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| 12v 18AhSEALED LEADACID BATTERIES,

[

new and boxed, unused pack of 4 £39.95 ref
CYC7 or £18 each ref CYC6

AUTOMATIC CHARGER Fartreanncbneces, crarges
2atoroe, erams svel rescelor coTulty, € e chiie £10 e CYCR

A new range of 12v to 240v
INVERTERS
V4008 (400 watt) £89
IV800S (800 watt) £159

IV1200S (1200 watt) £219

ECG MACHINES?%v 10AH BATTSR4V BA TX £x
goerenent ECG madwnes!  Wessures UOXIIEX 120 Dn e
o Ire controls for scan spEsd. stan dedy, soan mode, loats of
CoETions ON INe rey olong vt et Onire ore pansi e
tery DIN socieis S connecting the body Sentcs tn S=rses nG
Fekiced, nsese 2 3 6v 10AH sasled ead acst balts (gensraly ot in
ga0d cordton), poby's 2nd 3 BA7 24y UrTtaks trassiommes {mauns )
S0K BE E82C. Mgy hayve o2 Of two broken ok i cus 10 poct
sorge 01590 ref VP2

SODIUM LAMP SYSTEMS £75.70 Compiets syztzm
with 250w or 400 watt SOH-T Agro bulb, reflectos with bulb
holdar and emeta ballast and stactsruncasad) all you nead is
wire. 2500 system red SLS1, 4000 sysiam SLS2

PC SUPPORT HANDBOOK Tha vtimats trehaical
guide to bulkiing snd maintlning PC's. Over 450 A4 peges
packed with tachnical dats and dizgrams just £40 et PCEX. 1t
you wait 4 copies for £33 rf PCBKZ Ao availzbiz ts 3 CD
packed with disgnostic progremmes to use with tho book E5 ref
FCBX1

D SIZE NICADS Teggea, 1200mA, 1 2v packeol 4 for £6 ref
CYCY or 25 o paci of 24 for £22 e CYTHO

D SIZE SEALED LEAD ACID BATTERIES
2v 2 Sah recnarpeabie seaied S=ad ackd brtsry mace by Cyeion
BuA5mT (22naard D see) soppbed >3 2 pack & 12 or 20 gig you
optens ko Battery soofigeratons g 12v 2 Sah 28, 2t 25ah By
10sh Trese tatieres are patcuarly vsetil - that you €30 sTarge
them 0 yOur SroeCt o OEtvTse e020 8 {og bost batedd efe) Pack
12 £10 e CYCR, pack of 7D £16 rd CYCS
HYDROPONICS DOYOU GROWYOUR OWN-
¥i2 feve a A ookt NySTOPONGS SEBOGUE Svadatie SoETNg
ey pumps, s, erviomenl oot R fttngs, penks, tast
eqaTert e Rang for your froe copy.

PC COMBINED UPS AND PSU Tre wt res a toa
Finwess 0 202 w33, shireard memes beerd cometas ana 1 2 parpnare)
oanr 203 T Chees ofs sdde 5 3 Y2y T 2aH sealec kag a2l
asttenes Bacmptma s 8 mans 2t full lond o 3 s 5t hafioad Mace
AWy Magrum 11000 240 il v 35A, Svar 58 +12¢
2 GA -12v = BA cums (TIRRM2I0m. réw o boxed £75 55
Rel PRS2

ALTERNATIVE ENERGY CD. pacxED witk 1t
DRECS OF ALTERKATIVE ENERGY RELATED ARTECLES FLANS
AND BFORUMATION £TC £14 &) REF Cf5s

