast resistor to cach,

When a valid word is received
] by the Micro-Probz. one or
B more of the Le.d.s will light.

SOFTWARE
The sofiware for the Micro-Probe is split.
imo two-paris — the code tun by the Micro-
Probe itself, and the Taruet code you have
to add to the target application to output the
debug words. .
It shouid be noted that the Target pro-

.gram has been written specifically for use

within programs that are intended 1o be

-assembled through MPASM (Microchip’s

own assembler software).

The Target code cannot be used with
programs written in TASM (the Sharewaré
assémbler language usad in many £PE pro-
jects). Nor can the EPE PIC Toolkir (both
Mkl and MK2) inwerpret the Include
instruction embodied in the Target
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Fig.1. Complele circuit diagram for the PIC Micro-Probe.

program. Experienced programimers, how-
ever. should have no difficulty in re-writing
the small amount of code involved to suit
the TASM/Toolkit struciures.

TARGET VMIACROS

Looking at the Targe: code first. this
allows you to add macro-routines 1o your
program. Macros are very powerful and
flexible batch-type commands which
consist of instructions to the compiler to
generaie code at compilation time. An
example of using the macros to generate
the debug words is shown in program fife
YOURPROG.ASM. i

First of all. it is important 1o be able to gen-
enate the correct duration of pulse for 1 num-
ber of arget clock frequencies. The macros
generate the comect duration of pulse for an
integer munber of megahenz frequency (1. 2,
3 ctc.). It is necessary to point ow that your
tarpet processor should be crysial or ceramic
resonator clocked — RC (resistor-capacitor)
clock generation is not really accumie or sta—
ble enough for the Micro-Probe.

In YOURPROG.ASM it will be seen thae
the clock speed (CLK) is defined for
16MH::

#DEFINE CLK .16 ;SPEED IN MHz

Note thar a decimal point is placed in
front of the 16, which signifies to the com-
piler (MPASM or compatible), that the
value is in decimal. The appropriate value
for the speed of your target circuit should
be substiituted in place of the 16.

The pin of the target circuit which the
Micro-Probe is m monitor is defined in
YOURPROG.ASM as Port C pin 7:

#DEFINE DEBUGPIN PORTC,7

Any Port and any pin can be substituted
in place of PORTC,7 as required.

MACRO ROUTINES
_ There are three distinct Macros: PIN X.
SYNCWORD and DEBUG X.

At the lowest level is the macro PIN X.
This takes an-argument of 0 or 1 and sets or

clears the selected output pin accordingly.
it then loops for 2 rumber of times accord-
ing to the clock frequency (defined by
CLK) to time the length of the pulse.

The macro SYNCWORD siarts witha 0
for the start bit, followed by binary 101 1o
uniquely identify that this is a debug word.
It does this by calling PIN X four times
(e.g. PIN Q. PIN 1, PIN 0. PIN ).

Macro DEBUG X is the ane you cali from
the body of your code with the relevant argu-

‘ment. where you want o signal that the code’

has reached that paricular point. DPEBUG
first calls SYNCWORD., and then adds the
3-bit code for the relevant Flag point. Finally.
‘astop bit 0 is added 10 the end.

USING MICRO-PROBE

Where you want (o signal a point having
‘been reached in your code (say entering a
subroutine),-then add the line:

DEBUG X (where X= 110 §)
For example:

DEBUG I lights the first Lé:d. green
DEBUG 2 lights the first Le.d. red
DEBUG 7 lights the fourth Led. green

If your target applicwtion makes use of
interrupis. then make sure that you disable the
global interrupt enable bit (INTCON,GIE)
before calling the Macro. This is 10 ensure
that an interrupt does not happen halfway
through a dehug worl, destroying i timing.
Re-enable it as required afterwards (sce
YOURPROG.ASM).

When you want 1o reset and tumn off all
the le.d.s. just remove one -of the power
leads temporarily (or fit.a Reset switch if
you like).

INCLUDE FILES

Keep things tidy by putting the body of
all the aforementioned macros into an
Include fite. To do this. open up a blank
page within MPLAB, type in the Macros
and save as:

DEBUG.INC

into CAPROGRAMFILES\MPLAB\
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When vou want to add debug code to-an
appiigation, just put the command:

INCLUDE DEBUG.INC

below vour processor-specific Include ling,
and then add the CLK and DEBUGPIN
dennitions.

‘When vou want 1o take out or disable the
debug code generation. then just “com-
meni-out’. with a semicolon as usual, the
Include line (as well as commenting out the
various invocations of DEBUG in your
code).

The CLK and DEBUGPIN detinitions
cun safely stay in your application.

BIT-BANGING

The Micro-Probe works by what is
known as “Bii-Banging™ —that is. it con-
stantly samples an input pin (RA4) and
looks for changes in its logic staws. To do
this. you have to time the instructions care-
fully so that you ure always sampling in the
comrect part of the incoming bit (interrupts
are of no use here because of the short
duration of the incoming pulse train).

When the level is unchanging. then a
sample loop occurs every ten instruction
cyeles (1 cycle =0.4us at 10MHz). orevery
4res. It compares this level with the previ-
ous sampled level by XORing them togeth-
er. If the result = 1. then a change in {evel
has occurred.

Assuming that the output started ofi fow;
then the first sample will occur somewhere
inside the first 1" of “101° (the
Syncword). The pin is resampled si¥
cvcles later (2-4us) 1o make sure that the
simple point is not too near the leading
edge of the first pulse. Therealter. the pin is
sampled every 8us 1o sample each puise in
the same place.

IT the Syncwerd is wrong. then the
process is abandoned and the sampling
process staris from the top.

Once the three bits of data have been
obuined, we have a number between 0 and
7. This is multiplied by four (by performing
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the RLF instruction iwice)} before being
added to the program counter (a compuied
GOTO).

Using as an example the situation where
the data is 0. 4 x 0 =0, which is then added
lo the program counter (PCL). The pro-
gram counter always points to the next
instruction that is lo be performed, so
adding 0 to it just results in the next instruc—
tion being performed as normal. In this
case that means that bit 0 of LED_REG is
set, and bit 1 is cleared before jumping for-
ward to the Port writing section.

In the Port wriling section
(LED_EXIT), the shadow register
LED_REG is written to Port B and lights
the relevant Le.d. before looping back to
the top.

CONSTRUCTION

Stripbourd is used for the Micro-Probe
construction. The type used in the proto-
type is that specifically designed for
mounting integrated circuits and which has
a break running up the middle. If .using
ordinary stripboard. cut the tracks appropri-
ately to keep the two sides of the PIC iso-
lated from each other.

The component layout and underside
track view are shown in Fig.2.

Tt is likely that the stripboard will be
larger than you need. If so, use a sharp
knife 10 score. the siripboard where you
want to cui it (on the copper side). It should
crack cleanly over the score when you bend
it with a pair of pliers. File down the rough
edges.

Drill iwo 3mm mounting holes-in the posi-
tions indicated, and make the various breaks.
in the copper using the same drill bit.

Use an 18-pin d.i.l. socket (runied-pin is
best)for the PIC.

COMPONENTS

Resist%rs e Seue_ iy
R1, R31 47002 =
e (5 Off) %L‘d@d’

e 48" TALK

All 0.25W 5% carbon filim  pg
or battar. R

X1

Approx. Cost
Guidance Only
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Capacltors
C1 100« radial elect. 16V
c2 100n ceramic
C3,.C4 15p ceramic (2.off)
Semiconductors
D1, D2 1N4001 1A 30V réc. diode
{2 off)
D3 red Le.d., 3mm
D4 to 07  bi-colour (red/green)le.d.
{4 offy
IC1, PIC16F84-10P (10MHz

version), 1
preprogrammed ‘

Miscellaneolis

10MHz crystal

Stripboard, with central -separating
strip, 26 x 15 holes (see text); plasiic
case, 7omm x 56mm x 25mm; 18-pin
d.il. socket; nuts and bolts. M3 x 20mm,
countersunk (2 off); spacers, M3 x 6mm
(2 off); probe clips, miniature, one each of
red, black, yellow; extra-flexible vdre for

probes; connecting wire, solder ete.

£19

incl. case
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Fig.2. Compongnt layout and stripboard track-details for.the PIC Micro-Probe.

Preferably use insulating .sleeve on all
the wire links 10 preveni shorts and then
solder in ali the components. observing
polarity tor the diodes and the electrolytic’
capacitor. The bi-colour l.e.d.s have the red
anode denoted by the longer lead, so make
sure the short lead goes to the position
marked as Rk on the layvout diagram.

You can’t damage these l.e.d.s by getting
them the wrong way round. but vour
colours will be reversed.

At first, only solder in
one lead of cach l.ed.. so
that you can adjust the
height to fit the box before
soldering in the other one:
ENCLOSURE

Use a small plastic case
for' housing the Micro-
Probe. Driil two holes in.
the botiom of the case for
the stripboard’s mounting
screws. Use a countersink
wol so that the counter-
sunk bolts will sit flush
with the surface.

Drill a Zmm hole in oné
end for the signal wire,
and a 3mm hole in the
other end for the power
leads to pass through via a clamping grom-
met. (When vou mount the siripboard. you
may need 1o file its 1op end 10 clear the
grommel.)

Solder the leads directly into the'board a
the positions indicated, Pass the leads
through the case ard tighten the grommet
10 clamp them. E

The lid of the case is drilled with 3mm
hotes to line up with the l.e.d.s coming up
from underneath. If you gauge the height of
the Le.d.s correcily, then with the lid on the
box, they will protrude slightly above the
surface. Make a paper templaie with the
positions of the 1.6.d:s on it and tape.this to
the lid prior to drilling.

Put both bolts through the boitoniof the
box and slip on the Smm spacers, followed
by the stripboard. Thread 3mm nuts onto
the bolis and tighten. Put the lid on the box,
guiding the le.d.s through the holes and

L
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.
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e
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fasten using the screws supplied with the
box.

Solder spring-loaded test clips onio the:
ends of the wires now protruding from the
box and you have vourself a completed
Micro-Probe!

TESTING

Power the unit from the tarver board
using the power clips und atiach the signal
probe 1o the required pin, The power-on

le.d. should be illuminated, if not check
vour connections and circuil.

With the Debug Include fle in your
defauli directory. put the clock and pin def-
initions into yvour coda. as discussed earlier.
Enter 3 Debug command (z:g; DEBUG |
into your code.

When you run the target processor, the
first Le.d. (D4) should light green on the
Micro-Probe. Check operation for the other
seven Debug states,

Fimlly. label the fromt pancl and yout
Micro-Probe is ready for action!

RESOURCES

Software for the Migro-Probe is avail-
able on 3-3-inch disk from the EPE PCH
Service, code EPE Disk 2 (there is a nom-
inal handling charge), It is also available
free from the EPE FTP site. See Shopralk
for more deails of both options. [l
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Write your PICmicro programs in BASIC! ° lﬁ?&z ch:t Dl;?gﬁrgmer Fg% 168’%%152%’50&
Quicker and easier than “C'" or assembler Expanded BASIC XS xR ¥ X,
Stamp | compatible instruction setl. True compiler provides 6xx, 7xx, 84, 9xx, PIC16CEB2x and PIC16F8xx

faster program execution and longer programs than BASIC microcontrollers . -
interpreters. 12CIN and 121COUT instructions o access ® ZIF adapters available for 8/18- and 40/28-pin

external serial EEPROMs. More user variables Peek and Pake DIP, 8-, 18- and 28-pin SOIC, 44-pin MQFP
instruclions to access any PICmicro reglster from BASIC. and 44- and 68-pin PLCC PICmicros

Serlal speeds to 115k baud. In-ine assembler and ® Runs off two S-volt batteries or optional AC
Call support (call your assembly routines). Supports adapter y

PIC12C67x, PIC14Cxxx, PIC16€C55x, 6xx, 7xx, 84, 92x and ® Connects to PC parallel printer port
PIC16FBX/PIC16FBxx microcontrollers. Use in DOS or ® Software upgradeable for future PiCmicrog
Windows Compatible with most PICmicro programmers. e Includes "“8051" style PICmicro macro

The low-cost PicBasic Compiler (PBC) makes it easy to assembler

write programs for the fast Microchip PICmicros. PBC con- ® Available assembled and tested. or

verts these programs into hex or binary files that can be as bare board with diskette

programmed direclly into a PICmicro microcontroller. The
easy-lo-use BASIC language makes PICmicro programming
available 10 everyone with its English-tike instruction set. No
more scary assembly language!

With Support for 16F877 and Smart Memory Card

The PicBas:c Pro Comgpiler runs on PC compatibles. It
can create programs for the PIC12C67x, PIC12CE6B7x, PIC14Cxxx,
PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x and PIC16F8x and
16F8xx microcontrollers. The PicBasic Pro Compiler fnstruction sat
is upward compatible with the BASIC Stamp Il and Pro uses BS2
synlax. Programs can be compiled and programmed directly into a
PICmicro, eliminating the need for a BASIC Stamp module. These
programs execute much faster than their Stamp equivalents. They
may also ba protecied so no one can copy your code!

Pic Basic - £49.95
: Pic Basic Pro — £149.95
Supplied with full 168-page manual
Free PIC MACRO compiler
Free program Editor
Free Windows Front End
and sample basic programs including

it
EPIC Programmer £49.95
or £35 if purchased with
PIC BASIC or PIC BASIC Pro
25-pin Parallel Cable £5.95

19AJBS BIND3S NG BIA BUIT-UQ BP0 PUB YT 0D [[IYUMOID mmm//:dly
sweuboid aidwes pue enuep D|SYgDId 8bed-gg| (1N} 8yl peojumog

cade to support 1M Smart memory card ~ PIC16F84 £1.90 each
PIC 16F877 4MHz £5.75 each
PIC PROGRAMMER KIT PIC 16F877 20MHz £6.75 each
Now with WINDOWS SOFTWARE DRIVER! PIC 16F876 4MHz £5.20 each

Programs the Popular PIC 16C84, 16FB4, 24xx serlos serial memory devices. PIC 1 6F874 4\MHz £5.35 each
e s e RS TR e | o) C (6P a73 Mz 9475 onct
out.

PIC 12C508/509 £0.65 each
241.C116 £0.75 each

24L.C32 £0.75 each

This handy litla programmer is easy to build, taking
no more than 30 minutas to assemble and test. The
‘Professional quelity PCB is double-sided, thraugh-
plated with solder resist and screen prnling to ald
efficient assembly. It is supplied with driver software
1o run In DOS en a 386 PC upwards and under
Viindows S5 on 485 or Pentium and a Disk full of

25LC65 £1.50 each
interesting profects, lips and data sheets for PIC
devices, including FREE Assembler and Simulator.

PIC 16C622 £2.50 each
Only £16.00 Including Delivery and VAT Call for other PIC devices
Loy giﬁ"m%?pfﬁ.gcﬁ’éw NG, VAT AND All PICs stocked!

‘DELIVERY

f
H

PIC Micro CD ROMs NOW TWO CD ROMS! i} Low Power; easy |
Packed with information. PIC MICRO data sheets, Programs and Diagrams, Ap-. ‘ serial interface
plication notes, PDF Viewer includes PING-PONG and TETRIS with video and
sound out of a PIC'84. BASIC language ASSEMBLY routines! Dala sheets on L T _ pigss
thousands of Micro-controllers and support parls categorised by manufaclurer. e

This must ba the bast value for money. LCD DISPLAYS £7.50 each

£ IONRCiB Sl @ AT e B LS TIBU Y (2 x 16-line) Ideal for uss vith PIC Basic & Pro

o e 20 e i e Bl | Urless shown as in VAT and P&P, all prices
Crownhill Associates Limited “Irimeess P&P and 17.5% VAT
The Old Bakery; New Barns Road, Ely, Cambridge, CB7 4PW Pay via:

Tel: 01353 666709 Fax:01353 666710 ACCESS, VISA or SWITCH

i i , Secure On-line ordering \
www.crownhill.co.uk E-mail: sales@crownhlll.co.uk e R Ik
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& roundup of the latest Bupeviay

News from the world &f

electronics

PIRATE-PROOF CDs

Long hoped for by the music industry, uncopyable CDs are now

a reality. Barry Fox reports.

EW TECHNOLOGY spells bad news for

people who usc a PC 10 copy music
CDs or send them over the Internel. British
company C-Dilla has found a'way to let a
music CD play on a home hi-fi, but not Gn-
a PC’s CD-ROM drive.

Compuler sofiware companies, includ-
ing Microsoft and Lotus, alreadv use C-
Dilla’s SafeDisc system to stop peaple
copying ROM data discs.

SafeDisc puls the program maierial in.
an encrypted wrapper which can only be
unwrapped when a digital key code on
the disc matches an authorisation code
entered into the PC. The key code is
pressed into the disc so that a ROM drive
can read it but a CD-recorder cannot
copy it. So only the original disc will run
the program.

UNREPEATABLE DREAMS

The record indusiry has been dreaming
of just such an anticopy system for 30
vears, since the Beades claimed that their
LP Sergeant Pepper could be played but
not copied. Like the many systems that
followed. Pepper was as easily copied as
played.

Peter Newman, who founded C-Dilla in
1991 and invented SafeDisc, has finally
found the answer. Audiol.ok takes advan-
tage of the fact that the standard for music
CDs. known as the Red Book, was sel
before the standard for CD-ROMs. known
as the Yellow Book.

The ROM standard provides more pow-
erful error correction for data than is need-
ed for music. ROM drives are designed 1o
handle ecither music or data discs.
AudioL.ok adds false error correction code
10 a music disc. An ordinarvy music CD
player simply ignores this extra code and
plays the disc as normal. But a ROM drive
reads the faise code and rejects the disc as
unplayable. This stops the owner sending
the music over the Internct or copving it
onto a blank disc.

A prototype Audiolok disc duly playved
on a CD music player but refused 1o play
or copy on a PC. Peter Newman says he is
confident that he can also stop a consumer
-miusic CD-recorder making a copy,
beecause these devices are already designed
not o copy CD-ROMs. He expects
AudioLok to be ready for commercial
launch in a vear.

Macrovision of the US has now bought
C-Dilla for around $18m. Macrovision
developed the sysiems which film and
TV companies already use 1o stop peo:
ple copying videos. Now the company
‘can offer the same oplion to the music
industry.
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NOTABLE PARADOX

Paradoxically C-Dilla’s breakthrough
and Macrovision takeover come just as
the music industry’s Secure Digital
Music Initiative group has agreed with
the electronic companies to allow own-
ers of CDs to "'rip” copies inio a PC
(www.sdmi.org). There had previousiy
stemed no foolpraof way 1o stop
copying altogether. :

Says Paul Jessop. Dirccior of
Technology at the music indusiry’s world
trade body the International Federation: of
the Phonographic Industry:

“Although in general the recording
industry welcomes people listening to
CDs on compuiers, the ability 10 make
discs that cannot bz copied on computers
may be of considerable interesl to some
record companies.”

Chinese and Chips

NEC Corporation and *partner
Shanghai Hua Hong (Group) Co. Lid.,
have officially opened their joint-ven-
ture semiconductor plant, the largest
in China. Concentrating production on
Dynamic Random Access Memories
(DRAM), production cazpacity is
expected to expand to 20,000 waiers
per month by the end of year 2000.
Currently supplying their home mar-
ke!l, the company proposes to eventu-
ally manufaciure for world markets.

NEC pionzered the concept of C&C,
the integration oi Computers and
Communications. They employ in ex-
cess of 150.000 people around the
glcbe.

For information, browse:

http://www.nec-global.com.

MAGENTA LOGS ON

SPECIALIST kil-and component suppliers Magenta Elactronics have intto-
duced their own superb kit version of John Becker's 8-Channel Analogue
Data Logger {EPE Aug/Sep '99). \ .

An enhancement welcomed by the auihor is the direct mounting of the lig-
uid crystal display directly onto the main p.c.b. using rigid stand-off pillars.
This makes the assembly considerably more robusl than the original pro-
totype. The inclusion of the switches on the p.c.b. is alse an enhancement.

As typical of Magenta's kits. the quality of the components and of the
re-designed p.c.b. is excellent.

For more information contact Magenta Electronics Lid., Dep! EPE,
135 Hunter Street, Burton-on-Trent, Staffs DE14 2ST. Tel: 01283 565435.
Fax: 01283 546932. E-mail: sales@magenta2000.co.uk. Web:
httpi/www.magenta2000.co.uk.
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GET STUFFED AT CYNTHIA’S

The worldly pleasures of this planet’s First Robotic Bar.and
Restaurant are sampled by John Becker.

ot that we'd ever suggest you siop

chatting up your favourite local bar
wench, but from behind her bar
Cynthia’'s really got what it takes o get
vou drooling! Ah, Earthlings, we have a
tale to tell of sensuous cosmic delights
and entertainment that you'll enjoy when
Cynthia responds to every finger-tips
request! She’s well programmed (o serve
you! .

“And who is Cynthia?"", we hear the cry
from our valiani readers, thrusting
hot soldering irons hard into their
holders. Gather round — Cynthia’s
the most amazing anthrobot you're
likely to meet this side of the
galuxy and, together with cyber-
parmer Rastus, is the star feature of
a new theme bar and restauram
that's just opened in London.

CYBER CHAT

Cynthia and Rastus are 1wo 2- =
metre high robots, each with their
own cavernous and glittering bar
area from which they serve the
cackiails and other drinks you've
ordered through their 75-option
kevpads. Rastus is a bit of a DJ as
well. As with any Earthly (or even
Earthy!) bar tender. these iwo
cyberoids respond to your orders
with varving degrees of good or
bad grace {depending on their
mood. and the siate of their pra-
gram cycle — which in wm reflects
the state of mind of their original designers
and programmers!).

Accepting your order (they do obey at
least one of Asimov’'s Laws of Robotics,
paraphrased as — Thou shalt nor harm-or
through indctivity cause harm to occur to a
human —and it would liarm you to do with-
om your beverage. wouldn't it?), Cynthia
and Rastus pivot round (o the vast armay of
drinks on optic behind them, and fill your
glass to the correct measure.

‘While you're at the bar, it's you who'are
likely to be chatied up by Cynthia and
Rastus. We’d like to say that the tone of
chat respects all Laws of Polite
Conversation — but we can't lie to you, can
we? You just have to accept that the occa-
sional “guestionable phraseology™ might
occur! But it's all in good fun and humour.
and has nothing that would noj be heard in
a Carry On film,

CULINARY CALLING

Afier you've been cajoled by others of
human persuasion to vacate your place at
the bar. you have yet more delights to pur-
sue — culinary ones. In other words, it's
along the glittering corridor to Cynthia's
resiaurant.

The centrally-illuminated dining 1ables
have cali-buttons inset, offering choice
of the service required: drisks, food.
general, and bill. Hi-tech is a keyword
even in the way you are atiended at table.
Attired in fetching Millennial black and
silver togas, reassuringly human staff
use handheld electronic order pads. Your

order is keyed in and rransmitied by
short range radio through to the well-
equipped kichens. All *plastic™ finan-
cial transactions are via a commercial
networked EPOS system.

Described as  “Multi-national’, the

'selection, quality and competitive pricing
of the food is comparable to that served in
many good restaurants around the planei,
and there's a special menu for “mini-
droids™!

tunncls and brick-built

—

Richard Becker (Cynthia's Conceptual Parent) reguests
Aeger Gay (Cynthia's Behaviourist) to hand over the decla-
ration that Cynthia wvill always converse in a polite and
socially acceptable manner. At the time that this reviewer
departed, no such undertaking had been received (but
Cynthia had sweetly growled

ORBITAL SPACE-WAYS
Being in the eomfort zone of a vast orbii-
ing space station, Arthur C. Clarke 200/
style: that’s the futuristic atmosphere at
Cynthia’s Cyberbar and Restaurant. You
forget that it’s all more down to Earth, set
below London Bridge, in the mass of broad
cavems that

_pervade that area of London.

£ TRONICS

(ELECTROVA

asx BE

Genesis in various forms as published
in PE, Nov '81. Rumour has it that the
white-coated android was a working

facsimile of Mike Kenward.
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“B****r-off Human"l)

The walls. floces and ceilings are cov-
ered in a silvered metal skin and wéll inter-
laced with great expanses of mirrors. Any
camera flash has a half-life of a thousand
years (or so it seems). So does the image of
the drinkers and diners — echoing down 1o
the ends of the universe.
Myriads of light emitting diodes enhance
the entire lengths of the “populated™ areas.
Those in the bar stools appear to be in con-
stant twinkling and ascending orbit through
the transparent stems. Cynthia's
and Rastus' dominance at the end
of their respective supra-spacial
| cavemns enhances the feeling of
outer-worldliness; and hints at their
possible “‘genetic™ origins. There is
4 the profound feeling that Cynthia is
a distant relative of Marvin, the

‘robot  who, reluctantly, was
involved in “Hitch-Hiking Through
The Galaxy™.

EVOLUTIONARY
RELATIVITY

As to whether Cynthia is af
ancestor of Marvin, or his
descendent, will probably never
be asceriained, the space-time
chronosynclasticparafundibulum
of the polyverse is far 1oo multi-
temporil 10 ever establish who's
whose relative and in what order
from the Event Horizon, but
there’s a family likeness there
somewhere (relatively speaking)!

To drop back out of warp-time(!), “fami-
ly” is involved in this Cyber-venture in
another way, this commentator’s family, in
the shape of his brother, Richard Becker.

Those of you who recall earlier days of
electronic hobbying wil} probably remem-
ber that Practical Elecironics, in
November 1981, published a robotic arm,
Genesis, designed by Richard. This was
very much a “first” not only for Dick but
also for PE. which a1 that time 'was edited
by Mike Kenward (now our Owner, MD
and Ed-in-Chief).

Through his company Powertran
Cybemetics, Dick built up a worldwide
market for his educational and light indus-
trial robotics products, which became
increasing more sophisticated at cach gen-
eration. To cut short a length of history,
Dick went on to found Cybernetic
Instruments Lid, of which Cymthia's
Cyberbar is a division.

CHARTING SPACE-TIME
Cynthia herself {(though we're not real-
ly sure of her/his gender!) became a
iwinkle in Dick’s imaginative eye a good
ten years back. Swomn to secrecy, this
author has seen great wall lengths in one
of Dick’s large-factory units increasingly
covered by hundreds of mechanical
drawings. Each represented a part of
Cynthia Mk1, manufactured and assem-
bled when time pérmittad between other

‘commitments.
Genesis and many more of Dick’s
carlier robotic arnms rtanges were
875



hydraulically conirolled (water foF
blood!). Cynthia’s mwotion, though, is
generated by precision slepper motors
operated under tight closed-loop con-
trol. They are operated with varying
degrees of resolution, from a basic 200
sieps up 1o around 12800 when in
micro-step mode. The various limb
motions are on a double axis, horizontal
and vertical movement. :

The sophistication of the control soft-
ware ensures thai movement is smooth,
with different rawes of acceleration and
deceleration being applicd depending ah
the position of motion. There was no need
1o give Cynthia third-axis (rotational) limb
and wrist movement.

INNER SPACE

One might expect that the entine system
would be governed by the latest in micro-
controllers. Not at all — that well-proved

and time-hidnoured favourite the 805! is
the microprocessor used {well, a modemn
16-bit derivative of it anvway). “Why
change a working sysiem?™, says Dick,
having long ago optimised software-hard-
ware interfaces for all his automation
products,

In fact there are 12 slave microproces-
sors. one for each of the motors. all
under control of a master processor. A
PC-compatible computer is in overall
charge of the system, including the
drinks ordering keypads and Cynthia’s
speech generation.

Cynthia’s inner organs are a sight to
behotd! Her body is packed with thor-
oughly poputated printed circuit boards
and siacked in awe-inspiring regimenta-
tion. The scene behind the drinks array
leaves one almost dumb with admiration
at how complex a sysiem is required to
Select and serve the correct drink on

demand. Mechanical and electronic
interfaces abound, thick neural-like
cable hamesses snaking their way
amongst them.

PLANETARY
CO-ORDINATES

‘Undoubtedly, all of you within sub-
orbital distance of Cynthia and Rastus will
by now be uiterly consumed with desire (o
drink with them. and to dine with their
human entourage.

Here's how: the address is Cynthia's
Cyberbar, 4 Tooley Street, London SE!
2SY. Tel: 0171 403 6777. Fax: 0171 378
1918.

E-mail: eynthis@ cynbar.co.uk.

Web: hup:/fwww.cynbar.co.uk.

Children are welcome (there's even a
dance fioor, and soon there’ll be ad amaz-

ingly fascinating rechnology-orientated

ift shop).

Young Amateur

» Awards
SIXTEEN-YEAR-OLD Mark Haynes
from Harlow, Essex was recently
announced as the winner of the Radio
Communications  Agency's  Young
Amateur of the Year Award 1999 Mark
Teceived first prize of £500, a certificate
from Stephen Byers, Trade and Indusiry
Secretary, and will be invited to a con-
ducted tour of the RA's Monitoring
Station in Baldock. Herts.

Mark gained his Novice Licence at the age
of 12 and became the youngest radio ama-
teur of his home town. In July he organised
and ran a special event station commemorat-
ing the 175th anniversary of the RNLL

If you would like 10 become involved in
Amatcur  Radie, contact The Radio
Society of Great Britain, Lambda House,
Cranbourne Road, Potters Bar, Heris ENG
3JE. Tel: 01707 639015,

Micromouse
Grand Prix

ASTONISHING - July next year will see
the action of an exciting new challenge for
enterprising 11 to 18 year olds. The
Micromouse Grand Prix 2000 is being
organised by the UK's key engineering
association Young Engineers, in collabo-
ration with the IEE (Institution of
Electrical Engineers), Europe's largest
professional engineering society.

Teams of up to four are being invited 10
build and race their own robot, i.e. a small
vehicle capable of finding its ewn way
round a course at high speed. Entrants io
this challenge will have specialised sup-
port through the Young Engineers website
www.youngeng.org for c¢hassis design.
electronics, steering control, digital: and
programmable technology. There are
Several classes in which you ¢an compete:

Preliminary race days-take place around
the UK in March 2000, with the Grand
Prix itself in July.

For moré informatior contact Fiona
Huni at Young Engineers’ Press Office on
0171 823 3799 or Christina Dagnall of
IEE Media Relations on 0171 344 5445,
Mention EPE when phoning.
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WECANFIXIT4U

RECENTLY faxed through to us is infor-
mation about an interesting website;
wecanfixit4du.com. The site offers a free
directory of fixers, repairers, restoress and
conservators. The company inviies readers
10 not only use the site o search oul the
services they need, but also 10 have their
own skills listed as well. They aim 1o pro-
vide a global directory searchable by fiem
and hope to bring together both Fixers and
those needing a Fixer.

They say: “In our proper work we build
websites and publish on CD-ROM, and
offer consultancy on the nmimching of

‘Content to End User™.

For more information contact David
Hall, Chameleon HI Publishing Lid..
Dept EPE, The Quasry House, East End,
Witney, Oxon OX8 6QA. Tel: 01993
880223. Fax: 01993 850236.

E-mail: data@wecanfixitdu.com.

Web: hup://www.wecanfixifdu com.

often as they like.

PICS AND L.C.D.S

NEW from Lascar Electronics is a 5-digit starburst liquid crystal display mod-
ufe with an on-board Flash PICMicro. It has been designed as the building
block for thousands of display and instrumentation applications.

Using standard software routines that ¢an be downloaded from Lasgar's

website, users can tailor the modute’s function to suit their own needs.
Because of the Flash memory-on board, users-can re-program the module as

Readers will know that EPE has so far concentrated on PIC-conirolling “intel-
ligent™ alphanumeric l.c.d.s. Here now is an opportunity to make use of the
more basic types of l.c.d. in conjunction with PIC devices. :

Lascar's module features eight analogue inputs and up to 22 digital /O ports,
capable of driving or interfacing with oth&r systems.

_ For more information contact Lascar Electronics, Dept EPE, Module House,
Whiteparish, Salisbury, Wilts SP5 28.). Tel: 01794 884567. Fax: 01794 8846186.
E-mail: lascar@netcomuk.co.uk. Web: http://www.lascarelectronics.com.
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IE NEW FORCE IN EDA

The brief was clear. T8 6ieate a mext generation CAD system for efectronic
engineers that used state of tne artidleskion iniggration and customisability tggethe
fith univaled:ease of Lse;

lactrodic Deslan
=
designed
je neets. Integrating
into a powerful design

With

:DS also includes the:r
CADObLects engine WI g
flexibility that approaches |
of desktop publishing syst
its comprehensive drawin
:shaping toals, professional s
‘for True Type fonts {evan at
“staga), high resolution, 2 gl
size:, polygon fill and sha%_
‘EDS represents a genuine advance
in EDA pricé performance. Visit our
web site, or call,now to find ottt how
[EDS can help you.

B
A0S,

State of the art muitiple-document user interface offering unrivalled ease of use and customisa
OLE 2 support including drag and drop, allows integration with your favorite Office applications
Project Wizard and Project Manager make creating and navigating all the documents in your, =
projects easy.

New heiracial symbol browser, makes creating, edlting and managing symbols a breeze)
High resolutlon {1um) and large design size {up to 2m x 2m} combined with IntelliSNAP makés

metriciimperial design mixing easyl WORK FASTER ]
= Unlimited schematic sheets, with full support for data busses, power rails, ete WORK BETTER
» CADCheck automatically syncronises schematic and PCB designs. N6 mare caplure worries| WORK EASIER

= Unlimited Undo/Redo, print preview and a wide range of import/export options including CAD-CAM.,

+ Up 1o 32 layers can be assigned to be copper, silk, gold, mask, drill, mechanical, or anno:ation layers.

* New CADObjects engine supports a wide range of graphic objects including professional True Type
fonts, object shaping and property support, in-situ editing of symbols, high resolution and arbitrary
rotation/scaling of objects.

+ Untimited range of pad and track sizes supported.

+ Create flood fills and power planes quickly with the new polvfill tool.

* Fast fully customisable poly-algorithmic autorouter

Electronic Design Studio £199 $319 TRY AND BUY TODAY ONLINE

Electronic Design Studio Cross Grade £149 $238 - : -

Electronic Design Studio LITE £49 §79 AT yovvequickraute.co.uk - !
P £

PLUS Your first double-sided Eurasize PCB gh-’ Prices exclude P&P and VAT where applicable. £

produced FREE by BETA-LAYOUT <iVE 30 DAY MONEY BACK GUARANTEE

Quickroute Systems Ltd Regent Housé, Heaton Lane, Stockport, SK4 1BS. UK. - Tel 0161 476 0202 - Fax 0161 476,0505
hp www.quickroute.co.uk  Email info@quicksys.demon.co.uk

Copyright @ 1999 Quickroute:Systems Lid: All rights reserved. Prices:and specifications subject to'change without. notice. Oversess distributors wanted!



88-108MHz FM Stereo
Radio Transmitters and ktts

Fuilly enclosed and guaranteed PLL FM transmitters from 1 to 150
Watts power, prices start at under £129.95. Low cost FM kits: PLL,
crystal controlled stereo encoders, audio limiter compressors: all
available as kits, or fully built and tested: kits from as little as £13.95.
Professional link systems available, the lowest prices ANYWHERE!

RF power amplifiers from 5 to 220-Watts power. Aerials to suit all
applications and budgets. Check out the HUGE range of products on
the VeronicaFM website: HTTP://'www.veronicafm.co.uk i
E-mail VeronicaFM: info@VeronicaFM.co.uk or sales@VeronicaFM.co.uk

SRECHAL{0FEER M.

To celebrate the runaway success of our PLL Pro Il 1-Watt transmitter
kit, we are offering ALL our customers this stunning deal:
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> FREE!

leays ‘Jsey

Total cost for both items
build it yourself kit: £67.95
ready built kit: £99.85 "
We offer you stereo PLL cheaper

than many of our competltors
offer mono PLL!! -

o Rl Buy our NEW .

1 to 100 Watt power amplifier |
and our proven PLL Pro Il transmitter kit
to drive it together for this amazing price:

£299.95

That's a 100-Watt transmitter

for UNDER £300!!!
The high quality 100-Watt amplifier is mains S e
powered, so you don't need to spend a fortune on a L
power supply. The Amp also incorporates SWR protection
and many other features normally reserved for equipment costmg
more than TWICE as much: see website for full spec
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Starter Project -

MAGNETIC FIELD

DETECTOR

ROBERT PENFOLD

PO o

You will find the attraction with this
novel, low cost, starter project.

S very simple project can detect
| fixed magnetic fields or fields that are
varying at an audio frequency. Fixed
or slowly changing field strengths are reg-
istered on a centre-zero meter, which indi-
cates the polarity in addition to the relative
field strength. Audio frequency fields, such
as those produced around mains and audio
mansformers, are detected via a crysial
earphone thar can be used to monitor the
output signal.

The unit is not inteaded 10 provide accu:
rate measurement of magnetic field
strength, and is aimed at those who like 1o
experiment with something a bit different;
Although quite simple the unit is reason-
ably sensitive. A small and not very power-
ful bar magnet can be detecied by the
prototype at about 100mm from the sensor,
and drives the reading 1o full scale at a
range of about 30mm.

curreni is passed through the silicon, and
this produces a pateniial gradient in the
silicon. There is zero volis at the bottom of
the slice. the full supply potential at the top,
and a cenain portion of the supply voliage
at intermediate points. The two electrodes
are half way up the slice, and consequently
there is half the supply voltage at each onc.
This gives zero output voliage across the
two electrodes.

Applying a suitable magnetic field to the
device “skews™ the current flow and the
potential gradient. producing an imbalance
in the output potentials. The stronger the
magnetic field, the greater the difference in
the output voltages.

Applying a magnetic fizld of the opposite
polarity skews the current flow in the oppo-
site direction, giving an output signal of the
opposite polarity. The output signal therefore
indicates the strength of the magnetic field

and its polarity.

4

CURRENT FLOW

It is imponant 1o
realise that a Hall effect
sensor only works if the
magnetic  field s
applied to one side or
the other of the silicon
slice. Applying the field
to the front, back, top.
or bottom of the sensor
does not afiect the cur-
rent flow in a manner
(B) that will produce any
imbalance at the elec-

Fig.1. A Hall effect sensor is litile more than a slice of silicoﬁ.
(&) normal and (b) with magnetic field influence.

HALL EFFECT

Detecting varying magnetic ficlds is
‘quite easy, and requires nothing more than
an inductor 1o act as the sensor.
Unfortunately, static fields do not produce
any output from an inductor and require a
toially different approach.

The only commeon form of magnetic sen-
sor that “fits the bill” is a linear Hall effect
device. A Hall effect sensor is a form of semi-
conductor, and is actually a very simple type
of component. Fig,| helps to explain the way
in which a Hall effect device works.

The sensor is just a slice of silicon
having electrodes on opposite surfaces. A

trodes. Consequently it
will not produce any
-output voliage. -

SENSOR

Practical Hall effect sensors are more

than jusi the sensing element itself. and

they are invariably in the form of and inte-
grated circuit containing the sensor plus
some additional circuitry. Some sensors
provide a switching action, and others pro-
vide an outpur voliage that is proportional
to the applied field strength.

In this application it is only devices in-

the second category that are of any use, and
the device chosen for this design is the
UGM3503U. This is an inexpensive device
but it has a very useful level of performance
and is very easy 10 use.
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Tt has just three terminals, which are the
supply and output terminals. An internal
differential amplifier boosts the ouiput sig-
nal from the sensing clement and produces
a single output that is at about half the sup-

.ply potential under standby conditions.

Placing a norrh pole of a magnei close 10
the surface of the sensor that carries the
type number produces a reduction in the
output voltage, and placing a soush pole
close to this surface gives an increase in the
output potential (Fig.2). The frequency
response of the device is flat from d.c. te
23kHz. which means that it encompasses
the full audio range.

REDUGED INCREASED
OUTPUT OUTPUT
MAGNET VAGNET
s @ N

N s
| e o) ==
. AT MUMBER A
==al =1
SENSOA SENSCR

Fig.2. A Hall sensor indicales the polari-
ty of the field as well as its strength.

CIRCUIT OPERATION

The full circuit diagram for the Magnet-
i¢ Field Detector appears in Fig.3. IC] is
the Hall effect sensor and IC2, a precision
op.amp, is used to provide some additional
amplification. The amplifier is an opera-
tional amplifier inverting mode circuit;
which has resistors R1 and R4 as the
negative feedback network.

The innate voltage gain of IC2, or the
“open loop™ gain as it is termed, is
extremely high at d.c. and low frequencies.
In-fact, it is over 100,000 times for a typi-
ca! operational amplifier.

Using negative feedback reduces the
voliage gain of the circuit as a whole 1o a
‘more usable figure, and this “closed loop™
gain is equal 10 resistor R4 divided by R1.
This works out at a little over 300 in this
case. Higher voltage gain would obviously
give better sensitivity, but it would also
give problems with noise and drifi. .

Op.amp IC2 amplifies the voliage differ-
ence between the input voliage to resistor
R1 and the voliage at its non-inveriing
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input (pin 3). This second vollage can be
adjusted via potentiometer VRI, and in
practice it is adjusted to produce a voltage
that matches the noermal output potential
from ICI. This produces half the supply
potential at the output of 1C2.

The potential divider formed by resistors
R35 and R6 also produces an output of half
the supply potential. Meter MEL is con-
nected between the output of IC2 and this
potential divider, and il therefore responds
10 the vottage difference between the 1wo.

Under standby conditions both- points
will be a1 the same potential, giving zero
voltage across the meter. An increase in the
output voltage from IC1 produces a
decrease in the output from IC2, and a neg-
ative deflection on the meter. A decrease in
the output potential from IC1 has the oppo-
site effect, producing a positive indication
from the meter.

STRENGTH
OF CHANGE

In both cases the greater the change in
the output voltage from IC1, the higher the
reading from the meter. The meler there-
fore indicates the relative field strength and
the polarity of the magnetic fieid.

Applying a north pole close to the sur
face of the sensor that carries the type num-
ber produces a positive reading, and apply-
ing a south pole 1o it generates a negative
reading. This may seem to be at odds with
Fig.2. but bear in mind that 1C2 inverts the
signal.

The value used for resistors RS and R6
controls the sensitivity of the meter circuit,
The specified values permit MEI 10 be
driven 1o full scale in both directions pro-
vided the baitery is reasonably fresh, but
their value is high enough to prevent the
meter from suffering anyvthing more than
very nunor overloads.

Capacitor C2 couples the output of 1C2
1o earphone socket SK1. This enables the
output signal 10 be monitored using a crys—
13l earphone, but satisfactory results are
unlikely o be obtained using any other type
of earphone or with headphones.

A 6V battery supplies power to the cir-
cuit, and the current consumption is only
about YmA. Do not use a 9V battery as
this would result in the maximum supply
voltage rating of IC1 being exceeded.

GOOD
PERFORMANCE

In order 1o produce good resuits in
this circuit it is necessary for the oper-
atienal amplifier to have good d.c. per-
formance. Otherwise there could be
major problems with drift, and d.c. off-
sets could make it impossible to zero
the meter under standby conditions.

The op.amp also needs to be able to
‘work properly with a supply potential
of just 6V. ' The OPOT7GP is reasonably
priced and gives good d.c. perfor-
mance in this circuit. On the other
hand. its open loop bandwidih of
600kHz equates 10 a closed loop band-
width of only about 2kHz in this
design.

If audio rather than d.c. performance
is of most importance it would be
advisable 1o use a TLO7ICP for IC2.
This will give quite good d.c. perfor-
mance plus a more respeciable audio
bandwidth of around 10kHz, To com-
pensate for a lack of symmetry in the
TLO71CP’s cutput slage resissior Ré
should be reduced from 33kilohm io
27 kilohm.

CONSTRUCTION

The stripboard layout for the
Magnetic Field Detector is based on a piece
that measures 19 holes by 20 copper strips.
The component layout and interwiring,
together with the positions of the breaks in
the copper strips, are shown in Fig.4.

A board of the required size must be cut
down from one of the standard sizes in
which it is sold. The holes are very close
together so use a hacksaw to cut along rows
of holes rather than trying to cut between
them. This inevitably produces quite rough
edges but they are easily filed 10 a neaf
finish.