AERIAL PHOTOGRAPHY KIT Tres rocket comes win
30T NCameral & e up Io SO0 feet (150 M) bums vt erd =ves an
=rdl pratograch of the groung beiow  Thad racket than rebums wii 25
Brvats e Tokes 110KEm Sipdied compiets weh eveEnthng

| Ty A tsaaeh pad 203 3 motars (o Bim) £29 63 1 astio

| PROJECT BOXES anomer bagen for you 2o trese smant

A3 medre lnad eng opar piug 12v 2w £12.89 REF AUGIGRS

ABS orosect Domes. ST (e peece STEW Sojether CaS2 meRsuTg
Appee 725702 compileta win pere Moarted LED e 4o w it
ads of free ks, tape heady, meines, chps IECson, ansmoTs O
Packof 20 £18 55 mf W02
TELEPHONES astwins week s a huge deivery oftsicgianes.
gitand rew s bued Two pesce cormtructon - Bumnaten keypss.
o0 o pUss (svishate) reczl redl ard pausa, highos 20d ot
TGS sttt and Guakty ocrsineton Offwhits ool and <5 suppsed
with 3 stancard irfemabonal \ead (szme 25 US of moderms) #yon wish
toh=az BT kad sucpesd D oot the phones trase ae 21 S5esch
= ETLX Phonts £4.99 exch ref PH2 10 off £30 ref 552

3HP MAINS MOTORS sage coee 2000 o e, 2
pee, 38 180mam, 2850 MM tudn aufnmahoe Tesel ovENiaad pRD-
teokir, kzyed cheft (A00iGmmMace Dy Leeson £99 each I (S5 1
BUILD YOU OWHN WINDFARM FROM SCRAP
Feew [LPSe At G aves Sep by SiEQ puita ta butdrg wind garerarvs ared
Popears  Armed wih s pubteahon and a guod e scrap yard
Sould mRKE you SET sUSer 6 2ecinady! £12 ref LOTBY
CHIEFTAN TANKDOUBLE LASERS9 WATT+3

WATT+LASER OPTICS Grautsbe soxprecto Lserone,
ong TECG2 oerrems et Doube beam unts desorad o it i the Baral
of atank, each Uk Ias 2 sem conducton 25e7s 3nd Moloe Sove Loks
ragrermeant 7 mieange fo orout Sa3ams ot to WOD, nowprce
2500007 Ls? £159 Each urdl ks two  Gakgn ATBero2 cwemmon
Ssera, TS wath |adwan S00nMm wavelength 230s 6000 puise
g Tre units alg0 SOrtain B Roener o detect reflentad sigra’s from
ety 195 Red LOTS

MAGNETIC CREDIT CARD READERS AnD
ENCODING MANUAL £€9.55 Casen wen fyieads, o=<grad In
=2 gandand crenl cands! eamplete Wil GO SIS PUS 5
P CoNerng eveniiig you CoAsd want  owain A wrats rdden
£ I3 GHElT Stip on your cardl st £9 05 ref AR
SOLAR POWER LAB SPECIAL zxe s 60 1x00a
ook, ALETYS, wire, IRITEY, SaRoh » reisy @ motoe 7 .98 REF SA77
SOLAR NICAD CHARGERS 2 5 A4 sae £535 of
67476 2% C v2e £9.09 et e,517YOUR HOME COULD

BE SELF SUFFICENT IN ELECTRICITY
Commraransave plins wer isass of indo o desgritg systems. panas
ot esctones e £7 ref Y1

AUTO SUNCHARGER s=500rmm siar sanel weh sioce

E'phone orders : 01273 203500

| STEPPER MOTORSsmsanswssaspes rotrs, cmmfeng
hoeswin 47 14mmkringoentres, Z0mmsra® § 3Smm dameter, S
craze, G7Aptase, § 5 2eg sep (200 st=0) Body SBGHmM £14 55
SaTed STEPS packot 4 krE4% 25 P tosadvanaths copegooramier

W& £15 = STER7

200mpg from ournew Velosolex
motorized bikes £695 inc vat
Sales 01273 383848

ﬁ{drogen fuel cells

Cur new Hydrogen fuel celis are 1v at up tp 1A output,
Hydrogen inpat, easily driven from a small electrolosis
assembly or from a hydrogen source, cur demo moded
uses a sotar paned with the output leads in a glass of sah
wate? to produce the hydrogent Exch cell in designed to be
completdytaken 3part, putback together and expanded to
what ever you [ike, {up to 10watts and 12v per
ascembly, Ceilts cost £73 ref HFC 11