Next, drill the two 3mm diameter mount-
ing holes and make the four breaks in the
copper strips. A special tool for cutting the
strips is availabie, but & handheld 1wist drill
bit of about Smm in dia. does the job just as
well, Make sure that the strips are cut
across their full width.

The circuit board is now ready for the
components and link-wires 1o be added.
With a small board such as this the order in
hich the components are fitted is not
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Fig.3. Complete circuit diagram for the Magnetic Field Detector.
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Magnetic Field ]
Detector g

Magnestic Field Detector front panel
layout. The Hall effect sensor is mount-
ed externally in a probe arrangemen,
such as an old pen case, and con-
nected to the circuit board via the
screened cable.

- COMPONENTS

Resistors :
R 1K5 {;3@@
e ook SHOP

RS, A6 33k (2 of
All 0-25W 5% carbon Ei!rl?m mLK ‘

Patentiometer
VR1 1k rotary carbop,-lin

Capacitors
Ci 100 radial slect. 10V
C2 100n polyester, 5mm
lead spacing

Semiconductors
IC1 UGN3503U Hall effeét
~ sensor
QP77GP precision
‘op.amp {see text)

IC2

Miscellaneous
A 8.p.s.t. min toggle

g1 6V battery pack {4 x AA

size calls in holder)
3-5mm jack sockst
100uA - 0 - 100A

-moving cail pane!

meter

Medium size plastic or metal box; 0%
fnch matrix stripboard, size 19 holes by
20 copper strips; 8-pin d.i.L holder; bat-
tery connector {PP3 type}; cantrol knob;
crystal earphone, with lead and plug;
twin-screened cable, about 05 metres;
multistrand-wire; solder pins; solder etc.

SK1
ME1

Approx. Co=t £1 6

Gufllance Orily

excli earphone, case & batts.

Everydgy-Practital Electronics/ETFitDécember.1999




Magnetic-Field
Detector

Completed Detaector showing ear-
phone socket on one side panel.
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Fig.5. Connection delails for the
UGN3503U Hall effect sensor.

really important, but it is besr to work
methodically across the board so thar
nothing is overlooked.

Neither the OPO77GP or TLO7ICP is
static-sensitive. but it is a pood idea 10 use
a holder for any d.i.l. integrated circuit. Be
careful 1o fit 1C2 and elecirolyviic capacitor
'C1 the right way round,

Fit single-sided solder pins at the points
where connections will be made to poten-
tiometer VRI, meter MEI, elc. It is ofe-
millimetre diameter pins that are required
for stripboard. "Tin™ the pins with plenty of
solder so that it is easy (0 make reliable
connections to them.

CASING-UFP

Virually any medium size plastic or
‘metal case should be able 1o accommodate
this project. However, be carefu! to choose
one that has sufficient depth 10 take the
meter and the battery pack. The lauer
consists of four AA size cells in a plastic
holder. Connections to the holder are made
using an ordinary PP3 stylc bauery clip.
Although the circuit has a fairly high volt-
age gain the layout is not critical, and it is
just a matter of designing a layout-that is
2asy 10 use.

One slightly awkward aspect of con-
struction is fifting the meter onto Lhe case,
because this requires a large cuiout 1o 'be

Fig.4. Stripboard component layout interwiring and details for breaks required in
the underside copper tracks.

Layout of components.inside the two halves of the case. Note the space for the
batlery pack.

Evervday Practicdl Electronics!ETI, December [999 881
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made n the case: Most moving coil meters
require a 38mm sound mounting hole and
the easiest way of making this is 10 use an
adjustable hole cutter (also known as a
*“tank” cutter), and these are available from
‘many DIY superstores.

Alternatively. it can be cut using a fret-
saw, coping saw, or miniature round file
such as an “Abmfile”, Anpother method
would be 1o mark out the cutout, drill a
series of small holes just inside this mark
and then “join-up™ the holes to form the

!

| R - '
."-

Completed circuit board showing the four link
wires and the op.amp C2 mounled in its holder.

-A,T}".;-a e ae g O &S

required cutout. With anv of these
methods it is advisable (o cut just
inside the perimeter of the
required cutout, and then enlarge
il o precisely the required- size
using a large round file.

Four smaller (3mm dis.) mount-
ing holes are also required. The
positions of these are easily located
as they are at the comers of a 32
millimetre square having the sams
centre as the main cutout.

INTERWIRING

: The hard wiring is reasonably
! stratghtforward. SK1 is a 3-5mm
f jack socket, and mos! sockets of
- this type have a buill-in switch
that is not required in this applica-
ton. Accordingly, one tag of SK1
is left unconnecied.

The Hall sensor (IC1) _is
mounted extemally and connect:
ed to the main unit by way of a
piece of rwin-screened cable
about 0-5 mewes or so in length.
An entrance hole for the cable
must be drilled at z sirategic point
in the case, and if 2 meil case is
used the hote should be finted with a grom-

&

‘met 1o protect the cable. The screen is used

1o carry the ground (0V) conmection.
Rather confusingly. the plasiic encapsu-
lation of the UGN3303U Hall effect sensor
chip seems to be completely symmeirical.
The only way of identifying the three leads

13 1o use the type number on the body of

thie device as a reference puint. sec Fig.5.
Cannect the sensor t0 the screened lead

and use insulation tape or sleeving 10

ensurethat-the soldered joints cannot-short-
circuil together. The sensor will be neater.if
it is built into a probe. based on an old pen
far example. but this is not essential.

TESTING

When the unit is first switched on it is
likely that the meter will be driven fully
positive or negative. With careful adjusi-
ment of Balance contral VR it should be
possible 1o zero the meter. and placing the
probe near anv magnetised object should
then produce a suitable response from the
meter.

The meter movement iiself contains a
permanent magnet, and placing the probe
near this should produce full-scale deflec-
tion of the meter. Placing the opposite face
of the probe near the meer should then
produce full-scale deflection in the oppo-
site direction.

As cxplained previously, applying the
pole of a magnet (o one of the four smaller
surfaces of the sensor will not produce a
significant output signa. In us¢ the orienta-
tion of “the sensor should therefore be
adjusted 1o maximise the meter reading,

Placing the probe against the power
cable of virually sny mains powered
device that is switched on should produce a
30iiz “hum” from the earphone.
Aliernating fields will not produce an indi-
cation from the meter because the meter
will register the average field strength. This
will normally be zero due 1o the oppesite
poles in the signai cancelling oul one
another.

The circuit is reasonably stable. but
occasional readjusimeni of VR will be
required. ]

ELTTN G TALK

with David Barrington

PiC Micro-Probe

Tha component listing for the PIC Micro-Probe calls for 2 plece of"le,
holder” type stripboard, with a central channel, devoid of copper, runiing
BCrOsS the copper tracks. This wiil cost :
"you can use a piece ol slandard Sinpbaard and cuf away the copper tracks a8
necessary. The res! of the components shauld be readly availabie.

The PIC used in this project shoulkd be the 10MHz version. For those who
wanl & “plug-in and go” preprogrammed PIC16F84, one is available from
Magenta Electranics (& 071283 565435 ot hitp~/magen!a2000.co.uk) for
the inclusive price of £5.90 (overseas readers add €1 for postags). For those
who wish to program thelr own PICs, the sofware is avalabie from the
[Ednorial Offices on a 3-5in. PC-compatible disk. see EPE PCB Service page
937. If you are an Internel user, it can be dovwnloaded Free from cur FTP site:
fip/itp.epamag.wimborne.co.ukipubs PICS/microprobe.

Magnetic Field Delector — Starter Project Y

Juzt a couple of pointers regarding purchasing of components for the Magnsrc
Frald Delector, this month's starter project. The first concerns the 100uA “centre
28r0° meler, some readers may have difficuity in locating one. The meter usad in
the prolotype came from Maplin (& 071702 554000), coda FW28G.

If you have trout¥e tracking down the UGN3503U Hall effect sensar, the
abova company list one as order code GXOSK. They alsp supplied the OF77G
precision op.amp, cade ULOSF. The afternative TLO71CP law-noise op.amp
should be stocked by mos! of our componem advertisers.

Ginormous Stopwatch — Giant Display .

_This month we complele the Stopwalch project with the canstruction gi &
Giant Digital Dispisy module. Most of the companent sugply “bugs” wera
#oned out last month,

The high voltage 4N25 opto-coupier, code AY44, and the ULNZ003 Parington
array, code AD23B, ase isted by Mapiln. The BDS81 Darkngion transistor may be
hard 1o find, but the suggested aiternative TIP141 and TIP142 shoud be roaddy
avatiable. Nota ihe differing pinouts for the TIP dedices (Fig.2 last momth).

_ Ready programmed PICs are avalable from the author for the sum of €10
8ach (for either the Display module or Siopwatch) or £50 for six in‘any combina.
tion, with free postage to anywnare in the word. Payments should be made cut
fo Mr. N. Stcjadinovic. His E-mail address &s: vladimir@u030.a0ne.net.al or
wrile lo: Mr. N. StoJadinovic, PO Box 320, Woden ACT, 2606, Australia,

A programmed PIC16C54 & also available from Magenta Eiectronlcs (&
01283 565435 or hitpimagenta2000.co.uk) ot e jnclusive, prica of £5.90
{overseas readers'add £1 for postags). For those Wi wish to program their

u around £5, et for just urder €2

owri PICs, the software 15 available rom the Editorial Offices an a 3-8in., PC-
compalible disk, see EPE PCB Sanace page. Hf you are an Internst uzer, #
can be dovmicaded Free from our FTP sits;
lip2iitp.epemag.wimborne.co.ukipubs/PICS/stopwalch.
Tne wo printed circuit boards are avallable from the ‘EPE PCE Service,
oode 247 (Digit) and 248 (Port Conv)

Loft Guard -
Mast of the comiponents called-up for 1he Loft Guard firojett should be
readily available from your usval Supgiier. The ohly problems that are fiksly to

‘crop up miay be finding tie high value resistors

The sipgle 100 megehm resistor (R7) was only found fisted under the “cer-
met film” range slocked by Electromail (& 01535 204555 or RS
hiipZirsvww.com). quole cods 158-222_ As the article poinis dut, you could
use thraz 33 megohm resistors {in senss); the pob is also designed to
accept thess. This resistor (33M) came from the Maplin “high vollage” metal
filr range. order code VIIM.

Note that 1o make up the 20 megohm resisior (R10) you will need two 10
meg typas. Once again, the “ssnes” pads hava teen includad en the p.cb.

The last mentoned company also suppiied the miniaure hght-depandent resis-
or (lds), code AZE3E. and the high power warning buzzer, code Fr84F
Although masi of cur comporents advertisers snoukd be able to cffar somsthing
‘simidar. You could, of courss, use the good old standard CRP12 Ld.r. f you wish

Even though the semicanductors,zte spectfic versions, they shoukd te in
plentiful supply. The pe.n is availzble from the EPE PCB Service, code 249,

Teach:In 2000 ) N ]

It you Rave only just picked up on eur new Tézeh-In Z000 series with this
issue, ard being a Newcomer to electronics, you may feel 2 bit apprehensive
about ordering the various parts {or the demonstration “exercises”, Fear no?
some of adverfisers have put together componem and hardware packs spa-
cially for the new series. A few more will be added as the series progressas,
bt we do not expect that 1o b2 until at least part seven. )

To date, participating advertisers are as follows ard readers 3ré advis=d 1o
‘contacl them for niore details

ESR Electronic Components (& 0191 251 4363 or
hitpdivewy.esr.co. uk) Hasdware/Tools and Companents Pack.

tlagenta Eleclronles (& 01283 565435 or hitp:/iwww.magenla2000.
co.uk] - Multimster angd Components Kit 879

FML Electronics {& 01677 425840) — Basic Components Sels.

N. R. Bardwell ('=.0714 2552886 — Digital Muilimeter spacial offer.

" PLEASE TAKE NOTE o
Demister One-Shot Nov '99
Pags 844 F.4. On the pob. compenent tayout diagram, the "body” outines
of czpacitors C1 ard C2 should be kanspased — ses pholograph at lop of pags
845. The glecirclytic, shown as a circls, shoukd connect to the IGY pin B copper
track (+} and the common GND track (). The actusl annatations are comect.

Everyday Practical ElectronicstET!, December 1999
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Regular Clinic

CIRCUIT
SURGERY [

ALAN WINSTANLEY ——
and AN BELL

s —mﬁw ! :

This month our team of surgeons commences an op.amp extravagarza, lifting
the lid off these indispensable amplifying circuits. Also, fusible resistors come

LCOME to the very last Circuir

Surgery column of the 1990, and we
hope there is something of interest to
everybody in our monthly round-up of
readers’ queries and questions.

Op.Amps 101

e have had a couple of questions about
op amps and think that many readers will
find a discussion of this subject useful.
Mohab Refaar writes by E-mail: “EPE
publishes many circuits that involve audio
efiects or amplification. Some use “low
noise”’ ap.amps, such as the LF351 or the
TLO71. My first question is, how can yoii
select an op.amp for a pariicular applica-
tion out of a large number of candidates?

1 found the use of a “Volume" conirol in
simple amplifier circuits 10 be another
aspect I found a bit baffling. Sometimes it
is achieved using a pot. (polentiometer) as
the input resistance to the op.amp, some-
1imes it is used in the feedback network to
control the gain. Are there any rules relat-
ed 1o the use of either method? Thanks for
opening up the world of electronic circuit
design (o we non-electronic engineers in a
simple way!"

Also Tony Soueid from Lebanon writes:
“Ahnasi every design involving analogue
electronics contains an op.amp. | know
how an op.amp behaves and the eguations
that rule its behaviour but what | don't
know is whar's inside that black box.

All that we have been taught is that it is
based on a differential pair of iransistors,
bur it's far from being that simple. Can you
please supply me with some inforination?"

_It’s best to.start with the second part of
the first question, because it deals with
something very specific which follows on
neatly from our recemt discussion on the
22-position volume control (Circuit
Surgery, Oct "99) and volume power out-
puts from: amplifiers (Sept "99). We will
then move on to a more general discussion
on:op.amps over the next month or so.

Volume Control
" Both methods of volume control obviously
work, in that they both-provide control over

volume for this signat
level, and the inpur is

fier 10 a level appro-

under their beady eyes too!

the loudness of the sound produced by the

amplifier. | cannot say that | have seen a for-
mal rule for which method to use. However,
we can make a distinction between the (wo
approaches in that the input resistance

-approach is an atteniaror whereas the feed-

back resistance is a gain control. ‘

Both controls can be used together, in
some applications. | therefore suggest that
the “input resistance control™ is suitable
when the maximum input signal is at a
known reasonably fixed fevel. The amplifi-
er can then be

but you can use a bit of common sense tco.
If your application is an audio amplifier 1t
would be sensible 1o use a low rnoise
op.amp and pay a bit more for a better
spec., on the other hand if you are using it
as a comparator 1o, say, switch on a heater
when the output of a temperanire sensor
falls below a certain point, then an ultra
low noise “audio spec” device is not really
needed.

The range of circuits one can design
using op.amps is so vast that we cannot

——

designed to give fufl

attenuated for lower
volumes.

When the range of
possible input levels

VOLLAME

e
74

A1

—AA

OPAt o -

is very large though, {\.‘1 iIc1
it will be necessary Ny
to be able to change I o

the gain of the ampli-

priate for the input
being used at any one
time. Ideally, the Gain
control would be set to give maximum

undistorted (non-overloaded) output
with the maximum input in the current

situation and then left alone, with a sep-
arate control for volume.

However, as gain also affects volime:
the gain can be set to give the desired vol-
ume at any instance and this, of course,
reduces the number of conirols needed.
The representative circuit in Fig.l illus-
trates both types of volume control, the
input signal shown on the diagram may be
from an external source or an earlier stage

yina larger circuit.

Making a Choice

To select an op.amp you need fo know
what the circuit and hence the op.amp
needs to achieve, this will give you a min-
imum specification for the device. Then
puichase the cheapest op.amp which meets
all the specs!

I may not always be all that simple to

-calculate an op.amp spec. in great detail,

Everyday Praciical ElécironicsIETI, December-1999

Fig. 1. Circuit to illustrate the two types of volume control.

give specific recommendations. The best
thing you can do is understand what all
the op.amp specs and ratings mean so
that you can make an informed chojce
when necessary.

Having said this, the choice of op:amps
in all the constructional projects in EPE
probably does not necessarily follow an
obvious process of selection! The projects
are designed by various authors, many pro-
jecis will be feasible with a wide range of
general purpose op.amps and some authors
will have their favourite ones that they
always tend 1o use.

In other hobby projects, the choice of
op.amp may well depend on what was
available at the time! (c.g. see John
Becker's comment on his choice of ampli-
fier in the Musical Sundial — page 433 in
the June '99 issue). For audio projects, not
everyone will aim for hi-fi quality - if a
very high sound quality is not really nead-
ed then why pay more for a special
op.amp?
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Inperfections

Having given the impression that
op.amp choice is sometimes somewhat
arbitrary, it is worth pointing out that in
some cases it can make the difference
between a circuit functioning or not. 1
remember working on a partly developed
prototype power contrel system for a
CO, laser, the existing outputl circuit
used a general purpose op.amp which
was simply not up to the job.

The power measurement worked fine
some of the time, but on other occasions
would not do anything. The problem was
duc to the high offse1 voltages, and more
specifically the drift in offset with time
and temperature. The circuit was
replaced with ene using special high pre-
cision peak measurcment chips, which
did a great job.

The above example illustrates a couple
of points. First, it is the imperfections in
“real'’ op.amps (as opposed to “ideal"
ones) that cause prebiems, so under-
standing these and their impact will help
you avoid devices that are unsuitable.
Understanding op.amp imperfections
will also help you understand the inter-
nal circuitry (with reference to the sec-
ond reader’s question) because much of
the design effort arises in reducing thesd
imperfections.

Second, there are occasions where spe-
cialist chips other than op.amps are the
best option. The above case was one
example, another good one would be a
sample and hold circuit — you can build
one using an op.amp, but you will get
better performance from a sample and
hotd chip, and, of course, some extra bits
of circuitry are already included.
Comparators are another case -~ all
op.amps can be used as comparators but
it is often better 1o use chips optimised
for this purpose.

On Spec

It is worth looking at some of the spec-
ifications found on op.amp data sheets
and in suppliers’ catalogues and dis-
cussing how these may effect your choice
of op.amp for particular applications. We
will also refer 1o some of these specifica-
tions when we move on to look at the
internal circuitry. But, before we start, we
need to define some basic things about
the op.amp, so let’s explore them in
greater detail.

The op.amp is-a high-gain, direct-cou-
pled amptifier, its symbol is shown in
Fig.2. The term “direct-coupled' means
that the inputs and internal stages are
connected directly, not via coupling
‘capacitors. This enables the op.amp to
amplify dx. and very low frequency
signals.

The op.amp has two inputs - the invert-
ing (-) and monm-inverting (+) inputs —
and an output. The inputs and outpuls are
usually referenced (applied or méasured
with respect to) ground or OV.

Op.amps usually have two power sup-
plies, one at a posilive voltage with
respect o ground and the other at the
same magnitude negative with respect 1o
ground; however many “single supply”
op.amps are also available. Suppliers’
catalogues usually indicate whether an
op.amp is intended for single or dual

884

Fig.2. Op.amp circuit:symbol,
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Fig.3. Graph showing the relalionship
between op.amp differential input voll-
age and its output vollage. Saluration
occurs when any increases in the mag-
nitude of the differential input do not
result in further increases in output
voftage. The values shown are an
example for an op.amp with a gain of
100,000 and a maximum oulput volt-
age of *15V. The gain of the op.amp is
equal to the siope of the graph
between the saturation poinis.

supply operation, otherwise check the
data sheet. The power supply connections
-are not always shown on schematics.
The output voltage of an op.amp ‘s
-given by Vo = AV>—V)) where Ay is
the apen loop vollage gain, V; is the non-
inverting input voltage and V, is the
inverting input voltage. This “open loop™
gain refers to the gain of the op.amp itself
tvithout any feedback circuitry. Op.amps
are almost always used with some form
of feedback though, which results in a
gain for the circuit that is different from
that of the op.amp itseif.
_ Note that the op.amp amplifies the dif-
ference in voliage between its iwo inputs.
It is a differential amplifier. The equa-
tion Vou—r = Av(Vz = Vl) always holds for
totally ideal device, but in reality is only
valid for a small range of (V, —V,) and
there are limits on the individual values
of Vsand V| too. The op.amp’'s input-out-
put relationship is iliustrated in Fig. 3.
Some manufacturers group their
‘'op.amps into types suited ¢ different
kinds of application. Typical descriptions
may include:
® general-purpose — suitable for a
wide range of applications requiring
moderate amplifier performance
® low noise — guarantced very low
noise for applications such as sensitive
measurement and signal processing
where noise from the op.amp must be
within known bounds
@ low-powerlmicropower — siitable
for use in systems such as mobile equip-
‘ment, where power consumption is
critical
® wideband/high speed - for applica-
tions such as pulse circuits and video
where accurate reproduction of complex:
high frequency signals is required

@ high-powerlhigh current — op.amps
with high current output stages capable
of driving low impedance loads

@ low drifi/high precision — amplifiers
with minimatl offset volinge, and where
accuracy is preserved over a wide
lemperature range

® low biasikigh impedance - f.o.1.
input op.amps with very low input bias
currents for use in buffer circuits or with
large external resistors.

Some op.amps may arguably belong 10
more than one of these categories. The
‘specifications given on Op.amp data
sheets can be divided inlo: electrical rat-
ings (maximum voltages eic.); signal
handling (noise étc.) and offsers {which
particularly effecr d.c. accuracy). We'll
discuss these and other practicdl matters
. 3
in the next Surgery. IMB.

Fusible Resistors

Mark Lee asks: “I would appreciate an
explanation of fusible resistors and how 1o
use them. They seem 1o be mainly low
resistance-and low power ratings. How do.
I use them in a circuit?”

Fusible resistors are inserted into a 'cir-
cuit as an ordinary resistor would be,
except that they have the special property
that if they are overloaded for any reason
(a circuit fault etsewhere downstream).
then instead of burning out they are guar-
anteed 10 go open-circuit within a certain
range of conditions. _

This means that they will disconnect the
‘circuit, rather than burming out or setting
fire to the board. They are only produced
in a limited range of values (low chms toa
few kilohms) and would be used in e.g.
power supply or monitoring circuils,
where a combination of resistance and
.overload protection is required. The main
thing is that they are a fauli-tolerant, fail-
safe fireproof device.

Paradoxically there is even a zero ohm
resistor available! These are used by nan-
ufacturers using automated p.c.b. equip-
ment, to apply a link between two pads — it
means that a machine which handles resis-
tors is, therefore, also able to insert the
equivalént of a wire link instead. ARW.

CIRCUIT THERAPY

‘Circuit Surgery is your column. H you
have any queries or commenls, please
wrile to: Alan Winstanley, Circuit Surgery,
Wimborne Publishing Lid., Allen House,
Easl Borough, Wimborne, Dorsel, BH21
1PF, United Kingdom. E-maii
alan@epemag.demon.co.uk. Pleass indi-
cate il your query is not for pub- B

lication. A personal reply cannot T,
always be :f,-.
guaranteed B 1
but we will Jorghime oo =&
try to pubfish
representa-

tive answers in this column.

, ENTER THE CHAT ZONE

The EPE Chat Zone on our web sile’is
now open as a way for readers to exchange
information, views, hints and tips in virtually
reat time.
hitp:ivaww,.epemag.wimborne.co.uk/ ‘
wwwhboard
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A SERIAL APPROACH TO PC ADD-ONS

I.\' THE previous Interface (Oct *99)
ariicle we considered the subject of
serial port interfacing, and using a stan-
dard RS232C serial port to send data to
a user add-on. In this month’s Interface
we will look at using-a serial port ta
receive serial data.

Much of the background information
provided in the previous article also
applies to using a serial port to receive
data. Refer to the earlier article if you
require information on the UART regis-
ters, setting the word format and baud
rate, efc.
~ With things reduced to the simplest
level it is not difficult to read data from a
serial port. Using the methods outlined in
the previous Interface article it is possible
to set the required baud rate and word
format, and is then just a matter of read-
ing data from the base address of the port.
The base addresses for serial ports one
and two are respectively &H3FS (1016
decimal) and &HZF8 (760 decimal).

Mouse Experiment |
If your PC has a serial port mouse it is

easy to experiment with serial port read-
ing, and the raw data from the mouse can
be read from the appropriate mouse port.
Using Delphi 1, this code could be
applied to a timer component set with an
interval of about 50 milliseconds:

Reading := Port|{760};.

Str(Reading, S);

Labell.caption := 5;
mqyr;ﬁué of “760" in the firstline is cor-
rect ifthe mouse is on serial 'fort two, but
must bé changed to “1016" i it is on port
oné. The'two variables must be declared
in the appropriate part of the program by
adding the following two lines in the sec-
tion headed “var™:

Reading ; Byte:

A label component must be added to
the form, and its default caption should
be erased. This gives the program some-
where to display the data read from the

-serial port. When the program is run, the

data displayed. on the label should
change as the mouse is moved around
and the buttons are operated.

S{l‘lchmm'saﬁon
or many applications.it-is perfectly all
right to take this simplistic approach,
and simplyread the port periodically to
obtain ‘the [atest -data available. ‘For
example, suppose that a Thermometeris
connected to the port. By reading the
ort the latest temperature will:always
e read and displayed. The fact: that
each new piece of data may be read sev-
eral times or the odd reading may be
missed here and there will be of no prac-
tical consequence.
~-This is not the case in all applicabions
though, and in some cases it may be
necessary to operate on the basis of
sending a trigger signal to the interface,
and then reading in x number of bytes.
It then becomes essential to properly
synchronisé the sending device and the
program reading the data. Otherwise
there is a risk of (say) reading four
bytes of data hwenty-five times each
instead of reading 100 bytes of ‘data
once cach.

There is no neéd for an exiernal hand-
shake line to control the flow of dala,
and a status bit of the Line Status regis-
ter can be-used instead. Bit 0 of this reg-
ister isiset tojone when,aycomplete byle
has been received.and transferred to the
receiver Register. Writing a zero: to jhis
bit will reset it, but this is not normally
necessary as it is automatcally cleared
when the data in the receiver register is
read.

To ensure that each byte of data is read

ware loop to moniler the received data
bit, and provide a hold-off until it is set lo
one. This prevents the Receiver Register
from being read until.a new byte of data
is ready;

The Delphi 1 program described pre-
viously ‘is easily modified to provide
this hold-off. In addition to the held-off,
this listing also implements a counter
that shows the number of readings that
have been taken: A-second label compo-
nent -must be added to the form lo
accommodate the counter.

Port[1019] := 128;
Port{1016] := 12;
Port[1017] := 0;
Pori{1019] := 3;
Part[1017] +=(;
Repeat until (Port[1021] and:1) = 1;
Reading := Pori[1016];
‘Str{Reading, S);
Labell.caption :=S;
‘Counter := Counter + J;
Str{Counter, S);
Labei2.caption :=5;
The port addresses used here are for

t one. For serial port two.use these
addresses:
760 instead of 1016
761 instead of 1017
763 instead of 1019
765 instead of 1021
‘In-addition to applying this program to
a timer component these three lines must
be used to deglare the varjables.
Reading ;dylgs
‘Counter : Byte;
S : String;
2 further line must be‘added to the list-
ing for the form, and this sets the Counter
variable at an initial value of zero.

S : String; only once it is just a matter of using a soft- Counter := 0;
I —0 +5V
= €1 R2 Re C{-L | 1|34 |35{37 3839
=0 s s8chh 47 5 :
TR2 a3
B : 1—o b7
X Besds” el 32
2457 6MH e : 25 3‘—0 Dé
' ‘ 2 30 3
R1 1 [ P |0 R S 40 —'2—9—004 5 7
330k j 40UEBE s = _oD3 &
23 64 28 I
) H = j— ——i m
1 2 17 10045 ,
= —I 127, DI !
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5K A ‘
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- " Fig:-1. Circuit-diagram for the Simple Serial Inferface.atld-on “If operatés at 9600 baud.
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Operation

the original test program we relied
on the operating system to set up the ser-
ial port correctly, but in real world ap_ﬁ!_'i-
cations the program must do this. The
first four lines of the listing set the port for
9600 baud operation with a word format
of eight data bits, one stop bit, and ne
parity checking.

Using the control registers to set the
baud rate and word format was covered
in the previous Inlerface article, and will
not be discussed again here. The fifth line
switches off interrupts, and should
ensure that the operating system does not
upset things by reading bytes of received
data.

The hold-off is provided by the
Repeat.. Until loop in the next line. This
line repeatedly reads the Line Status reg-
ister, and bitwise ANDs the result with
one. This effectively strips off bits 1 to 7,
and reads only bit 0.

The program loops until the returned
value is one, which means that there is a
fresh byte of data to be read. The port is
then read and the resuli is displayed on
Labell. Then the Counter variable is
incremented by one and the new value is
displayed on Label2.

Hardware 3
The Simple Serial Interface of Fig.} can
be used to test this program. The 6402
UART has been covered in previous arfi-
lsilles and will not be discussed in detail
ere.

In Control

A serial interface requires some form of

contirol logic circuit to trigger the UART at
the appropriate times and send a stream
of data. At its most basic the contro! logic
can consist of nothing more than an
oscillator, which is all that is used in this
case.
A low power 355 timer, 1C3, is used in
the standard oscillator configuration. The
values of iming components resistors R8,
R9 and capacitor C5 set a low operating
frequency of roughly 1Hz. Therefore,
about once per second the output of IC3
(pin 3) goes through a high to low transi-
Hon and causes IC2 to send the eight-bit
value on its inputs.

Although the test program is assigned
to a timer component that tries to take a
reading every 50 milliseconds, which
works out at 20 readings per second, it
will only take about ane reading per sec-
ond. This is due to the software hold-off
looping the program for about a second
until a new byte of data has been
received. If everything is working proper-
ly, the counter should therefore incre-
ment at about one and not 20 per second.

A slightly beautified version of the pro-
gram after 30 seconds of taking readings is
shown in Fig.3, the count has reached 31. Of
course, data can be transferred at a greater
rate by increasing the operating frequency
of IC3 and reduang the time interval of the
timer component (or simply having a rou-
tine that continuously tests the serial port).

127 PORTREADING

-

3 COMNT

Fig.3. The courtter of the test program
should increment each time fresh data
I8 received.

Houwever, bear in mind that there are
ten bits per serial byte and with a baud
rate of 9600 this works out at an=absolute
maximum fransfer rate of 960 bytes per
second. In practice the maximum achiev-
able transter rate would probably be
slightly less than this.

Although the routines provided here

-are written in Delphi 1, using the meth-

ods described in previous Interface articles
it should be possible to use other versions
of Delphi, Visual BASIC 6, or even GW
BASIC. It is just a matter of outputting the
correct values to the seral port registers,
and then reading the base address. If a
software hold-off is needed it might be
necessary to use a different loop structure
with some languages, but it shoufd not be
too difficult to a‘fply the same bihwise

Transistor TRl generates a
2-4576MHz clock signal that is divid-
ed by 16 through IC1. UART IC2
requires a clock signal at 16 times the
required baud rate, and this gives an
ou_lt:ﬂut signal at 9600 baud. A

e control inputs at pins 34 to.39
of IC2 are hard-wired to produce the
required word format of 8 data bits,
one stop bit, with no parity checking.
Transistor TR2 acts as a simple line
driver and inverter, but it does riot
pll;ovide proper R5232C output lev-
e

Good results should stll be
obtained provided the cable used to
connect the interface to the comput-
er is no more than a few metres long.
The output (5K1) connects to the
Ground and Receiver Data input of
the R5232C interface. These are at

Lo ‘GND

—

60000000000@/

GND

foooooooooooﬁ

ANDing and iooping technique to
provide the hold-off

Extra Outputs

One or two readers have asked
whether it is possible to use some of a
serial port’s handshake lines as gen-
eral purpose outputs. The UART data
sheét would seem to suggest that the
Data Terminal Ready (DTR) and
Request To Send (RTS) handshake
outputs are respectively controlled
by bits 0 and 1 of the Modem Control
register. This is at address 764 for port
two and 1020 for port one. It would
also seem to suggest that certain
handshake inputs could be read at
the Modem Status register

However, initial attempts at writ-
ing to and reading from handshake
lines failed totally. Possibly these
lines are implemented via some

pins 7 and 3 respectively for a 25-pin
Eort, or 5 and 2.for a 9-pin port (see
B

.2). serial ports.

Fig.2. Interfate connection details for 25-pin and 9-pin

other means, but using them direct-
ly seems to be something less than
straightforward. '

magazing in place.
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T IS just over fifty vears since the firsi’

transistor was made at Bell Labs, Since
then many advances have been made,
enabling the performunce o be improved
beyond all recognition.

Bipolar technology has improved from:
the carly transistors that had cut-off fre=
quencies of only a few kilohertz and low
Zains 1o the staie where r.f. transistors are-
available that can operate to frequencies of
many Gigahertz and with much higher lev-
els of gain than were previously possible.
Not only this, but field effect transistors
(f.e.1.5) are now widely available.

It is inieresting to nole that the develop-
ment work to devise a senticonductor
amplifying device was initially focussed
towards the development of a field effect
device. However, they were unable to muke
the effect work, and they changed the line of
the investigations which resulied in the
development of the bipolar transistor.

It rook a few years before the ficld effect”
transistor was widely available: FE.Ts
also had a major impact on integrated cir-
cuit technology. enabling the degree of
integration 10 be considerably increased.

With transistor iechnology now very
mature it might be thought that the rate of
development would slacken as fewer devel-
opments were possible. However, nothing
could be further from the tuth. Many new
ideas are surfacing, and thess will enahle
Ttransistor technology 10 surge forward and
meet the demands to tomorrow s techriology,
both in performance and size.

Nano-curls

The idea of nanotubes has been covered
previously within this column (December
1998 EPE), but only in the application for
producing very low resistance and high cur-
rent camrying capacity conductors. The nan-
otubes used (or the transistors that are being
developed are subily different, forming a
semiconducior rather than an ordinary con-
ductor. Although the concepi has been
known for several years, the lechnology is
revolutionary and until recently it has not
been possible 1o realise it in a physical form.

Nanotubes used for transistors have car-
bon walls made up from hexagonal shaped
matrices. Essentially they are vaporsed
carbon that has been condensed into a
series of hexagons. To give a better view of
what they are, they can be considered us a
very thin strip cul out of a graphite carbon
plane which has been rotled up and sealed
at either end. The dimensions arc naturally
very small, and the dimensions arc mea-
sured in atomic proportions.

The carbon hexagons that are used to
make the tubes have a nawral tendency to
curl. The way i1 which they curl deter-
mines their electrical characleristics.

388

Iransistor technology is poised for some major
advances in the near future, reports lan Poole.

Fortunately, it is possible to conirol-the
way in which this curling takes place. By
rolling it in a way that gives a straight mo]-
ecular aligniment the nanotube behaves like
an ordinary conductor. However if the curl
is arranged so that molecular structure is
twisted then the nanotube behaves like a
semiconducior.

A considerable amount of experimenta-
tion was required to cnablé the right prop-
erties to be obiained. It was necessary 1o
have the right amouni of curl. In fact, the
early nanorubes consisted of multiple con:
centric layers. However. the nanotubes that
are used now consist of just a single wall
comprising of a single atomic thickness.

Transisiors

Having developed ihe basic semiconduc-
tor the next major hurdle was to develop a2
useful device. Surprisingly, two orzanisa-
tions announced they had succeeded. In
1998 the IBM Thomas Watson Research
Laboratories and the Delft University in
Holland both claimed they had managed 10
fabricate a transistor using this revolution-
ary new technology.

The device consisted of a single nun-
otube having a thickness of one atom.
Once rolled the wbe was about one nano-
mefre in diameter. This was connected
between two elecirodes that were aboul
400 nanometres apart, and the whole strue-
re was mounted on a silicon substrate
onto which a layer of silicon dioxide had
been set down to act as insulation. The
nanotube then acted as the channel whose
conductivity could be controlled in the
normal way.

Although the channel length of the carly
development model was relatively large it
could be made very much smaller. In faet,
some working lab models have been made
with lengths of around 40nm and it is ¢sti-
mated that in future channel lengihs of
only 20nm should be achievable.

As the speed of operation is primarily
controlled by the lkength of the channg) this
will result in a considerable increase in the
speed of operation. This means that con-
siderable improvements will be possible
over the latest production f.e.is fabricated
using the latest 0-18 micron process which
have channel lengths of around 120nm.

Future

This technology is very new and still
very much in its experimental stages and
miich basic work is being undertaken fo
ensure that the process can -be reliably
introduced into production aparnt from
developing the basic technology. As a
result it is likely 10 be several years
before nanotube transistors are available.
Nevertheless, work is progressing apace:

One of the problems resulls from the
minute dimeasions used in these devices. It
makes them less robust and more open 10
prohlems arising from impurities. The gate
insulation arca is one where this is particu-
larly apparent. The very thin gate insula-
tion has io.be completely free from impu-
rities as a resuli of its extremely small
dimensions.

Atomt leakage is also a problem and inter-
connection resistances also have 1o be inves-
tigated. The exparimental devices produced
s0 far have had problems arising from the
very high resistance between the nanotube
used for the channel and the contacis.

In current experimental devices the resis-
tance has been of the order of one
megohnt. Clearly there will be many
advantages to be galned from reducing this
value. By comparison the discreet f.e.ls
that are widely used In today's circuits
have channel resistances of only a few
bundred ohms. The higher values currendy
being ohtained in the new devices wiil
reduce the high frequency performance of
the whole circuit'in which they are used.

Waier Thin

Another area that is being investigated’is
that of producing snitable wafers. Those
that can be produced at the momeni, on an
industrial scale, do not have a sufficienily
fine surface (o cnable the minute nunome-
tre sizes required for the new transisiors 1o
be fabricated sufficicnily accurately. A
rapid thermal oxidation process is being
developed but even when this has been per-
fected it is not expected that it will support
the sizes below about 30nm for commer-
cial production. and this witi mean that the
full capability of the new technology will
not be realised.

Whilst no obvious solution is even'on the
‘horizon, development work is still pro-
gressing. It is quite possible that develop-
ments in other areas of semiconductor
technology may cnable the requirement to
be mei1 by the time the developmeni-of the
nanotube (transistor 1echnology has
reached a sufficicnily advanced stage.

In order to introduce this new technology
onto the market new fabrication techniques
are required. This results from the faet that
the extremely small sizes mean that “quag-
rum well effects™ become an issue.

To overcome this, new materials are
‘needed and in tumn this leads o the fact that
new processes and lines will be required.
However with other technologies nearing
the end of their roadmaps, the nced for new
‘technologies like these nanolube transis-
tors will be required to ensure that semi-
conductor technology can keep up with
developments in other arcas and possibly
stay one step ahead.
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Al products manufectured in Malm and cary 12 months Parts and Labour guarantee,

LEADING EDGE TECHNOLOGY LTD
WHITE ROSE HOUSE, XINTILL STR. TARXIEN PLALL MALTA.
ORDER DIRECT: Tel: (00 356) 678509  Fax (00 356) 667484.

SAME DAY DESPATCH
P/P UK. EEC £4.00. NO VAT PAYABLE
ALLL MAJOR CREDIT CARDS ACCEPTED

MEGAPROM EPROM P AN ] ! £69.95
Programs up to 8 Meg devices (3 -pm). including-27xx. 28xx. 29xx, EEPROM.
FLASH end 24X series. Buill-in RAM tester. Universal quality ZIF socket, frec
soflware updates.

GAL'PROGRAMME £49.95
Read/Write/Copy sc;smsc;unm ete. 16V8A/BID/Z, 20VEA/B/D/Z and |
22V10 standard JEDEC fifes. Smart case with ZIF. Supplied with PSYU, Moanual |
and Compiler seftware. One GAL can replace up to-21 different PALS and they

are re-programmable!

PBIC51/52 PROGRAMMER £59.93
Read/WriteJCopy and Edit 211 8731/2 including ATMEL 89 Flash types. Supplied
with Assembler and BASIC compiler (produces 8351 M/Cods). Sman Case,

4+-pin ZIF

EPRON ALATC ! £59.95
128K by B-bit ar 2 x 64K by 8-bit Sofiware 1o Read/Write when connécted o
target boand. Suitablz for CPU development and Car EM Systems.

FREE PIC BASIC COMPILER for Windows 93/98
Supports PIC16C34-57, 71, 84. 508 produces stand-alone machine code
no runtime modules).
Standard BASIC syntax includes Peck/FPoke, Input, Output, etc., eic.
Why pay £50+ when oars is FREE? Downlozd it from oar Website now!

AlL PRODUCTS REQUIRE AN I@M PC TO OPERATE UNLESS OTHERWISE STATED.
FOR_FURTHER INFORMATION SEE OUR WEB SITE OR TELEFHONETAX
WEBSITE bttp://LET.cambs.net/ johumorr@kewmrtd net
Always in stock — Working D2Mae 27-Channel Water Cards £19.95

DISTRIBUTORS Telephone e —
SPAIN COELMA 003449 215061 VISA
FRANCE MULTIPOWER 0033169301379 S——
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CONTROL & ROBOTICS

BASIC Stamp Microcontrollers

Still the simplest and easiest to get your project or
development work done. BAg'i'gySmrgpsY::e small computers that
run BASIC programmes. With either B ar 16 Input-Outpul pins
they may be connected directly to push-buttans, LEDs, spekers,
potentiometers ond integrated circuits such as digital
thermometers, reallime clocks and onolog-digital converters.
BASIC Stomps are programmed using en ordinary PC running
DOS or Windows. The language hos .
familiar, casy-to-read instructians such
as FOR...NEXT, IF._.THEN ond GOTO.
Built-in syntax make it easy fo measure -
and generate pulses, recx;y ush-
buttons, send/receive serial data atc.
Stamps from £23 single quantities},
Full development kits from £79 E

Full information on using BASIC

tamps plus lots of worked
projects and practical
electronics help. CD-ROM alzo
includes 30+ past magazine
articles ond Stomp software.
£29.95

Stamp2 based 3-axis machine
Stapper drive to X, Y end Z axes with 0.1mm
{4thou) resciufion,

Kit congins pre-mochined framz components.
Complete with Windows software for drilling

pets.
Full kit at-£249, Part kit at £189

TecArmd

Mew range of robofi¢ drris

vﬁ;ﬁaﬁumﬂw&l arfn:ll hobhyist usz
2y servos.

Cenlroﬁ::i E:;:PC {Windows

freeware provided) or from cotional

k Stands chout 450mm

high when fully extended. 3

Kif includes afl pre-cut body

parts, cero controller board, .

servos and softwure. Requires 9v De. Kifs stort at £189,

IR Decoder Board

Centrol your project using a standard domestic
iR remate.

7 Output linas [5v @ 20mA) may be set to
momentary or toggle oction.

Simple teaching routine. Requires $-12vDC
Supplied built and tested

£29 single quantity

On Screen Display
Superimpose texd onto
stondard CCTV From simpls
RS5232 serial line

Ready buift/tested at' £59

Milford Instruments 3
120 High Street, South Milford, LEEDS 1525 5AQ
Tel: 01977 683665 Fax: 01977 481465

lilford Instruments

SERIAL LCDs
Bannish the hassle of interfacing to LCD displays.

We stock a comprehensive range of olphanumeric and Grophic LCDs -
oll with an easy-to-use standard RS232 serio| Interfoce. Sizes from
2x16 to 4x40 plus 128x64 Fmphic ponels.

Prices start at £25 [single quantity)

StampBug

Stamp bosed wolking insect :
Feraards backwards and left/right tum when
feelars detect object in path. Up to 2 hours
roving from 4xAA Nicads. Chips pre-

programmed but progromme may ke changed
{sottware su‘ppli«B. Body pars pre-a.
Full kit £68

-,

BigFoot
Stampl based walking
humarnoid .
Walks forwerds/bockwords
with felt and right fum when
detects obstocles. Elactronics
peb pre-built ond tested.
Programme pre-loaded but
may be changed with
suppliedd software,

Full kit £68

‘ Alex- Animated Head
. Stamp? based controller with voice racord-playback
\ cupaEilily, PIR input and/or random ploybock. 4-servo
odions ore recorded/edited one trock at a time. May
olso be controlled from PC.
Head kits start at £29. Contrallers from £29

Serve Driver Board: 3
Centrol up 1o 8 siandard hobby servos from an 85232 :
satiol doto line using this controller board. Simple command:
structure holds servas in position unhil update is received.
Fully built and tested- requires SOC end r=rves, Supplizd
with Windows freeware.