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

PHILIPS VP406 LASER DISC

PLAYERS, ccart outeur, susT put your viogo
DISK IH ARD PRESS PLAY, STANDARD AUDIO AKD VIDED
CUTPUTS, FULLY TESTED AHD WORKING. £24.95 REF VP403
SMOKE ALARMS mars powesed, made by the tanos
Gert company, exsy R next o Sght Smegs, ower point Pack ol 5215
rof SS33 pack of 12 £24 =F 5224

4AH D SIZE NICADS pack of 4 £10 ref 4AHPK
SENDER KIT cartansat corpones mpia 2
10 WATT SOLAR PANEL aroprassmmon pansiizes
i @anomzet aumaasT Feme Pandt measires T by 1 wilh screw
tenasels b o3y covecton V' x 1" sodar paned £55 el RAGLS
Unframed 4 pack (3'x1% £58.59 cef SOLX

12V SOLAR POWERED WATER PUMP reect
for sty 12¢ OC vses, ﬁm:d?bi’kersumwscmﬂ
2 COTEET YR DoweL works grect fom our 130 walt soar pany
NBAGT £ Maxhd 7 f Warfow =6 Lom + SA Ref ACAE1609
SOLARENERGY BANK KIT 50x 6“x12"6v salar
paneis(amarphous}+50 dicdes £98 ref EF112
PINHOLE CAMERA MODULE WITH AUDIO!
Supeeh board caneia with on boars siesw) extra st pust 25mm
Spaare (NCAOTY mCroghone) ceal fr coven suvedance Canoe
Izcbenm'&:‘z?‘,trrg BEN 3 matonbext COTRIE weln 15 mens
caba pey 25 tvior corrTestas £40 88 ref CCBJ

SOLAR MOTORS Trey motocs which nun quse hapely o0
aotagee fomd-f2vds Warks on ou & Evaiphows B pancs 2nd
YR G5 TUN e from the sun? 32mm dag 20mm thack. £1.50 eann
WALIKIE TALKIES 1 MiLE RANGE E37/PAIR REF MAG30
LIQUID CRYSTAL DISPLAYS gargain prices,
16 charecter 4 Fne, 6225mm £5 .69 re! SMC1640A

40 character 1 Ene 154x16mm £6.00 ref SMCLG11A
YOUR HOME COULD BE SELF SUFFICENT
IN ELECTRICITY Compeiensve plzns wih vaes o rfo
T GESignang SySienis pmareis, oontrol ectiores &= £F ref PV
AUTO SUNCHARGER 1582550 saias paretwah siode
ard 3 mete Sead an O Py T2v 2w B12.99 REF ALGIES
SOLAR POWER LAB SPECIAL z6ue 64 13004
oets, ALETTS, wie. tuzzer swich » resy of motor B B9RET SATT
SOLAR NICAD CHARGERS +xaA sz £555 et
BPLT6 22 C ez iSOG ref BPLTT

FAINATURE TOGGLE SWITCHES Treseton guairy
20anest panel Mot Dot Swithes Massire Batlt2mm, ara2
Pot chargeover and wia swith 1A 31 280vac or 3 & & 175
Lo e Wi MOLTEng washers and nuts. Suppted as abexo! 100
Sattes ko [28 6 SWTSSratag & 15 5w £2 O ref ST
VOICE CHANGERS rot cos of mese wss over yar
PROOE TN Cus 2Nyl £ a5t your vore 1eng Ihe corsss an
e unlt! Bty coprtee $15 el O3

e
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| REGISTER FOR OUR
ELECTRONIC NEWSLETTERS
| BULL-ELECTRICAL.COM

BULL ELECTRICAL

256 PORTLAND ROAD, HOVE, SUSSEX.
BN3 SQT. (ESTABLISHED 50 YEARS).
MAIL ORDER TERMS: CASH, PO OR CHEQUE:
WITHORDER PLUS £4.00 P&P PLUS VAT.
24 HOUR SERVICE £6.56 PLUS VAT.