£29 single quantity. Optional keypad ovailable.

All prices &xclude VAT and shipping. )
BASIC Stamp is the registered trademark of Parallax Inc. For further
details on the above and other inferesting products, please see-cur web site-
www.milinst.demon.co.uk




Special Series -

PRACTICAL

OSCILLATOR

DESIGNS

RAYMOND HAIGH

Most text books deal with oscillators in a theoretical way. This series, prepared with the
electronics enthusiast and experimenter very much in mind, is intensely practical. Tried and
tested circuits are fleshed out with component values, and their vices and virtues are exposed.

PART SIX— RESISTOR/CAPACITOR OSCILLATORS

1als or inductors and capacitors to determine the operating
frequency. In this final pan of the series, circuits in which
resistors and capacitors perform this function will be considered.
Resistor/capacitor (R/C) oscillators are widely used for the gen-
ération of specific waveforms {e.g., sine, square, sawtooth) over the
5Hz to 50KHz range. Circuits of this kind will oscillate from well
below 1Hz to above 2MHz, but a high degree of frequency stabili-
ty and waveform purity becomies increasingly difficult to achieve
above 100kHz or so.
Resistors and capacitors tix the frequency of oscillation by control-
ling the phase of feedback, or by timing the action of swilching circuiis.

PHASE SHIFTING

The signal at the base (input) of a common emiticr Lransisfor
stage is 180 degrees out of phase with the amplified signal at the
collector (ouiput). For oscillation to take place, feedback from
collector to base must be in phase, and the output signal must,
therefore, be shified through 180 degrees.

This can be achieved by inserting a network of resistors and
capacitors in the feedback path, the component values determining
the frequency al which the desired phase shift takes place. In this
way, the R/C network fixes the frequency of oscillation.

If care is taken with the associated circuitry, phase shifting R/C oscil-
lators can generate sinewaves of high purity. The Wien bridge oscilla-
tor is the classic example of circuits of this kind. Here, the R/C network:
is configured o give zero phase shift a1 the frequency of oscillation.

RELAXATION OSCILLATORS

Capacitors take time to become charged when a d.c. vollage 5
applied across them via a resistor. The larger the values of resistance
and capacitance in the series circuit, the longer the charging time.

The rising voliage
PHASE SHIFTERS

across the capacitor.
as it is being charged, ’ e - ,
can be used to trigger A simple phase shifting oscillator suit-
achanee of siate in a | 8P for generaling spot [requencies is
transistor switching | @ven In Fig.1. The usual formuta relating
- | frequency to resistance and capacitance
in circuits of this kind is:

SO FAR we have covered oscillators which rely on quartz crys-

stage. If this also
results in the capaci-

tor being discharged, f:r”s—%o%
the cycle will start | pon fis in Hertz, A i$ in ohms, and

again, and we have a
circuit which oscil-
lates at a frequency
determined by the
amount of resistance
and capaciiance.

CisinufF

With this particular arrangement, the
frequency ol oscillation is usually about 20
per cent fower than the figure derived by
calculation.

Everyday Practical Electronies!ET!, December 1999

Arrangements of this kind are known as rélaxation oscillators.
They produce saw tooth or square waveforms which are rich in har-
monics. Unijunction transistor and multivibrator oscillators operate
in this way.

PHASE SHIFT OSCILLATOR

A simple oscitlator in which a network of resistors and capacitors
are used Lo shift the phase of the feedback is shown in Fig.1. Here,
transistor TR is configured as a common emitter amplifier with the
output developed across the collector (c) load resistor R2. Bias is
applied via resistor R1.

In theory. a single resistor and capacitor combination can shift
the phase of a signal through 90 degrees. This capability cannot be
utitised in practice, however, because the Signal is excessively
attenuated. i

Accordingly, three R/C elements, each shifting the phase by 60
degrees, are cascaded lo produce the required 180 degrees phase
inversion. Signal attenuation is reduced to accepiable limits, but the
amplifier must stil! provide a gain of at least 29 times for oscillation
10 be maimtained.

In Tig.1, the combinations of R3/C1, R4/C2, and the input resis-
tance of TR1 (in parallel with R1) combined with capacitor C3;
form the three stage phase shifting network. It should be noted that
the capacitors and resistors in the network have the same value.
Increasing the amount of resistance and/or capacitance will lower
the frequency of oscillation: a reduction will raise it.

Easenay > ci:G3 R =y
ain MCH:
10n iy 4
she in 1002
BCET 2% Sk
BC238 : l
8C2H g
) TR -4y
‘ o, A
- W e s 12V
i J-
Al . !,.,-“
4TTR
? mi | e 1
in
BC237
l = T
SGNAL OUT
: 7V AMS. WITH
] AV SUPALY

Fig.1. Circuit for a simple spot frequency sinewave oscilldtor.
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MVALHESGH

RIC OSCILLATORS |

Combinations _of resistors gnd capacfiors!
{:| can-be used fo,fix.the.{requency of an osil-
latat. They do thig, ip two ways: Am |
'[ . {1)By determining the phase of signals.in

| 5
1[ TRANSISTOR LEADCUTS b
| ™ ™leed) i
i e e a3 -
| By Apeio Ry
| 8L
‘ [
o

| a positive-feedback loop. Circuits of this kind
r] an generate high duality sinewaves, |
{2) By timing the switching of the main-
| laining devices between on and off slgtes.-
-| Arrangements of this kind are known. as!
relaxation oscillators. They generate square,
| sawtooth or pulse waveforms, :

which imparis zero phase shift at one
frequency. j

Because there is no phase shifting within the
R/C network at the frequency of oscillation,
‘maintaining amplifiers for Wien bridge oscilla-
fors must have two stages. (Each stage'tmparis a
shift of 180 degrees and this resulls in the output
being back in phase with the input). Provided the

gain of the amplifier is three times or greater,
uscillation will be maintained. With such a mod-

Fig.2. Circuit diagram for an adjustable spot frequency sinewave oscillator with an

oulput buffer slage.

COMPONENTS
Capacitors used for phase shifting or timing should be poly-
styrene, polyester, or Mylar film types. When identical capacitors
are requlred (see Figs.1, 2.and 3) they should be of 10 per cent
{olerance or betier.
Note tha! this only applies to the circuils given here. Some

phase shift oscillators require 1 per cent lolerance components:
belore they will operate reliably.

The circuit is cssentially a spot frequenéy signal senéritor which
can operate from below 50Hz up 10 niore than S0kHz. Tts oniput
wavelorm is of tolerable quality, but the impedance of the accepting
circuit must be high or oscillation may be inhibited. An impedance
of 47kilohms, which hatvés the signal output. shéuld be regarded as
the accepiable lower limit for reliable oscillation.

IMPROVED PHASE SHIFT
OSCILLATOR

With the addition of two pre-sct resisiors (potentiometers) and-an

output buffer stage, TR2, the perfermance of the circuit is considers -

ably improved. The modified version of the circuit becomes an:
adjustable spot frequency oscillator and is shown in Fig.2. The
upper frequency limit is around 60kHz, and the amplifier must have
a gain of at least 29 times in order 1o maintain ‘oscillation. :

Negative feedback developed across the unbypassed emitter
“resistor”’, preset VR1, reduces the gain of transistor TR1. Senting
this resistor so that the eircuit will only just oscillate results in the
generation of a sinewave of high quality.

Replacing pan of one of the resistors (R3) in the phase shifting nei-
work with pre-set VR2 enables the frequency of oscillation to be adjusi-
ed slightly. (At 10kHz it can be shifted by plus or ininus 1-5kHz).

The fe.t. (field effect transistor) source follower stage TR2 pre-
sents a very high impedance 10 the oscillator and a suitably low
impedance to the accepting circuir. Gateresistor RS is connected to
a tapping on the source resistor formed by R6 and R7, rather thin
10 the negative rail. '

By this means, correct gate biasing ¢an be maintained with TR2
source (s) held at about 4V, and this greatly improves the signal
handling capability of the stage. Moreover, the gate resistor R5 is
purtially bootstrapped and this increases inpul impedance to almost
10 megohms. \

Decoupling capacitor C3 will not be needad in all cases. Variable
potentiometer VR3, connegied to the source of TR2 by dec.
blocking capacitor C6, enables the ouiput level to be adjusted.

WIDE RANGE A.F. GENERATOR

The frequency sclective network at the heart of most audio signal
generators was devised by Wilhelm Wien. a Geman physicist,.
about a century ago, Originally. used as a_measuring bridge. .the
combination of sengs and paralle! R/C elements produces ameiwork
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est gain requirement it is not difficult to apply
Jieavy negative feedback in order to stabilise sig-
“;al amplitede and improve waveform quality.

‘Wien bridge oscillators vary in complexity,
and a-simple, inexpensive, yet very effective version of the classic
circuit is given in Fig.3; a low distoriion A.F. Signal Generator:
Here. the Wien network is placed in a positive féedback loop around
a 741 operational amplifict i.c. (The feedback must be in phase, so
the non-inverting input al pin 3 is used.)

A low current filament lamp L.P| shunts a negative feedback path
{between outpul pin 6, and inverting input pin 2) in order to stabilise
the amplitude of oscillation. Bridge capacitors; C1 to C8, are select-
cd by ganged rotary switch Sla and S1b. The specified values more
than cover the entire audio frequency spectrum.

Ganged potentiometers, VR la and VR b, form the resistive amms
of the bridge and set the frequency. Range limiter resistors R1 and
R2 cnsure 'consisient operation over the full sweep of ths

‘potentiomerdrs.

AMPLITUDE CONTROL

In order 1o obtain a high quality sinewave. signal amplitudé must,
be-kept below the level at which the maintaining amplifier begins to
overload. (Overload causes-cligping or flattening of the wavéform
peaks):

Automatic-control of signai amplitude inWien bridge oscillatois
is usually effected by an R51 type thermistor (temperature depen-
dani resisior). Thesedevices are sensitive but expensive, and here an
ordinary low-current filament lumnp is used in-ts-place.

The resistance of a lamp filament rises dramatically when current
flows threugh it and raises its temperature. If the output at pin 6
increases, more current flows and its resistance rises. Lamp LPI is
connected as the lower arm of a potential divider, VR2/R3 forming
the upper section. An increase in the resistance of the lamp will,
therefore, increase the amount of gain-reducing negative feedback
and hold the signal amplitude constant.

In praciice, presét VR2 is adjusted to give the highest possible
output consistent with a perfect sinusoidal waveform. If an oscillo-
scope is not available 1o display a trace, good results can be ensured
by setting VR2 so that oscillation is only just maintained. A 47 ohm
pre-set should be substituted for VR2 and R3 if a supplier can be
found.

There is some amplitude “boance™ when the frequency js
changed rapidly, and this is a feature of all Wien oscillators which
lincorporale a lemperature dependant resistor as a control element

Slthe resistance heats and cools comparatively slowly). Circuits
using f.e.Ls as voltage-variable control resistors, or diodes as ampli-
tude limiters, have been devised lo overcome this “bouncing™.
However, unless.the design is-complex, they usually exhibii highei
distortion.

OUTPUT LEVELS

The simple control circuitry places a rutherilow resistance across
the amplifier output, and the signal voltage available before the
anset of distortion is-limited-to ardund WV T.m.s. A’ larger output is
often. desirable, and the buffer sfage transistor TRK in Fig.h,
piovides a modest amount of signal-amplification—
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RELAXATION OSCILLATORS

Charging a capacitor, via-a resistor, is the most common means
of fixing the frequency of relaxation oscillators. The larger the
capacitance and/or resistance in the seriés circuit, the longer the
charging time and the lower the frequency of oscillation.

A widely used circuit of this kind is the astable multivibrator, and
a version which permits some adjusiment of the operating fre-
quency is given in Fig.4.

The frequency determining networks comprise R3/C2 and
RS/C1. For an equal mark/space ralio (off pulses and on pulses of
equal duration), R3 and C2 must be identical 1o R5 and C1.

A very approximate formula relating frequency to resistance |
and capacitance Is:

f= 700000
RC

when fis in Hertz, Ris in ohms, and Cis in uF.

The frequency of oscillation is very dependant upon supply voll-
age and, lo a lesser extent, transistor types, and the formula is
ingvitably approximate. The outpul is a square wave with a
rounded leading edge.

Emitter () resistor RS is unbypassed, and the resulting negative
feedback reduces gain to the required level and improves linearity.
n theory, the gain of this stage is approximately VR3 divided by R5
(i.e., four times), but, in practice, it is rather less than this. Base bias
is provided by resistor R4, C10 is a decoupling capacitor, and C11
blocks the flow of d.c. into the accepting circuit.

PERFORMANCE

Although simple and inexpensive, the A.F. Signal Generator cir-
cuit performs well when preset VR2 has been comectly adjusted.
Distortion figures as low as 0-1 per cent are claimed for circuits of
this kind, and a check with an oscilloscope will reveal that the
sinewave is of high quahty

Output level remains constant over fairly wide shifis in supply
wvoltage, and across the swilched ranges. Oscillation is maintained
up to 70kHz, but performance begins to fall off a liule after 30kHz
or 50.

Constructors would have to commit themselves to. considerably
more expense and effort in order to realise any significant
improvement on this circuit. Note that the oscillator will not func-
tion correctly if a lamp with a higher wattage rating, or'a lower
working voltage than 6V, is fitted.

RELAXATION OSCILLATORS

The most commen form of relaxation oscillator is the astable (ie.

ALTERMATIVE TRANSISTOR L EADOUTS
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Fig.4. Circuit for an astable muitivibrator, with frequéncy
shifting arrangement.

beyond the thousandth). A typical circuit arrangement, with the
addition of frequency adjusting refinements, is given in Fig.4.

Two common emitler transistor stages, TR1 and TR2, act as
switches, and their bases and collectors are cross coupled by
capacuors C1 and C2. Base biasing is supplied by R3 and R5. These
resistor and capacitor combinations, R3/C2 and R5/Cl, act as the
timing networks which determine the frequency of oscillation.

‘The coupling capacitors alternately charge, via the bias resistors,
and d\scharge via the transistoss, and the rising and falling voltages
on the capacitors switch the transistors on and off, th«.reby main-
taining the circuit action. The frequency at which the swucbmg. or
oscillation, takes place is, of course, -determined by the time con-
stants of the R/C combinations.

Collector loads are formed by resistors R2 and .R7. Capacitor C5

‘decouples the circuit from the supply line and C4:blocks the flow of

d.c. into the accepling circuit.

non-stable) variant of H. Abraham and E.
Bloch’s multivibrator. Conceived by the two
Frenchmen in 1918, the name “multivibrator” TOF ViEW
was given to this type of circuit because the xg

=
output is rich in harmonics (they can extend 1E§
a 5

RANGES
A 1St 160
2 15Hr - Su
LW E o I&m

WIEN BRIDGE

A network of resistors and capacilors,
known as a Wien bridge, is used to determine
frequency in most professional audio oscilla-
tors. With this network, phase shift is zero at
one particular frequency. A typical circuit is
given in Fig.3.

The resistors and capacitors in each arm of
the bridge (VR1a/VR1b and C1/C5, C2/C6,
elc.,) are of equal value, and the standard for-
mula relating frequency to resislance and
capacitance is:

f= 160000
: ~ RC

when fis in Hertz, R is in ohms, and Cis in
uF. The actual frequency of oscillation is
around 10 per cent lower than the figure indi-
cated by calculation, and the ranges quoted in
Fig.3 are based on actual measuremenis.

The amplifier need only have a gain of

41 TRAHSISTOR
LEADOUT

8 Tﬁ'@

abe

= : il

+3V 10,
2

i

three times for oscillation lc be maintained.
This modest requirement permits the use of
heavy, amplitude controlling negative feed-
back, and the quality of the generated

T = . i =

sinewave can be extremely high.

—
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Fig.3. Circuit diagram for a low. distortion a.f. signal generator.
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ADJUSTING THE FREGUENCY

The operating frequency of simple astable multivibrators is very
dependant upon supply voltage. Their frequency can also be shifted
by applying a variable bias to the base (b) of the transistors in order
1o modify the triggering action.

Potentiometer VR 1, connected across the supply viairange limiting
resisior R1, varies the voltage on the bases of the transistors. Resistors
R4 and R6 isolate the signal paths and capacitor C3 decouples the bias
supply. This arrangement permits a fairly wide adjustment of the nom-
inal operating frequency, typically plus or minus 20 per cent.

If a basic multivibrator is all that is required, omit VR1, R1, R4,
R6 and C3.

OPERATING FREQUENCY

The timing (bias) resistors R3 and R35 can range in value from
47k 10 470k, and the capacitors, C1 and C2, from 47pF to several
microfarads. This gives an operating range extending from sub-
audio frequencies to 2MHz, ‘

Smalt signal a.f. transistors can be used up to 100kHz, but r.f,
devices will ensure reliable oscitlation at higher frequencies.
Suilable transistor types are also included in the circuit of Fig.4.

ouTPUT

The output waveform is rectangular with a rourided leading edgg,
This rounding can be eliminated by connecting 1N4148 diodes
between the transisior colleciors and the coupling capacitors, CL
and C2 (cathode (k) to collector (c)). Additional one kilohm resis-
tors must be connected between the diode anodes and the positive
supply rail to maintain the circuit action. \

If the timing networks, R3/C2 and R5/C1. are identical, the
mark/space ratio of the output waveform will be equal. They do nol,
of course, have to be the same, and by tailoring the component val-
ues, pulses of short duration separated by comparatively long tinte
intervals ¢an be generated.

CMOS SQUARE WAVE GENERATOR

A CMOS (complimentary metal oxide semi-

et ] FREDUENCY RANGES
gl e 1. S0z ke |
gl ; 2 S ESHe |
O I 1 Sz - SOGHT
4E3 5 4. 20z - 200Hr

-1

3 O
Rdlad |

l APPRC 5V PP

Ci

T
| , 1L
Fig.6. Using the renowned 555 timer i.c. to produce a 50Hz to
200kHz pulse generator,

The timing capacitors, Cl to C#, are charged via.R1, VR1 and
R2, but they discharge more rapidly through resistor R1. The output
at ICI pin 3 is, therefore, a chain of pulses, and adjustment of VRI
will alter both the frequency and the mark/space ratio of the output.
Increasing the value of VR to one megohm will maximise the fre-
quency sweep with a singic capacitor. A sawtooth waveform is
‘available, at high impedance, across the timing capaciior.

conductor) digital i.c. can be used as an excel- i

lent square wave generator. A typical circuit is 1 10 e

given in Fig.5, where the inpuls to three of the 2 st
3 aWMr-ATeE

NOR gates in a 4001B i.c. are wired together
to form inverting amplifiers. A resistor/capaci-
lor timing network is connected in the feed-
back path between gates ICla and IC1b. The
third gate, IClc, is used as a buffer stage.
Capacitors Cl to C6, selected by rotary
switch S1, enable the unit to cover from 10Hz
to above 250kHz. Potentiometer, VR, acts as
the frequency control by varying the charging

4 Qs - 28z

FREQUENGY ANIZES

& 223z~ 1iiHz
A I - 200HT

107 K518

B

iCib

and discharging time of the capacitors. Range |
limiting resistor R2 ensures consistent
performance over.,its full sweep.

ourPur

The loading effect of the output control
VR2 reduces the available signal level,

which is equal to the supply voltage when
the oscillator is fed into a high impedance.

Frequency is affected by changes in supply

voliage, but to a much lesser extent than the

multivibeator circuit given in Fig4. The Fig. 5. Circuit diagrqm for a wide range, square wave generator using a 40018 quad
mark/space ratio is almost exacily equal. and 2-input NOR gate i.c.

the square wave is of excellent quality. Qulput
is constani over the entire operating range.
_ Reducing the timing resistor R2 below 10k pushes the operaling
frequency up 10 2MHz and more on the highest frequency range,
but performance becomes erratic,

Most inverting CMOS gates should work well in this oséillater,
and the 4011B (quad two-input NAND gate) has the same pinout
connections as the 4001B.

SIMPLE PULSE GENERATOR

_In many cases the nature of the waveform is not important: all
that is required is a signal 10 test or trouble-shoot-a piece of equip-
mient, or 1o generaie an audible tone.

A very simple and inexpensive oscillator circuit, suitable for tasks of
this kind, is shown in Fig.6. Here a 553 timer, connected as an astable
multivibrator, gencrates a pulsed waveform. Various ranges are selected
by switch S1 and potentiometer VR1 sets the frequency of oscillation:
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{CMOS SQUARE WAVE GENERATOR

CMOS digital i.c.s can be configured as relaxation oscillators in
order to generale square waves of excellen! quality. A typical cir-
cuit is given in Fig.5, where R2 and VR1, together wilh a capaci-
lor, C1 to C6, determine the frequency of oscillation.

The usual formula relating frequancy to resistance and-capaci-:
tance for this circuit-is:

{=:450000
AC

when fis in Hertz; R is in ohms, and Cis in uF. .

The formula gives tolerably accurate results at low frequencies
but, abova 1kHz or so, the frequency ol oscillation Is lower than
the figure given by calculation. The ranges quoted in Fig.S are
based on actual measurements.

The circuil delivers a-square wave of excellent quality with an
equal mark/space ratio.
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SIMPLE PULSE GENERATOR

The ubiquitous 555 timer i.c., when connected as an aslable
‘multivibrator, forms a very simple pulse generator. A typical circui
is given in Fig.6.

An approximate formuld™for the cakculation of frequency, with
this particular circuit, is: ‘

f= 2800000
1R +2000)C \
where fis in Hertz, Ris the total value of VR1 and R2 in ohms,

and CisinpuF

The formula is reasonably accurale up to 5kHz or so, then tha
frequency of oscillation is lower than the figure indicated by calcu-
lation. Again, the ranges quoled In Fig.6 are based on measure-
ment, not calculation.

When a very simple and inexpensive means of rouble shooting
audio squipmeni is required, this circuit is hard to beat. The upper
freguency limil extends a littie beyond 200kHz.

The device acts as.a voliage triggered switch. A typical sawiooth
generator circuit is given in Fig.7, where resistor R1 and capacitor

.C1 determine the frequency of oscillation and R2 and R3 siabilise

the transisior against temperature variations.

Emiuer (2) impedance is high when the device is off (not con-
ducting) and low when it is on. When the supply is firsi connected,
capacitor C1 is discharged, the emitter is at zero potential and pre-
sents a high impedance to the capaciter, endbling it to be charged
via resistor R1.

When a critical voltage (known as the “peak™ point) has been
developed across the capacitor, the unijunction triggers 1o the on
state and the capacitor discharges through the now fow impedance
emitter circuit. The voliage falls 1o zero, the process is repeated, and
cscillation is maintained.

A positive zoing pulse is availahle at base I, a negative going pulse
at base 2, and a sawtooth (stricily speaking a “shark’s fin"") wavefomi
at the emitter. The impedance of any accepting ¢ircuit presented to the
emitter must be high or the unijunction action will be impaired.
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Fig.7. Simpie sawtooth generator. With
the values specified for R1 and C1 the
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circuit wil oscillate at 1kHz approx.
If the simplest possible spot-frequency sig-

nal generator is requited, VRI and R2 can be I - )
replaced by a single fixed value resistor. A i = :’;_4?:& .@ E 'ui Q
capacitor cun be permanently wired between 9 oy - e Besy = o

ICI pin 2 and the negative supply mil, and
VR2 can be deleied. A 100K resistor and a
100nF capacitor in the timing network should

TAANSISTOR LEADTITS

make the circuit oscillate at around 1kHz.

Provided the supply voitage is heid between 8V and 12V, varia-
iions have a minimal effect on the frequency of oscillation. Wider
excursions cause significant shifts.

SIMPLE SAWTOOTH GENERATOR

A device known as a unijunction transistor can form the basis of-
a simple sawlooth generator. Used almost exclusively in relaxation
oscillalor circuits, it comprises a tiny sirip of a-1ype silicon materi-
al with non-rectifying junctiens (base 1 and base 2) located at either
end. A rectifying junction {(emitter) is formed in-a region of p-fype
material atong its length.

SAWTOOTH GENERATORS

A unijjunction rransistor can form the basis of a very simple
relaxation oscillator, and a typical dreuit is givan in Fig.7.

The following formula, which relates frequency lo resistance.
and capacilance in the timing clrcuit {R1 and C1), produces toler-:
ably accuraté resulls:

f =800000
AC 2

when f-is in Hertz, R is in‘ohms, and Cis in uF. A sawioolh
vaveform with a peak-{o-peak value egual to hzli the supply valts
is developed across the liming capacitor.

The output of this simple, single transistor oscillator Is non-fin-
ear and at a high impedance, and an improved version s given in
Fig.B. This more complicated circuit generates an extremely linear
sawtooth wave and has a low impedance cutpul.

Because of the way the liming capzcitor is charged, it is not
possible to quote a simple formula for the calcutation of frequen-
cy. The measured ranges quoted in Fig.8 should, kowever, form a
usaful guide 10 component values for spot-frequency versions of;
the circuit. ]

R
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Fig.8.-Circuit for'a linear saviooth generalor.

Tize value of resistor RY can range from 10 kilohm to one
miegohm (1M, and capacitor C1 from 14F opmore down to 100pF.
Connecting a one megohm potentiometer in the R1 position will
provide a wide frequency coverage with a single capacilor. The
peak-to-peak signal output at the emitter is approximitely equal to
half the supply voltage.

LINEAR SAWTOOTH GENERATOR

Whilst the sheer simplicity of the circuit arrangement shown in
[ig.7 makes it atiractive for some applications, the high ouiput
impedance and non-linear waveform limit its usefulness.

In the circuit diagram shown in Fig.8, the timing capacitor (C1 10
C3) is charged via a constanl currenl §enerator Stage. (ransistor
TRI. A fe.i. source follower buffer stage, TR3. presents a high
impedance 1o he unijunction’s emitter and a suitably tow imped-
ance to the accepting circuit. By these means. the limitations of the
basic circuil are overcome.

When a capacitor is charged via-a resistor, the initial voliage rise
is tapid. grudually ailing off as it approaches a fully charged state.
Because of this, the waveform developed across the capacitor is not
lincar

In Fig.8. current flow through transistor TR 1 to capacilgrs Ci. 10 C5
(via switch S1) is controlled solely by the seuing of VRI, and the
charging rate of the timing capacitor is, therefore, constani. This
‘results in a linear voliage rise and a more periect sawiooth waveform.

The buiffer stage, TR3. is identical lo the one adopied for the sine
wave generator shown in Fig.2, and its operation has already been
described. Frequency of oscillation is particularly dependant upon
supply voltage. and a well regulated power supply is essential for

the correci-operation of this circuil. Stray capacitance acis as the
Timing capagsitor on (he highesyfrequengy ranges
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WHETHER your interest is in domestic radio and TV or in amateur radio, in military, aeronautical or marine
communications, in radar and radio navigation, in instruments, in broadeasting, in audio and recording, orin
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~ Circuit Selection Specflal

INGENUITY '
"UNLIMITED

Our regular round-up of readers’ own circuits. We pay
between £10 and £50 for all material published, depending
on lengih and technical merit. We're looking for novel
applications and circuit tips, net simply mechanical or
electrical ideas. ldeas must be the reader's own work and
not have been submitted for publication elsewhere.
The circuits shown have NOT been proven by us..Ingenuity
Unlimited is open lo ALL abilities, but items for
consideration in this column should preferably be typed or
vrord-processed, with a brief circuit description (between
100 and 500 words maximum) and full circuit diagram
showing all relevant component values. Please draw all
circuit schematics as clearly as possible.

Send your circuit ideas to: Alan Winstanley, /ngenuity
Unlimited, Wimborne Publishing Ltd., Allen House, East
Borough, Wimboerne, Dorset BS21 1PF. (We do not accept:
U submission via E-mail.)

They could earn you some real cash and a prize!
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‘WIN A PICO PC BASED
OSCILLOSCOPE

& 50MSPS Dual Channel Storage Oscilkoscape
¢ 25MHz Spectrum Analyser
¢ Multimeter o Frequency Meter
o Signa! Generator
If you hava a novel circuit dea which would be
of Lise 1o ather readsrs then a Picd Technology
PC based oscilloscops could be yours.
Evegy six months, Pico Technoiogy viill be
awarding an ADC200-50 digital storege
oscilloscope for the best IU submission. In
addition, two single channigl ADC-40s will be
presented to the runners-up.

Serial Port Splitter - Line Sharing

WHEN you run out of spare serial ports on
your PC, the circuit shown in Fig. 1 may
be used to effectively add another port. The
idea is 1o share the PC serial port between
two external RS232 devices (device X and
device Y in Fig. 1) and the PC communicates
with them one at a time.

In the circuit diagram shown in Fig.l.
ICI and IC2 are the familiar MAX232 voli-
ape level translators which convert the

TTL/CMOS levels for manipulating by
IC3. a data selector/multiplexer. Signals on
the two sets of inputs (AD to A3 and BO to0
B3) are selecied and routed to the output
(YO 10 Y3) by the Seleet input (pin | of
1C3). :
When Selcct is at logic 0, signals on IC3
port A are reuted to the cutput port (YO-
Y3). In this case, the Tx of the PC seriak
‘port is connected to RxI: Rx to Tx1 and

device Y is effectively disconnected from
the PC.

When Select is at logic 1, signals on pott

B are routcd to the output port instead. In
this case. Tx .is connected to Rx2, Rx 10
Tx2 and Rx! is held ar logic | so the PC
communicates with device Y.

Switching betwsen device X and device

Y is controlled by the RTS signal from the
PC serial poni. RTS can be toggled by a
piecé of simple software which configures
the conirol registers of the UART chip in

RS232 signal levels from the serial port of Rx2 is held logic 1 (idle condition). The PC the 1PC.
the PC (and also from devices X and Y) o therefore communicates wilh device X, and V. Ip, Belfast.
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Fig.1. Circuit diagram for the Serial Port Splifiér. Note tHai.pin 6 0L IC1 and IC2:is at —10V with réspect to the OV line.
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Elderly Person Monitor - Talke Care

“THESE CCMPONENTS
ARE CHOSEN TO GIVE
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Fig.2. Circuit diagram for an Elderly Person Moniltor.

N ELDERLY relative who resides with us
Anccasiqnnlly falls accidentally, and has
laid there for some (ime in a distressed state
without being able 10 summon help.
Consequently, a simple independent alarm
was designed and the resulting circuit is
shown in Fig.2.

Unless a “reset” operation is applied
before a cerain time period has elapsed the
alarm will automatically sound. The principle
of operation can be adapted as required and
muay inspire other ideas.

While the person is in bed a pressure pad
(S1) under the mattress is held in the closed
circuit condition. This maintains the 4040 12-
Stage Ripple Counter IC2 in its reset state via
transistor TR1 and so the piezo sounder WDI1
is disabled.

Clock pulses of approximately iHz fre-
quency are fed continually from the 555 timer
1C1 (pin 3) to the counter input of 1C2 at pin
10 (CLK), but have no effect until the person
gets out of bed (in our case, to use a com-
mode but it could be adapted e be reset by,
say, a bathroom door) ai which point the
counter is ensbled and begins counting.

if the time taken to get from the bed 10'the

commode or bathroom (where a-seat or door-
activated microswiich, S2, automatically
resets the counter again) is long enough for
counter output Q6 (or Q7 perhaps) 1o go high.
the alarm WD sounds in a neighbouring
room so that one can investigale and check
‘that the person is all right.

A delay of between one and two minutes
was selected 1o allow the elderly person suffi-
cient time and also because in practice the
microswitch S2 wasn't always operated. lIn
our case the switch opens when the person
leaves the commode, and so IC2 begins
counting,

If the time taken for the person rewrning to
bed (which resets the counter) is again long
enough for the alarm to sound. then that per-
son is standing up. or returning to bed or has
fallen. Since an elderly person is unlikely to
remain standing for more than (say) twe min-
utes and is also unlikely 1o take more than
two minutes © retum to bed. it is probable
that the person has fallen,

The prowiype operated from a safe 6V
batrery, which coald be rechargeable.

C. Embleton.
Northallerton, N. Yorks,

Rechargeable PP9 Battery - Suergy S

I You discard
exhausted PP9 layer-
type baiteries this can
become an expensive
process as these batter-
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ies cost about three
pounds each. It was
decided 1o provide an

alternative using
Nickel Cadmium cells
together  with an
extremely simple
charging circuit which is built within the
housing of an exhausted PP9 baitery. The ¢irt
cuil diagram is shown in Fig. 3.

The power for the charging circuit is pro=
vided by an external 12V 10 15V d.c. power
supply capable of providing 50mA or so.
This is hooked up via a d.c. power sockei
SK1 which is also fited into the bauery
housing. ]

In this circuit ICI is configured as a con-
stant-current (not voltage) regulator, and the
current flowing 1s limited by the series resis-
tor R1. The current / is 1-25/R 1. hence for a
50mA current Rl is about 24 ohms (220
ohms in parallel with 27 ohms will da).

898

Fig.3. Rechargeable PP circuit. Note all components are
housed inside the discarded PP3 casing.

Six 1-2V NiCad cells are placed in series
and wired across the PP9 battery terminals
and they will be charged by the constant cur<
rent of ICL. The on-load voliage of a fully
charged set of six cells was measured at just
under 10V with an average current of 25mA
being drawn,

A stegl-cased PP9 should be prised apart
and its contents carefully disposed-of as
chemical waste, then the circuit built inside
and the case folded back together again. My
present rechargeable PP9 has undergone
about 40 charging cyeles during its existence
and anticipate many more — what a saving!

D. Allen, Cheltenhiam.

Circuit Special |

Class-D 30W Audio
Amplifier - Power Play

A UDIO amplifiers areetypically class-AB in

peration, and whilst these produce good
quality amplification they are also quite incf-
ficient at 50 10 60 per cent or so0. A class-D
amplifier is much more efficient, with effi-
ciencies of between 90 per cent to almost 100
per cent being possible as it is essentially a
swirching circuit.

A suggested circuit diagram for a 30W
Class-D Audio Amplifier is shown in Fig4.
The incoming audio signal is amplified by the
inverting operational amplifier IC1, with
adjustable volume controlled by potentioe-
ter VRI. A PWM (pulse widih modulatien)
signal is produced by comparing the audio
signal with a 100kHz triangle wave.

This is achieved using the comparator
1C6. Resistor R13 is used to provide posi-
tive feedback and C6 is a speed-up capaci-
tor which improves comparator response
time. The comparator output swings
between £7-3V. The pull-up resistor R12
provides +7-3V whilst -7-3V is provided
by the open emitler inpul ¢f the comparator
{pin | of 1C6).

When this signal swings posilive transistor
TR acts as a current sink. which increases
the voltage drop across resistor R16: this voli-
age drop is enough to turn MOSFET TR3 on.
When the signal swings negative, TR2 acts as
a current source causing the voltage drop
across R17 1o increase sufficicnily 10 wm
TR4 on. Essentially,. MOSFETs TR3 and
TR4 are activated alternately, producing a
PWM signal which swings between plus and
minus 15V.

_ It is now necessary to restore this-amplified
PWM signal back into a reproduction of the
incoming audio signal. This is achieved by
averaging out the PWM signal using a 3rd
order Butterworh low-pass filier with its cut-
off frequency (23kHz) much lower than the
triangle wave frequency, ensuring large arten-
uation ai |00kHz. The resulting output is an
amplified reproduction of the input audio
signal.

The triangle wave generator is basad
around IC2 and IC3, whereby 1C2 is effec-
tively a square wave generator with positive
feedback provided by R7 and R1l. Diodes
Dt to 125 acts as a bi-directional clamp (D3

-being a Zener diode), clamping the vollage 1o

about =6V,

An ideal intcgrator is fored by preset
VR2. capacitor C5 and 1C5 which convens a
square wave into a tniangle wave. Prese: con-
‘wol VR2 allows the frequency ta be altered.

The output of IC5 (pin 6) provides feed-
back to IC2. and resistor R14 and preset
VR3 form an adjustable attenuator allowing.
the magnitude of the triangle wave to be
adjusted. Afier construction. VR2 and VR3
should be adjusted in order to provide the
best quality output. A pair of ordinary 741
op.amps (IC4 and 1C3) are used as unity
gain buffers to provide the plus and minus
7-3V supptlies.

Capacitors C3. C4, Cl1l, and CI2 act as
charge reservoits, and the remaining eapaci-
lors are for decoupling. The circuit requires a
plus and minus 13V supply rail. and it will
drive a 30W 8 ohm loudspeaker from the LC
network at capacitor C13 and inductor L2,
Note that small heatsinks maybe required for
MOSFET transistors TR3 and TR4.

Lee Matthews,
Kirkbj-in-Ashfield, Notts.
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~ Circuit Special

National Lottery Predictor
= It Could Be Us

SIMPLE form of random counter is illus~

trated in Fig.3 which may help with the
memally-exhansting process of selecting six
entirely random numbers for the weekly
National Lottery. The ¢ircuit consisis of 1wo-
CMOS 4017 decade counters each driven by
4 553-based clock.

Counter IC2 will display ifens (0-4) whilst
IC4 will display units. Therefore, a number
between O and 49 will be displayed on a
series of light-emitting diodes upon the oper-
ation of pushswitch $2 whicii enables both
counters. Separate switches for tens and unils
could be used instead.

Note that sometimes, numbers may repeat
and zero may also be displayed. -

Edward Bibby,
Woolston, Warrington.

Tumble Dryer Alarin - [t Won't Crease You

51
NV
—_—C —
2:"5’!2 CROEE
<> +
, wat
s 10 15 ~—
T Re it IV IC2. TR
581 Lo
1 7 1 a
< QX [Ct1 OFs 3 : ]
1% © 4060 2 i
1000 ; 19 I S
t'—g oscouT orun = i .
2f o o ke o
pra— g )
=]
= =
£
Y
s - w

Fig.6. Circuit diagram for a simple Tumble Dryer Alarim:

5 NEED for the simple Tumble Dryer

Alarm circuit of Fig.6 arose because our
new tumble drier did not have a buzzer 10
indicate that it had finished. My wife needed
a solution but vetoed absolutely any idea of
digging into the back of the machine and.
“fiddling with the mains™!

As the machine works by sensing how dry
ihe clothes are, the only way of knowing that
it is nearing the end of its cycle is when one
of the neon indicators on the machine extin-
guishes. This indicates the start of a shont
“crease care” cyele after which the machine
slops. Some kind of optically-isolated switch
followed by a delay seemed to be the answer.

In the eircuit diagram of Fig.6. when the
machine neon indicator goes out, the
ORP12 light-dependent resistor, R,
ensures.lhat the voliage on pin 12 (Reset) of

IC1. 2 4060 oscillator/counter, goes low
which starts the counter. Quiput 14 at pin 3,
which goes high at the end of the delay pzri-
ad, is fed along with the output of pin 7 into
one of the AND gates of the 4G81. This pro-
vides a pulsed inpul to transisior TR which
activates the sounder WDI. Pin 5 of ICI
flashes the le.d. D1 when the crease care
cycle has started.

With the values shown. the delay is about
six minutes which can be varied by adjusting
the values of capacitor and/or resistor R4. A
suitably powerful sounder would be the
-Maplin, order code FK84F, or the Squires,
code 80-015 (takes more current — 35mA),
which can be heard in all paris of the housz to
warn that the cycle has nearly finished. My
wife has certainly found it uscful! )

Glyn Shaw, Staines, Middx.
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Narrow Band Vision — Niplkew IDisc-0very

HE SYSTEM shown in Fig.7 illustrates a

simple but fascinating electromechanical
technique for transmitting a smail videa,
image over amateur radio bands. It consists of
a simple modulator based on a Nipkow dis¢,
a mechanical scarning device used in carly
television systems. The Nipkow disc has a
single-revolution spiral of small holes (25 in
this case) which if rotated can be used to pro-
vide rasier scanning of an object.

With the circuit shown, a basic. 25-lne
monochrome video image may be sent using:
amateur radio equipmeni over a good quality
clear voice channel. This resolution is high
enough for facial recognition of a person in
close-up It should not be compared to a
slow-scan system which can only send still
images. Readers may also wish to experiment
with other transmission media (e.g. wire
based audio, intercoms etc.):

The transmitter section, which also shows
the relative placement of the mechanical
parts, is shown in Fig.7a. A Nipkow disc may
be made from stiff card, using a plate to draw
a c¢ircle 180mm diameter or so.
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Fig.7a. CircuitYmechanical arrangement of the Nipkow 25-line Transmitter ‘section.
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The object 10 be pictured must be brightly
lit, and it is captured through a lens and con-
verted into a narrow-band vision waveform
by TR1, a phototransistor placed in a plastic
box behind the scanning disc. The photoiran-
sistor (e.g. a PN202, but other types may
work equally well) requires a 9V supply. A
cood-guality d.c. motor (say. 12V de.) is
powered from a single D-cell and poten-
tiometer YR1 (rated a1 2W) controls its
speed. The signal is decoupled by capacitor
C1 and applied to the microphone inpul
socket SK1 of the radio transmitier.

Receiver

In Fig.7h. the loudspeaker/ headphone out-
put is fed 10 a single transistor stage consist-
ing of TR2 and surrounding components. The
led. DI is a high-brightness green device
placed in a flashlight reflector. and a picce of
greaseproof or imcmg paper is placed over it
10 obtain @ more uniform spread of light.

With this placed undemeath the “receiver”
disc. a reasonably uniform raster is ottained.
Note that the picture requires the room 1o be
in near darkness if it is 1o be discernible by
looking through the spirning disc.

The Recciver disc is rotated slightly faster
than the Transmitier disc and the image will
then be visible, although it may be “rolling™ or
swirling. By applying very light pressure 1o the
feceiver disc. it can be synchronised to the point
where you can get a reasonably stable image.

A flywheel, formed from an old loud-
speaker magnet, was placed on top of the pro-
totype receiver disc 1o add sotne momenium

Fig.7b. Circuitymechanical set-up forRecelver section.
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Fig.7¢. Improved Receiver add-on with Scan/Sync control (VR3).

and help with synchronisation. None of the
parts are critical and substitutes may be
made.

An experimental but worthwhite modifica~
tion to the receiver is shown in Fig.7¢, which
offers a form of sync. contro!. This provides
some pulse advancement on the receiver
disc’s rotation which is now controlled by a
transistor Darlington pair (TR3, TR4).

It is important that a good quality smooth
d.c. motor is used, and the two moters should
have reasonably matched charcteristics.
Atthough the circuit is not perfect, it is well
‘worth the extra effort.

Michae!l Robertson, Chasetown, Staffs.
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. Cifcuit Special

Squash/Badminton
Scorer - Fiaal Calll

TuE circuit diagram in Fig.8 will keep the
score in both badminion and squash
games and should end all those arguments
about what the score js.or whose wm it is to
serve!

The two pushbutton switches St and §2 aré
for Player A and Player B. The umpire simply
presses the button comesponding 1o the player
who won the rally. The circuit then calculates

the new score and who should be serving

next

When a typical switch butron is pressed or
released, its comtacts do not make a clean
connection. instead they might open and
close (switch bounce) several times before
stabilising. A typical period af time before a
swilch bacomes steady (bounce time) is Sms,
which in this case might add 2 or 3 points to
a player’s score!

One solution to get around this problem is
to check the state of the swilches say every
50ms. Hence the 555 timer IC1 is an astable
multivibrator which produces a square wave
of approximately 20Hz. This clocks the D-
type flip-fieps IC2a and (C2b.

The output from IC2a is the debounced oul>
put from button A, and the output from IC2b s
that from button B. These debounced sigmals
feed a JK flip-flop IC3 as well as the clock
inpuis to 1wo decade counters (1C4 and 1C6).

The counters keep track of the points that
each player has scored, and their outputs will
drive 7-segment common cathode displays
directly. The other two counters 1C5 and IC7
are for the tens of points for each player.

In both squash and badminten a player may
only gain a point if he/she was serving. If
they were not serving but win a rally, they
then serve for the next poiat. In this circui
when a player’s button is pressed the corre-
sponding counter for that player receives a
clock pulse: the counter will only increment
if the clock inhibit input is low (i.e. the play-
CT Was Serving).