OVERSEAS ORDERS AT CUST PLUS £3.50
(ACCESS.VISA, SWITCH, AMERICAN EXPRESS)

FAX 01273 323077

JOWATTS OF SOLARPOWER forjust£69,4
panels each one 3'x1'and producing 8w, 13v.
PACK OF FOUR £69 ref SOLX

200 WATT INVERTERS cags stegit oo yous gar
cigarelic fohter societ and 18 fed wih 3 134 sotke:! S0y osn run
YOS A Opvated devices from your car tanery. £43 55 tef 5565
THETRUTH MACH'NETS&?S\:.TMSM‘UM mara
trEmors mithes voice By cperatad works o1 penaral comersaion
v on ihe plone ard TV a5 wel! £42 48 rf TOS

INFRA RED FILMe& square piose of fexnie wirared Bmirat
wil oy alow R I3 theough Perfect for comvestrg ordnany trches
Wmm*wwiwmmmmﬂamﬂiwm
ExsycAmenam 5 equee f13 A RF?

33 KILO LIFT MAGNETPmT,mmm oameter weh
aborg totonthe basx e easy moorong Each macnetwd 2 33 idos.
4 magnets oot 1 3 pate w1 20 ancrethie 132 bdos! S15
MAGIS Pack of 3 st £33 reg MAGIIAA

HYDROGEN FUEL CELL PLANS! roks orviomation
onyerngen siarage and roc rhon Practes: pEns 1o e id 3 Hddogen
fuel cedl 1poon workshop Bcates regured) £8 s red FOP!
STIRLING ENGINE PLANS inter=sting iomation pack
COvEryg 38 Fpects of Shirg orgues, pohres of roms mace
‘ergves made BRm an ssosl can naveng o 2 Sande ! E12 R STIRR
ENERGY SAVER PLUGS seves uo tn 15% esctmesy
whenised vith Ifopes malosuain A igh buos, sadamg s &t
£5 &a re LOTT, {6 oz 265 16l LOTT2

12V OPERATED SMOKE BOMBS 7y1<3:sa12v
Lrgoer 2ra 3 smoke carnsters, each caneigted wil B a mom navery
ehaat space of irmel €14 90 ned 583 Type 2 & 20 emaler canrstars
(=£abiebmntk ecupmerd fres etr) and 1 Ingoar mokiule b 95
|Ef="“1'me1:sa 12v tngger and 20 large canmsters £49 ref S8¢
HIPOWERZENONVARIABLE STROBES ety
12v FC8 fea wan B power strode hibe @nd contl elsctoiics and
spesd cortrol pESTaTREr Feredt e wisrestng paects |l
TleSSTm 1200 cresaton 06 @3 refFLS!, pack of 10249 ref FLS?
NEW LASER POINTERS 4 5ow. 75 mer= range. rasa
heid uid nas catvo AN BeUenes (supcihed) 570w 25 ref DECY
HOWTO PRODUCE 35BOTTLES OF WHISKY

FROM A SACK OF POTATOES comprenenste 270
Fare bock cowrs a5 asperts of s procumion from everyiay
mat=nas Inchdes ooostnuonon deais of are gids £12rf NSH
NEW HIGH POWER MINI BUG vt aange dfup o
B2 metres and 2 3 days use Fom 2 PR3 s 15 0u7 top sahing bug!
fessiran 1 square 2nd 2 10Mvoce porp g £35 Ref LTI
IR LAMP KIT sutstie for cotv csmerss. enaties the camarn
o e Uted o it caotmesst £6 el 138
INFRA RED POWERBEAM Hanaeia banery power=d
amp, 4 vich reflectsy, pves out powestLd [x e mfrared gt pedect ior
CCTV use, nghtsgnts e £29 ref P31
SUPERWIDEBAND RADAR DETECTOR tesuss
bathracarandiaser, XKaadKA £anss, spesdcamarss and 85 k0w
speed delechon systems. 350 dzgres coverage Fontir
11798 Fd £ Iis on v or gagn £143
LOPTX wase by Sammung tor coiaur TV £3 eaeh red 5952
LAPTOP LCD SCREENS 243175mm £12 raf 5554
WANT TO MAKE SOME MONEY? STUCK