The JK flip-flops will latch 1o “remember”
who was serving. In this circuit one can imag-
ine a JK flip-flop as a simple Set-Reset
bistable which is updated when a positive
clock pulse sppears on the clock input.

The first flip-flop (IC3a) is updated with
every clock pulse from the 355 timer and it
remembers who won the last rally. The sec:
ond flip-flop (IC3b) is updated once all the
buttons have been released. It copies what is
stored in the preceding flip-flop, and its qut-
put feeds the clock inhibit inputs (pin 2) of
the counters,

For example, if player B is serving, the
clock inhibit input (pin 2) for counter B (ICH)

will be low and for counter A (ICS) high. If

player A wins the rally a clock pulse goes to
counter A, but. because its clock inhibit is
high the counter does not increment. The first
tlip-flop now ‘“‘remembers™ that player A
should be serving next.

Once button A is released the-second flip-
flop is updated. The circuit is then teady — if
player A wins the next point histher score will
increase. If player B wins the next shot how-
ever, the scores will not change but the serve
will go back to plaver B.

The scores for both players are displayed on
dual 7-segment displays. Note that the person
who is serving is indicated by the decimal point
af their display being illuminated. Pressing both
buttons at the same time resets the unit.

_ David Liddument,
Caversham, Reading.
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Time-lapse Unit for Camcorder
— Im The Frame

3 ANY camcorder ownérs would like 10
produce more creative videos, such as
time lapse films which condense slow-
moving sequences into a short period.
Unfortunitely, time-lapse facilities are only
found on more expensive video cameras.

All camcorders, however, have a REM
(remote) socket, for use with a manual
stopfstart lead. The REM socket on cam-
corders however is not the same as the REM
sockel on a cassette recorder, which is basi-
cally a simple n.0./n.c. (normal open/normal
closed) switch.

Manual control of a camcorder via the
REM socket requires “pulse aperation™. j.c. a
short pulse to siart and a second short pulse
to stop. This overrides the “"pause controi™
and places the camera in its pause mode dur-
ing a break in filming.

The circuit diagram.shown in. Fig.9 uses 3

|

556 timer. {twin 355 timers in a 14-pin pack+
age). whereby cach timer is configured as a
one-shol monostable. The output from each
limer is used 1o trigger the input of the other
timer via an RC network,

This arrangement is commonly known asa
cascade timer. The result is a dual timer with
varying on/oif times and a brief negative-
going pulse at either one of the trigger inputs
(pins 6 and 8) cvery time each monostable
‘limes out.

During each cycle. pin 6 and pin 8 are held
at logic 1 by pull-up resistors R2 and R3. A
pair of back-to-back lLe.d.s. Di and D? indi-
cate whether the circuit is paused or filming.
When the output from one timer is high, the
other will be low. £

The irigger inputs A and B are connected 10
pm I and pin 2 of a gdual NAND peripheral
driver 30107 (IC3). The output is then taken
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Fig.8. Circuit diagram for the

Squash/Badminton . Scorer.
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Fig.9. Circuit diagram for the Time-lapse Unit for Camcorder.

from pin 3 and connected to pins 6 and 7 of
the second driver. This produces a strong neg-
ative pulse whenever either of the mionosta-~
bles changes state.

The resulting  puise can be used to power
the Le.d. emilter in a preferred opto-isolator
(not shown) or a solid-siate relay. The use of
an opto-isolator ensures that no voliage of
current from the timer unil can interfere with
the camcorder circultry.

The whole circuit can be powered from a
9V battery. A 6V rezulator IC1 ensures that
<t times do not drift due to decreasing: bai-
tery voltage.

Timing components VR with C3, and
VR2 with C6 should give a maximum time of
270 seconds. There is no point in increasing
this ime period. as camcorders automatically
shut down if teft in pause mode for more than
5 minutes. The on-time can be very short. i,
anough fo capture two or three frames.

Philip Male,
Dtake's Broughton, Pershore.

Audio Limiter — Jusf The Limadt

N AUDIO limiter circuit was required

which would accept a wide input voltage
range without introducing too much distor-
tion when limiting. The circuit of Fig. 10
achieves this as well as allowing a variable
limit level and output level. The circuit could
be used in many areas. particularly in limiting
the signal applied 1o an audio power amplifi-
«r, protecting those valuable tweeters!

The design uses the MC3340P electronic
attenuator chip (IC1). Resistors R1 and R2
atienuate the input signal to a level suitable
for the MC3340. The maximum level applied
10 the device should be S00mV rms.

The input signal is also applied to IC2a via
icapacitor C2, which together with diode DI
acts as a preeision rectifter. The voltage
across capacitor C4 sits at the wiper level of
Limit control VR! until the audio level
exceeds this value, :

At this point diede D1 begins 1o conduct so

the voliage across C3 rises. The voliage on
the output of IC2b (pin 7) then falls. This
voliage is inverted and atienuated by IC2c
and its associated resistors. Audio Level con-
trol VR2 adds an offset 1o the output of IC2c
which configures the atienuator in its linear
region. The output of IC2c¢ is then applied to
the autenuation control pin of the MC3340.
“The op.amp IC2d forms a simple compurator
which drives an l.e.d. D2 during limiting.

To set up the Audio Limiter, adjust VR2 so
that the output of IC2¢ is at Teast 4V o set the
attenuator in its linear region. A higher level

‘can be applied to vary the relative outpul

level. Nexi. apply the maximum level of

audio and adjust VR until the lLe.d. illumi-

nates. Back off VR uniil the l.e.d. just extin-

guishes. Any increase in the audio level will
now be limited 1o the level selected.

Duncan Boyd,

Blackburn, Scotland.
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Fig.10. Circuit diagram for an Audio Limiter.
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those ideas, earn some
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Pulse Modulated Inverter
= Nevlms Motor Controller

| SINGLE-PULSE Modulated Inverter circuit
iagram is shown in Fig.11a which can be
used to operate a series-wound molor up to
Ihp in variable speed mode, froma 12V lead-
acid car battery. The series motor may be an
eleciric drill or the drive molor of a small
electric vehicle or buggy for example. The
circuit waveforms of various ouiputs are
shown in Fig.11b.

In Fig.l1a IC| (a 4047B) is working as a
100Hz astable which triggers an adjustable
monostable (IC2). The period of the mona-
stable can be varied using VRI (the timing

D1 and D2 provide, protection for the transis-
tors whilst diode D3 and capacitor C3 help
-provide isofation between the driver and the
-output stage.

Transformer T1 steps up the input voliage
10 a maximum 200V a.c. The potentiometeg
‘VRI can be used for varying the output volt-
age in the range of 50V 10 220V a.c.,suitable
for many appli¢ations.

Boih power MOSFETs maust be. mounted
on heatsinks and the main On/Off switch S1
should also be eapable of carmrying the full
load current. The winding details of the trans-

prize! capacitor C2 should be InF minimumn - former are also given. (/ was unable to trace
ARW). the power MOSFETSs used by the writer and
The NAND gates of IC3 (401 I B) are used a substilute inay be needed, e.g. the IRFPG3(
1o separate positive cycle signals for the or similar, offered as a suggestion only. ARW)
- = power MOS transistor TR1 and the negative M.T. Iqbal,
cycie signal for TR2. The itwo Zener diodes 5 '‘Rawalpindi, Pakistan
s — -
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Fig.-11a. Gifcuit «diagram “for a
Single:Pulse Modulated Inverter.
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Fig.11b. Output waveforms at various stages of the circuit.
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PICO PRIZE WINNERS

It's time to decide the winners of superb PICO Technology PC-based
oscilloscopes. once again  generously dopated by PICO
(www.picotech.com) for threz lucky entrants whom in our judgment sub-
mined the best ideas published in the past six months. As always, every
eniry was judged on a number of criteria including the exient of “‘lateral
thinking"” or novelty. technical merit, resourcefulness, appropriateness,
and overali completeness. Presentation was used as a lie-breaker.

The final«choice was difficult and, after careful censideration, EPE
Editor Mike Kenward and Jugenuity Unlimited host Alan Winstanley
jointly selected the following winners from the Juse-November issucs:

WINNER - receives an impressive PICO ADC200-50 Digital Storage
Oscilloscope. worth over £450! ; 7

Lee Archer — TV Test Pattern Generator (September 1999) ~ illustrating
the adapration of a teletext timing chip, this circuit was considered to be
thoroughly developed and complete.

RUNNERS-UP — both are lucky recipicnts of PICO ADC-40 Single
Channel PC-based Oscilloscopes.

Rev. Thos Scarborough ~ Loop Aerial MW Radio (August 1999). This
was a novel radio receiver design using some traditional techniques. and
we are also happy to acknowledge the coniributions made by, our most
ingenious Reverend.

Z. Kaparnik — One Volt LLE.D: (November 1%99). A number of intrigu-
ing and professionally presented:micropower circuits optimised to oper-
ate an le.d. from a single cell.

-Evéryday Practical Elecironics/ETI, December 1999



Constructional Project

LOFT
GUARD

TERRY de VAUX-BALBIRNIE =

Has the light been left switched on?

AVING a permanently-wired mains
Hlight in the roof space is handy,

especially if you kezp a lot of uscful
material up there. Unfortunately. itis all oo
2asy 1o leave it switched on as any user will
testify.

Once the hach is closed, there is no
external sign that the light is on. I could
then remain fike that until the next visit —
possibly several weeks or even months
later. In the meantime, a significant amoun!
of electricity would have bean wasted.

SELF-CONTAINED

The Loft Guard is built as a small, bat-
tery-powered unit which is left in some
suitable position inside the loft. It protects
hgainst leaving the light switched on by
sounding a loud waming alter 8 minutes or
other preset time. This can be heard
through the ceiling even with the loft hatch
closed and alerts the next person passing by
undemeath it

In the prowtype model; the specificd
operating time was found to be sufficient. If
you [tappen to be working for a long timz in
the lofl, a Reset pushbution swiich on lop
of the unit may be operated every so often
1o reset the circuit and hold the sounder off
for a further set time interval. This swiich

may atso be used after it has begun - to

‘sound 1o stop il

1§ you habiwgally spend long periods.up
there; it would be possible 1o increasc the
opérating time and details for doing this are
eiven later. Similarly, you could shorten it
if required. ;

CHECKOUT

Before beginning construciion work;
check that the lefi space is reasonably
dark when the light is switched off. Make
sure vou will be able to site the unit
where light from the lamp will reach it
and. at the same time. above some place
where the sound will readily attract atten-
tion — for example. near the top of the
slairs.

‘Of course, the unit could be used in other
similar situations. For example, fo guard
against a cupboard light being lefi switched
on inadvertently. You could even site the
buzzer remotely if required.

‘The siandby current requirement of the
protolype unit s less than 100rA. Using

the specified 9V battery pack, consisting of
six AA alkaline cells, a life of at least ong

year may be expected.

However. this will depend.on-how many
times and for how long the buzzer sounds.
While actually opérating. the current rises

1o some 10mA. You could use¢ a PP3 battery

but the life would be correspondingly
shorter.

>

GIRCUIT DESCRIPTION

The Loft Guard circuit works by sensing
the change in iliumination as the loft light
is operated. Switching it on triggers a timer
which holds the sounder off for the preset
delay period. If the light is switched off
during that time, the circuit will automati-
cally reset ready for the next ume.

The complete circuit diagram for the
Loft Guard is shown in Fig.l. Tt will be
seen that operation depends on the action
of 1wo integrated circuits. The nirst of these,
ICI, is an operational amplifier (op.amp)
responsible for the light-sensing aspect
while the other. IC2, carries out the timing.

Looking at ICI first. the inverting input
{pin 2) is maintained ai one-half of supply
voitage (nominally 4-5V) due 1o the poten-
tial divider action of equal-value resisiors
R1! and R2. The non-inverting input {pin 3)
has a voltage applied 1o it dependent on the
values of the resistors in another poteniial
divider.

In this case, its fop arm consists of preset
potentiometer. VR1. connected in series
with fixed resistor R3 and the lower one,
light-dependent resistor (t.d.r.) R4,

As the illumination of the Ld.r. sensitive
“window" is reduced, the resistance of the
device increases. In'total darkness the spec-
ified Ld.r. will have a resistance in excess
of 5MQ. Even when there is a small
amount of light. it will exceed 1ME.
~ In tests on the prototype in the author's
lofi. the “light” resistance was found to be
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Fig.1. Compléte circuit diagram for the Loft Guard.
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some 100k, Of course, in any particular
situation this value wilt depend on the rela-
tive positions of the unit and loft light, plus
also the power rating of the bulb and other
factors. The point is that there is a wide dif-
ference beiween the ILdir. “dark® and
“light™ resistance.

NMORE OR LESS

Suppose preset VRI is sel 0.4 value of
300k This is added 1o fesistor R3 10 give
the resistance of the top arm of the poteq-
tiad divider — that is. 770 kilohms.

Under standby (“dark™) conditions the
resistance of the ld.r. will exceed this
value. This will result in a voltage greater
than 4-5V appearing across it and hence at
IC1 pin 3. When the loft light is on, the
resistance of the Ld.r. will be less than 770
kilohms and the voltage at pin 3 will fall
below 4-5V.

When the volflage at the op.amp non-
inverting input (IC1 pin 3) excezds that at
the inverting one (that is, under *dark™ con-
ditions), the op.amp outpui, pin 6, will be
high. When it is less (“light" conditions), it
will be low. At the end of construciion, pre-
set VR1 will be adjusted so that this hap-
pens under the actual conditions prevailing
in the loft.

Note that both op.amp inverting and non-
inverting voliages are derived from poten-
tial dividers connected across the power
supply. As the battery ages and the avaif-
able voltage falls, the relative state of the
nputs will remain unchanged. The circuit
will therefore still work correcily. Of
course, the battery pack will eventually
develop insufiicient terminal voliage to
operate the buzzer satisfactorily and i1 will
then need to be replaced.

Now look at IC2. This is an i.c. timer
configured as a monostable. It may be acti:
vated by a low pulse applied 10 the trigger
input (pin 2) — while high there is no effect.

Once triggered, ihe output (pin 3) gocs
high and remains like that uatil the circuit
1imes out. The operating period depends on
the value of capacitor(s) C3 and resistor,
R7. The higher the value of either or both
of these components, the greater the timing
‘will be in proportion,

HIGH VALUES

Resistor R7 has a very high' resistance
{100 meg.) and the specified component
may not be available 10 all readers. It could
be made up from lower vajuss connected in
series and more will be said about this later.

Capacitor C3 will probably consist of
WO separate components connected in par-
allel (as shown in the Fig.1.) (o provide the
required capacitance. The suggested value
(2-2uF) will give a combined effect of
4-4uF.

Of course, you could use a single 4-7uF;
two 4-7uF or even one or iwo 10uF capac-
itors providing they were small encugh to
fit the circuit board layout. Such an
arrangement would give a correspondingly
longer fime period.

Using the values shown in the circuit
diagram. the timing will be about 8 min-
utes. It could be reduced by using a single
capacitor having a lower value if required.

When the Ld.r. is dark - that is, under
standby conditions, the op.amp ocutput at

pin 6 will be high and there will be no’

effect on IC2. Howd¥er, when the dutput

906

goes low (i.e. when the light is switched
on), a low pulse is transferred, via capacitor
C1, 10 IC2 trigger input (pin 2). The mono-
stable then begins a timing cycle.

The purpose of capacitor C1 is to allow
only a short pulse to pass. This is because if
IC2 pin 2 was maintained in a low siate
cantinuously, the monostable would never
time out since it would remain triggerad.
While on standby, resistor RS maintains the
tripger input in a high condition and :this
prevents possible false operation,

KEEP IT UP

The reset pin of 1C2 (pin 4) needs o be
kepi high 10 enable operation of the mono-
stable and this is the purpose of resistor R6.
However, 1o allow the circuil 10 settle down
when switched on and 10 .prevent possible
false triggering, it is held low for & short
time using capacitor C2.

During this time the monostable is dis-
abied and nothing can happen. The capaci-
tor soon charges through resisior R6 and
allows pin 4 to go high.

Pushbutton (Reset) switch SI may be
operated momentarily at any time to begin
a new timing cycle and so hold the waming
buzzer off. This works by taking the trigger
input low for an instant.

While FC2 output is high (that is, during
the course of timing), the base (b) of
Darlington transistor TR1 will also be
made high (close o positive supply volt-
age) via resisior R9 and diode D2. Under
standby conditions, the L.d.r. R4 will be in
near-darkness and IC1 pin 6 will be high,
This also provides a high state at TR1 base
through resistor R8 and diode DI.

Since TR1 is a pnp transistor rather than
the more usual npn type, such a high state
will maintain the base at near emitter vole-
age and so hold it off. No current will flow
jn the collector ¢ircuit and buzzer, WDI,
will rernain silent.

Suppose some light reaches the 1.dr. R4,
IC2 will be triggered and & timing cycle
will begin. Op.amp IC1 pin 6 will go low
but this will have no effect on wansistor
TRI because this state is blocked by diode
D1 which is now reverse-biased. However.
TRI base will be kept high by the high con-
dition of IC2 pin 3 and the buzzer will
remain off.

When the monostable has timed out, 1C2
pin 3 will go low and this state will be
blocked by diode D2. Assuming light is
still falling on the ld.r, TR} base will no
longer be made high by either path R8/D1
or R9/D2. This allows it to go low via resis-
‘or R10 and the device is turned on

(see text) polyesier, Smm pin
‘spacing
Semiconductors
D1, D2 1N4148 signaldiode
: (2 off).
TRI MPSAS5 pnp Darlfington
transistor
1C1 ICL7611 micropawer
op.amp.
ic2 75551PA low-power timer
Miscellaneous
S1 miniature pushbutton
: swilch, push-to-make
WD1 Audible wamming device

| Approx., Cost
| Guidance Only

CAMPONENTS

Resistors

R1, R2 10M

R3, RB, R9 470k (3 off)

R4 " ‘miniature
light-
dependent
resistor, SMO dark
‘réslstance. (Smm dia.

— see lext)

RS, RE 1M {2 off)

R7 100M cermet film (& 3 6ff
33M - see lext)

R10 10M (2 off — see text)

All 0-25W 5% carbon film, |

except R4 and R7 See

Po\tfentiometerM o gﬂ—;@l}’)
Rt 1 min
preset, vert. iy TALK

pago
Capacitors
Ci1.C2 47n min. metallised
polyester, Smm pin
! ~ spacing (2 off).
c3 2u2 min. metallised
polyester, Smm pin
spacing ( 2 off or as
required — see text)
Test capacnor 100n min. metallised

103dB output at 1m

minimum. 10mA d.c.

. operation maximum
9V baltery pack

(6 x AA celis), with

holder

Prifited circuit board available from the
EPE PCB Ssrvice, code 249; plastic box,
size 13Bmm x 76mm x 38mm internal; 8-
pin d.i.l. i.c. socket (2 off); plastic stand-off
insulators (3 off); PP3-type battery con-
nector; small fixings; multistrand-connect-

ing wire; solder, slc.

B1

excl, batteries
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(remember, it is prp tramsistor!), Collector
current then flows and the buzzer operates.

The fact that TR1 is a Darlingfon tran-
sistor results in it having an exceptionally
high current gain. Only a very small base
current (a fraction of a microamp) is there-
fore sufficient to operate the buzzer hence
the very high value of resisior R10:
Remember, the flow of current is in the
opposite sense for a pnp transistor com-
pared with npan.

KEEPING IT DOWN -

It is essential that the continuous current
requirement of the circuit is kept very low
to minimise battery drain. This is achieved
by choosing very low power integrated
circuits. f

Also, the resistors in the potential divider
chains are made very high. If the loft is rea—
sonably dark under standby conditions, the
resistance of the ld.r. will also be high and
this reduces still further.the current flowing
through the serigs arrangement of VR1, R3.
and R4.

To be effective, the buzzer must be of a
very loud type yet have a current require-
ment of 1I0mA maximum. The specified
unit (103db at 1m) was foundsio work very
well.

CONSTRUCTION

The Loft Guard circuit is constructed on
a small printed circuit board (p.c.b.) and the
topside component layout and underside
track master details are shown in Fig. 2.
This board is available from the EPE PCB
Service, code 249. All components are
mounted on this except the battery holder.
buzzer and pushbution resel switch.

Commence board construction by
drilling the three mounting holes in the
‘positions indicaied. Follow by soldering
the i.c. sockels in position (do not insert the
1.c.s at this stage) then all other components
except capacitor(s) C3, light-dependent
resistor R4, the diodes and transistor. On 110
account solder the i.c.s direct 1o the board
— it wauid be very easy 10 damage them.

Note. resistor R10 (20M$) consists of
two individual 10MS$2 units connected in
series using the pads indicated (both posi-
liens are labelled R10). If the 100MS2 cer-
met film type resistor specified for R7 is
nol available, connect three 33ME resistors
in series instead using the pads provided on
the p.cb. — the three positions are
lubelled R7.

The photographs show the single spec-
ified resistor being used. This is soldered
directly berween the pads connecting 1C2
pins 6, 7 and 8 — they are labelled “*x™ in
Fig.2. If you can find no other way of
doing it, you can connect ten IOME2
resisters in series, zig-zag fashion, and
connect the ends of the “chain™ to the
*x"" pads.

Connect a 100nF “lest” capacitor io
either C3 position. This will provide an
operating period of around ten seconds
which will be more convenient for testing
purposes than the full operating time.

Solder the Ld.r. in position using the full
length of its end leads for the moment. If
the specified miniature type of Ld.r. is not
available the larger ORP12 type could be
used. However, it would take up more
space and would-need a certain amount of
adjustment to its position.

B+ WO+

Components mounted on the completed circuit board. Note thata single cermetfilm
resistor has been used for R7 (see text).

POLARITIES

Now solder the polarity-sensitive compo-
nents in place. These are the two diodes and
'Darlington transistor TRI. When soldering
the diodes note that the cathode (k) end has a
black band. When mounting the transistor,
take care to place it as shown in the pho-
tographs with the flat face to the lefr.

Solder the batiery connector wires o the
p.c.b. If the bastery holder has tag connec-
‘tions instead of being the more usual PP3
tvpe. use shornt pieces of stranded wire
instead. Connect pieces of light-duty
stranded connecting wire for the® Reset
switch S1 and solder the buzzer leads (o the
WD pads — the red one is the positive lead.

Insert the i.c.s in their holders. with the
correct orienlation. These are both CMOS
devices and could possibly be damaged by
static charge which may exist on the body.
To avoid possible problems, touch some-
thing which is earthed (such as a metal
water 1ap) before unpacking them and han-
dling their pins.

TESTING |

Most readers will wish 10 carry out a
-hasic test before mounting the circuit board
in its box. This will.allow any errors to be
corrected more easily. It would be a good:
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idea 1o tape over the hole in the buzzer.for
the moment to reduce the sound output
‘because it is very loud! e

Cover the Ld.r. with a piece of black
“p-v.c. tape 1o simulate placing it in darknéss
(or be ready 10 work in darkness). Adjust
preset VR1 to approximately mid-track
position and connect the bateries. Keep the
switch wires separated so that the bared
ends cannot fouch.

Working on an insulating surface (such
as wouod or plastic) to prevent short circuits
at the p.c.b. racks, place the AA cells in the
holder and connect it up. Peel back some of
‘the p.v.c. tape to allow some light 10 reach
the Ld.r. — the buzzer may give 8 momen-
tary “chirp” which may be ignored.

Afier about ten seconds or thereabouts
(remember, the timing has been reduced)
the buzzer should sound. If you re-cover
the Ldr., it should stop immediately.
Similarly, if you touch together thé switch
wires, it should stop.

If you have problems. making it work,
-make sure the Ld.r. window really is cov-
ered to exclude almast «ll light — some
{ypes of black tape are far from opaque. if
necessary, carry out the test in a dark cup-
bourd. It is not satisfaciory to cover .the
Ld.r. window witha finget!
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1f ali is weil, disconnect the battery hold-
er and remove the i.c.s, again observing the
anli-static precautions mentioned earlier.
De-solder the buzzer wires and test capaci-
tor C3.

With the required timing in mind, decide
on the value of the capacitor, or capacitors
needed for C3 and solder them in place.
Note that an electrolyiic capacitor would
not be satisfactory here due 1o ils inherent
high leakage current.

BOXING UP

You are now ready to mount the circuit
board in its box. This must be large enough
to accommodate the p.c.b, bautery pack,
buzzer and pushbutton switch. You could
use a more compact case if you used a
smaller type of battery bui, remember, this
will give a shorter life.

Arrange the intemal components on the
bottom of the box and mark through the
pc.b. and sounder mounting holes.
Remove everything again and drill these
holes. Drili a further hole rather larger than
that in the centre of the buzzer iiself for the
sound to pass through. Note that the buzzer
will be mounted so that the sound is direct-
ed downwards (see photograph). This will
allow the maximum amount of sound to
pass through the ceiling.

Mount the p.c.b. temporarily on plastic
stand-off insulators. You may wish to mark
the position of preset VR1 on the side of the
box so that a hole may be dritled 10 allow it
to be adjusicd more ecasily.

Measure the position of the l.d.r. “win-
dow™ (top surface) and mark this on the lid
of the box. Drill a clearance hole for it.
With the lid in place, and the L.d.r. protrud-
ing, measure how much the end leads need
to be shortened so that the window will be
level with the face of the box.

Remove the p.c.b. and adjust the Ldr
soldered joints to give the cormrect clear-
ance. It would be a good idea to leave the
leads a iitle on the long side because they
can be bemt slighily at the end to make
smull adjustments to the height.

Fositioning of components and circuit board inside the prototype case. Note the
Ld.r. “‘window" hole and Rese! switch position in the lid.-The space to the right of the
p.c.b. is for the battery holder.

Drill a hole in the lid for the Reset switch
and attach it. Solder the swilch wires lead-
ing from the p.c.b. te its terminals. Drill the
hole for VR1 adjustment if this is needed.
Shortening the buzzer wires as necessary.
solder them back to the p.c.b. pads. insert
the i.c.s again taking precautions againsi
static charge build-up.

Mount the p.c.b. and attach the buzzer
ssing a pair of Jong, thin bolts. Do not for-
gel 10 remove any fape which was used to
reduce the sound output, during testing.
before attaching it. Insert the AA cells and
secure the battery holder to the base of the
box using a small bracket if necessary.

Place the lid temporarily in position but
do not secure it yet. Adjust the l.dr. end
leads as necessary so that the window is
level with the top fuce of the box (see pho-
tograph). Take care that they cannor ouch
one another and cause a short-circuit.

FINAL CHECKS

Test the circuit under real conditions. Try
the unit in different positions in the loft to
find the best one. Leave preset VR1 adjust-
ed as far clockwise as you can (as viewed
from the top edge of the p.c.b.) consistent
with correct operation. When satishied with
the performance, secure the lid.

Check 1hat the sound can be heard
below the unit when the loft hatch is
closed. You could remove a snall amount
of roof insulation from around the case to
allow the sound to pass through more effi-
ciently but this was not found necessary
with the protoiype.

11 is suggested that the unit be allowed o
sound every now and again to check the
efficiency. When the buzzer can no longer
be heard as it should, the bagteries should
be replaced. . 1]

DON'T BE FROZEN OUT -~ ORDER YOUR COPY NOW!
3 FLASHING SNOWMAN 3 FROST ALERT 3k
PLUS - SCRATCH BLANKER - A “Spin Doctor” for your Vinyls

ELECTRONICS

Telar nekipiafeea)

, . = 3 PR (S A DA {1 =
NEWSAGENTS ORDER FORM
Please reserve/deliver a copy of Everyday — -+ pRise st ‘ S 3
Practical Electronics/ETI for me each month ez
o i o s . .08 e

Everyday Practical Electronics/ETlis published 'on the first Friday of each month and distributed S.0.R. by COMAG :
Make sure of your copy of EPE each month — cut out or photostat this form, fill it In and hand It to your newsagent.
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READOUT

John Becker addrasses some
of thae genarzl pelnts readsirs
have ralsaed. Have you anything
Interasting to say?

Drep us a lins!

WIN A DIGITAL
MULTIMETER

A 31/, digit pocket-sized |.c.d. multime-
ter which measures a.c. and d.c. volt-
:age, d.c. current and resistance. It can .| =
also test diodes and bipolar iransistors. | =

Every month we wiil give a Digital
Multimeter to ths author of ths best
Readout letler.

2

TELE BYGONES

Dear EPE, ¥

Whilst looking for a computer magazine, I
came across EPE, glanced through. then
decided 1o purchase it. It brought back a lol of
memaories. Many moans ago {mid |960:.) I
did a Government \raining courss, 1o become a
Television and Radio Engineer, with the
promise of a job at the end.

.»\bom half way through, our instructor had
1o go on'a llm::-day course. He returned, with
the biggest TV receiver imaginable, the first
colour TV any of us had seen. When it was
swilched on it worked for just a shont jime;
when all ot once, a bang, then smoke. THE
cause was something 10 do with HT.

I remember sealitg what seemed to be three
or four very large wirewound resistors bumt
out, These were the days when the transistor
was first brought about (ecrually invented in
1948. Ed); we had litle if any amining on
these. We were told “Not & bother checking
these they don't go faulty!® (1've heard that
one before). “Anyhow, they will never repince
the good old vaive."

1 did manage 1o fipishihe course and!getsd
job warking for Granada Television, not o be
miastaken with Granadn Broadcasting station. [
was literally working on a-conveyor bele. We
hatl to phk up the sels (\mrph) model 5?)
fvom one end ind refurbish them. This meant
| changmg the onfoft switch (the one being

wplaced was operated by lifting the lid);

replacing the frame output valve and frame
- bias, clean the rototing channel switch, replac-
ing the 1wo valves {1 think these were ECRO
and ECCRI):

A.Q power was rectified with a valve. This
" we replaced by a half-wave rectifier, using two
~ diodes, and then replaced the smoothing

capaciiors. I any other valves had to be
replaced, we had 1o gently ease the CRT for-
| ward in order 10 do so. Part of the HT was
- enclosed in an oil container. if the HT arced

* LETTER OF THE MONTH %

frogm you.

wwepthen you had wiinjectmore oil! Neveruy
fo align anything one small tm — this could
deadito replacing of 1.f. can,ar whatever it was
you were luming. This happened due uo the
uge of Uie-sel.

When vou had done all the work that pecd-
ed 1o be done, jt was tims ta ask the guality
centrollers to inspect the set. The first thing
they did was 1o lift the set up three 10 four
yncha.s off the bench then drop it back an,
gpparenily to see the effect, if any, on the
screen! Then each of the valves was given a
pgood tap with the thick end of 8 screwdriver
is this where the term boule bashers came
from") This was to-see if the valve:was on the
‘verge of death, or noisyl There were miany
Jrore such nonsense acts of violence . . .

We were on piccework as well. We did have
2 much betier set 1o woik on, namely the KB,
Tdon't kniow the model number, but this wis a
hard-wired set, ie. no p.cb. The KB had a
frame output transfarmer at the top left-hand
side looking from behind. The quality con-
trojler thought this was the best place 10 tic his
Jabel, to tell the world that this set had passed
his inspection. All was well unitil the team
responsible for re-casing got iheir hands on it

and,yes you've guessed it. pulled the tag off
llong witli'thes tnsformer wires., Oh the cood
old dayst
lkﬂlhutypeufcbcmmcs;owost with
hearing aids. This. was sub-sub-miniatre work,
and very /A resislor wis just bigger
than a pinhead. Noﬂlbdlc\emeymelc.s.

T have now ondered a two-year Subseription
40 EPE, and also tweive months back issues. §
shall also he sending for three CDs 1 help me.
Fhave n Iotof catehing up<o do?

Keith Barlow. Bury, Lancs

Ish’c history fascinating! Welcome o the
modern world of electronies, Keith. Good luck
with your “calghing up™. It's* gobd’ 10 hear

TOOLKIT MK2 AND WIN 98

Dear EPE.

1 would like to comment on the parallel port
interface software for the PIC Toolkit Mk2 (May-
Jun '99). SETUP showed that the ACK bil was
not working. However, inspection with DEBUG
and direct manipulation of the port registers
showed that the bit reflected the correct value,

Single stapping past the INP instruction in
TKSET06.BAS worked too, so 1 suspected a
timing issue. 1 duplicated the INP instruction 1o
add a small delay and it worked OK.

This was using a 233MHz Pentium running
Win 98 {alithough the same problem occurred in
DOS mode).

Pete Shew, via the Net

Very useful comment Pete, thanks. All my soft-
ware Is lested on faur wmachines of varying ages
and _abilities; using: Win 3.1 and Win 95, ai
speeds up lo [20MH:=. | do not have a Win 98
machine and so any info on that system’s opera-
tion is useful in this conrext.

LEAPING CALENDARS (AGAIN)

In several recent Readouwt columns. we have
discussed ealendars in  relation 1o the
Millennium. We want fo say a really Big Thank
You ro Mr WF. Ritchie, of Fraserburgh,
Aberdeenshire, wha went to a lot of trouble to
send us a great deal of information on the sub-
ject. including 1ables of daia. Sadly, it is too
lengtity to reproduce kere.

One of the many interesting points made is
that, whereas the changeover to a Gregorian cal-
endar (in honour of Pope Gregory XII) began in
1582, Britain did not adapt it uniil 1752, whick
caused considerable controversy because, in that
year, 11 days had ro vanish ( “Give us back our
Il days!"). Greece was even later — it was the
last modern nation o make the change, in 1923,

Mr Ritchie also savs that “At the age of 78
years | make do with my Hewleit Packard 48GX
calculator, which . . . has a built-in clock and cal-
ender cavering a period from the start of the

‘Gregorlan ecalendar to 3!s1. December 99997,

Astonishing!
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DOS ERROR 76

Dear EPE,

| hiave built PIC Toolkit Mi2 (May-Jun '99)
and the first part of the Setup. where g\evollages
and parallel port are checked is OK. However,
when | press enter to carry on with the Setup, |
gel the message: “Setup program unforescen MS
DOS ERROR 76". Can you pleste help me?

Anthony Marshall; via the Net

The ERROR 76 message (“path not found™ ) is
that genetated by MS DOS when it earnot find a
particular file ar direciory named by the user. In
Toolkit's Setup this could occur if an attempt is
made to Install the program with its zipped files
being in the wrong directory. When the program
is Installed from our 3-5-inch disk as avaifoble
Jfrom the Editerial Office, it seeins unlfkely thar
this can happen.

However, readers who have downloaded the
program from our FIP site may inadvertetly
find that their unzipped files are in the wrong
directory. The files need to be installed in direc-
tory C:XPIC, as expected by various file acress-
ing comemands within the suite af programs.

There is normally a tex [Jile on tir
FTPToolkit ME2 path that explolns this
{pic_toolkil_instalixt), although there was a
brief period during which the file “went miss-
ing". It should be there now — follow its instruc-
tions (if ir's not, advise the Webmaster Jor thut
site)

The ASMCNYV directory (folder) referred 10
must be created as C:MSMONV. {11 should nor
be creaved'in the PIC directory. where it will Ror
be found.)

lacidentally, readers with (QBasic - or
QuickBASIC can find owt what a pariicular DOS
Error number means by entering the program-
writing ared o] these prograiis and fping ir the
command, for éxample. ERROR 76, Then fun
this ane-line program, upon which-the program
will kali and display a text box containing the
relevant error message.

LOGGING EXCELS

Dear EPE, ‘

[*ve just read Pam 2 of the 8-Channel Analogae
Dara Logger {Aug-Sep '99) and have o say ! like
it. | have always wanted to build one using a good
ofd Z80 CPU and a ZNxxx but even when § had
the chips [ rever got around 1o it! Your design is
madz so easy with the PICI6F8T7. s 3

Being able to upload the data 10 8.PC is really
éxsential, and your comments on using Excél-to
view the data are very good.

T have also downloaded version V2.3 of
Toolkil £{k2 —1 have used the dissemble fisnction
to recover a program from a PIC16C84 that [ had
lost the .ASM texi for. it will make rewriting a
lot easier!

-Mel:Saunders. wia the Nét

Ir's gobdl 1o knows that a design which took me
so much titng to research and implement is pro-
viding yoir and miiny other readers with a useful
tool. There were four “learning curves” imvolved
— getring 1o know the PICI6F877, the serial
memories, serial cammunication between PIC
and’PC, plus Excel (10 which | had previeusly
ondy fiad brief exposure when we produced fhz
CD-ROM for PICiutor)

O(r}



A WAVE FOR OSCILLATORS

Dear EPE,

This is the first letter 1 have ever written 10 an
electronics magazine. To establish. very briefly.
my backeround, | was brought up with the
vacuum tube starting in the eacly thirties.
Ahhough | was keen 1o build receivers. money
was scarce, and T could only read about their
construction. Then came WWII and [ tried to get
into Signals, but it was not to be. | served in the
infantry. Then came fumily responsibilities, and
the necessity o eam a. living. and a move 10
‘Canada in 1934,

Only now, in retirement. have 1 the 1ime 10
“convert” myself from the valve to solid stae.
What a fascinating subject it is! | find my main
inlerests are receivers and test instruments and
have recently built a number of them. including
some from EPE. Now | have subscripiicns 10
Tive electronics magazines from the USA, and
iwo from England. and of the seven your maga-
zine stands head and shoulders above them all. 1
can oaly say it is simply the BEST!

The series of aricles on oscillators by
Raymond Haigh is excellent, the subject is dealt
with in depth and gives down to eanth schemai-
ics. The amicles give one confidence 10 po ahead
and build each type of oscillator, and indeed ¢
have already buili some of them, and | intend to
construct many maore.

1 alse have another request, and perhaps some
of your columnisis or readers. betier versed in
clectronics than 1. could provide a method and a
circuit, for the testing and evaluation of toroids.
This component, as is well known. exists on the
surplus. market in a vast array of sizes and male-
rigl composition, and they can be bought very
cheaply. But not knowing its compaosition, i.e.
iron dust or ferrite. and what frequency it was
designed for, one would hesitate to incorporate it
10 any project.

Perhaps the circuit would take the form of a
BH curve mracer, where, instead of a 30Hz or
60Hz input. a standard signal generator could
zctivate the circuit. and the output displayed on
the scope.

1 realize that a {ull and complete evaluation of
any magnctic material is a complex subject. full
of mind boggling maths! Bui it seems to me that
if we know its composition and designed fre-
quency, this would give confidence (o incorpo-
rate the item in a project with reasonable chance
of success.

I look forward 1o perhaps seeing an article on
the above! Please keep the practical projecis and
informational articles coming.

B.J. Maloney, Alberton, Canada

We know that many readers have responded
Javourably 1o Raymond's oscillaror discussions.
Torvids-wise, though, we suspect that an article
relating to them would be 100 esoteric to uppral
1a most readers. However, perhaps readers might
care to tell us we're wrong!

We appreciate your praising words. With our
imernational readership continuing to grow, ina
large pars due to our EPE Online editions on the
Injernet, ir's good to learn what readers world-
wide think of us.

TRANSISTOR PROBLEM

Dear EPE.

I'm having some trouble gewting my PIiC
Toolkit ME2 (May-Jun "99) 1o work and hope you
can be of some help.

I am not geuling the comect vollage measure-
tents and | believe it has w do with two of the
componznis: the power supply and TR 1.

First. when the parallel port bit DA< is high,
the voliage on PIC pin 4 (MCLR) should be 12V,
it | am only getting 8-2V. Now the 78LCO5
power converter | used is only raed w supply
100mA and the Led. | chose draws 20mA.
Could there not be epough cument going o the
MAXG65 Flash memory programmer for it to
supply 12V? Should 1 replace both the power
converter 10 get more juice and the le.d. to con-
sume less?

2910

Second. when the parallei pont bits DA3 and
DA4 are high. the voltage on MCLR should be
OV, but I still ger 8-6V. When DA3 is high alone,
ITget4-3V on M . 50 something is worsking. I
used a different zpn transisior for the reset
instead of the BC549 specified because 1 could
not find that listed in any of my catalogues here
in the USA. Instead [ used a generic npn with a
-maximum collector current of 600mA.

I have jusr siarted working with PIC micros
and I really =njoy your magazine because of your
concentration on them. 1 purchased vour PIC
Toolkir p.c.b. and put together this programmer
10 see what I could learn and save a few bucks. |
appreciate your work. Thanks very much.

Fred Ramsing,
University of Nevada, Reno, USA

The Led. is unlikely to be the cawse of the
problem since its current is limited by resisior
RI13 and does not depend on tie led!s actual
rating {which states the maximun current at
which the device can be safelv operated, not the
current at which it always works}.

It seems probable 1hat the transisior is 10
blame, perhaps because its pins are not orientai-
ed correcily. Check the data sheet (or supplier)
Jor the pinow of the device and ensure that the
pin designarions correspond with those shown in
Fig 4 of the published article (vou may need 1o
“twist” the device if they are in a different order).

One alternative ta the BC549 (a device which
is part of my regular design siock) is the BC109.
Another is the 2N3704, but note that this device
has a pinout of ECB whereas the BC549 ond
BCi09 have CBE. In reality. practically any
general purpose npn transistor shouid work if
carrecily orienlated, It's only being asked 1o
switch a verv small current on and off-

Having sent the above info direct (o Fred. he
subsequently E-mailed back: “Thanks a ton, it
works fine!!”

PICKING UP ON ED

Dear EPE,

In your Editérial of Nov '99. you say it
seems that some of our readers are definitely not
interestad in PICs™. It's not the PICs they re not.
interested in it's the endless discussions on code
that put them off?. | feel the same.

Why not steer clear of code and talk in terms
of Basic programming with which a vast pumber
of vour readers must be familiar? [ notice that
some campanies offer PIC Basic compiless. Why
bother with the gricf of learning code? Please
enlightzn me.

Murray Cameron, via'the Net

Ah, Murray, yoiu've misunderstood Editor
4fike’s statement! By “some” is meant that “a
Jew” — a minority in faet — of our readers are not
interested, The vast majoriry mos: definitely are
interested in PICs a1 the programming as weil as
the applications levels.

A couple of years (or se) back. { ran an exper-
iment with one of my published PIC projecis. |
discussed ar length one aspect of the program
that conrnslied the project, in order 1o see what
reader response would be to thar extended
discussion.

The result was asionishing — many reallers
expressed their gratitude for the discussion. So
much so, that 1 felt justificd in suggesiing ro Mike
the PIC Tutorial series, which we subsequently
ran from March to May Y8. It was one of the
most successful series that EPE has ever run.
Demand for back issues (photocopics only now)
of the series still consinuas. The success of the
series also prompted us o further develop the
concept and produce the PICtutor CD-ROM and
associated hardware (see page 912).

But as ro actually indulging in “endless dis-
cussions of code” . we don't do so as a regular
part of PIC projects. By-and-large, the only dis-
cussion of code is when it is pertinent ta explain-
ing haw a purticular design should be operated.
Otherwise, extended discussions abouwt code
Jrom a programmer’s point of view have been
confined 1o such educational fearures as the PIC

Tutorial and PICI6FS877 Mini Tulosial (and
Readout!). Even my 8-Channel Analogue Data
Logger of Aug/Sep 09 (which for the first tinie
introduced the PIC16F877 as part of a project)
did nout significantly discuss code. that being left
to the Minl Tutorial.

Regarding PIC Basic compilers. | am sure that
Jor short lengths of code writing-they are proba-
biy an excellent asset for some readers wio da
noi have the inclination 10 delve into writing PIC
code directly. For myself, though. the type of
designs | create are not suited to compiiation
Jjrom one language to another in this context.
There is nsually a large overliead of extra code
that is generated when such transforinations rake
place, accompanied by a relative reduction in
processing speed.

For my purposes, I need the compaciness and
optimum speed af sub-routine processing that
writing in “machine-code” can achieve. Writing
in PIC is as second-naiture {o me us writing in
any of the other several computer-type® lan-
guages that | know and use. There are a lot of
readers who are similarly adept and wio delight
in PICs in pariicular.”Projzeis based on PICs
have wrned out ta be amongst the mosit success-
Sful projects we have published in aur 28 {nearly
29} vears of existence!

CHILD GUARD QUERY

Dear EPE,

In Child Guard (Sep '99). IC5 and IC6 both
have their address pins connected the sume way.
However, pin 10 on IC6 is connected 10 ground,
whilst on IC5 it is left Moating. Is 1his a mistake,
oris the diagram cormect?

Martin Male, via the Net

We referred Martin's quesiion to,the authar,
Tom Web. who replied:

There is no problem with pin 10 on IC6 being
connecied lo ground. This 15 required to make
IC6 continuously transmnit a signal. On ICS the
same pin should be left floating as shown in the
diagrams. since the pin is carrying information
which is not required in this design. In other
words the diagrams in the article are correct.

Tom Web and Max [Horsey, via the Net

OVERCAST SUNDIALS

Dear EPE,
_ John Becker's Musical Sundial {R.A. Evans.
Readout Nov "99) could well have its uses. Sun
time differs from clock time by up 10 a quarter of
an hour. It may be of interest to know the differ-
ence. lHuman beings can't read a sundial when
the sky is overcast (hence the well known stindial
motto I count only the sunny hours™), but clec-
tronics might. Even when the sun is hidden,
more light must on average arrive from its direc-
iion than from other paris of the sky. An inte-
grating light detector might show where it is.

An electronic sundial could be remote-indicar-
ing, allowing lazy people like me to monitor it
without going out. If it measures light intensity it
might wam vou 10 use sun lotion. Naturally, any
such device should be solar powered! Perhops read-
ers could suggest an appropriate high tech motto.

PS. Interested to see that Radio Bygones now
emanales from Wimbome Publishing. 11 you go
on absorbing other mags, your abbreviated title
will be as long 3s the original name! ;

‘George Short, Brighton, East Sussex

Good 1o hear from you again George. Yes, 've
thought ubour Sundials for Dudl Days and think
that it is feasible, although precautions would need
to be taken 1o ensure thar only the sun's light
fobscured or clear) would be responded to and not
other. brighter, sources. Should | gel the criving to
do Sumdial MK2, ! mighit try this approaci. and
atempt the use of just three sensors and a bit (?)
of triangulation through the PIC sgftware — prob-
ably more of a problem than I appreciate at the
moment _ .. Siill. where's the fun without the chal-
lenge?! Radio Byzones will, of course. continue to
be published in its awn right.
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Adverfisement

Introductory 20% discount offer for the NEW:-

pc based 20MHz oscilloscepe, spectrum analyser, data logger & voltmeter

*

1 channel version, normally — £183.83 Introductory price £149.00 inc vat, del & 1yr guarantee
2 channel version, normally — £233.83 Introductory price £185.00 inc vat, del & 1yr guarantee

From —

e L SSE e o]
= PG 20 Tud LT W%t T - - ==
VANN DRAPER ELECTRONICS LTD Aty S AR i
Unit 5, Premier Waorks, Canal St, South Wigston, Leicester LE18 2PL B
Tel 0116 2771400 Fax 0116 2773945
E-mail sales@vanndrapar.co.uk i B §
Home pags www.vanndrapsr.co.uk =] e = “#l‘
FEATURES s
) 20MHz bandwidth real time oscilloscope
¢ 40Ms/s digital oscilloscope
¢ 20MHz spectrum analyser L ' - N '
¢ Signal registration/data logger (1s-999hrs) et s | [ S wae]
) Vaoltmeter Tanm RN *@
4 16-bit for Windows 3.1, 32-bit for 95, 98 of NT - |
¢ Simple installation of ISA bus card atdet I
¢ Remote control over a TCP network (LAN/ —gen |
] WAN/Internet) with multi client capability e '
¢ DLL (32-bit}, Active X, LabWindows/view
TECHNICAL SPECIFICATIONS Signal registrator/data logger
Oscilloscope ' 1.or 2 channels
: 0 Time window from 1 sec to 999 hours
¢ ZOMH; bandwidth, 40Ms/s g o ¢ 8k sample buffer
¢ 1 or 2 input channels plus external frigger 0 Réstottand eirebis
¢ Vertical — 20mV/div to 50V/div s
¢  Horizonial — 100ms/div to 50ns/div Voltmeter
) Horizontal & vertical cursors \ tor2channels _
) Readout of amplitude and frequency/time 9 Auto/manual ranging from 800mV to 200V
¢ Readout of trigger level ¢ AC or DG ranges
¢ Auto, Normal & Single triggering General
$ X/Y mode ¢ Paste waveforms/data to other packages
Spectrum analyser 6 Save waveforms for comparison S
b 20MHz bandwidth, 40Ms/s ¢ Save instrument set ups/configurations
¢ Selectable between 19-5kHz and 20MHz System requirements
b 1 or 2 input channels pius external trigger ¢ 16-bit, min 386, 1Mb ram {oscilloscope anly)
$ Frequency resolution 2Hz . 4 32-bit, min Pentium 200MHz, 32Mb ram
'] Readouts of centre frequency and markers ¢ One iree ISA expansion card
$ Readouts of amplitude ) Windows 3.1, 95, 98 or NT
L e Use this coupon for your order 1
:’ _or phone, fax or E-mail qualing EFE ;
1 i
1,y JPRETE - A 1S o o] T R SR S e e ey Sl . . A i pesapl i o ok v, SR E
B 0 s ss v ERERLOE P SOy S s A bt ooy o oo’ BRI A SRR o iR el e § i
!
Model Description Quantity Price each Tofal j
SCP201-I1SA 1ch scope/specifum analyser  .........:. £149.00incval&del . ........ !
SCP202-1SA 2ch scope/spectrum analyser .. .. ....... £185.00incvat&del .. ....... i
E
|
|
[}
I
I
i
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Everyday Practical Electronics are pleased to be able to offer all readers these

ELECTRONICS CD-ROMS

ANALOGUE ELECTRONICS
by Mike Tooley

Analogue Electronics is a complete learning resource for
this most difficult branch of electronics. The CD-ROM
includes a host of virtual laboratories, animations,
‘diagrams, photographs and text as well as a SPICE
electronic circuit simulator with over 50 pre-designed
circuits.
FUNCTIONS

The component values on all
circuils can be edited and the user
can use the simulation engine to
seg how the value of 2ach
component aifects circuit
perflormance. You ¢ forin:  do

alier frequency an.. . <e an
and plot outputs on |
oscilloscope or show Ic
graphs 21c.

COVERAGE

Sections on the CD-ROM include
Fundamentals - Analog:

Signals (5 sections), Tra®

sections), Waveshaping Cucu
sections); Op.Amps — 17 secuons
covering gvarylhing from Symbo!s
ard Signal Connectians {0
Differantiators; Amplitiers — Single
Stage Amplifiers {8 seclions),
Multi-stage Amplifiers (3 sections);
Filters — Passive Filters {10
sections), Phase Shifting Networks
{4 sections), Active Filters (6
sectians); Osclllators — 6 sections
from Positive Feedback to Crystal
Oscillators; Syslems — 12 sactions

from Audio Pre-Amplificrs 1o 8-Bit
ADC plus a gall=ry shawing
represemative p.c.b. pholos.

@ Includes SPICE circuit
simulator with over 50
circuits

® Unique virlual laboratorles

©® Editable assignments

® Design parameters for circuits
inciuded

® Compiele hil-{i amplifier cage
‘study

Gallery — Wideband Amplifier

Prices for each of the two CD-ROMs above are:

DIGITAL ELECTRONICS
by Mike Tooley

Digital Electronics builds on the knowledge of logic gates
1 covered in Electronic Circuits & Components (below)}, and
takes users through the subject of digital electronics up to
the operation and architecture of microprocessors. The
viriual laboratories allow users to operate many circuits on
screen.

FUNDAMENTALS
Fundamentals introddces the basics
of digital electronics including binary
and hexadecimal numbaring
sysiems, ASGI, basic logic gates
and their operation, monostabie
action and ¢ireuits. and bistables —

) ] =

'h..l-_-um—

f—a...-

l'f e including JK and D-type flip-flaps.
s _'-_- COMBINATIONAL
5..-5:--:1-—5( = "_‘_T_i - LOGIC

Muliiple gate circuils, equivalent fogic
functions and specialised logic
functibns such as majority

vote, pariy checker, scrambier,

half and full zdders. Includes

fully interactive virtual

laboratories for all

circuits,

SEQUENTIAL LOGIC
Introduices sequential logic
inciuding clocks and clock circuitry,
counters, binary coded decimal
and shift registers.

DIGITAL SYSTEMS

AMD and /A converters and
their parameters, traffic light
conircllers, memariss and
mitToprocessars — archiiecture,
bus systems and their arithmetic
logic units.

GALLERY

A catalogue of commonly usad
IC schematics tzken from the
74xx and 40xx series. Also
includes photographs of
gommon digital Inlegrated
circuits.and circuit technology.

‘:-—t:ln_--p--.:—a'n
[ 0 0SNG v ey ¢ 1 e

ot ._-1

i A —— E
________'1&—-.—.,_.\_(-—:!\-.--4 d T
[w[d= -Tw

[ Microprocessor

Hobbyist/Stugent ..., ..£45 inc VAT
Institutional (Schools!HElFE!lndustry) .............. £99 plus VAT
Institutlonal 10 user (Network Licence).......... £199 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT" prices}

Lo THD.
APPLICATIONS

(ON ONE
CD-ROM

ELECTRONIECIRCUITS & COMPONENTS
+ THE PARTS GALLERY by Mike Tooley

Electronic Circuits & Compenents pravdas an introduction 1o the principles and application of the most comman types of
elsctronic components and shows how they are used to form complete circuits. The virtual laboratories, worked examples and
pre-gesigned circuils aliow students to learn, experiment and check their undarstanding as they procesd through the sections on
the CD-ROM. Secbona on the disk include: Fundamemals unils & muitiples, electricity, electric dircuits, afternating

bl Fuedvwones |

Virtua! laboratory — sinusoids

circuiis. Passive Components: resistors, capacitors, inductors, transfarmers.
Semiconductors: diodes, transistars, op.amps, logic gates, Passive Circuits . Aclive
Circuits

The Parts Gailery — many students have a good understanding of electronic theory bt
still have difficulty in recognising the vast number of different typas of electronic
componenis and symbals.

The Parts Gallery helps avercome this problem; it will heip students lo recognise

common electronic companents and thelr coresponding symbols in drcuit disgrams.
Sslections on the disk include: Components ,Componsnis Quiz, Symbols, Symbols
Quiz, Circuit Technology

Hobbyist/Student . ........ 0. cviiiiiiinnann A £34 inc VAT
Institutional (SchoolsfHEfFEflnduslry) ......... et £89 plus VAT
Institutiona! 10 user (Network Licence) .............. £169 plus VAT

(UK and EU customers.add VAT at 17.5% to ‘plus VAT" prices)

Clrcuit technology screen



Interested in programming PIC microcontrollers? Learn with PiGtutor by John Becker

This highly acclaimed CD-ROM, together with the PICtutor experimental and development board, will teach
you how to use PIC microcontrollers with special emphasis on the PIC16x84 devices. The board will also act
as a development test bed and programmer for future projects as your programming skilis develop. This
interactive presentalion uses the specially developed Virtual PIC Simulator 1o show exactly what is
happening as you run, or sitsp through, a program. in this way the CD provides the 2asiest and best evar
introduction to the subject.

Nearly 40 Tutorizis cover virtually every aspect of PIC programming in an ezsy {o follow logical sequence,

HARDWARE

Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PICtutor
Development Kilt, plus the ability fo pregram and test your own PIC16x84s, really reinforces the lessons
learned. The hardware will also be an invaluable development and programming tool! for future work once you
have mastered PIC software writing.

Two levels of PICiutor hardware are available — Standard and Deluxe. The Standard unit comes with a battery
‘holder, a reduced number of switches -and no displays. This version will allow users to complete 25 of the 39
“Tutorials.

The Deluxe Development Kit is supplied with a plug-top power supply (tha Export Version héas & banery
holder), ail switches for both PIC ports plus |.c.d, and 4-cligit 7-segment 1.e.d. displays. It allows users o
program and control ali functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM.

All hardware is supglied fully built and tested and includes a PIC16FB84 eleclrically erasatle programmable
miicrocontrolier.

PiCtutor CD-ROM

Hobbyist/Student............ T g e ama pmes STV RN £45 inc. VAT
Institutional (Schools-HEFE lndustry) remeesireriensnnenn 299 plus VAT
Institutional 10 user (Network Licencel..........o.o...d £198 plus VAT
HARDWARE _
Standard PICtutor Development Kit ......c.oocoveiiiiieccinnnn £47 inc. VAT
Deluxe PiCtutot Development Kit ... ....£99 plus VAT
- . Peluxe EXport Version......coevrmrnmmsnesmernon. £96 plus VAT
Deluxe PIClutor Hardivare (UK and EU customers add VAT at 17.5% to “plus VAT " prices}
designing your circuit
MODULAR CIRCUIT DES'GN by Max Horsey and Ph”lp C!ayton simp!?s:—‘egx{mﬂ modulas rom the widae chote avaiatis,
This CD-ROM conlains = range of tried and tested analogue and digital circuit modules, reza how they work and join tham up 1o Mmaka youw ciouit
logether with the knowledge to use and interface them. Thus allowing anyone with a basic: 3
understanding of circuil symbols to design and build their own projects. i LI 7 |
Essential information for anyone underlakmg GGSE or “A” lgvel electronics or technology and 3 - i um—?
for hobbyists who want to get to arips with project design. Over seventy different Input; w: v ; ir_-_-
Processor and Cutput modules are fiustrated and fully described, logether with detailed i e
information on canstruction, faull finding and components. including circuit symbols, pinouts, g —
‘power supplies, decoupling etc. o ; AT o
Single User Version £19.95 inc. VAT 3 | R =
Multiple User Version £34 pius VAT 1 ound that | e2uld desin 2 et Withoul iy taacher's heip
; ) And it worke! B 25 —whieh ot =
(UK and EU customers add VAT al 17.5% to “plus VAT" prices) e e e

A Web-Ertwser is required for Modular Circult. Desi gn—~aone is pravided on the EPE CD-ROM No. 1 (sse below) but most modern computers are supplied with one.

Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM,
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for PICtutor or Medular Circuit Design).

o T e R L e o i S o Ty e o e e e gt el L L
N CD-ROM ORDER FORM ! ORDERING
| Please send me: [0 Hobhbyist/Student ! ALL PRIGES INCLUDE UK
t ] Electronic Circuits & Compdnents +The Parts Gallery [ Institutional ! POSTAGE
1 ] Analogue Electronics [ Institutional 10 user i i a?
1 | | 7 L
: B g:(g:itljl]QErlec" onics Hote: The schiware on ‘ea:h VETSIO:I i the : _Sgﬂ”eiiﬂglng!eﬂse;fs_lﬂﬂdhfdyg;ﬂﬁn ‘
! : same, only tre Foerce far use vanes. ! price Includes postage to most
1 H countries in the world
t 0 PICtutor Development Kit — Standard ] Note: The PiCusar CO-FOH s 1 EU'resldenls outside the UK add!€5 for
1 ) Cugter G 1 2 Y
| [ PICtutor Development Kit - Deluxe {3 Deluxe Export nol included in the Kit prices. : alrmail poslage per order
ED Modular Clrcuit Design — Single User i institutionat, Muitiple User . and Deluxe
« [0 Moduiar Circuit Design — Multiple User i 'Verslons — overseas readers add £5 (o the basic
1 | price of each order for airmail postage (do not
C Fullpame: ..........: T s a7 i o Bt b T e P . ] add VAT unless you lve In an EU country, then
| Address: . § add 17%% VAT or provide your offical VAT
JPTIERS o 0. 100 amsm oo o g KHBA 4y + 5 A8 o S S e s | i nRER:
I s A e o P v o R Ty Y e i S D N L S St T I Send your order to:
[} 1 .

Direct Book Service
1 I )
: 2 t TRt tha B e et s FPOSICBHEE a uer.o e wit mimssnssins T Dy, = R S R S O T | 33 Gravel Hill, Merley, Wimborne:
1 BIONAU . avrre sai g B B R Urir i i tna 58 et b b siren Tk n i R e S A e i Dorset BH21 1RW
1 ; 5 S s A (Mazil Grder Only)
:Dl enclosa cheque/PO in £ slerling payable to WIMBORNE PUBLISHING ETD for € .. .o oo in o ! Direct Book Service is a division of Wimborna
! [ Pleasz charge my Visa/Mastercard: £ . ... . .... 5wt CETAEXPIAATEIES iomis wrtd i s o s s | Publishing Lid. Yo order by phone ring
WEEAINGT o ol e SNSRI s s, HINE. s SRR N I 01202 881749. Fax: 01202 841692

V/a cannot reply 1o overseas orders by Fax

1
i
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Demos (not Modular Cireult-Design) available on the EPE CD-ROM No. 1 (Free with the November ‘98 issue of Everyday Practical Electronics magazingé) -
send £2 for this CO-ROM if you require the demos. Minimum order for-credit card payment is £5.
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Part Two — Capacitors

your brain too much!

—— JOHN BECKER

Whal we are doing during this 10-part Teach-in
2000 series is to lead you through the fascinating
maze of what elecironics is all about! We are
assuming that you know nothing about the subject,
and are taking individual components and concepis
in simple steps and showing you, with lots of exam-
ptes, what you can achieve, and without it taxing

Through these simple sieps we hape 1o prove o you
that using electronic components nesd noi be a complex
task and that, providing you think about each siage of
what you are trying to create, you can aciually design and
build something that works!

Last month we introduced colour cades and resistors.
We now look at capacitors and show you some of the

'ihings thay can achieve when.used with resislors.

N that fascinaling bag of parts that you

bought, you will see a number of bluc

(or black) tube-like componems with
two wires siicking out of on¢ end (see
Phdio 2.1). They are some rather remark-
able components called electrolytic capaci:
tors. Find the one whose value says 100uF.
For this experimant consider the capacitor
1¢ be called C1.

One wire of C| is usuaily longer than the
other und has a large arrow pointing at il
from the case. This wire is called the nega-
tive {~ve) wire. often shown with a "
(minus) symbol. The other is called the
positive (+ve) wire, for which a *+" (plus)
symbol may be used. This is illustrated
schematically in Fig.2.1a, This type of con-
struction is called radial.

A variant of electrolytic capacilor case
style is also manufactured. as in Fig.2.1b,
‘which is called axiel construction and
‘whose +ve and —ve connections are at
either end as illustrated.

(%) ‘RADIAL

Fig.2.1. Typical case styles for elet:
trolytic capacitors.

A CURVATURE IN TIME
Referring 10 Fig.2.2, plug CI into the
breadboard with its leads orientated as indi-
cated by the + symbol in the diagram (the —
symbol, although marked on the capaciter,
is often not shown in layout diagrams).
Now fit a 100k resistor (call it R1) as

9l4

Photo 2.1. A selection of electrolytic
capacitors (radial censtruction).

e e

e
e
{0

2
2

J

O o
18
H
_g&un"cm
=i

fio 62 04 00 0

o ot oo 50
-

p]
0

0D 00 06 B0 o
0% 0% 00 00 00

-

0 0 b0 6

Fig.2.2 and Photo 2.2, breadboard lay-
out for the first resistor/capacitor tim-
ing experiment:

shown. Insert terminal pins for ‘the power

supply connections (see Photo 2.2).

Clip one power supply lead 10 the bat-
tery's negative (=) terminal and to the board

ety TR T DD

as shown in Fig.2.2. Clip ihe other power
supply tead to the board as well. but don't
conmect the other end to 1hg bauery’s posi-
tive (+) rerminal vel

It is conventional to use a red tead for
the posilive pawer supply connection.
For the negative power supply connection
it is the author's preference 10 use i green
lead. although the use of black is also
common.

Note that m muany circuits {including
those discussed in this Teach-/n). the bat-
tery’s negative connection is taken as the
common reference poim against which
voliage readings are mken. As such, it is
regarded as being at zero volts (0

Consequently. throughout this senes
nunless vou are told specifically othenwise)
the meter's COM lead should always be
connected to the battery negative vonnge-
tion when 1aking volrage readings.

Clip vour multimeter’s leads as shown
and set the-meter 10 the first volis dc. range
above 6V. Note the
reading. OV at this
moment. While you

e o & e e 8 8 wach the meter. g2t a
e e s o o ¢ ¢« (rfiend 1o clip the red
e & ¢l® & & « wire to the haitery’s
s ¢ &ls & e 1 positive (+) terminal,
e & e ; noling the position of
the seconds hand on

his watch as he does

| so.

oo (Gints. ladics, fors
c s give the use of “he’
e a and “his"” forms of ref=
@5 e o @ e crence — il would be
a» e @ o Icdiousitoihisautitors

typing finger 10 keep
giving the feminine
form as well the mas-
. culine. he/she. hisshers
and so on. Wé know that females of the
species are also interested in electroniest)

Waich your meter and yell "NOW™ as
soon as it shows a reading of 2V. At which
point your friend should iell vou the num-
ber of seconds that have passed since clip-
ping the red lead 10 the battery.

Evervday-Practical Eleciionies/EE, Deceniber, 1999



Confinue watching and uming and yell
again when the meter reaches 4V and again
al 6V (assuming vou haven't run down
your battery since last month’s Teach-In —
if you have. get a new one!). Leave the bat-
tery Iully comnccted while vou censider
your results.

What (imings have you got for the 2V,
4V and 6V marks? Hopefully. about 4 sec-
onds for the 2V, 10 secs for 4V, and, oh ~
about 40 10 50 seconds? And what do you
mazke of these 1imings? The voliage sieps
have been at 2V intervals. ver the timings
have become progressively slower.for each
step. '

Let’s now do things backwards. Watch
the meter and tell your friend 1o note the
seconds hand again as he unclips the red
lead from batiery positive and clips it (do it
quickly) to the bauery negative. You now
yell out when the meter shows readings of
4V, 2V and OV.

This time you should have found that 4V
is reached after about 4 secs. 2V a1 10 secs
and (almost) OV at about 40 10 50 secs. You
will see, too. that timings have agiin
become progressively slower for cach 2V
step.

Don’t worry if the acwual timings you gef
are somewhat different to ours, for a start
you are not using an accurale limer, sec-
ondly, the actual values of a capacitor com-
pared to its stated value can differ by even
as much as 50% (more about this in dus
courssa).

Additionally, your battery is probably
not supplying exactly 6V. Furthermore, the
resistance of your meter (which you estab-
lished last monih) is forming a potential
divider with resistor R1. so fractionally
“pulling down* the voliage at the junction
of C] and RI.

What you have just demonstrated is that
when a vohage is applied 10-a capacitor via
a resistor, the capacitor starts to charge up
with the voltage, commencing at quite a
fast rate, but then more slowly as iis charge
increases. until near the end of when the
voltage on the capacitor is close 10 that of
the battery, the charging rate becomes
almost imperceptible. You have also shown
that the opposite is true as well (i.e. during
discharge).

The charge/discharge praperty of a
capatitance-resistance combination has the
most profound effect upon the whole realm
of elecironics technology.

But, before we examine the results of
your timed yvelling, let’s tirst have a look-at
the basic nature of a capacitor.

WHAT IS A CAPACITOR?

A capacilor is a component which has
ithe capacity 1o store electrical enerpy
(hence its name). In this sense, capaciiors
can be thought of as a type of battery, bui,
uniike a battery, they do not depend on a
chemical reaction for this function to occur.
Rather, they take advantage of a convenient
fact of nawre that prevails when two méial
plaies are placed close to cach other. but
not louching, and a voliage source is con-
nected across them (sec Fig:2.3).

At the moment that the voltage is applied,
an electrical charge is transferred 1o the
plates ar a rate depending on the voltage level
applied. the material from which the plates
are made, their 1otal area, distance apar, the
substance which lies beiween them (called:

Alternating (a.c.) voltages are those thdl,
repeatedly change their moagnilude above
and below a midway reference voiiage
level (often taken as OV, as in mains elec-
ricity supplies. bul mayv be other voh-
ages). Direcr (d.c.) vohages are those that
remain at any fixed voliage- level, gither
above OV or below it

Sirictly speaking, a.c. and d.c. actual-
ly mean aliernating current and direct
current and, as such, io use the terms
a.c. voltage and d.c. voliage is incorrect.
However, for some unknown reason. the
tekms av. and d.ov. (which would be
more appropriate when referring o
alternating and direct voliages) do nol
Se2m 1o exisi.

PANEL 2.1 — A.C. AND D.C. VOLTAGES

it can be argued. however. that it is nor
the voliage thar flows. but the carrent.
Indeed the term voltage merely represents
a concepl rather than something that aciu-
ally flows. As an angient (1962) copy of
the Penguin Dicttonary of Elecironics puts
it: “Yoltage. Strictly, a difference of vlec-
tric poremial expressed in volts. However,
the term is used more generally us a
synonym for elecirical potential®.

Voliage is certainly a more convenient
term and ties in with the fact that tlie unit
of measurement for potertial difference
(p.d.}is the volr, for which the symbol is V.

Note that you may encounter another
term instead of voltage or potential differ-
ence. elecromotive force (e.m.f).

5

the dieleciric), and the amount of resistance
existing in the connection path (including the
capacitor's intiemal resistance). If the voliage
is applied for sufficient lengti: of time, even-
tually there will be virtially the same voliage
across the plates as available from the source.

When the voltage source is removed, the
plates will retain their charge until & conduc-
tor of some sort is connecled across them. As
soon as there is a conducting path between
the two plates, the charge begins 1o flow
from one to the other. trying to return to the
previously uncharged state. The discharging
rawe is govemed by the same factors as con-
trolled the charging rate.

 BSRATING
\ / DELECTRIC
CONDUCTIVE
PLATES

Fig.2.3. Basic constructiop of a simple
capacitor.

Given enough time, all of the electrical
charge stored across the plates will reduce
to zero. But, you may ask. what happens 1o
the electrical charge iisclf? Principatly, it is
converted into hear in the discharging con-
ductor and capaeitor’s intwemnal resisiance,
although in exireme circumsianves some
could be comverted into light or Tadigr
energy. In normal use,

used in electrical and electronic circuits in
a vanety of ways:

® To simply store a volingé umil it is
needed
® To smooth out flucluations in voliage
levels

@ In conjunction with other components.
such as resistors for example. 1o determine
the rate at which voltage changes occurat a
pariicular point in a circuit

'@ To shorten or extend pulse lengths

'@ To wransfer changiny differences in volt-
age levels between one side of the capaci-
tor and the other. in other words. to allow
alternating (a.c.) voltages to be transferred
whilst preventing direct {(d.c.) voliages
from flowing from one part of a circuit 1o
another (see also Panel 2.1)

CAPACITANCE VALUE

The amount of electrical charge that @
capacitor can hold is known as its capaci-
tance value (surprise, surprise!). and the
unit which is used to define it is the Farad.
Lt is namzd afier another electrical pioneer
in the nineteenth century, Michael Faraday.
He was a Londonrer, born 22-9-1791, diad
25-8-1867. .

Moré intimate informatien zbgul Farad
values is given in Panel 2.2

There are several syinbols thal can be
used to represent a capacitor, as shown in
Fig.2.4. Some represemt the tvpe of capaci-
lor. but there are also differcnces of inter-
national standard used in some cases.
Those used in £FPE are the ones 0 the left
of each pair.

The circuir diagram for what vou have
just been doing on your breadboard is
shown in Fig.2.5. (We didn’t comment en
the batery symbol in Pant |, make a mental
note of it now!)

We'll say more about capacitors iater, so
back to vour timing resulis . . .

you won't nolice amy
emperalure change in

the capacitor or the $ %
conductor.
A capacitor’s ability FivED
NON-FOCARISED

‘to. be charged by a
voltage and to hold the

Fx FHF OFH
kv
FIED VARARLE FROMMER
FCLSASED W FOLARISED HOM POCARISED
ELECTROUTD)

charge (almost) indefi-
nitely azllows ir to be
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Ehoto 2.3. Capacitor charging graph displayed on the interactive computer creen.

DISPLAY GRAPH

We can illuswate a capacitor’s mte of
charge and dischusge using another of our
software demos. From the main menu
select Resistor-Capacitor Charging Graph.

On entry to this display you will see a
nsing graph on a grid. similar to that in
Photo 2.3. This particular graph is that for a
114[F capacitor and 1M resistor, a combi-
nation whose timings would be far 10 fast
for you and friend o keep pace with!

As with the resistor display examples
fast month, you can change the values
associated with this demo. At the top right
you should see C highlighied and its value
as tuF Press the <*> key (multiply) rwice.
On each press the graph will redraw 1o suit
the changed value. You should see C =
100uF after the second <*> press.

Press the down amrow key once to select
factor R. Press </> {(divide) once o set R =
100 kilohms. Press the down arrow once to
T,leﬂ VY, then press <> (minus) four times
i set V = 6 volts. Again préss the down
arrow 10 sclect T, and press <*> once 10 set
T = 10 secs.

TIME CONSTANT

~ In front of you now is the graph that
illustrates how an ideal {(and “empty™ —

uncharged) 100uF capacitor charges via a

100k€2? resistor when a vollage of 6V is

‘instantaneously applied to it. The vertical

axis of the graph represenis volts, and the

harizontal axis shows elapsed time in sec-

onds. The time beiween each horizonial

step is the value shows times 10, because T

has been set o 10 seconds per division.

Leok closely at the graph. Where it
reaches the 2V grid line. you can just about
estimate that the time taken so far is about
4 sees. It’s clear 1o see that 4V is reached at
about 10°secs, and that it has just about
reached 6V at around 30 secs. You can
select a “magnified” view of the 2V mark
by pressing <—> 10 make T = | secs (excusg
the mismatch of singular and plural!).

Wiy the blue horizomal line just below
4V?, you must be wondering. By convention,
the line represents the 63% level of the power
supply voltage across the resistor/capacitor
series. The rate at which the capacitor chaipes

9t

Fig.2.5, Circuit diagram for the capaci
{or charge/discharge experiment.

1o that 63% voltage is termed its rime-con-
stant. which is the value obtained when the
capacitance (C) and resistance (R) values are
mulriplied. It is generally referred 1o as the
CR (or RC) value.

11 is important 1o note that the tnits for C
and R must be expressed with the correet
orders of magnitude. In the example
shown. C (100uF) is expressed in micro-
farads (100} and R (100kQ) is expressed in
megohms (0-1), fesulting in a CR value of
10 seconds (100 x 0-1). as shown [0 Lhe
right of the displav.

With a 6V supply. the 63% voliage is
3-78V (6 x 0-63), shown alongside Ihe—C_R—\
value. ‘

DISCHARGE GRAPH

So. we have illustrated the charging up.
of your R-C combination. The discharge
illustrution is similar? but in reverse. Retum
the fime scale value to T = 10 secs, then
Press <C>.

The curve now starts high, at 6V and
smoothly descends o OV. It crosses 4V at
about 4 secs. 2V at close 10 10 secs, and
reaches OV round about 30 secs — just as
we predicied earlier, and you were prob-
ably close to it with your experiment.

The blue line has changed its position
though. The reason is simple, again by con-
veation, it now represents the 63% level
below the staning voltage or 37% abov'e the
icrmination voltage. i this case 6V and OV
respectively.

The rate of change is said to be exponer=
tial, and in its caleulation vou ideally need
a scientific cajeulator (and the knowledge
of how 10 use it), because the formula is a
bit complex:

Y

Ve =Vs x (1 - EXP(-t/ CR))
for the charging rate. and:

Ve = Vs x (EXP{-1/ CR))
for the discharging rate

svhere:

Ve = voliage across the capuciior F
Vs = voliage across the capacitorfresisto
series

1 = elapsed time

CR =time consiant

EXP = expanent

You will see these formulue shown,-as:
appropriaic. at the top of the graph display.

We are not going 1o ask you o memorise
‘the formulae or test your knowledge of how
10 use them. Since you now have a comput-
er program that does it for you, let it do the
brain-ieasers! The answers for any values
not included in the C-R-V-T ranges provid-
ed can be estimated from the nearest
selected values.

( What you can do-more simply, howev-
er, is calculaie the RC time constant, by
multiplying the values of C und R. Do

A capacitance value of one Farad is a
unit of charge which, in practical terms, is
far too large 10 be useful in everyday elec-
trical and electronic circuits. For. conve-
nience. the unit is usually divided and
cxpressed in sub-units, such as:

@ Micrafarads, being one millionth of
one Farad. and usually written as uF
(Greek “mu”’ followed by a capital F),
dlthough it is common for it to be writ-
ten as “uF" or "mF”, since many key-
hoards do not have the Greek symbol
readily available. (The use of “mF*’ is 10
be deplored because it really means mil-
lifarad rather than microfarad.) It is also
commen, where the meaning of the term
is implied. for it to be wrilten simply as
“n'', in component lists for instance.
Verbally, these abbreviations dre often

PANEL22=;CAPACHANCE1HNTS

*

pronounced as “mew’” or “muif". For
example, a 10uF capacitor might be
referred as having a value of “ten-mew™
or “ten-muff .

© Nanafarads, being 1000-millionth of a
Farad and wusuvally written as “ni". "
although the “F" may be dropped where it
is implied in the context. Verbally. the
abbreviation might be pronounced “en-
eif" or just “en”, ie. a value of 10nF
might be pronounced as “ten-en’’. The use
of the term “nuff” is uniikely. e
® Picofarads. being-one million-millionth
of a Farad and usually wnitien as “pF™,
though again the “F' might be dropped .
when It is implied. Pronunciation is usual-
ly puff” (as in “stairs puff him out?"),.
although it might sometimes be heard as
“pee’”. 1.e. “ten-pee” for §0pF.
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Table 2.1: Capacitor varieties and their typical characteristics

'Cépac'ﬂor Ceramic Electrolytic Metal film  Mica Polyester Polycarbonate Polystyrene Tantalum Polypropylene
Capacilance 2:2p to 100n to tu lo 22p 1n 1o i0n to 10p to 100n to 100p 10
range {F) 100n 47000 16u to 10n 101 10u 10n 100y 470n

Typical 210 -10to +20 =1 x5 =20 +1.¥25 220 *5to
tolerance (%) =80 +50 +20 and =5 20
Typical 50V to 63V1io 250V 1o 350V B3V o B3V 50V to 63V to 100V to
voltage rating (d.c.) 15kV 450V 600V typical 400V 830V 830V 35V 1-5kY

Temperature +100 to +1000 +100to0 <3510 200 +60 -150 to +100 to -200
coefficient (ppm/*C) —4700 {typical) +200 =70 +80 -+1000 {typical)

Stability Fair Poor Fair  'Excellent  Fair Good Good Fair FairiGood

Ambient Temperature- 35 to —40 1o -25 1o -40 to —40 10 -551t0 —-40 10 —40 1o -55 10
range {(°C) +85 +85 +85 +80 +100 +100 +70 +85 +100

note that the values must be cxpressed in
units of the correct magnitude to achieve
a valid answer. as we said a few para-
graphs carlier.)

Tust for a bit of idle illusiration. the cir-
cuit diagram for the R-C series is shown at
bottom right of the screen. Note how the
arrow changes direction and valie depend-
ing on the charge/discharge mode. The
capacitor symbol shown is that for a non-
polarised type {sce later. plus Fig.2.4). but
in realiry the symbol should mare reason-
ably be that for an electrolytic when high
values of capacitance are used.

We suggest you expefiment with différ-
ont range values on the screen, and if you
think you can actually time some of the
graphs using vaur breadboard assembly, set
R1 and C1 10 the same values as displayed.
(Be sure (0 read Panet 2.3, however!)

In the accompanying Experimenial ani-
cle, we shali 1ell you aboul how 10 combine
Lwo or more capacitors 10 achieve different
values. In this Tutorial section, though, it’s
lime 10 discuss some more fucts about
capacitors — first have a read of Panels 24
and 2.5, and then read on from here:

CAPACITOR SELECTION

Some concepts referred to in this section
are likely to be alien to you. Where they
are not further discussed here. they will be
covered in later parts of Teach-In. We have
10 mention thent now as they are relevant 1o
this section — you should re-read il once
you have read the fulure pants. Should weé
not cover something thar you are puzzled
by, you can always ask us 1o clarify it
through Circuit Surgery or Readout pages.

There are several factors 1o be consid-
-ered when selecting a capacitor for a par-
ticular application, which include:
® Capacitance valug
@ Working voliage
@ Tolerance
® Leakage curreni
@® Temperature ceeflicient
© Stability

Unless you are involved with a particu-
larly demanding design, it is principally the
first two which will concern you, bui you
should be aware of the following:

When substituting capacitors, either
because they have failed in an existing
circuil, or because the precise 1ype spec—
ified in the components list of a con-
structional project is not readily avail-
able from your normal supplier, il is
‘important 1o ensure that the replacement
performs 1o a specification which is at
least as good as that of the specified
component.

Do be warned that vou should NEVER
insert or remove componenis from i cir-
cuit board when the power is switched on.

Whilst this (anguably) is not so necessary
to observe with passive components such as
resistors and capacitors 10 a fow voliage cir-
cuit, active components {10 be met latér)
such as integrated circuits (i.c.s) and trmsis-
tors can die in such circumsiances.

It also impornant 10 note that capaciiors
can hold their charge for a while even ulter
the power is switched off. Ideaily, vou
should allow a few seconds for them to
discharge before handiine them. With a
low voltage supply. such as 8V, (his is per-
haps not critical. However. with higher

PANEL 2.3 - BEWARE THE FORCE!

vohages. of greater than 30V for example,
it is ESSENTIAL that you should allow
for the discharge ume. To really ensure
that a cupacitor is fully discharged.,
CAREFULLY 1ouch a 10KkQ resistor
across iis +ve and —ve connections for a
tew seconds = taking grear care thut YOU
do not tolich the wires.

We also have to caution vou (nol as the
“Qld Bill” but as friendly voices across the
page!) — DO NOT use a meial ool (e.g.
screwdriver) to short out capacitor lermi-
nals for insiamaneous discharge. h can be
amaging o both the capaciior and the
screwdniver (although it does make a nice
spark and minj=-thunder crack!}.

Capacitors -are manufactured as having
two very basic characteristics. they are
cither:

@ Polarised, or
@ Non-polarised

the latter being manutacuired as fixed and
variable capacitance types.

In circuit dingrams and constructional
charts, a fixed capacitor’s numerical iden-
tity is usually prefixed by “C”, e.g. C21. A
variable capacitor may have s number
also prefixed by “C", although it is more
likely 10 be prefixed by “VC" (Varuble
Capacitor). or perhaps “CV" (Capacitor
Varable).

Polarised capacitors. as their name
implies, are very particular about which
side of them is connected to a (relatively)
positive vohiage. Connecting them the
wrong way round can have dire resulls. a
matter which is discussed in the main text.
It is polarised capacitors that ‘you have
been using so far. sub-type “clectrolytie” —
this is why we stressed earlier that you
should only connect their +ve and —ve
Teads as shown.

Non-polarised capacitors can normailv
be connected into a circuit cithér way
round, although there are some circum-
stances where the relative position of the
output electrode foil is placed in relation to
other parts of a circuit. The coloured ends
of some polystyrenc capacitors. for exam-
ple. can indicate this tvpe of polarity.
although it is not a rrue polarity as referred
10 with regard to polarised electrolytic or
tuntalum capacitors. (The author has never

PANEL 2.4 — CAPACITOR TYPES

had occasion be concerned about this
detail. over severil decades of doing
elcetronics.)

Capacitors are also manufactured in a
seemingly-bewildering array of sub-1ypes,
basically named in respect of the nature of
the diefectric maicrial used between the
plates:

@ Llecrrolytic (polarised)

@ Tantalum (polarised)

@ Polypropylenc wnon-polarised)

@ Polycarbonate (non-polarised)

@ Poiyesier (non-polarised)

® Polystyrene (non-polarised),

@ Meuallised film (non-polarised

@ Ceramic (non-polarised)

@ Mica {non-polarised)= sometimes
called silver-mica

@ Trimmers — variable capacitors {(non-
polarised) _

@ Air-spaced — variable capacitors {(non-
polarised)

& Paper - now rare (non-polarised)

@ QOil-filled = now rare-(non-polarised)

There are also sub-tvpes of the sub-

tvpes! Have a look at a major component
supplier's catalogue and prepare 1o be
astomshed . . . Fortunately. until you are
much more iinto the depths of serious elec-
ironics design. the subile differences
beiween some 1ypes need be of liule
concent.

Tvpical physical shapes for six capaci-
tor types arc shown in Fig.2.6. A summary
of the characieristics for the mosi com-
monly available tvpes of fixed capacitor is
given in Table 2.}
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Fig.2.6. Examples of capacitor -body
styles. Other styles exist.

However, it is quite permissible to
replace a capacitor which has a working
voltage rating of 15V by one raied at 25V,
for instance. The working voltage raling
simply states the maximwm voltage at
which a component should be operaied in
normal service. Generally speaking. a high-
er working voltage rating is nearly always
acceptable elecironically (physical size
permitting, of course). Similarly. a capaci-
1or with a iolerance of 20% can always be
replaced by a similar one having a loler-
ance of 10%. A better tolerance rating is
always acceptable electrically.

WORKING TO RULE

It is also important o note that working
voliages are related 1o operating tempera-
tures and at high temperatures {(well above
“normal”’ room temperatures) all capacitors
should be significantly derated (assumed to

have a lower working voltage than that statx
ed). In normal ¢veryday applications, how-
ever, this facior is usually irrelevani.

Capacitors should always be operaied a
well below their nominal maximum work-
ing voltages. If a circuit is designed for
operation at 9V. for example, a capacitor
rated at a working vollage of 9V or 10V
should not be used, rather, one rated at 16V
or greater should be chosen. Even one rated
ar 63V, for instance, would be acceptable,
provided that its size (which is likely 10 be
greater with increased voliage ratings) s
suitable for the circuit board on which i
may need o be mounted.

As a rule of thumb, the quoted working
voliage rating should be at least 50%
greater than the voliage at which the cony-
ponent is required 10 work in the circuit.
although there are occasions, such as in
power supply circuits, where a much
greater margin should be allowed, possibly
even as much as four timcs the nominal
supply voliage.

Where an ac. volt-

order 10 minimise losses in its dicleciric
material which can produce internal heat-
ing and lack of siability.

You should also be aware that a sinu-
=soidal waveform normally has its voliage
quoted as an rm.s. (root of the mean
square) value, whereas in faci its peak
wvalue is nearly 30% higher (x .1-41), thus
the chosen capacitor’s voliage rating must
Juke this into account.

RIPPLE FACTOR

Capacitors used for smoothing and reser-
voir (substantial storage) applications in
d.c. power supplies must have an adequate
ripple curreni rating. This raling refers o
the a.c. characteristic of the current (at. the
ripple frequency, e.g. SOHz for UK mains
operated power supplies) which remains
after the principal alemating (a.¢.} voliage
has been rectified to a d.c. voliage.

Without a capacitor following the rectifi-
er, the ripple veltage will be approximately
haif that of the original a.c. peak-to-peak

Table 2.3. Ceramic capacitor letter coding.

age rating is specified,

this is normally for 1st Tolerance Tolerance 2nd Rated
sinusoidal opemlion Suffix C = <10pF E = 1UPF Suffi)_( Vollagg
(sine waves) at either B +0-1pF = A OV dec.
S0Hz or 60Hz (Hz, or © +0-25pF - B 125V d.c.
Hertz, is a unit of fre- D +0-5pF +0-5% c 160V d.c.
quency in cycles per F +1-0pF #1-0% D v250v d.c.
second). Performance G z2-0pF =2:0% (= 350V d.c.
will not usually be sig- 5" F fggg‘ S 15885 gg
nificanily affected at G B _1'107: U 250V a.c.
low frequencies (up to pg o $20% v 350V a.c.
100kHz, or so). bm p = +100% w 500V a.c.
above this, or when R = +30/~20% =
non-sinusoidal (e.g. S - +50/-20% -
pulsed) waveforms are 2 e +80/-20% -
involved, the capacitor €9. 7247 KD = 0-47nF z10% 250V d.c. (n-= nanolarads)

must be derated in

PANEL 2.5 -

The majonity of capacitors now have their
values printed on them, although colour-
coded varieties are still 1o be found.
Examples of the colour codes which might be
encountered are shown in Table 2.2 plus
Fig.2.7. As with resistors, the colours allocat-
ed to cach numeral from 010 9 conferm to the
standard colour code system.