FOR AN IDEA? v/e rave coxzed 140 tusvess maraas trat
(v YTU SETSTON O Sethng ull Gffererd businessos. you PEUSE
these 2 your emee Lsing the 1eat edfer & Your PC Aso potded s
the certifcra erablng ywou 1o reprocce {and sefl) the maas 35
maach 25 you bt 14 ref £P7S

HIGH POWER DC MOTORS, PERMANENT

MAGNET 12-24v operston. monatdy atout 114 horse poer,
by messures 100M X7 5mim wieh 2 B0mmr Smm outpt oraf wih 5
machradtziong Fﬂbanss-r:iem'q 1re bwo theadad Hoss -
:m&u for e fot 52 e MOTS

Onhne

ELECTRONIC SPEED CONTROLLER KiTfor
the adove molor = 296 ref WMAGIT. Sxve £5 ¥ you buy them bom
Dgethe:, 1 Moty us spced cordroder np s £41, offer prce £36 ref
WOTSA

INFRA RED REMOTE CONTROLS reoe 5+ 7vs
L2 ey Nave o usss pack of 100 £30 ref IREM

RCB UNITS inline 1EC lead with fitted RC
breaker. Installed in seconds.Packof3£9.98
ref LOTSA

On ourweb sites you can

1. Order online.

2. Check your premium bonds.

3. Enter cur auction or build your éwr.

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.

6. View our web camera.

7. Invest in our future.

Sales@bull-electrical.com

hitp:/mwww.bullnet.co.uk
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et ' ‘ The . agazin
Cover illustration by Jonathan Hgbertso_n - EEFE.“R."&‘.? Technology and Computer Projects

Projects and Civcuiés

GINORMOUS STOPWATCH - 1 by Ned Stojadinovic “788
Events timer with in-built l.c.d. and remote big digit displays,'plug
radio-controlled gating

VIBRALARM by Terry de Vaux-Balbirnie - 798
Multi-purpose vibration-triggerad alarm with remarkable-sensifivity

INGENUITY UNLIMITED hosted by Alan Winstanley 804
One-volt L.LE.D,

ACQUSTIC PROBE by Robert Penfold 812

An audic "telescope” or stethoscope to investigatd distantorlowleve]

sounds — another Starter Project

DEMISTER ONE-SHOT by Terry de Vaux-Balbirnie 842
Save car baitery use and fuel consumption by minimising rear-screen

power-on times!

Series and <Featuves

NEW TECHNOLOGY UPDATE by lan Poole 792
Copper-based interconnections in i.c.s increase their operational 'speed
PRACTICAL OSCILLATOR DESIGNS - 5. Crystal

and crystal-controlled oscillators by Raymond Haigfl 806
Worked examples and circuit info for hands-on constructers

TEACH-IN 2000 - 1. Colour Codes and Resistors by John Becker 816
‘Everything {weli— neariyl) that a novice needs to learn about electronics.
includes breadboard experiments and Interactive computer simulations.

First.in a 10-part series

PRACTICALLY SPEAKING by Robert Penfold 834
A novice's guide 10 identifying integrated circuits
CIRCUIT SURGERY by Alan Winstanley and lan Bell 837

More Earthly Comments; Thermal Conductivity; Oscillator Feedback;
Simulations; Asta Movistor; Watts Wrong?

NET WORK - THE INTERNET PAGE s,urfedib_y--ﬁréﬁ Winstanley 851
Happy'Kriz-mas; {-Segk-You; Links 1

Regulars and Services

EDITORIAL 787
NEWS — Barry Fox highlights technology’s leading.edge ‘795
Plus everyday news from the wadrld of electronics
BACK ISSUES Did you miss these? 802
SHOPTALK with David Barrington .826
The essential guide 10 component buying-for EPE projects

i CD-ROMS FOR ELECTRONICS 828

Paris Gallery + Electronic Circuits and Components; Digital
Elecironics; Analogue Elsctronics; plus PICtutor, plus Modular Circuit
Design; see also Direct Book Service pages