Where capsacitors have their values
printed on them, the information may well
be abbreviated or allocated a letier coding.
Ceramic capacitors, for example, may
have their tolerance and vollage ratings
coded as in Table 2.3.

mark some ceramic capacitors. The first
two digits correspond 1o the first iwo dig-
its of the value, whilst the third digit isa

IDENTITY CODING

A 3-digit coding is commonly used to

multiplier which gives the number of
zeroes 10 be added to give the value in-pF,
e.g. 103 = 10000pF = ¢-01¢F.

Which brings us 10 the somelimes mis-
undersiood use of pF, nF and u«F. An nF
value is 1000 times greater than pF. and
1000 times less than uF. Therefore, the
following typical conversions apply to val-
ues seen on some capacitors:

1nF (or 1n) = 1000pF

10nF (or 10n) = 10000pF = 0- OluF

100nF (or 100n) = 100000pF = 0- 1l

However, despite all this possible cod-
ing; with many modem capacitors. their
values are nommally obvious from the
uncoded information printed on them
(although vou may need a magnifving
glass in order to réad them).

Table 2_2. Tantalum capacitor colour coding.

Reading from the top, Bands 1 and 2 = Capaclty, Spot = Multiplier, Band 3 = Voltage

Colour Figure Multiplier Voitage 1.
Black 0 1 nF v
Brown 1 10 uF -
Red 2 100 uF —
Orange 3 - = -
Yellow 4 - i 6-3v
Green 5 = 16V
Blue 6 — - 20V
Violel 7, J = -
Grey ‘8 0-0% uF 25V
White 9 041 nF 30V
- - - 35V

Pink
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volage. It is the job of the following capac-
itor 10 smooth out that ripple, a task which
is complicated when large currents are
demanded by the ensuing circuit.
Component data sheets and catalogues will
usually quote the typical ripple current sat-
ing for the large value capacitors required
for power supply use. The chosen ripple
current rating should always be greater than
the ripple current expecied.

WHICH WAY ROUND?

A mosi imporiant consideration when
using polarised cupacitors (e.g. electrolytic
and Tantalum), is that they-should be con-
nected the correct way round. The posijive
side of the capacitor musi always be con-
nected to the side of the circuit which has,
or is likely 10 have, the highest voliage.

Across power supply lines, this ofienta-
tion of polarity will always be obvious —
the positive side of the capacitor goes o the
positive supply line. It is not always so
instinctively obvious when the capacitor is

= isTeaa e
Lo = 2
_f}* SRt ij 157800
24T BAND -
i .j— 2080
J~ apanD

_/\smmm

Fig.2.7. Tantalum capacitor colour
coding.

TANTALUM TYPES
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being used to couple ac. signals between
different parts of a circuit. If in doubt, think
about what d.c. levels are likely to exist if
the a.c. signal ceases, and face the capacis
tor accordingly.

There are instances, though, when the
polm'iu of the voltage across an electrolyt-
ic might kecp reversing (as in some types
of oscillator. for example), adversely
ailecting both the capacitor and the correct
operation of the circuit, In this case. two
equal value electrolytic capacitors can be
used in series, both negative ends connect-
ed together. both positive ends facing out-
wards. The value for each capacitor should
be twice the lotal capacitance required.

If a polarised capacitor is connected the

wrong way round, in exfreme circum-
stances it can over-heat, causing damage 0
itself and other components, and in a reafly
severe case the capacitor may even
explode. At the very least, the circuit.-may
not operate as intended.

POLARITY MARKINGS

Polarity is usually clearly marked. but
there are several ways in which it might be

done. The ends from which the connecting

“wires come oul may be marked with “4" or

(TR

signs, or there might be a large amow
pointing to the negative end or 0 a particular
wire (as we discussed at the beginning of this
Tutorial), With electrolytic capacitors having
a wire at each end (axial construction), the
positive end is likely to have a crimp around
the casing and the circulsr face at that end is
likely to be a plastic material. often black.
Also, where the lead connections to the
capacitor are obvious, the negative lead
will be scen to be attached to the outer
metal casing of the body. (The “opposite”
lerm 0 axial construction is radiai, in
which both capacitor wires come out from
the same end — shown earlier in Fig.2.1.)
Non-polarised capacitors can generally
be connected either way round, although

there are specialised situations where the
oricniation in relation to the capacitor’s
outer foil may be sigaificant (as we com-
nient ‘abour polystyrene capacitors in Panel
2:.4).

Be aware that ‘with very small . poly-
slyrene capacitors, an occasional fault can
be experienced in that the leads can become
detached intemally. It is very unusual, but it
can cause the capacitor to develop-an open
circuit, or a short circuit.

LIGHTLY CHARGED

We suggesl you now move on (o the
Experimental article and just generally ptay
around as suggesied there. You can even
“lighten” up the experience as well.

Next month we look al comporents
whose values are .not rigidly fjxed — van-
able resistors (variable capacitors will be
discussed in a later part), and sensor resis-
tors. Herr Georg Ohm and his famous Law
also-come under scrutiny.

TEACH-IN 2000 - 'Experimen'tal 2

MEASUHING AND CAL@ULA’TING CAACITANCE

N the Tutorial of Pant 2, while using dif-

ferent R1 and C1 values on your bread-

board 10 mimic the screen display, you
might have come up against a bit of a snag!
The screen has specified a C-R combination
for which you don’t have the component
values. Well, actually, you know you can
tnake up the resistor value using serial or
parallel combinations, as discussed in Pan
1. It's the capacitor values that are the
problem.

Fret not! Capacitors too can be combincd
in series or parallel 1o achieve other capaci-
tance values, The rules aré as simple s
those for resistors, except that they are ithe
opposite way round.

CAPACITOR
COMBINATIONS

When capacitors are in series, as are the
three shown in Fig.2.8a. the 1o capaci-
tance vatue {Cy) is calculated as:

=H/{L/C+(1/C2)+ (1 /CI+
(e1c))

which is, of course, identical 1o the tesistors
in parallel formula, except for the leiter
change.

L

Fig.2.8. Capacitor in sen’gsl {A), and
parallel (B).

parallel (as for the

‘For capacilors in

three in Fig.2.8b) the
formula is simply:

Cl+C2+C3+ (ec).

i
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Computer program
Capacitors in Secries
and Parallel, accessi-
ble from the main
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T
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menu, allows you to
set the values for two
and three capacitors
and have the compui-
er calculate the result-

CAPCTIS 1N FsalliL
CTOTL = C1'+ €2 - (atz)

CAIRCITEG W SRIET _
CIOML = 10 ((Le1), +Ey ¢ T - Cated)

ing total series and
parallel values (sece
Photo 2.4). There is
also a Seli-test option
allowing you to check
your understanding of

the 1wo formulae @O =y
involved. - ':-;%"._’
.s
PARALLEL TEST sene e
Set up your breadboard as shown in soee s
Fig.2.9 (and Photo 2.3), ia which three baEee
capacitors are shown in parallel (as in i,‘ "fu i:

Fig.2.8b). where Cl = 1(0uF, C2 =47uF
and C3 = 2.2uF. This combination is
being used in place of the single capaci-
tor (Cl) in your Tutorial Part 2
charge/discharge experiment (Fig.2.2
and Fig.2.5). Resistor R1 is given a valué
ol 100kQ.

Do the charge/discharge experimeni.
noting the time at the 63% and 37% volr-
age levels, ie. 4V and 2V respectively.
(You will find it easier 10 do this experi-
ment if you make up and use another short
lead with two crocodile clips on i)~
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Photo 2 4. Interactive computer screen forcalguia'ting serial
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Photo 2.5. Breadboard layout ifor
examining capacitors in parallel.
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Fig.2.9. Breadboard layout for capaci-
tors in parallel experiment.

Did you achieve timings of aboul 15 secs
at the voliage poinis? That's the time con-
stani associated with R1 = 100kQ and Cl =
130uF, the laner being very close to the
answer of 149-2u¢F for Cl1, C2 and C3.in
parallel.

SERIES TEST

Reiurn to vour screen graph and set C
and R 10 1304F and 100kQ2, where you can
see the 135 seconds timing when the graph
slope crosses the percentage line.

Now calculate the total capacitance if the
samg three capacitors are connected in series,
as shown in Fig.2.8a. If you don’t get an
answer of approximately 2-06uF, try again.

You won’t be able to do the breadboard
check with this value, the time-constant is
too fast in this instance, but you can use the
display 1o show the wyraph for the nearest
available value of 2-2u4F, i.e. 0-22 secs with
R1 at 100kQ2. (Later on, you could set up
your own experiment using three capacitors
in series for which a time constant signifi-
cantly longer than 0-22 seconds is e\peczed )

The time constant for 2-06uF (call it
2uF) and R = 100k is actually 0-2 secs.
Use your graph display to find out what
value of R is needed 10 achigve that vaiue
when C = 2.20F. We trust you’ll find it.io
be 91kQ:

SLOWER TEST

On your breadboard, now use jusi cne
capacitor, with a value of 220«F (100 times
the value of the above 2:2uF), and with the
breadboard assembly of Fig.2.2 modified to

suit. Testing your knowledge of resistor com-

binations, replace R1 with a made up value
of 91k Q. Two resistors will do it (within 100
ohms)— what are they and how are they con-
nected? (Refer back o Part | if in doubt.)

Now do your time check routine — the
time constant should be (ideally) 100 times
the above 0-2 secs, i.e. 20 secs.

This now brings us to an interesting
point: how do you set an exact lime con-
stant without using multiple values of
capacitors and resistors? The answer’s sini-
ple, and there are two ready-made compo-
nents that help in this, the variable capaci-
for. and the variable resistor {more com-
monly known as the patentionteter). The
latter we shall investigate next month.
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LIGHTING UP TIME

We are again going ask you 1o use a light
emitting diode {L.e.d.). as we did in Part 1. We
are also asking you 10 use an imverring logic
gate (also known as a NOT gate). You'll be
iold more about both davices on another occa-
sion, but you don’t need to fully understand
them if you use them as we now tell you.

The lLe.d., as vou discovered in Part 1. is
a neai little device that glows when a voli-
age is connecied across it in a specific
direction via a suilable resistor.

It is important that the resistor should be
used since the lLe.d. cannot survive if more
than about 2V is connected across it. You are
about to use it with a 6V supply, and the
resistor has 1o drop the voliage to an accepi-
able level. In this instance we wanl you to use
a 47092 resistor, as we did previously.

What we want to do is use the l.e.d. {(call
it D1) to indicale when a cerain voliage
has been réached on a charging or dis-
charging capaciior. The problem is, though,
that the time constant when a 470Q resistor
is used is 100 short for the capacitance val-
ues you can realistically select.

We need, therefore, to use a technigue
which allows a reasonably long time con-
stant 10 be set, and still to provide enough
power to drive the Le.d. via a 470Q resistor
(call it R2).

This is where the logic gate (call it ICla)
is used — as a type of amplifier. Amongst
vour bag of parts you'll find some black
“caterpillars” with 14 legs, seven-a-side.
Find one marked 74HCO4. There are likely
to be lois of other forms of marking as weli.
but somewhere vou should be able to dis-
cern the 74HCO4 identity.

The 74HCO04 and the l.e.d. are examples
of components that belong to the genenal
class known as active devices (as opposed
to the general class called passives, of
which resistors and capucitors are exani-
ples). Like the l.e.d., the 74HC(4 is anoth-
er member of that enormous family of com-
‘ponents referred 10 as Semiconductors. It
also belongs 1o a sub-group of that family,
generally known as integrated circuils
(often abbreviated 10 i.c.5). More panicu-
larly, it is a digiral logic i.c.

SEMICONDUCTOR
HANDLING

As with electrolytic capacitors, by far the
vast majority of semiconduciors can only
be connected to a power supply in one
direction. Many can die if connected the
wrong way round. Even if they don't die,
they will not work correctly. This is equal-
ly true for & 74HCO4.

Abways connect semiconductors and other
active devices into a circuit in the mqnuer
specified in circuit diagrams, constructional
dayouts or data sheeis. Abvays ensure that
the circuil’'s power supply is switched off
before inseriing or removing them,

One further cautionary note: You will be
aware that you can someilmes gencrale
sparks when combing vour hair or taking
off a sweater. This is caused by the dis-
charge of static electricity which can build
up on some substances. including your
body and that of animals. frequently by the
action of friction in a dry atmosphere. Such
discharges, if they occur when you touch
some semiconductors can kill the devices
the level of voliage discharge being greater
than the device is designed to-handle.

To avoid this happening. it is advisable
ip louch an earthed bare metal object
immediately prior 1o handling integrated

‘circuits. A waier pipe is a suitable object, as

is the exposed bare metal work of an item

.of earthed mains powered equipment.

When i.c.s have been supplied in a black
plastic foam, or bag nfarked as being “'stai-
ic sensitive’”’, leave devices where they aré
until needed. Then keep the handling of
their legs to a minimum.

The author reassures you, however, that
for all the years he has been handling Lc.s, he
cannot remember killing one with static elec-
gicily. They are very robust, especially those
manuiactured over the last decade or so.

We shall discuss static eleciricity further
in a fulure pan of Teach-In.

INVERTER GATE X

The 74HCO4 device is known as a hevx
(six) inverier gate — mother words it has six
inverter gates within it. all usable separate-
ly. It's pinouts are shown in Fig.2.10. where
the symbols within the-outline are those for
inverter gates. .

Z| &

[ 7 G0 @[5 [6]

T 15

Fig.2.10. Pinouts and typical case style
for 74HCO04 hex inverter gate. Note the
inversion gate symbols within the
plnout drawing.

An inverter gate, as you will be told
when we discuss digital electronics in a

‘later part. has an output that is at a level

called Logie High when its input is at a
lével called Lagic Low, and vice versa.

So whar's Logic High and Logic Low?
\WellL, in this instance, High refers to +6V
{the power supply voliage level) and Low is
simply OV. The (wo terms are respectively
also known as Logic ] and Logic 0.

The logic gate, though, does not have
10 have exactly OV or +6V on its input for
the output to respond. There is a range of
voltage levels below which the gate
thinks it’s being provided with Logic 0.
and there’s range of voltage levels above
which the gate thiaks it's being providad
with Logic 1. In a region somewlhere
between those two levels, the gate lends
io get a bit confused and may keep
changing its mind about what logic level
it’s being offercd.

Although this dithering would be a prob-
fem in a digital circuit, it’s of no great
importance for what we are poing to do
here. which is to connect the gate’s input to
the resistor-capacitor series you have been

charging and discharging.

Evervday Practical Electronics!ETI, Decémber 1 999
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Fjg.2.11 and Phato 2.6, breatboard layout for the first timing experiment using an inverter gate.

INITIAL ASSEMBLY

Connect up your breadboard as shown in
Flg2 11 {see also Pholo 2.6). Note two

things in particular: the position of the flat b
side on the le.d., and the position of the m

“notch™ (or dot/dimiple, on some devices) ICta .y
of the 74HCO4. (See also Pracricaily ZHYOARY ST

Speaking on page 834 last month — Nov
'99.) The circuit diagram for this compo:
nent configuration is shown in Fig.2.12.

Now perform some more capacitor
charge/discharge experimenis, You will see
that the 1.e.d. is on when the capacitor volr-
age is fairly low, and off when the voliage
is fairly high. You may find that the l.e.d.
blinks a bit between the two levels — this is
due 1o IC1 not being sure of its input logic
level. The effect is more likély to be seen
when the time constant is n.al!y slow.

See if you can establish what the capaci-
tor voliage is when the le.d. on-offness
fully changes from one state to the other.

MORE L.E.D.S

Just for fun, connect up anothet Inverer
gate (IC1b) and five more l.e.d.s (D2 to D6)

Yy

Fig.2.12. Circuit diagram for the experiment in Fig.2.11, pius (left). pinouts for a

lypical .e.d {light emitting diode).

plus the extra resistors (R3 10 R7 —.also of

470Q) as shown inFig.2.13.

Now yeu will find that D1 and D2 altes-
nate in their on-off states. This is due to D2
being connected 1o the +6V power supply,
whereas D1 is connected 1o the OV line.

The action of D3 and D4 will be seen 16 be
the opposite of D1 and D2 [as wiil D3 and
Do6). Which brings us to an interesting poini
about inverter gates. When two are used in

NRARM

0 00 67 0 00

Fig.2.13. Breadboard assembly of Fig.

2.11 modified to include five more l.e.ds.
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‘series. as done here. a doubie inversion occurs

and so the final output logic level is the same
as seen by the input to the first gate.

What we'd also like you 1o do is to make
a note of the voliage that actually occurs at
the junctions of the Le. d.s and their respec-
tive resistors. Also note the voltages at the
outputs of the two gates — do they actually
reach OV and +6V?

What affect do 1wo le.d.s have on the
output voltages of the gates? Compare with
the voliages produced without le.d.s con-
necied. We shall discuss this in another
Tutorial. Also see if you can draw Lhe
circuit diagram for Fig.2.13.

FLASHY

We wonder if you realise how easy it is
now o put the capacitor charging/discharging
unider automatic control for perpetual repeti-
tion of the cycles? One way to do i, using an
additional inverter gate, IClc, is shown in the
circult diagram of Fig.2.15 (we’ll discuss the
change of i.c. type number from 74HCO4 10
74HC14 in a moment).

Using the values shown, reconstrucl
your breadboard assembly as iilusirated in
Fig.2.14 (deleting D5, D6, R6, R7), and
still using the 74HCO04 device. Note that a
crocodile-clipped link is made between
point Vout3 and Vin. See also Photo 2.7.

Connect up the power. What you should
see now is that ail four Le.d.s appear 1o be
glowing. but at a reduced brilliance level.
In fact, they are all rapidly swiching on
and off, but:too fast 1o differentiate beiwean
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Fig.2.14 and Photo 2.7, layout for the. oscillator experiment, (Fig.2.15). Note the new link batween IC1 pins 4 and 5.

them. In the author’s ‘iest model, the rate
was in excess of one million cycles per
second (1MHZ)!

The clever thing wefyou have done is
to use IClc to invert the outpur of ICIb,
and then to use the output of ICIc as the
power supply for the resistor-capacilor
chain,

With the correcr combination of R1 and
C1 values, this has the effect of repeatedly
swilching the voliage feeding inio Rl
between +ve and OV. Here's why:

When power is first switched on, the
voltage at the input to 1C1a and the outpur
of IC1b will be low (double inversion). and
the output of ICic will be high (another
inversion). This: outputl is now supplying
+ve io R1, and C1 stants to charge up (as it
did when you connecled it direcily lo the
+ve voltage line).

We said earlier that invérnter gates have
a threshold voltage above which an input
level of Logic 0 is assumed. Eventually,
as C1 continues to charge, the volrage at
the input of ICla will rise above the
threshold, and 1Cla’s output will fall w0
Logic 0. As a result, ihe output ai 1CLb
will immediately ge high, and the output
of IC1c go low.

‘This action, in an instant. causes CI 10
start discharging through R1. Evenwally.
there comes the point when the discharging
voltage falls to the Logic 0 level as seen by
the input 1o ICla. It now once more swilch-
es 11s output back 1o Logic 1, ICIb output
switches back to Logic 0, and ICle switch-
es 1o Logic | again.

The cyclc has now been complclzd and
starts all over again. Thus it continues. ad-
infinitum. until something stops it. such as
vou disconnecting the pawer!

‘What vou have created with this simple
componen! arrangement. is an oscillaror.

For interest, try 10 take a voltage read-
ing at ICle pin 6. You will find that is
probably exiremely erratic. although it
may indicale a voltage at around the 3V
mark (half-way between the 6V battery
supply and OV).

SCHMITT TRIGGER

As the circuit stands, its frequency of
oscillation is somewhat unpredictable.
We said earlier that the 74HCO04 has a
midway inpul veliage level range in
which the inverter is not too sure which
logic level is being appilied to it. It is at
this ‘mijdway level that the circuit is

i
=3 6 oh
v 9
BATTERY 1
= b
Vag 1 rb‘,
+
e w3
F
av

=) Vo4

Fig.2.15. Circuit diagram for the oscillalor experiment.
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rapidly switching over from one state 10
another. What we ideally need is for the
circuit 1o switch over only at the input
levels which are guaranieed to be Logic
i and Logic O,

To achieve this exactitude with an ordi
nary inverter gate such as the 74HC04
would require the vse of additional circuit-
ry. However, there is a similar inverter type
which automatically responds only to those
input voltages which are at the guaranteed
logic levels, ignoring those input voliages
which lie between the two thresholds. Such
an inverter is known as a Schmifr irigger
inverier.

One type of Schmiu wrigger inverter is
the 74HC14 which, like the 74HCO4, has
six inverters within it and ils pins are
arranged in the same order. Note the sym-
bol Within each of the inverter outlines in
Fig.2.15 that indicate s Schmin trigger
status,

With power disconnected. find a
74HC 14 device from your bag of compo-
nents and substitnte it into the 74HCO4
position on your breadboard.

When power is re- appl:ed you will se¢
a considerable difference in the rate at
which the lLe.d.s now flash. Indeed. you
should be able 1o count the flashes guite
readily. This dramaiic change in the flash
rate is entirely due to the swiichover
occurring only at the guaraniced Schmiu
trigger logic levels.

Using your meter vou ¢an now track the
voltage level at the RI/CI junction at
which the logic changes occur. Also meter
the output of IClIc (pin 6 — Vout3). You will
sec that i1 is repeatedly swiching between
Logic | and Logic 0.

TIME OUT

Before Part 3. think up some timing
and capacitor value siwations and see if

you can solve them using the various

software options and a calcutator. Also
sec if you can get the oscillator 10 run so
that its output at IClc changes at exact
intervals of vour choosing. say once per
second or ance per 10 seconds. Until next
month, 'bye for now.
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EVERYTHING YOU NEED TO KNOW TO GET STARTED IN
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Constructional Project =

NED STOJADINOVIC

Novw youre “up and running”, why
not add some Giant Displays to
your events Stopwatch.

HIS Large Digil Display unit was
I originally designed for use with the
Ginormons Stopwarch module pre-

sénted last month. It has 178mm (7-inch).

characters and can use high brightness
lLe.d s for dazzling daylight performance.

It can also be driven from a standard

computer serial port with the optional
adapter, allowing it 10 be used as a score-
board. bingo number dispiay, clock,etc.

CIRCUIT OVERVIEW

The hean of the circuit is a PIC16C54
microcontroller and this has two relatively
simple tasks. The first is to receive seral
data from the Sropwarch module or com-
puter serial port. The data reaches the
micro via an optoisolator (IC4), as dis-
cussed in Part 1, and the individual digit
modules can be daisy chained together-up
10 a maximum of 16 modules.

The software responds 10 all 16-address-

es but the Sropwarch module only uses
seven of them. However, when driven from
a computer using the Serial Pori Converter,
the Large Digit Display units will respond
io all 16 addresses.

The sccond task is to switch .on the
various segments on the display to form the
digits 010 9:

SOFTWARE

In keeping with the author’s stated objec-
tive of designing without designing, he used
two pieces of software from the Parallax web
site at www.parallaxine.com. These were
from application notes conceming receiving
serial data and wiilising a jump table w dis-
play digits on a 7-segmemt display. Readers
are referred 1o these notes.

1t is interesting to note that it was easiest
10 choose the same crystal frequency as the
Stopwatch module (3-2768MHz). This
allowed the author 10 play with the soft=
ware’s “bit_k™ constary without worrying
about serial link compatibility beiween the
Stopwatch and Large Digit modules.

Of course, large display modules that are
10 be driven by a computer must comply
with the standard computer baud rates and
everything has been standardised at 9600
bits/sec.

It was necessary; though, to ¢ome up
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with a protocol (0 address the coméel
module and tell that modute what number
10 display. This tuned out 10 be quite easy,
and it can be done in one byie,

First, consider the number lo be dis-
‘played. In binarv you need four bits 10 dis-
play the digits 0 t0 9, like this:

Binary
0000
0001
0010
0011
0100
0101
0110
014

1000
1001

Decimal

0
il
2
3
4
&
7
8
9

-

Completed “7-segment” Giant Display
-module. The figures measure 178mm
by 100mm approx.

—Part 2=—

Actually, four bits will allow 'you to
count front O to 135 (binary 1111), bui we
only need o count up to 9. Let's call these
bits “n”", as in “nnnn*’. Similarly, four bits
will allow u3 10 have modules numbered
from O 1o 13, call these bits “d™.

Computers and PIC micros like to deal
in bytes, which are cight bits, so the sofi-
ware makes the “nnnn™ and “dddd*” bits
into antificial bytes:

dddd becomes dddd0000), which is one
byte

annn  becomes .0000nAnn, which is
another byte

The o bytes aré ORed 'togéiher
(inclusive-OR) bit by bit to form a single
byte which looks like ddddnnnn. This.
single byte contains both the module
number and the digit to be displayed.

For example. to make module | display
the number 1, the output byte would be
C1010001. To muke module 2 display the
number | it would be 00100001.

CIRCUIT DIAGRAM

Referring to the circuit diagram in Fig. 1,
datu is received via the optocoupler IC4.
The driving device (e.g. the Stopwarch)
switches an Le.d. inside the optocoupler on
and off and the light from its l.e.d.-shines
ounto an oplotransistor, switching it on and
off in unison.

Resistor R} holds the output of IC4, pin
5, at 5V until the transistor swilches on and
shorts pin 5 to ground. Pin 3 is connected
directly to the PIC microconwoller I1C2 at
Hs pin RB7, which is setup as an input pin.

When output pin 5 of IC4 is at OV, it
switches on transistor TR1 and, via current
limiting resistor R3, causes current to flow
through optocoupler IC4 of the nexr digil
moduie. In this way the modules are daisy-
chained one to the next,

Dual-in-tine switch S1 to S4 is used 1o
-set the digit's module address number by
placing the relevant codz on the PIC’s RAO
1o RA3 data pins. Pins RAO and RA| are
normaily held at OV via resistors R4 and
R3; pins RA2 and RA3 are normally held
at 3V via resistors R6 and R7. This method
of biasing was done simply 10 make the
board design casier and the software 1akes
ii into account. When the appropriate
switch is closed, the logic level seen by
pins RAO 10 RA3 is inverted

The status of the switches is read when-
ever a serial data byte is received by the
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PIC via its RB7 inpw:. The 4-bit status code
forms the “dddd" bits referred to eartier.

DISPLAY

Pins RBO to RB6 of the PIC are used as
the 7-bit output io the seven sets of 10
l.e.d.s that make up the seven segments of
the display. The PIC16C54 cangot by itself
handle the current required by the leds
and so IC3 acis as an intermediary buffer.

This device is a rugged little chip intend-
ed as a solenoid driver and can handle
almost 30V and 300mA, and is nice and
cheap as well. Il is essentially seven open-
collector Darlington transistors that can be
tumed on and off by the 5V and OV logic
level voltages from the PIC.

The led.s are amanged in pairs in a
series/paratlel armangement. meaning that
one pair is connected in series with the next
pair. There is a voliage drop of necarly 2V
across each Le.d. or puir of' l.e.d.s in a par-
alle! arrangement and the five pairs are
arrangad in series.

Thus the five pairs will drop'the 12V sup-
ply by 5 x 2V, or about 10V, leaving the bal-
Yast resistor with 2V (12V - 10V) toreduce to
zero. The le.d.s run well at about 20mA and
so a §implc application of E = IR gives a
value of 100 ohims for the ballast resisiors.

The value of the ballast resistor is not
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Fig.2. Circuit diagram for a simple Serial Port Converter Interface add-on. The
values of resistors R18 and R19 should be 330 ohms for 9V and 560 ohms for 12V.

critical and the le.d.s will put ow good
light from about 10mA 1o some 30mA.
which is the maximum for most Le.ds. If
you need 1o save power, try pufling in 220

s
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Fig.1. Circuit diagram for thé Giant Digital Display module.
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.ohms ballast resistors and see how the light
output looks.

The decimal point and colon Led.s are
idone the same way except that the Leds
are atl in serigs as there are not as many of
them. These L.e.d.s are not controlled in any
way and are simply connccted across the
12V power supply. via limit resistors R13
and R16. canstantly remaining on while the
power is on.

SERIAL PORT
CONVERTER

The digit medules can also be driven
from a compuier serial port with the aid of
a converter module interface (see Fig.2).
This is simply a Darlington transistor
switch (TR2) which conveits the £15V sig-
nals from the serial port 10 voltages of the
correct polarity to drive the optocouplers.

The transistor also provides the reason-
ably heavy curment required by oplocou-
plers connected in “star*’ configuration (see
the last section of this article).

The converter has its own powgr supply
because it has to provide power to the inter-
nal Le.d.s of the optocouplers. The battery
used can be 9V or 12V merely by changing
resistars R18 and R19. The values should
be 330Q for 9V and 560Q for 12V.

The converter also has an l.e.d. on board
(D79) 10 indicate serial pornt activity and is
a great help for trouble shooting.

CONSTRUCTION
The printed circuit boards for the Large
Digit Display and optional computer Serial
Port Converter Inierfuce board are available
from the FPE PCH Service page, codes 247
and 248, respectively. The component
assembly and track layout deuwils for the
boards are shown in Fig.3 and Fig.4.
There is nothing difficult about the con-
struction but the led.s are, as may be
expected, rather tedious. It is suggested that
you test each scgmeni as it is finished.
Start assembly of the Large Display
‘board (Fig.3) with the top right segment.
Insert all the Le.d.s and make sure that they
are all the comest way around. noting that
some high brightness l.e.d.s have different
.orientations 10 those of ordinary Led:s. If
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in doubt, you can check by temporarily
congecting the l.e.d. in series with a 1kQ
resistor across a 12V power supply.

Flip the board aver and solder only one
lead of each le.d. When you have done
that, go back and grasp both leads of each
led. and re-melt the solder while geniy
pulling upwards on the leads. This will seat
each Le.d. onto the circuit board and gener-
ally make sure it is pointing straight ouj
from the board. This is important as high
brightness l.e.d.s only appear bright when
you look direculy onto thein. if they are tilt-
ed they look dull and this makes (he display
look patchy.

Go back and solder each second lead and
give the first soldered lead a touch up with
fresh solder if necessary. Now solder in all
of the ballast resistors (R8 to R16) and
some power leads for the {2V supply.

DIGIT MODULE
ReHsistors, s S
1 4700 ee
R2, R4
wR7 10k {50ff) SHOP

A6 2200 @om TALK

| 1009 (7 off) Page
All resistors 0-25W 5%.

Capacitors
Ci1, C2 15pF ceramic
C3.C6  100n ceramic i
C4 470u radial elect. 16V
Cc5 474 radial elect. 10V \

Semiconductors

D110 D78 redl.ed., 5mm, normal
or high brighthess
TR1 BC558 pnp transistor
IC1 78L05 +5V 100mA
i voliage regulator
lof PIC18C54
microcontroller,
! preprogrammsd
1C3 ULN2003 7 x Darlington
driver, common smitter
IC4 4N25 or 4N28 optoisolator

Miscellaneous
Stto S4  4-way d.Ll. onoff svalch
X1 3-2768MHz crystal
(see text)

Printed circuit board, available from the
EPE PCEB Service, code 247; 6-pin d.i.l.
sockel; 16-pin d.il. socket: 18-pin d.il
socket; connecting wire; solder, sic.

SERIAL PORT CONVERTER
Resistors

AT : s

R18, R19  330Q for9V, 5600 for 12V

Semiconductars

TR2 BD&E1 (oFEqiivalent,
eg-TIP141 or
TIP142) npn
Darlington transisior

b79 rad l.ed., 5mm

D8o 1N4148 signal diode

Miscellaneous
Printed circuit board, avallable from'the
EPE PCRB Service, code 248; conneclor

Approx. Cost
Guidance Onl

to suit seria! port lead ussd.

(Standard l.e.d.s}

Table 1: Module Selection Switches

Module Switch Settings
No. 1 2 3 4 Display.
0 off off aoff off R ¢
i off off off on hundredth seconds
2 off off on off jenth seconds
3 off off on on seconds
4 oft on off off ten seconds
5 off on off on ~iminutes
6 oif on -on off ten minutes
7 off on on on hours
8 on off off off ten hours
g on off off on *
10 on off on off >
11 on off on on ¥
12 on oft off off +*
13 on or off off * el
14 on on on off “Jr
15 on on on on , *
* Used in computer version with the Serial Port Converter.

DISPLAY TEST

To test the segment, connect the 12V
supply and connect a flying lead 10 ground
(OV). Touch the flying lead to the end of
resistor R13 that is nearest to the bottom of
the board. The segmeat should light up nice

‘and bright.

If it does not. look for l.e.d.s the wrong:
way around, broken tracks, or the wrong
‘ballast resistor value. in that order.

If all is well, continue iuserting lLe.d:s,
testing, insefting, testing... [

If any l.e.d.s are a tight fit at their skirts,
genty file down their sides until there is

Fig.4. Printed circuit board delails for
the Serial Port converier.

room for them to sit-withoutrcolliding-with
their neighbours. .

Because the colon and decimal point
'l.e.d.s are intended 1o be permanently
turnad on. they (and/or their bailast resis-
tor) should be omitted if those functions are
1ot required on any of the boards.

Put in all the other components and
sockets for IC2 to IC4, but do not insiall the
i.cs yel.

TESTING

Power up the board and at the IC2 socket
test for 3V and OV at pins 5 and 14. This
will test the power supply regulator IC1,
and will also show up any solder splashes
or broken tracks !o these pins. )

Switch off the power and insernt ICS,
the l.e.d. driver device. To now test the
operation of the various segments, take a
flying lead and connect one end to 3V,
say 1o the link wire immediately bclow
ICi. Touch the other end of the flying
lead in turn 10 pins 1 to 7 of IC3%s socket
and you should see eacti of the segments
light accordingly.

If you have connecied the colon or deci-:
mal point led.s, they should have tumed
‘on when vou applied the power.
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Now power down and carefully put the
PIC (preprogrammed, of course) into its
socket, being very careful about orienta-
tion. Remember that it is a CMOS chip and
50 be sure to briefly ground yourself 1o dis-
charge static electricity before handling it
Also insert IC4.

Turning on the power should now give
you a nice big figure “0” and if no1, imme-
diately power down and start looking for
causes. The Stopwatch anicle last month
has some tips on troubleshooting this type
of circuit. -

If you are using the Stopwarch module.
connect it 10 one digit board via a handy
length pair of leads, being careful fo con-
nect signal and ground wires the correct
way around. Select the module address
number via the d.i.l. switch (§1 10 S4) as
per Table 1. Note that the software
“knows" that switches S3 and S4 are con-
niected io order of RA3 and RA2 (instead of
RA2 and RA3 as might be expected).

Power up both boards and stan tHe
Siopwatch. This should immediately start
the digit board displaying the selecied time
unit. If it just sits on “0", use a logic probe
‘or similar to test for a fast changing signal
on pin § of the optocoupler, 1C4.

PORT INTERFACE

If using the Seriai Port Converter. con-
nect up the digit board and power as above:
Now run the QBASIC demo program, mak-
ing sure that the module d.i.l. switches are
ali off. Put in a different swiich serting from
the list cach time you run the program and
the module should immediately display the
correct number.

You will know if the converter is work-
ing by observing its l.e.d. Whenever serial
datz is being transmitted it will flash quite
noticeably.

STAR CONNECTION

The digit modules are designed 1o be
hooked up in “daisy chain™ configuration,
see Fig.5a. and this should work well in
mosi cases. It is possible. especially when
many modules are used for the signal 1o get
a bit lest in its trip down the chain;
remember the design allows up to 16 digit
modules to be used.

In this case, use the “star’ configura-
tion in Fig.3b where the driver transisior
in the Stopwatch or Serial Pont Converter
swiiches all of the opiocouplers directly.
Note that this will pui quite a strain on the
battery of the Serial Pori Converier or
Stopwaich module as it now has 10 power
all of the optocouplers at the same time.

To select a battery size, assume that each
module uses about 15mA when running
and plan accordingly. For example, 10
modules times L5mA is 150mA and so a
bartery of 1-2Ah (amp hour}) capacity will
drive the display for eight hours.

COMPUTER
SERIAL PORTS

While developing this project the author
came across a strange fact: not all compur-
er seral poris operate at quite the same
speed and the modules will conscquenily
malfunction on some computers.

For those programming their own PIC
and wanting to drive the modules from a
computer port, try varying the value of
“bit_k" in the software for the PIC. The

in a design which is forgiving of long

i
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Fig.5. Suggested method of connecting the Giant Display modules to the Stopwatch

(Part 1} or Serial Port Converter. (a) |
configuration.

comments section in the source code tells
you how 1o do il.

If you only wanit to drive the modules
from a computer, a slightly diiferent
source code for the PIC has been includ-
ed (called serin4.src) which requires the
use of a 4MHz crystal insicad of ihe
3-2768MHz one, and operates at 2400
baud. The slower baud rare is unnotice-
able to our slow human senses and resulis

serial cables and bit rate errors in the

computer or micro.

h\‘ e } - = A

n ‘daisy chain” fashion or (b} “siar

SOFTWARE

The sofiware for the Large Digit module,
including the QBASIC demo program, is
available on a 3-3-inch disk from th2 Editorial
office (see EPE PCRI/Software Service page

for datails and cost), and fTee via the EPE

web site. A

Preprogrammed PICs for this module are
available as discussed in Shoptalk.

Note thar since publicaton of Part 1 the

software has been revised by the author.

The new version is on the EPE disk and
websile il

i

One Display module being driven by fast month's Stopwalch.
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Generater o Wireless Monitoring System-2.
FEATURES o Ingenuity Unlimited o MTSEC
Show Report e PhizzyB Computers-5 ¢ Practi-
cally Speaking ©.Circuit Surgery e Nei Work,
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APRIL™99

PROJECTS ® Mechanical Radio e Voice Record/f
Playback Module e Versatile Event Counter o
PhizzyB Computers-6 o froning Board Saver.

FEATURES o Ingenuity Unlimited o PICIEF87x
Microcontrollers ¢ PhizyB Computers5 @

MAX761 D.C. to D.C. Converier o Interface o
Circuit Surgery ® Net Work e FREE 48.-page Basic
Soldering Guide booklai.

PROJECTS o MIDI Handbells o A.M./EM. Radia
Remotz Contral ¢ PhizzyB Computers-7 e PIC
Toalkit Mk2-1.

FEATURES e PC Engines — From 4004 to
Pentiurn IIt @ Ingenuity Unlimited o Practically
Spzaking & PhizzyB Computers-7 o Circuit
Surgery o New Technology Updaie @ Net Work
& FREE gull-out 7400 ceries Plnout Data Chanl.

PROJECTS o _Ciippjng Video Fadér (Starier
Project} © PC Audio Frequency Metsr o
Musicai Sundial ® PIC Toolkit Mk2-2.
FEATURES # Alan Dawer 8lumlein e Circuit
Surgery ® Interface o PhizzyB Computers—8 e
Ingenuity Unlimited o Edison 3 Review o Net
Work - The Intemst.

" (]

PROJECTS @12V Lead-acid Battery Tester o
LED. Stroboscaps o EPE Mopd Picker ¢
Intruder Detsrrent.

FEATURES ® Practical Oscillator Dasigns-1
e Practically Speaking ® .Circuit Surgery e
Inganuity Unlimited o New Technology Update
&' Net Work ~ The Intemet.

BACK

ISSUES

PROJECTS e Ultrasonic Puncture Finder o
Magnetic Field Detective o Freezer Alarm o
8-Channel Analogue Data Loggsr—1 e Sound
Activatad Sviitch,

FEATURES e Practical Ostillator Designs-2 o
Powar Gencration from Pipelines to Pyloas-1 e
Ingenuity Unlimited o Circuit Surgsry ® New
Technology Updste @ Interface ¢ Net Work —
The Internat.

PROJECTS o Loop Acrial SW Reczivar e Child
Guard e 8-Channel Analegue Data Logger-2 ©
Varizble Dual Power Suppiy.

FEATURES # Practical Osciliator Designs-3 o
Power Generation from Pipslines to Pylons-2
o Practically Speaking e Circuit Surgery o
Ingenuity Unlimited o New Technology Updata
o Net Work— The Intefpat.

DG '99

PROJECTS o Intericr Lamp Delay @ Mains
Cable Detector ® QWL Loudspeaker System o
Micro Power Supply.

FEATURES e PIC16F87x Mini Tutarial ® Prach-
cal Oscillator Designs—, & Circuit Surgery
o Interface ® New Technology Update o
Ingenuity Unlimited o Net Work — The Internet.

NOV '99
PROJECTS o Acoustic Probe e Vibralarm e
Ginormous Stopwatch-1 o Demister One-Shof.
FEATURES o Teach-In 2000-Part 1 o Inganuity
Unlimited ® Practically Speaking o Practical
Oscillator Designs-5 e Circuit Surgery o New
Technology Update ® Net Wark — The Internet.
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ELECTRONICS TEACH-IN No. 7. FREE
ANALOGUE AND DIGITAL SOFTWARE
ELECTRONICS COURSE

{published by Everyday Practical Elsctronkes)

Alan Winstanley and Kaith Dya B.Eng hJAMIEE
This highly scclaimed £°Z Teschn eesies, which included
the canstruction and use of the Aini Lob and Alicro Lsb
test and develcpment units. has besn put togsther In
book form. Addnaienslly EPT Educationa! Sofrware have
devaloned a GCSE Electronics softwars program to com-
pliment the course and a FREE DISK covaring the first two
parts of the course Bs includad with the book

An iniaresting and thorough tutorial series aimed spaci-
fically at the novice o1 complste baginnet in eizcmonics.
The series is designed 1o support thosz undertaking either
GCSE Elactronics or GCE Advanced Lsvels. and stars
with tundamnental principles.

Y you are 1aidng electronics or technology at school
&t college, this book i3 for you K you just want to
lzarn tha kzsics of electronics or technolegy you must
mzte sure you sees it Teack-/n No. 7 will b2 invaluable
if you are considering a carzer In elacironics or aven
il }f‘t\:u are already training In ona, The Mini Lab and
software enablz the constryction and testing of both
demonstration and development clrcuits. These leam-
ing aids bring electronics to [ife in an enjoyable and
{nterestin wa{kyou will bath see and hear tha elactron
in acﬁnn!ql’he icro Lah microprocassor add-on system
will 2ppeat ta higher level students and those develop-
ing microprocessar projects

160 pagss [ssior corle 117 £3.95

IRECT BOOK SERVICE

Circuits amd Design

-ELECTRONICS PROJECTS

USING ELECTRONICS V(ORKBENCH FREE
plus FREE CO-ROM CD-ROM
3. P Horsey

This book offers a8 wida rarge of tested cireud mod:
ulzs which ¢an be used as electronics projects. part of
a&n sisctronics cowrse, of 3s 3 hands-on way of gst-
ting betia: acquainied vath Electronics Viorkbanch, VWih
ciuits ranging ‘bulbs and Batteriss’ to complex
Systems using inlegrzted circits, tha projects »All appes!
10 nowies. students and practiioners alike

Electronics VWaorkbensh is a highly vecsatile computer
simotstion package which enzbies the user to design. test
and modily their circuits before buikfing them, and to plan
PC3 layouts on-screen. All the cirpuits in the book sre
ptovidad as ruraabie Bectronic Workhanch files on the
enclosed CO-ROM. and a sejection of 15 representative
circvits can ke axplored using the frec dema version of
the application. y

Conlents: Same batr corcepts; Mo=tts with seitches,
LEDs, relays and dindes; Transistors; Power supplies:
Op.amp projects; Further op amp Grouits; Logic gates: Real
logic cirmwits; Logc gite mwibwbrators; The 555 (omer;
Fip-flops. counters and shili regsters; Addars, comparaiors
and muitiplexers; Feld-etfect transistors; Thyrstces, triacs
and diacs; Constructing yous ool index.
227 pages

A BEGINNER'S GUIDE TO MODEAN ELECTRANIC
COMPONENTS

R. A. Penfold

The putposs of this book it to pravide practical informa-.
tion to help the readsr sort out the bewildering arvay of
components currently on offer. An advanzed imovdednz
of the theory of zfectronics is not nes=ded, and thic
_book is not inténded to b= & course in elzcironic theory.
The main aim is 1o explain the differances bstween
componzms of the sama basie type (e.g. earbon, carbon
film, matal fitm, and wire-wound resistors) so that the
righi compeneant for a given =pplication can be zalacied.
A wids range of components ate included, with the
emphasis lirmly on thase components that are used a
great deal in projects for the home constructor.

170 pages £4.99

£1459

| ote our UK postage costs just £1.50 no matter how
L many books you order!
k —

The books listed have been selected by Everyday Practical
Electronics/ET/ editorial staff as being of special interest
to everyone involved in electronics and computing. They are
{ supplied by mail order to your door. Full ordering details are

given on the last book page.

FOR ANOTHER SELECTION OF BOOKS SEE
THE NEXT TWO MONTH'S ISSUES.

Computing

WitiDOW/S 95 EXPLAINED

P.R. M. Ofiver and N_ Kenteris

I you would like to get up 2nd numning. 25 soon asg:ss?b!e.
with the new Vindows 85 operating system, then this is the
book for you,

The book was wrilten with the nan-sxpert, busy persan in
mincd. i ains the harcheare that yox: need in crder 10 run
Windows 55 successfully, and hov 10 T and optimiae
your systent's resources. i presents an cverdew of tha VWine
dons 95 emvironment.

Later chapters cones haw 10 work with programs, folders
and documantsy how 1o controd Vindaws @5 and use the
many accessonss that come with it; how 1o vse DOS peo-

and, if necessary, DOS commands and how ta com-
Murdcsts with the rest of the electronic workd. E
70 pges Otder code BAI0O 595

EASY PC INTERFACING

R A Penfold

Altheugh the internal expansion stets of a PC pravide
full access to the computer's buses, and are sultable fo:
use: add-ons, making your ovwm expansién cards ra-
quires z fair amount ol expartise and equipment. Tha
builtin ponts previde what iz often a8 much easier and
haszla-free waay of interfacing your gwn &ircutiz 1o 3
PC. In particlar, 8 PC prntsr port plus a small ampumt’
of extzmsl hardware pfovides a surprisingly versatile
ihpulfoulipu! por. The PC “games” port is less usatul for
gancral interfacing purposes, but it ¢an ba ussful in
sorms applications,

This book ptorddes & number of cssful PG odd-cm
circunta including the fallowing: Digital inputfoutpud ports;
Anafogue-to-digital converter; Digital-ts-Analogus Cone
worter; Voltage ang Curtert measuremant circuits;
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Resistanse mete; Cepacitance mesters Tempsarature
mzasurement interface; Bicfeedbaek moniter; Constant
voltage modzl train controller; Puised mode! trsin
controllers; Position senscr (optical, Hall afiect ete):
-Stepper motor interface: Reday and LED divers: Trac
mains svatching inerfzce.

173 piges Drder code BF38S £499
INFROBUCTION TO MICROSRCCESSORS L
John Crisp

¥ gou zre, or scon will b2, involved in the use of
micropcocessors, this practical introdixticn 15 essential
readfing. This book provedes 2 thoroughly readable introduc-
TN {9 MACTOproCessors, 355uming na [evicus Inowiadgs
of tha subject, nor 3 technical o mathematical back-
ground. It & sumble for studente. techmsians. enginagrs
3ngd hobirists, and  cowers the Rdl mnge of modam
IO D0 eS8 5005,

Alter 5 thorough introduction 1o the subject, idsas are
dawelopad progresss in z well-structweed format All
technical tarms are carefully introduced and subjects which
have proved dfficult, for mxample 29 complement, are
clearly explained. John Crisp egrrers the complete range of
mecroproCesses from the popular 2-bit snd 8-bA designs 1o
today's super-fast 32.bei 2nd 6Bt verdions that powver POs
-and engine mansgeman Syslams etc.

Contenis: The world changed in 1971 Migropvocessos
dont have ten fingers;, More counting: Mathematical
‘mieros; s 8 3 maner of ogic; Ragistars and memaories: A
mMrOproTESsor Dased system; A tymecat 8-bit microproces.
sor; Progremming, High level languages: Micros are getting
bigger and faster: The penium: Tha PowarPC; Tha Alpha
21154 mizroprocssses Interfacing: Tast -equipment and
“Azult finding. =
222 pges Onter ctde £16.52

PRACTICAL REMOTE CONTROL PROJECTS
Owen Bishop
Provides 3 wealth of elrcuits and circuit modules for use
In remote contral systems of all kindz: ultrasanic, fnfra-
red, optical fibre, cabl= and radio. There are inswuctions
for buwlding fourteen nove! and practical remote controf
piojects. But this is not 2ll, &5 each of these projecte
‘provides a modsl for buflding dazens of other relsted
citcuits by simply modifying pants of the design slightly
to.suit your own requiraments. This book tellg you how.
Also included are techniques for cannecting 8 FCto s
remcie contrel system, the uszs of 3 microcontroller m
Temote conred, 2s exemplified by the BASIC Stamp,
snd the applicaton of ready-made typ=.2pproved
A18MH: radio trensmitter snd recefver moduls: 16
reMmois comMrol systems.

180 psgos Ofdify|code BPA1S , £5.99
CISCOVERING ELECTRONIC CLOCKS
VL D. Phillips

This is a whole book sbout dasigning and making
elzctronic clocks. You siert by connecting HIGH and
LOW logic signais to logic gates. You find owt abowt
and then budd and test bistabl crystal= lizd
aztables, counters, dacoders and displays Al of thess
‘subsystems ai= carafully explained, with practical work
supponed by easytoe follow prototyps Basrd layouts.
| constructional datsils, including circuit dagrams and
& printed circuil beard pattern, are ghen for a digha!
slectronic dock. Tha circuit for the Frs: Clock is modified
2nd developed 10 produce sdditional designs whech includa
'a Big Digft Olock, Binsry Clock. Lingar Olock. Andrew’s Clock
[with a semi-anatogua display), and a Circles Cock Al of
these d2sipns are unusual and distinetive
This is an idesl resowrce for peoject work in GCSE
Dasign and Techrology: Electronics Froduct, and for
prajett work in AS-Level and ALzvel Electronics and

Tethnsicgy.
182 pages. A< spiral bound £1650
DOMESTIC SECURITY SYSTEMS

Brown

This boak shows you how, with commion senss and basic
do-il-yorsel! siils, you czn protect your home. It aiso
gives tips and ideas which will help you to maintsin and
imtrove your bome secunfy, even o you slready have
an alarm. Exary circuit in this book s claariy described
and illustrated, and contains components that 7e easy 12
scurce, Advice ond guidance are bDased cm tha rezf ex-
peniznca of the zuthar who is 2n alarm installar, and the
designs themselyes have bzzn rigorously put 10 usae on
some of the most crime-riddan strzets In the wodd.

The designs include all elemants, Inctuding sensoss,
detectors, slarms, contrals, lights, video 2nd doar entry
systems. Chaptsrs caver installstion, testing. male-
tenance and upgrading.

182 pagss Order code NEZS £12.33

MICROCONTROLLER COOKBOOK
ke Jamas

The practical solutions 1o real ‘probiems shown in this
cookbook pravida the basis 19 make PIC arnd S051
rezlly work. Capabitities of the vatiants are
@xaminad, and ways 10 enhance these zre shown A
survay of comman Intsrface devices, aed 5 descrip-
tion of programming models l2ad on to @ sacticn oa
davelopment techniques. The cooibook offers an intro-
duttion that vill aflow sny user, novice or expeRsncad,
to make the mest of microcontrollems.

240 pages Dydes cote NE2§ |

£19.33

A BEGINNER'S GUIDE TO TTL OIGITAL ICs

R. A. Penfcld

This book first cavers the'bashkes of simpls logic circuits
in gznersl, and then progresses 1o specific TIL logic
integreted circuits. The davices coverzd include gates.
escillators, imers, fiipflops: dividers, and decoder cir-
cuits. Some practical citcuits are used 1o fllustrals the
use of TTL devices in the “real warkd™

142 pages Order code BP332 £4.95

ELECTRONIC MODULES AND SYSTEMS FCR
BEGINNERS

Owen Bishop

This book describes over 60 modulsr slegtranic circuits,
how they work, haw to build them. and how to uze
themn, The modules may be wired togethes to maks
hundreds of different elestronic systams, both anzlogue
and dignal, To show the rzader how to begifi build-
frg systems from modules, 5 szlsction of over 25
elzztsronic systeme zre described in detail, covefing
such widely didfering applications 21 timing. home
sezurity, measyrament. audia (including 3 Smple redia
receiver), games and remota cantrof. »
200 pages- Tempararily out of piint

PRACTICAL ELECTRONICS CALCULATIONS AND
FORMULAE
F. A Wileon, CG1A, C.Eng. FIEELFLERE., FB.IM.
Bridges the gap between complicated technical theery,
ard “Cut-zng-irizd” methods vihich may bring success
in design but leave the experimentar unfuifiled. A
strong practicsl bias - tedious and higher mathzmatics
have bean avoided wher2 possible and many tables
have bzen includad.

Th= book is divided into six basic sections: Unhs and
Constants, Diract-Current Circuits, Passive Components.
Alternating-Current Circuits. N=tworks and Theorems;

Kezsurements.
235 pages Didér.code BPSI t4.99
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Theory and Reference

Bebop To The Boolean Boogle
By Clive (call me Max)
Maxfield
ORDER CODE BEB1

£24.95

470 pages. Large format

Specially imported by EPE -
' Excellent value
An Unconventional Guide to
Electronics Fundamentals,
Companents and Processes

This book gives the ““big picture” of
digital electronics. This in-dapth, highly
rezdable, up-to-the-minute guide shows you
now electronic devices work and how
they're made. You'll discovsr how transistors operaig, how printed circuit
boards are fabricated, snd what the innards of memory ICs look like. You'll
also gain a vorking knowledge of Boolesn algzbra and Kamnaugh maps, and
untterstand what Reed-Muller logic is and how It's used. And there's much,
MUCH more {including a recipe for a truly great sesfood gumbe!), Hundreds
of carefully drawn illustratians clearly shosw the important points of each
iopic. The author's tongue-in-cheek British humor makas it 5 delight to read,
but this is a REAL technical book, extremely detailed and accurate. A great
reference far your own shelf, 2nd also an ideal gift for z friand or family
member who wants to understand what 1t is you do all day....

Bugop iR

470 pages - farge format Order’code; BEB1 £24.95
DIGITAL ELECTRONICS - A PRACTICAL APFROACH FREE
With FREE Software: Number Ona Systems - EASY-RC SOFTWARE
Professional XM and Pulsar {Limited Functionality)

Richard Monk Y

Covers binary arithmetic, Boolszn algsbra and logic gates, combination logic,
sequential logic including the dasign and construction of esynchranous and
synchronous circuits and register circuits. Together with 2 considerable practi-
cal content plus the additional attraction of its close association with computer-
aided design including the FREE softvrare.

Thers is a ‘blow-by-blow’ guide 10 the use of EASY-PC Professional XM (o

schematic drawing and printed circuit board design computar pacikage). The
guida also conducts the reader through Ispic circuit simulation using Pulsar
saftware. Chapters on p.c.b. physics and p.c.b. production techniquas mzke
the book unigue, and with its host of project ideas make it an ideal companion
for the integraiive zssignment and common skifls components raquired by
BTEC and the key skills demanded by GNVQ. The principal aim of the book'is
10 provide a straightforward approach to the understanding of digital elec-
renKks.

Those who prefer the Teasch-In approach or would rather expariment with
some simple circuits should find the book's final chapiars on perinted circuit
beard production and project ideas especially usaful.

250 pages

DIGITAL GATES AND FLIP-FLOPS

lan R, Sincleir

This book, intended for enthusiasts, students and technictans, seeks 10 estab-
fish 2 firm foundation in digital electronics by treating tha topics of gates apd
fiip-flops thoroughly and from the baginning.

Topics such as Boolean algebra and Kamaugh mapping are explzined,
demonstrated and used extensively, and more attention is paid to the subject
of synchronous counters than to the simple but izss imporiam npple counters.

No background ather than 3 basic knowledge of slectronics is assumed, and
the more theoretical topics are explained from the beginning. as also are many
vrotking practices. The book concludes with an explanstion of micropracessor
techniques as applizd to cﬁgﬂ=1 loqic
200 pages

£8.95

Order code NE2B £16.99

Bebop Bytes Back | CO.ROM
Bebop BYTES Back

An'Unconventional Guide to

By Ciive “Max" Maxfield
and Alvin Brown

'ORDER CODE BEB2

£29.95

Over 500 pages. Large
tormat

Specially imported by
EPE — Excellent value

An Unconventional Guide
To Computers

Plus FREE CD-ROM which includes:
Fully Funictional Internes-Ready
‘Vinual Computer wilh Interzctive
Labs

This follow-on to Bebop To The
Boolsan Seoogie is a multimedia ex.
travaganzz of information about, hgw
computers vark. It picks up where “Bebog (* 12i1 off, guiding you through
the fascinating vorld of computer design . . . and you'lli have a few
chuekles, it not belly laughs, aleng ths way. In additien to over 200
megabytes of mega-coo! multimedia, the accompanymg CD-ROM for
Windows 95 machines only} contains a virtual mlcroccmpure:, s:mulaung
the motherboard and siandard computer peripherals in an extremely
realistic manner. In addition 1o a wealth of technical information, myriad
nuggeis of trivia, and hundreds of carefully drawn illustrations, the book
contains & set of lab experiments for the virtual microcomputar that let
you recreate the experiences of early computer pioneers. If you're the
slightest bit inierested in the inner workings of computers, then don't dare
to miss this anel )
Ovsr 500 pages - Isrge format

Oritercoda’

NEWNES INTERACTIVE ELECTRGNIC CIRCUITS CD-ROM ?-CD ROM
Edited by Ow/en Bishop
An expert adviser, an encyctepediz, an analylical ool and a source of real
design data, il in one CD-ROM. Written by teading zlactronics expens,
the collected wisdom of the electronics world is a1 your fingertips. The
simple and attractive Circuits Enviranmsnt ™ is designed to zllow you 10
find the circuit or advice notes of your choice quickly and easily using the
sezrch facility. The text is wreitten by leading experts as if they were
expfaining the points to you face to face. Over 1,000 circuit diagrams
are presented in 3 standardised form, and you are given the option to
anelyse them Dy clicking on the Actian icon. The circuit groups covered
are: Amplifiers, Oscilators, Power, Sensing, Signal Procsssing, Filters,
Measurement, Timing, Logic Circuits, Talecommunications.

The analysis too! chosen is SplceAge for Windows, a powerful and
intuitive application, a simple version of which automatically bursts into
zction when selscted. I

Newnes Interactive Electronic Circuits allows you 1o anslyse circuits
using top simulation program SpiceAge; test your design skills on a
selection af problem circuits; clip comments 10 any page and define
hookmarks; mcdify component values within the cireuits; call up and
display useful formulze which remain on screen; look up over 100
glsctranic terms in the glossary; primt and export neists, )

System Reqguirements: PC running Windows 3.x, 95 or NT on a 385 or
better processor. 4MB RAM, BMB disk space.

CD-ROM £49.89

; Audio amn M@Sﬁ@

AN INTRODUCTION TO LOUDSPEAKERS AND
ENCLOSURE DESIGN

V. Capel

This book explares the various festures, good points
=nd shags of speaker designs. f examines the whys and
wherafores o that the reader can undarstand the
printiples invehred and so maks an informed chpica of
design, or even design loud:p2aker enclosures foi him
e herself. Crossover umits zre also explained, the
varicus types, how they work, the distortions lhev
produce and how to avoid them. Finally thare is a
step-by-step description of 1he constugtion of ths
Kapeilme: s‘erloud,peake{ enclciure.

148 piges £3.59.

PAEANMPLIFIER AND FILTER CIRCUITS

R A. Penfold

Thi¢ book pravides citcuits snd baekground information
far 2 rangz of preamplifiers, plus tone controls, filtsss,
mixers, etc. The usa of modam lovr noize operstional
amplifiers and a2 specialist hich performancs audic
preamplifier ic. resulis in circuits that have excellent

periormance, but which z2re still gz simpiz. Al the

‘@ircuite featured can be bulit at quite low cost {just
-3 few pounde in most csses).  The preamplifier cir-

cuits l=ztured includs: Microphone praamplifices (low
impedance, high impsoance, and crystal). Magnenc

‘cannidge pick-up preamplifiers with RLAA equalisa-

tion. Crystal/ceramic pick up preamplifier. Guitsr pick-up
preamglifier. Tape nezad preampiifies [for usa with com-
pact casssite systams).

QOther circuits includze: Audio limiter to prevent over

‘ioading of power amplifiers. Fassive tone contrals.

Active tone camirols. PA Filiers fhighpass and low-
pass). Scrateh znd rumble filtsrs. Loudnass filter. Audio

'mixers. Volume and balance controls.

an G35

Order code 8P303 £3.99

‘HIGH POWER AUDIO AMPLIFIER CONSTRUCTION
‘R A. Penfold
‘Praciieal construction details of how 10 build a num-

ber of audic power amplifiers ranging from zbout 58
to 300/408 watts em.s ingledas MOSTET and bipolar
transistor designs.
BE pagss

‘£3.99

Evervday Practical Electronics/ETI, Deceinber 1999

ACOQUSTIC FEEDBACK -~ HOW TO AVOIDIT
V. Capel
Ferdback is the bang of all pubke address systems. VWhiie
fesrihack cannot be completaty eliminated, mamy things can
be dons 10 reduse N 1o a vl 2t which it 15 Do longer a
grobiem

‘Much of the trouble 5 chen the hall itsell, not the
equipment, but there is a simple 2rd practical way of greatly
fmproving acoustics. Some microphones are prong o fead-
back whels othars are rot. Cermin louaspeaker sytlems are
much better than others. 2nd the way the units are posi-
toned can produce a reduced feedback All these mat-
tars &re fully explored =3 well &5 slectronle aids such 3t
equatizers, frequency-shifters 2nd potch flters.

The spacial requiremsnts of bive woup concerts are con-
sdared, and aiso the reiated probiem of instability that s
sgmetimas encountered with lamgs sst-ups. We aven L a
fook at some unsuccessfu! attempts to cuwe feedback so as
10 =5ve readers wasted tme and effot dupbcsting them.

Alsa inctudad is the tircuit and tayout of sn mexpertsnré
but highly successtul twin-notch filter, and details an'how
10 operste it

‘92 pages Temporarily out of print
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| Testing, Theory, Data and Refference

SCROGGIE S FOLNDATIONS OF \WVIRELESS

AND ELECTRONICS - ELEVENTH EDTION

'S V4 Amos and Aoger Amos

Seroggie's Foundations is a cfassis taxt for anyons witk
ing with tlactronics. who nesds 10 know tha 21 and craft
of the subject &t cavers both th= theory and peacticsl
aspests of a hugs range of topics from valve and tube
technofogy. and the application of cathode ray tubes
to radar, to digital tspe systams and ogtical recording
technipess.

Since Foundstiors of \¥ireless vias first published over
B0 years'ago, it has helped many thowsznds of readzrs to
pecome familiar vath the principles of radfo and elec-
tronics. The ofiginal author Sawerby was succeeded by
Scroggie in the 1840s, whoss name bacame synonymous

with this classic primer for practitions:s and students -

=like, Stan Ames, ane of the fathers of modem electromics
2 the suthor of many well-known boois in the ares,
took over ths revision of this book in the 15680s and il is
he, ‘with his son, wha have produced this lstes; version.

<400 pages Order code NE2T £19.99
ELECTRONICS MADE SIMPLE

Izn Sinclair ]
Assuming nio prior tnowledge, Elecisonics AMade Simpia
pressnis an outline of mcdern 2lactronics with an em-
phasis on understanding how systems work rather than
on detads of circuit diagrams and calculations. bt is idis!
far students on & range Gf ccourses in electronics, includ-
g GCSE. C&G and GNVQ, and for students of other
sibjects who vall be using elzcuonic instruments and
mgihods

Contents: waves and pulsss, passive components,
zztive components antd ICs, Fnasr circwits, bloek and
circuit diagrams, how radio works, disc and tape record-
ing, elements of TV am rzdar, dignal signals, gating ard
fogic cirtists. couming ‘and correcting. microprocessors,

cetoulatons and computers, miscaflanaous systems: .
Pagz 192 (large forma) Order cade HE23 £12.99

TRANSISTOR DATA TASLES
Hans-Ginther Steidle y

Tha tables in \his book conisin informatien about tha

kags shape, pin connections and basic eizctrical data

o1 each of the many thousands of transistars listed. Tha
dzt3 incledes marimum reverse voltaga, forward current
and povrer dissipation, curremt gein and forward transad-
mittance anit resistance, cut-off frequancy and detsils of
apphcations, \

A bookz of this =12 s of nscessity restrictad in s scope,
and the individual transistor types cannc: therefers be
described in the sort of detadl that mayte fourd in soms
targer ard considerably mone expansive data bools. Hov-
ever, the st of manufaciucers’ addresses will maks it
=asier foe tha prospective user (o obtain funther infarma-
ton, if necessary. i

Lests over B 000 different transistors, includingf.ers

200 pages Order code BP401 E5.95

IAORE ADVANCED USES
OF THE MULTIMAETER
A. A Penlold
This book is  primanly
intendad 35 3 followeup 1o
8P239, (se2 bslovd, and
should 8l53 be of value
to Emyons who already
understands  the besics
ef wvehage testing snd
smpla t nent testing.
By uzing thé technigues
described in Chaper 1
you tan 1831 and analyse
the pedormance of a
range of components with
just = multimeter (pluys 2
very few inexpensive come
ponents in sama cases),
Some useful guick chisk
methods 2re aiso coversd. . 5
Vihile 3 mulbmeter is supremely varsatile, it
its imitations. The simpis add-ons dezce in Chaptar,
axtended the capabilities of a muttimates to maks it =ven
more useful.
B4 pages Oider.ooda RP

ELECTRONIC TEST EQUIPMENT HANDBOOK

Stave Monasy

The principlas of operation of the various typas of tast

instrumernt are expiaitied in simple tarms with 2 minimum

of mathematical anatysis 7h= book covers aralogus and

digitz! maters, bridgss. oscilloscopss. signa! ganerators,
unters, imers and flequency measurement. The pract-

cal uzes of tha tnstrumeants zre aiso examinad.

. Everything from Oscillatces, throusgh R, C B L measura-

mems land much more) 1 Waaftemn Ganerators sndg

testing Zenars. .
Osder code PC1G9 EB.95

2096 pagss

GETTING THE MOST FROM YOUR MULTIMETER

R A Pendcld

This beck is pimarly aimed at beginners and thoss.of
Emned experience of slactronics. sler ¥ covers the
basics of ahalogue and digital muiimsters, discussing the

relative mevits and the Fmitations of the two types. In-

Chapter 2 various methods of componant checking zre
deseribed, Including tests for fransistors, thyristars, resis-
tors, capacitods and diodes Circuit testing is coversd in
Chapter 3, with subjects sush a8 valiage, current and con-
tinurty chacis be:"?!? discussed.

in the main fitia or Do previous knovdedgs of ex-
prrience i3 assumsd. Using thess gmpls componant and
circuil testing tachniques the reader should be shie ta

confidently mckis servicing of most slectronic prajects.

85 pages Order cosds BP239 £295
NEWNES ELECTRONICS TOOLKIT- SECOND EDITION
Czott Phillips

Tha author has used his 30 years 2apariense in industry to
draw together the basiz information that is constamiy
demanded. Fecta, formulee, data and charts aze presented

936

to help the'enginesr when degigning, developing, evalust.
ing, fault finding and repairing el=ctronic circuis Th=
result is this handy worimais volume: a memory aid,
tuter and reference source which i recommended to all
electronics gnginasrs, sturdents end teshnicians.

Hawe you ever wished for a concise and comprahon-
sive guide 1o elecronics concepls and rules of thumb?
Have you ever baen unsble 1o source & component, cf
choose batwesn two ahematives for a particufar applics-
uan? How much time do you spend searching for hasis
facts or manufactuser's specifizations? This book is the
ansvrer. it covers resistors, capacitors, induclors, semicon-
ductors, legic circuits, EMC, audio, slectronics and musie,
telephones, electronics in lighting, thermal cansiderations.
connestions, referance dats,

153 pages Dudér code NEZD

£12.53

PRACTICAL ELECTRONIC'FAULT-FINDING AND
TROUBLESHOOTING

flobin Pain

This is not 3 boak of theory. it is 3 book of practical
tips, hints, and rules of thumb, ait of which will equip the
reader (o tacide any job. You may b2 an enginees or tech-
nizian in search of Information and guidance, a coliege
student, = hobbyist building & project from 8 mzgazine, or
simply a xeen safl-aught amatew who' is interested in
ei=ctronic fault finding bu: finds buoks o the subject tca
mathematieal or spaciziiced.

The book covers: Basics — Voitaga, current and resis-
tance; Capacitance, inductancs and impedsnce; Diodas
ard tranmstors; Op-amps and negaiive {eadbazic Fault
finding - Analogue fault finding, Cigital fsult firding:

Memary; Binary and hexadecimal; Addressing: Discrete
togic; Microprocessor scticn; WO contred, CRT control:
Dynamic RAM; Fault finding digial systems) Dual trace
oscilloscope; IC replacament

273 pages Order code NEZ2 £18.99

AN INTRODUCTION TO LIGHT IN ELECTRONICS
F A.Wilson

_Thizs book i3 not for the expent but nsither is Tt for
the complately uninniated. h is 2ssumed the rezder has
some basic knovdedge of elsctromcs Aher dezling with
subjects [ike Fundamzntals, Waves and Panticies and The
Mature of Light such things as Entitters. Detectors ang
Displays are discussed. Chapter 7 dstails four different
t(\}rges of Lzsers before concluding with a chapter on Fiwe

ties

Quder code BP3IS £495
UNDERSTANDING DIGITAL TECHNOLOGY

161 pagas

F A \Wilson C.G1A. CEng, FLEE, Fl. Mgt.

This book examines what digital technology has to offer
and then considers its afthmetic and how i can be 24
rangz=d for making decisions in £0 MaNY processes. ft than
louks #1 the part digial has to play in the ever expanding
Infarmstion Technology, espacizlly in medern thensmis.
sfon systems and television. §§ avoids gatting deeply in-
volv=d [n mathemabics.

Various chapters cover: [Nigital Arithmetiz, Electronic
Logic, Conversipns betwezn Analcgus and Digital Struc
wres, Tranemission Systerns. Several Aopendices explain
soms o&f tha coneepts more fully and a glossary of terms

Ordér coda BP3T6. 'E4.95

‘s inctuded.

Project

Bufllding 2

ELECTRONIC PROJECT BUILDING FOR BEGINNERS

R A Panfold

Tnis book is for complete baginners to electronic projact
building. h provides 2 complate Introduction 1o the practi-
cal sida of this fascinating hobby, Including:

Compensnt idantificaton, and tuying the right psrs;
resistcr colowr cedas, capacitor value markings, &ic;
advice on buying tha right tools for the Job: soidering;
meking €35y wWork of th: hamd wiring; construction
méthods. including stripboard, custem ™ einted eireuit
boards, plain matrix boz2rds. surfsse mount boards 2nd
wire-wrapping; finishing cff, and adding panel labels;
gating “problem” projects to work, Intluding sfmple
metheds of fault-finding.

In“fact everything you need to know in order 1o gat
‘Raried inthis absorbing and craative hobby.

133 pages Ohidér code BP382 £4:95

-45 SIMPLE ELECTRONIC TERMINAL BLOCK™
PROJECTS

R. Babbington

Contains £5 easy-o-build electronic projects that can bs
constructed, by an absolute beginner, oa tzrminal blocks
using only a screwdniver and other simple hand tools No
coldefing is nesged.

Most of the projects can be imply screwed togather,
by folicwing 1he layout di«:?rams. in 5 matter of minuies
and readity unscrewed il dasirad 10 muks new @rcpits.
A thearstical circui disgram is elso included with exch
project to he!p broadzn the constructor’s knoviedge.

e prajests included in this book eover a wide range
of interests undar tha chapter headings: Connections snd

Components, Sound and Music, Entertainment, Sacurity

Devices, Communication, Test and Maasuring.

163 pagas £4.55
30 SIMPLE [C TERMINAL BLOCK PROJECTS.

. Bebbington

Follow on from BP378 using ICs Zaitae
117 pages rcher cide BPITI F4.99

HOW TO DESIGN AND MAXE YOUR OWN P.C.BS

R. A Panfola = £ =i
Deals with the simple matheds of copying printed cir-
cuit board designs mag2zings and books and co-ers
sll sspacts of simpte pob. construction including photo-
graphic methods and dasicning your own pchs.

80 pages - Order code 8P121 €299

BOOK ORD

BH21 1PF (mail order aniy).

-old lists.

ERING DETAILS

Our postage price is the same no matter how many books you order, just add £1.50 1o
your rotal ofder for postage and packing (overseas readers add £3 for countries in the
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PQ,
cheque, international money order (£ sterling only) made payable to Direct Book Serv-
ice or credit card details, Visa or Mastercard — minimum credit card order is’£5 -
to: DIRECT BOOK SERVICE, ALLEN HOUSE, EAST BOROUGH, WIMBORNE, DORSET

Books are normally sent within seven days 6f receipt of order but please allow a
maximum of 28 days for delivery — more for overseas orders. Please check price and
availability (see latest issue of Evéryday Practical Electronics/ETl) before ordering from

For a‘further selection of baoks see the next two issues of EPE/ETI.

DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749
Fax 01202 B41692. Due to the cost we cannot reply to overseas orders or queries by Fax.
E-mail:dbs@epemag.wimborne.co.uk

i—.———’——-—........-—.—.—._._-___._.__.——____.._._——_._.-.._9.—_

| BOOK-ORDER FORIM |
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:C] Please éhargz-my Visa/Mastercard £ ... ,ovvinveeneen... Gard EXPIry d&te ... e,

I Card:Nimbar f5il SREEIst o - b=
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4  PROJECT TITLE Order Code Cost
Twink/e Twinkle Reaction Gams ZJANGD. 210 £7.55
*EPE Mind PICkler 214 £8.30
g PhizzyB 'O Board (4-s2ction) 218 £3,95
Altemalive Courtesy Light Controfier ) 217 £6.72
Light Alarm [ R0 | 218 €578
Printed cirouit bodrds fér certain EPE consiructional projects are availaple from the | *Wirelsss Monitoring System - Transmiter 218+a £9.92
PCE Sarvice, sce list. These ar¢ fabricated in glass fibre, ang are fully drilled and Rscsiver ;. 220+2 £8.56
roier tinned. All prices include VAT and postzge and padu‘.g Add €1 psr board *PiC MiDI Sustain Pedal  Sofware only - -
Tor airmail cutsige of Eutope. Remittances should te sent 1o The PCB Servics, *Wirelass Monitoring System=2 See
Everyday Praciical Electronics, Allen House, East Borough, Wimbome, Dorset F.ML Trans'Rec Adapiors 219a220a | Febes
BH21 1PF. Tel: 01202 881749; Fax 01202 841592 (NOTE, we cannat repiy to *Tima and Date Ganarator 221 £7.37
overseas ordars or queries by Fax}; E-mall: orders@epemag.wimborne.co.uk . Auto Cupboard Light . 222 £5.35
?Pra&quas!slheglgt t:-t'i'1 crosstl.nd) and mads payabie 10 Evesyoay Factical Eectrons | Smaxe Absorber 223 £5.94
ymenl In € sterling only, = APR 4 15
NOTE: While 85% ol our boards are held In stock and are dispatched within {',gfzggm?gﬁ'a& Modube broasi] ggs 52_12
seven days of recelpl of order, please allow a maxlmum of 28 days for Mechanical Radio (pair) 226ALB £7.40pr
delivary — overseas readers allow extra If ordered by surface mall. ¥Ver§ét'ﬂe Evant Counter 207 €582
Back numbers or photostals of articles are available il required - ses the BIC Toolkl M
Back issues page 1% detalls. :J ;.?Flliﬂ'a;;;gemme P [ MAY/99 | 227 £68.95
Please check price and availability in the latest issus. Transmitter 228 £3.00
Boards can only be supplied on a payment with order basis. Serert 259 £3.26
*husical Sundial i 23 £951
PC Audio Frequency Mels: 232 £8.79
PROJECT TITLE Order Code Cost *EPE Mood PICker 233 t6.78
Micsopowser PIR Detector — 1 152 £6.69 12V Battery Tester 234 £6.72
Infra-Red Remote Control Repeater Intruder Detenent > 235 £7.10

{Muhi-proj P__c.ag 932 £3.00 L.E.D. Stoboscope 932 £3.00

Karaoke Unit - 'q.ho Board 159 £6.40 {Muhi-project PGB}
Gomputer Dual User Intorizce. st E8-75 | ['irasonic Punciure Finger ) £5.00
*p"ég% esrwlf, NI }Gé Eg:ag *B8-Channel Analogue Data Logger |, . 237 £6.88
Vanable Banch Power Stpal B AUGHT | 933 3.00 Bulter Amplilier (Oscilators Pt 2) 238 £6.96
Univareal Input Amp%?her 4 146 £6.55 thagnetic Fi eld Dﬂleg:hve 239 £6.77
Micropower PIR Detactor — 2 Controlle 163 £5.72 Sound Activated Switch i 240 £6.53
*PIC-OLO -, 164 £7.02 Fragzer Alarm (Muylti-project PCB) ¥ a32 £3.00
Activg Receving Anlenna SEPTI97 140 £6.00 Chidd Guard [SERIAg. 241 £7.5¢
Soldering lron Controlisr 157 £6.83 Variable Dual Power Supply 242 £7.64
;; PIC hcughpt?H&DCmsses Gé‘-lme 185 £7.82 tiains Cable Localor 32 £3.00
icropower elector — ;

Alam Dlsarm/Reset Switch 168 £5.72 ' s%gfwgﬁhﬁ' 243 £3.50
Ry 64100y [ 2 e £5.12 *‘ln!en'or Lamp Delay 244 £7.83
Remote Contrad Finder QY97 168 £6.32 Tﬁbralarm' . m 230 K]
s Loty o £8.23 | | pemister One-Shat 245 £6.78
ErE s Desciler LLETET 120 Egﬁ *Ginermaus Siopwatch — Part 1 245 £7.82
Auto-Din Bt Ha £6.53 | | *Ginormous Stopivatch — Part 2
Ponable 12V P %WChargar : 173 £6.61 S;,:, g-gﬁ!gm Lo ggg ggS
Car immobilisar | DECST ] 175 £7.00 YN 2
Sale and Scund (Security Bleaper). 178 £7.32 Lol Guard 249 £4.44
Suriacs Thermometer | JAN'SS 174 £7.64 = -

Waz-Waz Pedal (Multi-project PCE) 932 pes.ab
*erraual a;do(ger éoggfgf :;g "é‘?,":ﬁ Sofiware programs for ZPE projects marked with an asterisk ¥ are avail-
*Water Wizard 180 £7.60 able on 3.5 inch PC-compatible disks or free from our Intemet site. Five
Kissomete: , 181 £7.67 disks are available: PIC Tutorial {tdar-Mzy "98 issues); PIC Toolkit Mk2
*EPE PIC Tutorial 162 t7.69 (May-Jun '39 issugs): PIC Disk 1 (Apr '95-D=c ‘98 [ssues); EPE Disk 2
The Handy Thing (Double-Sided) 183 £6.33 (Jan 99 issue to cunent cover date); EPE Teach-In 2000. The disks are
'%UWJP Reminder 184 £5.50 obtalnable from the EPE PCSB Service at £2.75 ezch (UK) to cover owr
dic System Remﬂie Controliar - PgSU 185 £7.05 admin costs {the saitware itself is fres). Overseas {each): £3.35 surlace
e e M 185 Ry mall, £4.35 each airmail. Al files can be downloaded fr2e from our Intemst
(l{ulu-pfo;ect PCB) 932 £300 FTP site: Ap:/itp.epemag.wimborneco.uk. ‘
"-OfDUa!lraCkmgPQ\VEfsuﬂp!y 187 £7.90 r------.-————m-:_-h_u--w I’--l
* -Kater 188 £7.68 i = i
o men &%) EPE PRINTED CIRCUIT
tgre0 Tons Conlrol plus Z0W Starso Amp e = i.J [

Tona Contrcl 190 £7.78 I e, 1

2 i BOARD SERVICE
*Dice Loi 192 £8.05 | |} ! ! !
EPE Mocd Changer [FIUNESET] 193 £7.75 1 1 : s R 1
*ATBSC2031/1051 Programimer I Order Code  Project Quantity Price i

Main Boarg 194 £8.50 r,-

Test Board 195 L] O e B ik the d Ao teFen 2 $x s

_ *Reaction Timer Software only - - 1 ]
*PIC16x64 Toolkil JULYS8 ) 156 T5.96 L ‘
¥ Groentiouas Comadies P ETip T M L AR S5 S8 ot Byt O et e T o i

Control Board 197 £308 | 4 : 1

PSU Board 198 £8.10 | § Address....... St it e e ENL L N | P S ; i
Float Charger _ AUGS8 199 25591 T

b % htbulb Savar 202 £3.00 3 <

E;s{anai lereop%rgsﬂﬁer 932 0 L P et A S e e ey !

L fulti-project " . ”
+* ,;en J:e Radio Link 200 £8.32 : | énclose paymientof ... fehequedPO in € sterling.only) 100 :
*PIC Altimeier £ 201 £8.15 i E d 1
Vaice Frocessor 203 718 veryday
*Diglsery R/C Expande 204 £7.69 =l 5k : b 4 -
IR Femole Controy s : Practical Electronics Eumcars :

B;acrésicwé:rter %% £3.00 (Emmeesn  MasterCard or Visa No. 4 i

~*PIC Tacs Measure § NOVEl Y ez | Minimum order for credit cards £5 : 1
Elactronic Thermostat ! 1
T-Stat 208 £4.00
szzg £1485 | 1 |
A-PCB B-CD-ROM C-Prog. Microcontraller Bea (A)(B)(C) oa 1 1
!:rWay IR Remate Centrol
Switch Matrix 211 gaoo | I 1
15-Way Rec/Dacodaf 212 £4.00 | | Signaturs ... ~.Card Exp. Date ..o
Damp Stat 208 £350 ] |  Pleass supply name and .;:idress of ce.:d.mb:lar  diffarart from the addeess M 1
ﬁzd?f;dc?,gﬁfsﬁgﬁ?w’ 4 £578 | 1 NOTE: You can order p.c.o.s via our Intemet site on a secure server:
A AU IR G s N e ns ot e e e
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SURFING THE INTERNET =’

NET WORK

ALAN WINSTANLEY

JET SCREAM

EVERAL examples have ariseni recentlv which illustrate how use-
ful the Internet can be, as well as how it can also be the bane of
my life. Recently a friend asked me if | could help with a problem
with his HP LaserJet, an old but very sturdy LaserJet 3 which was
displaying the dreaded message on its Le.d. Call Service Error 50.

1 own an LJ 3P as well, bul my own experiences ol out-of-war-
ranty service had left a distincily bad taste. My ScanJe 4C scanner
-Suddenly broke down at quite a critical timie, so my first port of call
was the HP web site. It had a list of dealers who could (reportedly)
repair scanners, and the site also had a map feature which displayed
a zoomable road map of the UK showing my nearest dealer.

[ printed that off. threw everyvthing in the car and went off in
search of a scanner saviour, Two weeks later the HP dealer charged
the equivalent of nearly £100 nos 1o mend i1, because afier putting
in about a day’s work it ranspired that they can't be fixed anyway.
("There is no repair path,” the official jarzon explained.)

The replacement scanner. an HP 6250, has had more than its fair
share of installation difficuhies. and again the Inlemct proved vital
n finding the patches and fixes from the HP web site, Their slow
but moderately useful scanner forum also helped explain why. when
1 tried 10 share the scanner on my network, the host PC would try to
dial the Internet insiead (it still does, by the way).

Remember readers, thar if vou ever have hardware or software
problems, there’s a chance you're not alone, and often all you need
10 do is search for the answer on the Intemnet. The problem is usu-
ally where 10 siart. Have a look at the brand new Help web site
operated by CNET at www,help.com.

So 10 help my friend with his LaserJet 3, [ started by typing
“laserjet”” into Deja News (www.deja.com) to see what other folks
have said in the pasi. After reading through many of the newsgroup
messages archived there, several web sites caught my cye.

It was not that long before I turned up Parls Now Inc.
(www.partsnowinc.com) and also All Laser Service in
California (www.all-laser.com) and — bingo — thare was a page
devoted 1o Call Service Error 30! The problem could be a fuser,
Iriac, thermistor or halogen lamp. thev say. Using an ohmmeter
we can now hopefully pinpoint the faull and nx this one
ourselves, if we can getthe spares.

HELP US TO HELP YOU

1 was once quitc amused by a quip made by a reader in relation
to our Chrar Zone service. or more specifically, my own contribu-
tions therein. The reader wondered if my mood could he gauged
from the way | signed off my messages: perhaps a curt “ARW " sig-
natufe signified a certain amount of grumpiness (never) whilst the
full moniker — usually bashed out in sonte hasie I must say = meant
that | was feeling a tad more affable that day. Who, me? p

One thing that does admitiedly test my patience at times is
when I'm on the receiving end of some intemperate E-mails
from users of our web or FTP site. However, acknowledging the
principle that customers are always right, cven when they are
completely wrong. and no-one ever won an argument with a cus-
lomer anyway, your scribe bites his tongue and sallies forth with
an ever-helpful reply.

Following the launch of Teach-In 2000. my E-mail has beer
alive with requests for help from readers who are new to elec-
tronics, new 10 computing, or new to the Intemet (or new to all
three). Although I’m happy to oblige, surprisingly there has been
more than one unfavourable comment about the FTP site. some
users having apparently been foiled by the protess of File
Transfer Protocol.

As one reader put it, “'ours is the one web site in the wérld which
has defeated me.” acwally refersing to the FTP file server, which 1

938

must sayis extremely reliable and has tons of ‘bandwidth at its dis-
posal. The problem is that Internst users, especially newcomers, are
progressively being spoiled by world wide web sites, 10 the 1otal
exclusion of the other ways of making information readily available
over the Internet, &

So when Teach-in 2000 is launched and | receive several com-
plainis about the hopelessness of our FTP site. the weary writer
starts 1o feel rather exasperated. ™l have described the processes of
FTP several times in the past. The first problem js that FTP is FTP,
nof the hyperiext transfer protocol associaied with web-servery,

BROW-BEATEN

Web browsers have varying degrees of success or tolerance when
accessing FTP sites. and in my own experience. Microsoft Internet
Explorer 3 is far more obliging with the process of anonymous FTP
than version 4.0 ever was. Furthermore, every instance of “exlend-
ed response™ server error messages (generated for whatever reason)
arose. in my experience. due to the use of MSIE 4.0, never astyone's.
favourite browser. As | stute on the £PE web site, such error mes-
sgues are browser issues. nol related 1o our server.

All such problenis seem 10 have gone after adopting MSIE 5.0.
which deals with anonymous FTP in an orderly fashion. If some
readers are nervous about upgrading their Microsofi browszr they
have every reason to be so. Sometimes it goes smoothly. at other
times a wheel might fall off in the process. causing major headaches
for the user who has usually done nothing wrong ar all.

For evidence of this. onc only has io read the Microsoft or
WO5/98 newsgroups. Never-the-less. it should be accepied that a
browser upgrade will be required sooner or later — maybe every 12
to 18 months or so. '

Presently the ideal answer-is really to use proper. FTP sofiware,
which will be second nature to seasoned users. [ regret it when users
take umbrage a: the suggestion that an upgrade is required, or tha
we are trying to bar MSIE 4.0 users from the FTP site. Try 1o
upgrade from the obsolete browser if possible. Internet Explorer 5
has the honour of being the first Microsoft browser I could actually
recommend.

HELP-LINE

Here at EPE HQ we want all readers 10 enjoy such splendid
series as Teach-In 2000 so we ry 10 fend a hand where we can, often
going well beyond the call of normal duty as many readers will con-
firm. When things don’t seem to go right. it is very easy lo dash off
an urgent or iniolerant E-mail on the spur of the moment. just
because a user has experienced some frustration or other.

I's also very easy now 1o send an impaiient “chaser” the next
day. which merely adds 10 our volume of work. It isa't our fault if 2
user’s browser is flakey, or if a beginner is frustrated with the cont-
plex techniques of operating a personal ¢omputer, or has never
heard of FTP before now.