READOUT John Becker addresses general points arising 831
ELECTRONICS MANUALS 840
Essential reference works for hobbyists; students and service engineers,
Plus digital multimeter special offer
DIRECT BOOK SERVICE s 847
A wide range oi technical books available by mail order, plus more CD-ROMs
! : : ELECTRONICS VIDEOS Our range of educational videos 850
© Wimborne Publishing Ltd 1989, Copyright In all  pRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 852

g:awﬂlmngs, ﬁ:o‘gg;%’.g% Aindnfumcmoilpc‘ébfg;hﬁe PCBsfor EPE projects — some at “knackdown'” pricesl.Plus EPE software

fully protected, and reproduction or Imitations in Y L
whole or in par'i are expressly forbidden. ADVERTISERS INDEX a56

Our December '99 Issue will be published on Raaders Services ¢ Editorial and Advsrtisament Dapartments 787
Friday, 5 November 1998. See page 773 for detalls.

Everyday PracticaltElectronicstEi, November 1999 P



visiourwebsie | THE ORIGINAL SURPLU

vovw.distel.coukll  T//S MONTH'S SELECTION FR
__THE AMAZING TELEBOX

OM OUR VAST EVER
IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK
10,000,000 items EX STOCK
For

MAJOR sa VINGS

TV SOUND &

VIDEO TUNER

One of the highest specification.
monitors you will ever see -
At this price - Don't miss it!!

Ths TELEBOX & an aavactve kaly, cased mans
SECTINCS raady 10 phyg W a host of video manlos o
;?&mmammummﬁe
wal 2550 g dracsy il MOt Voo recorders, abowing £

s not normalty recedvable on most talevision receivers® (TELEBOX
M3 Mmmmmmmmmdswm
o ar UHF colos lseession ehareds TELEBOX M3 covers Wty al tsied

ud. Soarag o
AY erpioment whon
COMDCER WO aLtot

S WONDERLAND!

ITOR SPECIALS

Mitsutdchl FAB4ISETKL 14° SVGEA Multisyne ool morkor winh fnz
028 o pioh 2ty and reschton of 1024 x TR A
vanety of inpuls alows oormection 10 3 et o corpe

| Surplus always
CHANGING STOCKS | Wanted for cash!
19" RACK CABINETS
Superb quality 6 foot 40U

Virtually New, Ultra Smart

Less than Half Price!
Top quaRy 19° rack cabnets mada in UK by
= Optima Enclosures Ltd. Units faature
designer. smoked acrylic lockable frant daer,
full ficight lockable hatl louvered back door
and louvered temovable side panals. Fully
2dpushabia nisrnal fang struts, mady punchad
, fee ahy configuration cf equipment maounting
Pus ready mountad integral 12 way 13 amp
sockat swidchsd maing distidution stnp make
Trase racks same of the mos! versallfe we

" 7
i
-" "

it

T L T

2 S E havs ever scid. Racks may te stacked s«de Dy sue and therelye
Zon fequencies VHF ard UHF including the a3 Lsed b | ars IBM PCs n CCA, EGA VGA S SVEA 1nquire o two s1de panats o stand sngly o¢ it multiple ba
fnost cable TV ki o Geaidop computer vidoo systems & P> modes. B8 COMMODORIE (il AT 1200),  (virat aorlomae o et Mn 200 B o v e bays.
{pctiss n porure) see.ps. For evpiets = e K mantors wahout ARCHIMEDES ard APPLE Many bsatues Exchad OPT Rack 1 Conpletz with removabie side panels.  £345.00 (G
Sund - 21 rRegra 4 wol 2udo arpier d bw el H R 2udo oo am aoapive, B4 swichig &1 LOW TION MPR sl < D*e_ h 1emovabie panais. ! )
Provoas as stanciat Bmﬂmw:wfg.wa-!m s specfeabon Fuly gusranteed, n EXCELLENT ifig LA 1 bd - e 2an = 2 2.00 (G
IELERRY g;{mcg{_\ﬁifavdfamnwimmc::xqs e sedomion . o Only £119 Fosdrie v,erp 000 racks, shelves, acces