You don’t need 1o fetch & hefty browser upgrade from the Intemnei
either (another reader complaint), as browser upgrades are regular-
ly included in compuler magazine cover-mounted CD ROMs, and
furthermore, the upgrade is there on an indestructible CD for future
backup. You could alternatively have a look at EPE Online’s web
site {(www.ecpemag.com) and fetch files from our web scrvér hosied
in the USA.

Occasionally. readers are so stuék that they ask that [ send files to
them by E-mail instead. and I will of course try to oblige. although
it i5 always more encouraging to know thal users huve tried o help
themselves 1o begin with.

If you have any queries. commenis or (whisper) complainis;

_please feel iree 1o share them with other readers in the EPE Char
Zoneg, or E-mail them to alan@epemag.demon.co.uk.
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Textbook Vollage 135 5 ~ Contralling the PhizzyBot wheelad tobot 177
Thermal Conductivity ‘Nov 6 — Routines for PhizzyBot impact guidance 274
Transducer User 3 693 7 -~ Giving vision to PhizzyBot 356
. Transistors in a PICkie 614 8 — Random routines 450
Voltage and Ground 33
Walts Wrong? 838 PRACTICALLY, SPEAKING™®- TECHNIQUES by H’ot;er:ta gnéblzg 3‘% 1&0‘;
INGENUITY UNLIMITED hosted by Alan.Winstanley 43, 111, 206: 284, Lasing your projects more easily 353
1 Y 379, 4125502, 592, 668, 758, 804,-897 Gelting it working when it doesn’t! fet: ]
AF. Sweep Signal Generator 112 Guide to capaciior types and choices 660
Alarm Add-On 413 Guide o identifying integrated circuits 834
Audio Limiter 284, 903 How to achieve larger case holes more easily 150
Auto Supply Crowbar 758 Making better connections with sockets and swilches 523
Car Auxiliary Power Protectian 412 o oy e |
GClass-D 30W Audio Amplifier 898 PRACTICAL OSCILLATOR DESIGNS by Raymond Haigh -521, 598,
Cooting Monitor for Outboard Engines 44 678, 730, 806, 891
Elderly Percon Moniter 898 1. Hartley and its varianis 521
Electronic Rotary Switch 380 2. Colpitts and its variants 598
Home Alarm System 502 3. Armstrong, Meissner, Frankiin and Butler. plus R.F. probss 678
|.R. Ramole Cantrel Tester 284 4. Negative resistance osciiiators ‘ 730
Intercom/Baby Listener 70 5. Crysta! and crystaj-controlled oscillators 806
Keypad Code Conlroller 669 6. Resistor/Capacitar Osciliators 891
Loop Asrial MW Radio 59
Mayday 5.0.8, Module 503 | L
Metal Detector Adaplor i 413 TEACH-IN 2000 by John Becker 816, 914
Aicrocontroller Inferface I57A.C. Monfloring i 1. Colour Cods's and Resislors 818
Mini Siran Alarm 44 2..Capacitors and Timing 914
REGULAR FEATURES
EDITORTAL 1%, 83, 155, 233, 323, 4083, 483, 555, 635, 715, 787, 859 NEWS.—plus reports by Barry Fok 15, 91, 164, 242, 331, 407,

491, 583,643, 723, 795, 874

29, 132, 175, 271, 367, 428,
533, 577, 649, 753, 831, 808

34,131, 189, 258, 335, 430, 501,
575, 672, 728, 826, BB2

NET WORK - THE INTERNET PAGE suried by Alan Winstanisy
69, 141, 219, 307, 387, 468, 539, 619, 698, 772, B51, 533

NEW TECHNOLCGQY UPDATE by lan Foole 19, 130, 163, 247, 334, 4141,
488,560, 840, 720, 792, 888

READOQUT addressed by John Becker

SHOPTALK with David Barrington

SPECIAL OFFERS AND SERVICES

ELECTRONICS VIDEOS

IDENTIFYING ELECTRCNIC.COMPONENTS
FAEE cover,mounted booklat (Nov '99)
INGENUITY UNLIMITED SPECIAL 897 to 904

PRINTED CIRCUIT BOARD AND SOFTWARE SERVIGE™ 68, 140, 220,
308, 388, 459, 540, 620, 700, 773, B52, 837

‘87,101, 218, 2886, 386, 467, 516, 607, 675,
771, BS0, 941

‘ADVERTISERS INDEX 72,144,224, 312, 392, 472, 544, 624,

704, 775, 856, 944

BACK ISSUES 56,.88,-208, 282, 385, 456, 504,
3 594, 686, 764, 802, 332
BASIC SOLDERING GUIDE FREE covar maunted booklat {April '99)

CATALOGUE (MAINLINE:FLYER — UK Only) _ batween 800/801
CD-AOMS FOR ELECTRONICS a6, 118, 186, 280, 364, 444, 518,

596, 676, 750, 828, 912 SPECIAL OFFER' A.S.A. Profile Securily Camera kit 419, 528
, SPECIAL OFFER BK. Electronics )
DIRECT BOOK SERVICE .84, 137, 215,:304, 382, 454, 538,616, %93%. Save £100 on an BOW + 80W Hi-fi Slereo Amp iog, 208
L ) e 7400-SERIES LOGIC GATEPINDUTS, FREE GIANT PULL-OUT
ELECTRONICS MANUALS 760, 840, 524 'DATA CRART batween pages: 352353
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VIDEOS ON
ELECTRONICS

A range of videos selected by EPE and designed to provide instruc-
tion on electronics theory. Each video gives a sound introduction
and grounding in a specialised area of the subject. The tapes make
learning both easier and more enjoyable than pure textbook or
magazine study. They have proved particularly useful in schools,
colleges, training departmients and electronics clubs as well as to
general hahbyists and those following distance learning courses etc

BASICS

VT201 to VT206 is a basic electvonics course
and is designed to be used as a complete
series, f required.

VT201 54 minutes. Part One; D.C. Clrcuits.
This video is an absolute must for the begin-
ner. Serles circuits. parallel circuits, Ohms
law, how to use the digital multimeter and
much more. Order Code VT201
VT202 62 minutes. Part Two; A.C. Clrcutits.
This is your nest step in understanding the
basics of electranics. You will learn about how
coils, transformers, capacitors, etc are used in
common cCircuits. Order Code VT202

VI203 57 minutes. Part Three: Semlcon-
ductors. Gives you an exciting look into the
world of semiconductors. With baslc semicon-
ductor theory. Plus 15 different semiconduc-
tor deviees explained.

Order Code VT203

@O
<‘_)
-

-{QLHIII

VT204 56 minutes. Part Four; Power
-Supplles. 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
rever seen them hefore. Class A, class B,

class C, op.amps. etc.  Order Code VT205
VT206 354 minutes. Part Six; Oscillators.
Oscillators are found in both linear and digi-
tal circuits. Gives a good basic background in
ascillator circuits. Order Code VT206

VCR MAINTENANCE
VT102 84 minutes: Introduction to VCR
Repair. Warning, not for the beginner.
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow the signal from the input to
the audiofvideo heads then from the
heads back to the output,

Order Code VT102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belts in most VHS VCR's. The viewer
will also become familiar with the various
parts found in the tape path.

Order Code VT103

£34.995 ....

inc. VAT & postage

Order 8 or more {el one extra FREE
Order 16 get two extra FREE

! DIGITAL ‘
‘Now for the digital series of six videos. This
series Is designed to provide a good ground-
ing In digital and computer technology.
VT301 54 minutes. Digital One; Gates begins
with the basics as you learn about seven of
the most common gates which are used in
almost every digital circult, plus Binary
notation. Order Code VT301

VT302 55 minutes. Digital Two; Flip Flops
will further enhance your knowledge of digital
basics. You will learn about Octal and
Hexadecimal notation groups, flip-flops,
counters, eic. Order Code VT302
VT303 54 minutes. Digital Three; Registers
and Displays is vour next step in obtaining a
solid understanding of the basic circuits
found in today’s digital designs. Gets into
multiplexers, registers, display devices, etc.
g Order Code VT303
VT304 59 minutes. Digital Four; DAC and
ADC shows you how the computer is able to
communlcate with the real waorld. You will
learn about digital-to-analogue and ana-
logue-to-digital converter circuits.

Order Code VT304
VT305 56 minutes. Digital Five; Memory
Devices introduces you to the technology
used in many of today’s memory devices. You
will learmn all about ROM devices and then
proceed into PROM, EPROM, EEPROM.
SRAM, DRAM, and MBM devices.

Order Code VT305
VT306 56 minutes. Digital Six; The CPU
gives you a thoreugh understanding in the
basics of the central processing unit and the
input/output-circuits used to make the system
work. Order Code VT306

ORDERING: Price includes postage to anywhere in the world.

OVERSEAS ORDERS: We use the VAT portion of the price to pay for oirmail postage
and packing, wherever you live in the world. Just send £34.95 per tape. All payments
in £ sterling only {send cheque or maney order drawn on 3 UK bank).

Visaand Mastercard orders accepted - please give card number, card expiry date -and
cardholder’s address if different from the delivery address.

Orders.are normally sent within seven days but please allow a maxlmum of 28 'days,
longer for overseas orders.

Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimbomne, Dorset
BH21 1RW (Mail Order Only}

Direct Book Service is a division of Wimborne Publishing Ltd.; Publ{thers of EPE
Tel: 01202 881749. Fax: 01202 B41692
‘Dig"o the cost we cannot teply to overseas orders or queries'by Fax.
E-mall: editorial@epemag.wimborne.co.uk.
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RADIO
VT401 61 minutes. A.M. Radlo Theory. The
most complete video ever produced on a.m.
radio. Begins with the basics of a.m. trans-
mission and proceeds to the five majoy stages
of am. reception. Learn how the signal is
detected, converied and reproduced. Also -
covers the Motorola C-QUAM a.m. stereo
system. Order Code VT401
VT402 58 minutes. F.M. Radlo Part 1. EM.
basics including the functional blocks of a
receiver. Plus r.f. amplifier, mixer oscillator,
Lf. amplifiezr, limiter and f.m. decoder stages
of a typical f.m: receiver. Order Code VT402

VT403 58 minutes. F.M. Radio Part 2. A con-
tinuation of f.m. technology from Pari 1.
Begins with the detector stage output, pro-
ceeds to the 19kHz amplifier, frequency dou-
bler, stereo demultiplexer and audio amplifier
stages. Also covers RDS digital data encoding

and decoding. Order Code VT403

MISCELLANEQOUS
VTS501 38 minuies. Fibre Optics. From the
fundamentals of fibre optic technology
through cable manufacture {0 connectors,
fransmitters and receivers. ]

: Order Code VT501
VT502 57 minutes. Laser Technology A basic
introduction covering some of the common
uses of laser devices, plus the operation of the
Ruby Rod laser. HeNe laser, CO, gas laser
and semiconductor laser devices. Also covers
the basics of CD and bar code scanning.
Order Code VT502

Each video uses a mixture of animated current
flow in circuits plus text. plus cartoon lastruc-
tion 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. We are the worldwide
distributors of the PAL and SECAM versions of
these tapes. (All videos are to the UK PAL stan-
dard on VHS tapes unless you specifically
yequest SECAM versions.)

Ot



EVERYDRY

[PRACTICAL|

ELECTRONIG

TORAY IRIEINATIC DAL

Everyday Practical Electronics/ETI reaches twice as
many UK readers as any other independent monthly
hobby electronics magazine, our audited sales
figures prove
independent monthly magazine in this market for the
last fourteen years.

it We have been the leading

It you want your advertisemenis lo be seen by the largest rsadership at the most economical price our cla;siﬁed and semi-display
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column cenlimetre (minimum 2-5¢m).
The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words).

All cheques, postal orders, etc., 1o be made payable to Everyday Practical Electronics. VAT must be added. Adveriisements, together
with remittance, should be'sent to Everyday Practical Electronics/ETI Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex

CO16 CED. Phone/Fax (01255) 861161,

‘For rates and information on display and classified advertising pléase contact our Advertisement Manager, Paler Mew-as above.

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY |

Unto 20 velts d ¢ &l T amp continugus. 1-5 amps paak
fully vanabi= from 1 o 20 volts’ Twin

Voitsge and in g £45 %
Cuwranl matars
=t o35y mad- ety

cut 230 wlac B -
nput. Fully smocthed. size 23cmxi4omuBicm,

‘RADIO COMPONENT SPECIALISTS g

RSE ROAD, CROYDON  “Tma™

E 337 WHITEHO
SURREY, CRO 2HS. Tel: 0f81-685 1665
Lo of Saeciormnt, 3G 0T G0t vRbe fotst FansiorTant, soeis i ek

Pacne or seed oy we e .

NO®/, AVAILABLE WITH

zaa 12BK/ANTI 512K —924
ALSO SPECTRUM |

AND QL. PARTS

W. N. RICHARDSON & CO.
FHONETFAX 01494 8713195
RAVENSMEAD, CHALFONT ST PETER.
BUCKS, 5L9 GNB

" X-20® Home Automation

We put you lin control™

Why tolerate when you can automate?
An extensive range of 230V X-10 products
and starater Kits vailable.

Uses prove Power Line Carrier technolosy.
no wires required.

Products Catalogue available Online.
Worldwide delivery.

Laser Business Systems Ltd.
=y E-Mail: info@!laser.com
Iulp:l]www.lwéom
o Tel: (0181) 441 9788

i Fax: (0181) 449 0430

—
VISA |

'BTEC ELECTRONICS

TECHNICIAN TRAINING

GNVQ ADVANCED ENGINEERING
{(ELECTRONIC) - PART-TIME
HND ELECTRONICS — FULL-TIME
B.Eng FOUNDATION — FULL-TIME
Next course commences
Monday 10th January 2600
FULL PROSPECTUS FROM
LLONDON EUEGTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD
‘EARLS COURT, LONDON SW5 95U
TEL: 0171-373 8721

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics enthusiasts by
personal conizgt and through-a quarterly
Newsletter.
For membership details, writé*to the
Secretary:
Mr M, P, Moses,
5 Park Vlew, Cwmaman,
Aberdare CF44 6PP
Space donated by
Everyday Praclical Electronics

Miscellaneous

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Protwtvpe and Production. Artwork
raised from magazines or draft designs atl low
cost. PCBs also designed from schematies.
Produciion assembly also undertaken. For
details send o P. Agar, Unit 5. East Belfast
Enterprise Park. 308 Albcnibridge Road, Belfast,
BT3 4GX, or phone/iax 01232 738897.

VALVE ENTHUSIASTS: Capacitors and other
pants in siock. Far free advice/lists please ring,
Geoff Davies (Radio), Tel. 01788 574774,
PROTOTYPE PRINTED CIRCUIT
BOARDS one offs and quantides, for details
send s.a.c. to B. M. Ansbro, 38 Poynings Dnive,
Hove, Sussex BN3 8GR. or phone Brighion
883871, fax 01273 706670.

WANTED: A copy of Stripboard Magic by
Ambyr Tel/Fax Dave Lamer, 01493 721879,

Also:Robot Arms
Mabile Arms
Micramice
Ravers
Cybugs

L Robot Books
| www.lechnol@gyindex.com

.l"‘
B

GOLDEN GOOSE SERIAL EEPROM
COPIERS, copies 1o/from 24C16, 24LC16B,
25C166, 24C32, 241C32A. etc. Call (DI245)
358209 after 6 pm. or visit www.gzolden-
goose.co.uk for details.

PIC16F877-04, £6.00 each. s.ae. plus cheque 1o
R. Boariman, 4 Chapel Close, Ellesmere Pon;
South Winral, CH65 2HP. Tel. 0151 356 4588.
SECOND USER TEST EQUIPMENT for
sale: Scopes, generators. dmms. eie. H.P.,
Tektronix. Dawon, Hameg. Maervoni, Fluke. eic.
Low prices. Also some non-warking equipmen
for pars, experiments, cic. Ring or E-mail for
list. 07930 144803 or bford@mitectalomn . com:
PROTOTYPE P.C.B5. PRODUCTION froin

{CAD designs. Send printout of copper track lay-

out and NC dnil file on disk to: Mr Belr. 3
Velden Way, Mill Road, Market Rasen. Lincs
LN8 3HD. For prices and information send s.a.e.
FLAT C.R.T., only ‘Ain. thick. For handheld
oscilloscope probe? £38 with socker 01435
613588,

AMPLIFIER BARGAINS: 50 watl, rugged
module plus heatsink, £8; 30 wam, stereo and
controls, £9. K.LLA., 1 Regent Road, Tikley 1.529
OFEA. Leaflel s.ae.

G.CS.E. ELECTRONIC KITS, at pocket
money prices. S.A E. for FREE catalogue. SIR-
KIT Electronics, 32 Severn Read, Claclon:
CO15 3RB.

EPE NET ADDRESSES

EPE FTP site; ftp://itp.epemag.wimborne.co.uk

Access the FTP site by typing the above into your web browser, or by selting
up an FTP session using appropriate FTP software,; then go .into quoted

sub-directories:

PIC-project source code files: /pub/PICS

PIC projecis each have their own folder; navigate to thé correct folder and'apen
it, then fetch all the files contained within. Do not try-to download the folder

itself!
EPE text files: /pub/docs
Basic Soldering Guide: solder.txt

EPE TENS Unit user advice: tens.doc and tens.txt
Ingenuity Uniimited submission guidance: ing_unlt.txt |
New readers-and subscribers info: epe_info.txt
Newsgroups or Usenet users advice: usenet.txt
Ni-Cad discussion: nicadfaq.zip and nicad2.zip

UK Sources FAQ: uksource.zip
Writing for EPE advice: writedus.txt

Ensure you set your FrPi"
software to ASCII lransferi
when feiching iext files, or
they may be unreadabie. \

Note that any file which|

On-line readers! Try the new EPE Chat Zone - a

virtually real-time Internet "discussion board” in
a simple to use web-based forum!

http:/’'www.epemag.wimbarne.co.uk/wwwhboard f

| Or buy EPE Online: www.epemag.com

ends in .zip needs unzip- l
ping before use. Unzip utifi-
lies can be downloaded
from:
hitp/hvvnw.winzip.comor
i http://www.pkware.com
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TRAIN TODAY FOR A BETTER RUTURE
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FREEPHONE 0500 581 557
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] i Pace.
A To! T500 531 557 o Tel Fas. Dubiny 265 2833

Peaze send me my Free Information on your Electronics Courses
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HALF PRICE CCTV CAMERAS!

1730 CCD BOARD CAMERA
WITH AUTO BACKUGHT
COMFENSATION
1253 STEF ELECTRONIC IRIS
M‘-’D: 30TV LINES

RESOLUTION.
320000 PINELS AND 0-2 LUX
LEVEL GIVES AEMARKAELE
LHYSTAL CLEAR PICTURES

ViJED o PR a7 W BC praer oot Tz o3t ko te —ains
&daotr S prugpad nds T DO Sochet &1 etter T SCART pag
= e VS phone Dugs &2 pugsed o o TY morhr

HMAPLINS PRICE £23.99. OUR PRICE £12 50

3%Tm (w] x 3ol x T ) e
MAFLINS chéﬁass CAMERA CASING WITH SWIVEL
3%:;%25_&2&?5 WALL BRACKET TO TAKE ANY OF
200 ESIUD)O OUR BOARD CAMERAS pa o0

]
Dept ZEEE Nlty

SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

Visa

B @ =

CPERATING & SERVICE MANUALS

Sogrcr Rege. Wast Sossex, PR 20, I
T (o8) 01D} SS90, Fav (o8] 1243 S22487
OROEA CATALOGLE

FRES W

LASEH
Professional modsz! fires a small red laser dol
gver 250 metres. Buill imo executive ballpoint
LY

pen wilh case and batls.

LIST £39.95 Now £10.00
God-plated Keyiob modet
LIST £23.95

NOW ’
Malti Kayfob with 5 tips ﬁregaadﬂqgoﬂwma!
line, star, arrows and circle
LIST £41.25 NOW i
Add €3 p&p any quanlity.£9 00
(Oaly 531 10 schows oF TaoEsTan ~ NG MNoM ws 21)

SONY COLOUR CCTV
BOARD CAMERAS

The DEst CoI0U CET-ES W RS BVeEr 5680 - U3 el Cou's
and (rystal cear insges amarad ow buyet] Hgh grace Sony
imaga senzor chp has auto iriz and 230,000 pixels, 330 TV (2
resolution and LUX feves 2 Suandard UR PAL woeks on zny TV of
mandor. Uss v aur-camers PEU and cabve b2 (see 2D0vw),

new LoweR PRICE £56 .00 (audio add ¢5)

—

ALLGOODS ARE BRAKD NEW =g A S A Ordor Hotline
AND PERFECT. BULK BUYERS | S\, [Ea 1979

SUEASE ASK FOH JOHN. 5t Cambridge Road 01642 851256
PRICES #WCLUDE VAT —— Uiddlasbrough Faxs

£3 AR ANY SIZE ORDER visA TS5 SHL 01642 623173

Al Qur Kis Inctude

High Quality Screen Printed PCBs
High Quality Components

O Produet e inclides
Transmitters from 0-05W 1o 350
FH Starea Coders

Audio Comprassor Limiters
Antennas

RAF Power Amps

Cus Kils &fc Akeo Armlibie
Fully Assembled And Tesied

B =

WE DELIVER WORLD-WIDE
ACC MAIOR CREDIT CARDS

emall infe@veranica.co.uk

Detailed Instructions with Schematlea

-Professional 88-108MHz F

M Broadcasting Kits

T Prokestaned P Pl Trcsosm b Liosesd Laa by o X

Cantact Us How For A Bee Brochure
Tel 01274 883434 Fax 01274 428665

Ukt 59 1A SiacbadoAiect B Qumscabury BRADFORD EO13 144

Visit our Websile al hitpZAwww.veronica.co.uk

N AR RL R
Veronica
KITS),

ELECTRONIC SURPLUS CLEARANCE SALE

MAGHETIC CREDIT CARD READER: Keyboa:o and lap top display system, part of povnt-
of-sale ursl Cost over £150, our price £7.50, carriage £6.50; two uns £25 incl caminge
o=, To be used for expenimanial purposes only, No infa
SECURITY ALARM SYSTEM: Consisting ol wire ioop, peesswre p2d, plezo alarm,
sounder, hey swizh, rizshie case. £4.50, pip £2.50
COMPONENTS — ¥\ METAL'CARBOH FILM RESISTORS: Mixed vaiues,
230 I €1, p3p 750
. REGULATORS: 7805 1A 5V pos., 5 $¢ €1 post Iree
MODULAR DUAL PSU: Mains input, tw 12V d.c. outputs 21 S00mA-or singie 12V d.c.
_culputs 3t 800mA to termina! block =iz2 3in. x &n. x 2in. £4.75, pAp £2.25
SCOOP PURCHASE - An essertial book: PRINCIPLES OF ELECTRONICS, ANALQGUE
AND DIGITAL: A compsete electrorics oourse for the stusdenl of engnser A s&lf—ér.dy gk
etence bodk contantng a broad rmanga ol maieral, 632 pagas hlly tustrated.
Pub. at over €50, our price £17.50 pip £4.50
FREE: A Eeting of new first cisss components and electronss items ai beiow trade prces.
Includes manutacturers” suphus and cversiosis. Ao vai.es end hagh voltzge caps.

~ (Dept E) CHEVET SUPPLIES LTD

157 Dickson Road, BLACKPOOL FY1 2EU A ——
Tet: (01253) 751658, Fax: (01253) 302979  VISA
E-mail: chevet@giobalnet.co.uk Telephone Ordars Accepted — 0

100 Sena Detoes TRANLE | ;
75 Becyder Dooes 1N4001 100
o Racser B THAETT £00
10 ' 3 £100
10 &S TemeriCs - X500
S TAYOPATES Lioooyenaa-n-- n=iEt
53 Azsnrios oo Dackss 42004 L E2g
12 Awsoned T-sagmant Dz A1
25 SITOIEGE R 2R Of yedow ... E400
3  Itmlede oo peenorysdow .. £100
g Al leds Zoud G JL‘L’Paci g g_)
bywess Lads, var cos £4.00
20 8GiEaL ey £120
3 Bl Tanzener .- £1.02
0 ¥ T ... £1.00
20 £377 fzresmn .. 21490
T BIEl B 4 K1 1]
W BCHT Tzt £1.00
0 C545 Tarsmy £1.0
B BESHE Imapama L4500
= BCET Tpesasay L100
X BERTaINSSTN ...ooliioanao £1.00
g Thmsn .. 8100
120 100
Lire)
”
)
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ALEVS 450 CEETIC CRPRCRONE . £1.00

35 AL ] Stk 6
= T TRTERG Far 0 14 =0

DIGITAL
TEST METER

‘Ideal for TEAGH-IN 2000

Built-in transistor lest socket
and dicde ast position.
DC volts 200mY to 1000V,
AC volts 200V to 750V.
'DC current 260mA to 10A.
Resistance 200 ohms io
2000K ohms.

Special offer to EFE readers

£5.99 incivar
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" COVERT VIDEO CAMBA'S. |

Black and White Pin Hole Board Cameras
with Audio. Cameras in P.L.R., Radios,
Clocks, Briefcases etc. Transmitting
Cameras with Receiver (Wireless).
Cameras as above with colour.
Audio Surveillance Kits and Ready Built
Units, Bug Detector etc.

ELECTRONICS
Please phone 0181 203 6008 for free catalogue.
Fax 0181 201 5359
www.uspy.com
New DTI approved Video Transmilters and Receivers (Wireless),
Magor credit cards now taken

Millions of quality components

at lowest ever prices!
Plus anything from bankruptcy — theft recovery
— frustrated orders — over productions eic.
Send 50p stamped self-addrassed label or
envelope for clearance fisis.
Brian J Reed
6 Queensmead Avenue, East Ewell;
Epsom, Surrey KT17 3EQ
Tel: 07775 945386
Mall Order UK only.

Lists are updated and only 40 are seni out every 2 wiesks. This
normally ensures that orders can be fulfilled wherz only a few
thousands of an item is availabie. {Payment is returned if sold out. | do
no! deal in credil notes). This will sometimes entall a delay oi up 10.
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eight weeks — but the prices will be worth the wait!
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SHERWOOD ELECTRONICS

 FREE COMPONENTS
Buy 10x €1 Spec:al Packs and choose anmher one FREE

_SPt 15 x S5mm Red LEDs
SP2 12 x 5mm Grean LEDs
SP3 12 x 5mm Yellow LEDs
SPg 15 x 3mm Red LEDs
8P7 12 x 3inm Grean LEDs
gl 100 x 1N4145 deodes

spP12 30 x 1NADG2 Bodes

SM8 20 x BC1BT transistoes

SP20 20 x BC184 ransislors

SP21 20 x EC212 ransisiors

SrP23 20 x 2G549 Hansisions.

SE24 4t CMOS <00t

§P25 4 x 535 timers

SP26 < x 741 OpAmps

‘SPz8 4 x CMOS 4011

SFa9 1 x CAOS 4013

sP3 4 x CMOS 4071

5P3s 25 x 10725V ekt elect. eaps
5837 15 x 100/35V radial escl caps.
SP38 10 x 470/16Y radial elect caps.
sP<0 15 x BL237 transisies

P4t 20 x Waed trangisions

-5242 200 x Maed 025V CF resstons
§ps7 5 x Min. P8 samches

SP102 20 x B-pin DIL socke:s

SPI103 15 x 14-pin DIL socke!s

SP104  15x 16-pén DIL sockets

53105 4x 74

82108 15 x BUSS7 transistors

SPI11 15 x Assored pohyester caps
SP12 4 x CMOS 4033

SP115 3 x 10mm Rad LEDs

SR8 3 x 16mm Green LEDs
SPHE 2% CAMOS 4047

57120 3 x 741583

SPi22 20 x Assorled ceramg disc caps
SP130 10D x Mowd 0-5W GF resistors
SPIn 2 x TLO71 OpAmps

RESISTOR PACKS - C.Film
(AF3 Sesxchvalbo - fal 5025\ £259

RF7 10 sach value = 183l 730 G-25W £~.oa
QP10 100D popeda vaies 025V £3589
AP4 5 a3ch vaboa-mial 365 05\ 23.75
RPE 10 eath vaue oty 73005\ E635
8P11 1000 popular values HBW €210

SP133
SPi13s
SP135

SP136.

SP137
SP13E
SH40
SP14z
SP143

SP145

'SP148
SP147

SP133

20 x tN400S diodas

13 x INAGDT cooes

6 x Min. side switches

3 x BFYZ0 vansisiors

4 x W05 1-8A teicige rectifiers

20 x 2-283V radial elect caps.

3 x WiDd 1-54 bricige rectifiers

2 x CMOS a7

3 Pais min. crocodia cips
{R=d & Black)

6 x ZTX300 transistors

10 x ZN3TOL transistorns

5 x Stripboard 8 sirigs x
25 hetes

4 x 8mm Red LEDs

4 x 8mm Green LEDs

4 ¥ B Yelow LEDs

15 x 0548 ransistoes

3 x Stripboad, 14 srips %
27 holes

10 x 2N304 transistors

10 % 2NISS transision

2 x LF351 Cp.Amps

6 x BC107 transsiors

6 x BGI0B transestors

20 x 1/83V racel elec) caps.

10 x 17~ 20mm guick Haw
fuses

20 x 4-7:63V radal slecl. caps:
20 x BCS4T transistors
15 x BC239 transistors
3 x CMOS 4023
3Ix OMOS 4058
29 x BC213 ransistors
8 x OAZ0 goas
3 x 10mm Yellow LEDs
6% 20 pn DIL sockets
5 x 24 pin DIL socksts

1999 Calalogue nouﬂavﬁ'ﬂ"able £1
IncaR&Pior FREE with tirsforder,
FRP £1P8ineroder. NOWAY

Ordersfjo:

Sherwood Electrpnles

BATL

son St;, Mansfiald
Notts-NG19 6TD.
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ADVERTISEMENT MANAGER PETER J. MEW

ADVERTISEMENT OFFICES:
EVERYDAY PHACTICAL ELECTRONICS, ADVERTISEMENTS,

MILL LODGE, MILL LANE, THOAPE-LE-SOKEN
ESSEX CO16 0ED.
PhoneiFax: {01255) 867161

For Editorial addréss and phone numbers see page 869
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H -«PRICES INCLUDE V.A T.«PROMPT DELIVERIES
*LAAGE [A4] S.A.E. 60p STAMPED FOR CATALOGUE

EA naw range o! quality loudspeakers, designsd to take
F]

advantage of Ihe lalest loudspeakar tachnology and

! O AK
P ~ - A iz : m enclosura dasigns. All madels utilize high quality siudio
8K ELECTRONICS r - N cast gluminium loudspeakaers with factory fitied grillas, wide disporsion constant
diractivity horns, extruded atuminium corner protoclion and steel ball cornars,
complimenled with heavy duty Black covering. The enclesures ara litted as si1andard
with top hais for oplional loudspeaker stands. Thae FC15-300 incorporates a large
16 X & inch horn. All cabinats are fitted with the latest Speakoneconnlclors

1808265‘ for your convenhience and salaly. Five modals lo choose irom.
TO PRO - e
USERS

THE RENOWED MXF SERIES OF POWER AMPLIFIERS
‘FOUR MODELS:- MXF200 ( 100W + 100\ } MXF400 (200W + 200W)
MXFE00 (300W + 300W) MXF300 (450W + 450W) BLEASE NOTE: - 3
ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH GHANNELS DRIVEN | PLEASE NOTE: ROWER AATIHGS
P QUOTED ARE N \ATTS AM.S. FOR
FEATURES: # independent power supplies with twd tovoadal iransformars = Twin LED. Vu 3zters | gy o IwDIVIDUAL CABINET.

#-tevel controls = Murminated on/c!l switch = Jack(XLR inputs v Speakon cutputs + Stanasrg 775mv ALL ENCLOSURES ARE 8 o:m
TPuls « Open and shortglcunl proof = L 21231 MoS-Fets fof stvess 1136 poaer delvery LD virtually any 15215 inch spoakar
163 « High siew 1ate = Vofy 1aw fist0iion © Aminium cases » MXFE06 AJIXF400 fancootea wihD T L 12212 tneh spasker
Sogepcperand ineiing | ploleciien e ihd FC15 300 WATTS Fraq Range 35Hz-20KHz, Sens mmE Size HES5 W502 D415mm
USED THE WORLD OVER IN CLUBS, PUSS, CINEMAS, DISCOS ETC RICE:- £293.00 pet pair
MXF200 Wig" D1 H3!" (2U) ib] FC12-300 WATTS Freq Range 25Hz-20KHz, Sens QGdB Srze HE00 W405 D380mme

o ke = e X CE:- £249.00 par pair
.. MXF400 wi9" Di2- H5IT (3U) F ATTS Freq Range 40Hz 30 Hz T
SIZES:= MXFG00 Wig° D13°  H5: (3U) ibl FC12-200 WATTS Freg Range 40Hz-20KtHz, Sens BTUB Slz o 05 LEJl

MXF900 W19" Di4d" H5I" (3U)
PRICES:- MXF200 £175.00 MXF400 £233.85

TO==Z0C mmal_"i

3n0mmy
PRICE:- £189.00 por pair

ib! Fo1e- 100 WATTS Freg Range 45Hz-20KHz, Stns 10008, Size H346 V380 DSuumm
PRICE:- !:179 00 patr pair

AT | iht waz 200/ WATTS Freq Rangs 40Hz-20KHR. Sans 9708, Size Ha18 /E00 D3gamm
MXF600 £329.00 MXFO00 £449.15 Eh RICE:- £125.00 EACH

SPEGIALIST CARRIER DEL. £12.50 EACH | SPECIALIST CARRIER DEL- E12.50 por pai, Wsdga Monitos £7.00 each

Oplmnal Msta! Stands PRICE:- £48.00 perpair Delivery:- £6.00

OLOSSUEPOWER

RY HIGH POWER LOUDSPEAKERS:

‘THE COLOSSUS RANGE OF LOUDSPEAKERS
‘ARE DESIGNED FOR USE IN SUPERIOR HIGH
POWER OUTPUT SYSTEMS. ALL NODELS ARE 8 4K

COLOSSUS 12MB:-» 12 INCH » 450WATT A.M.S.

P W e e — — _\ + 900 WATTS PEAK + Szn: 58 dB.« Re: Fraq 55 Hz.
Adassy{mi XJorN, BASS/MID A TOPN 7Bas8X MIDIYOP ™\ £, Frequency Range 0 Hz-3.5KH2zPRICE £129.00

. COMFIGURED 3 WAY 2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED COLOSSUS 15XB:-* 15 INCH * 600WATTS A.M.S.
FEATURES: + 12003 WATTS PEAK = Sens 89 dB » Res Frz 35 Hz

Adasnced 33y Sferso At C:un{)r?r (seiichizDie two way). toused @ 3 18 2 Wease €acncnannzifla Fraguancy Range 30 Hz-LOKHz PRICE £159.00

ras thrae lave) controts: Bess, Mg & Top. The resmavsble frost 1ssca a&nsac::&s to lher,ouran:aﬁe o = &

swicnes 10 2djost he cross over lraquangy. Hass-M 1251250, 500Hz, Mid Ton 14 3(5Hz, a8 3¢ 2433 per | COLOSSUS 18XB:-» 18 INCH » 600WATTS AM.S.

sttave. Tre @13 way ce'ecte: smitches 3@ 3lso atcessed by rmdving the tromt fasca Ezch sieres enarnel | 7 Il:"roeoqngclysﬂF;éabe( E?E;_?ZS 'Iﬂut;(df ‘P?Ilié F'Eqaa:? gig
BE = separsialy. B g 8 = E ) i, 1

s e B saguinly Boemleyedl singivtion, s i awiosacach) canddl ™ tamios ALL UODELS ARE DECIVERED CARRIAGE mzs(ux OhLY}

<

e aatput. Fudy 2ompatie with OMP Raze A=pl far snd Mooulss
PRICE:- £117.44 + £5.00 P&AP

] f:hese 'rb'i.’k-srauwr, 2 weed wae reputston for quatiy ra3ablly and pofioamance 21 2 reabste pece Fowr
thindals 2w gvasabie 1o 5wt the nesds of the peofessional and hobtyy markcl e indusy besue nstrumentsand

: teFrate Whencompareg proes, HOTE tha sl modets sciode Ieord3ipowst Supply, Mo athes! S5k pizss fhie
The 12 and 16 Channel SPM Series Of Studlo Qualtty Mixers P o T b | Sew s 6 Lo Vo S, A4 A, o o i L I ol

Are Ideal For Fixed Installation Stage And Mobile Use. THOUSANDS OF MODULES PURGHASED BY PROFESSIONAL USERS
* 48v PHANTOM POWER . OMP/MF 100 Moa-Fet Ouiput power 110 veatlls
* BUILT IN POWER SUPPLY R M $_Inlo 4 ohms, requency respensa 1z - 100KHz -
* 230V AC/50Hz 3aB, Damping Facler 300, Slew Rale 45ViuS, THD
* PEAX INPUT LEVEL LEDS wypical 0.002%, Inpul Sznsilivity 500mV. SNR.
* PRE FADE LISTEN (PFL) 110dB. Size 300 x 123 x G0mm
* SUB MASTER ouvzpu*r PRICE:- £42.85 + £4.00 P&P
* COMBINED XLR/Y JACK OMP/MF 200 Mos-Fat Output power 200 watts
* §0mm FADERS * CH.MUTE RMS. into 4 ohms. frequency 1espanse Hz - 100KHz
+ 2 STEREQ AUX.SEND/RETURNS ! -3¢B. Damping Facter >500, Slaw Rate 60V/uS, THD
* CONSTANT PAN CONTROL ‘ ‘ typical 00013, Input Sansitivity 500mV, SN R.-11D¢3
L RSN 0 e { g% Al e
* He

4 RO AGOM ame PRICE:- £66.35 + £4.00 PAP

+ CD/TAPE INPUTS & OUTPUTS ¥ e s o e bt v e i
OMP/MF 300 Mos-Foat Output power 300 watts

* BALANCED INPUTS & OUTPUTS

: a%sﬂﬁ%%lcsNESg“TcH - RM S inta 4 chms, frequency rezponse iz - 0KHz
PRICES:. SPH1202 4MOHO MIC/LINE.4STEREO INPUTS £299.00 FREE -3d8, Damping Faclor ~300. Slew Rate 50V/uS. THO.

tyeical 0.001%. Inpun Sensaivity 500mV. SHR, -1:10a0B

SPU1E02 AMONG MIC/INE ASTEREQ INPUTS £399.00 UK P8P
S:ze 330 x.175 x 00mm

PRICE:- £83.75 + £5.00 PAP

= 4 STEREO INPUT

CHANNEL S OMP/MF 450 Mos-Fat Cuipul power 450 walis
* 20J MIC INPUT RMS into 4 ¢hms, frequency respance Hz - W0KHz
CHANMNELS -3a8. Damping Factor >300. Stew Rate 75V/uS,
2%7 BAMD GRAPHIC THD. typical 0.001%, Input Sensitivity 500mV. S HA.
i L Sl 100B, Fan Cooled, D.G. Loudspeaker Protection, 2
Secord Anli- Thump Delay. Siza 385 x 210 x 05mm
+ HEADPHONE :
MONITOR ®itTH P‘FL -PRICE:- £135.85 +£6.00 PAP
= ASSIGNABLE ‘ OMPIMF 1000 Mos-Fel Ouiput power 1000 watts
CROSSFAOE AMS. intc 2 ohms, 725 watls AME. into 4 ohms,

- e _ = DIGITAL ECHO
STEAEQ DISCO MIXER WITH:- «2X7 GRAPHIC EQUALISERS «2 MONO MIC INPUTS +Dd MIC
WITH FADER, TALKOVER AND VDICE CHANGER »2 STEREQ CHANNELS viITH “JDIVIDUAL
FADERS AMD ASSIGMADLE CROSSFADE «CHANNELS SWITCHABLE, TURNTAZLE QMAG
CAleDGE) Ch, UNE. TAPE, ETC. »ECHD WiITH BALANCE, AFPFEAT AND DELAY
SHZADPHONE MONITOR VHTH PREFADE LISTEN «CHOICE OF 6 souuD EFTECTS «STEREQ
--or.o SWITCH »2 X LED VU METERS »MASTER FADER = OUTPUT

frequency response fHz - 100KHz -308, Damping
Faclor >300, Stew Rale 75V/uS, THD. typical
00023 Input Sensitivily S00mV, SNR. - 1068, Fan
Cocled. D.C. Loudspsaxer Prolection, 2 Second |
Anfi-Thump Delay. Size 422 x 300 x 125mm
PRICE:- £261.00 + £12.00 P&P

* {DEAL FOR:- LIVE BANDS, PUBLIC ADDAESS & KARAOKE ETC.

+ ON/STANDBY/OFF SWITCH MOUNTED ON MIC BARREL FOR EASE OF UBE
+ 100 HOURS BATTERY RUNNING TIME. 1 PP3 (NOT SUPPLIED)
% SINGLE CHANNEL RF MICROPHONE 174.23 OR 174.56MHz _

* MAINS ADAPTOR FOR RECEIVER SUPPLIED « FI4 LOCK INDICATOR

7E - 482X240X 11Smm » POWER-230V AC 50/60Hz PRICE:- £169 00 + £5.00 P&P ul HOTE- UOS.FET MODULES ARE AVATLAZLE IN TWO VERSIONS

LU LIS CYBERWAVE F ' FLL (PROFESSIONAL FOUIPWENT COWPATIRLE) IRPUT 361
H | . E OFESSI0% FME A % 05
MM 1000 ; Treey, SAND WIDTH SokMs. | OROER STANDARD(OR PEG

UNIT 1 COMET WAY, SOUTHEND-ON-SEA, _

6 VOL CONTROL ON.RECEIVER. PRICE:-
- £118.88 FREE UK P&P ESSEX. Ssz 6TR. @
Y 2300 OFFIET. DHOERS FAOM SeH0L.COLLEOES, TEL.: 01702 527572 FAX.: 01702-420243

GOVT. DODJES PLC: ETG PRICES INCLUSIVI F V.A.T SALES T . =
2 COUNTER JREDIT CAA D OERS AC crﬂTEaavFEongno!iEFE:L Waeb:- http://www.bkelec.com E-mail:- Salesebkeiec.com




'Electronics, Electrical &
Mathematics Principles V&'

If you are looking for an easy and enjoyahle way of studying or improving
your knowledge of elecfronlcs and maths then this is fhe soﬁware for you.

.: . I'-.l r = -I‘, 2
f I -_‘__--5_'1%!}: -y
¥ -_-.'p%u«ut-i«a.umn-m
W ’
4 2 A=y
X=R _V
iy

13 arfipand o
‘ recds by THSA

Tt

S 2ECONT - WO
SR PERRD

‘ it | puie IIME;mmm;’s-g:—g —= |

CO-ROM far Windows '95, '98 & NT £99.95

o) CEVAT
Bostage FREE

Fiom Ofim's law afid sifiple DC thfougft AGtHeory tothe [REELIECUITE I RECEPE SN
latestPIC 16F84 and PIC16C71 miero eentrollers where the An additional Serial Port hardware interiace for all
clellicTa T feXeTle Notolyel (I CAIn Sl (ot iieider 1l aleR=> el fo]y=loMll those practical plugboard experiments and circuit
through the interactive graphics. ApproVed by Micrechip. fe==
Mathematies are developed from simple number systems
ta selving linearequations andapplying statistics.

AElectronies Principles is a well thoughteut and
gompmehensive program that is also easy to pows. =
install and stable in aperation. & can be 529 5
wholeheartedly recommended " o
Robert Penfoid. Everyday Practical Hectramcs =
magazine October 1998.,

EPT Educational Software. PumpiHouse, Lockram l Te Wlthﬂmw Essex UK. L.M8 2BJ.
Tel/Fax: 01376 514008. sales@eptsoft.demon.coiuk www.eptsoft.demon. ﬁﬁ* uk
Switchy Delta, Visa and MasterCard payments accepted - please give card number ant expiry date.
Gheques & Postal Orders should be madeipayable to EPT Edueational soﬂwaw
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