L a3 {if=e] L speaker Swivel Basa T4, ] [ A
TELEBOX MB Mutband VHF/UHFICable/Hyperband uner £59.95  VGA catle for oM PC ctodod. L)L LD 197 22" & 24" wide 3 10 46 U hi
Fot overseas PAL verzions stato 5.5 o € mHz scund ificati

1 Exinmal cables for otter of computers esitshis - CALL
“For cabla / hyparband signal recepticn Telebox MB should ba con- - Sounhre — .

h.
Available from stock !_!'E-";‘

nected |2 a cable type sendce. Stvpping o af Telebar's, coda (8)

.U\, State of the art PAL [UK spec) UHF TV tuner-moduls
with compasite IV pp video & HICAM hi f slerao scund

Ex demo 177 0.28 SVGA Mitsubishi Diamond Pro
monitors, Full muitisync etc.
Full 90 day guarantee. Only £199.00 (E}

| 32U - High Quality - All steel RakCab |

Mads by Eurocratt Enclosures Ltd (o ihe highes! passiole spes,

autputs. Micro elaclronics af on one smal PGB mr{'rs x 163
x 52 mm enabia full luning control via a shinple 3 wire fink lo an
B o tpe computar. Suppied complata with simpie working pro-
gram ang documentation. Raquites 12V & + 5V DC 1o cpemate.
8RAND NEW - Ocder as MY0DO. Only £49.95 code (B)
Se0 www.dittel.co uk/data_my00.him for plcturs » full ' Satsils

FLOPPY DISK DRIVES 21" - 8"

Al units (unless sirted) are BAAND MEW of ramaved from ghen
brand new eq.r?n| ent and arz fully tested. aboned and shipped 1o
a full 9

Good SH condition - trom £299 - CALL for Info
PHILIPS HCS35 {same styla as CMSB33
colour monics with both AGB and stan
Knx video Inputs via SCART socket and saparals
Intagral audho powsr smp and speaker
Ydill connect doct to Amiga and Atard 8BC oompLlers. igeal

fox
t0 mast colour cameras. High

- - tront concealed flap controls, VCR correction bution ate. Good
you with D day guaranige. Calf or sge our web site i e J
www.distel.couk tor ovar 2000 unksted drives tof Spares o repar g‘_‘rgnm oq'dmw' ,i‘fu:;ﬁ%?f. x%“&é"[lfaj Only £99.00 )

3%° Mitsublshl MF355C-L 1,4 Mag Lapiops only

3%* Mitzublshl MFI55C-D. 1.4 Meg, Non laplop

5K*" Teas FD-55GFR 12 (for 1BM pe's) RFE
S5K* Toac FD-55F-03-U A0/BD {for BBC's efc) AFE
SK™ BRAND NEW Mitsublshl MF5018 360K

£25.9578)
£18.95(8) I
£18958) dard composite 15.625 Kh: video
£€20.95(6) for all monnoang 7 securlty apps

th square black
2:0 V AC mains powerad.

KME 10° 15110009 h
gilch, Superd clarily and maden styling.
Operates from any ¥5.625 kh2 sync RGB vidao
soupce, with RGB analog and compesite sync
sueh as Atari, Commodare Amige, Acom
Aschimedas & BBC. Measures only 13%° 2 12° x
17", Good used conditicn. Only £125 5

20" 22" and 26" AV SPECIALS

£22 958
Tab!s top casa with h:egrzl PSU for HH 5%° Floppy 7 HD EZQ.QS(E!

6" Shugart 800-201 B* 5SS refurtishad & tested £210.00]
&~ Shugart 810 8" S5 HH Band Now £1

E“ Shugan 851 8' doutia sided refurd

3° Mitsubishl M2894-63 deubla sided MEY:

£)

2%° TOSHIBA MK1CO2MAV 1. 1Gb laptopd12.5 mm M) New £79.95
2¥" TOSHIBA MEK2104MAN 2 15 Gb keptop {19 mm H) MNew £89.50
2% TOSHIBA MK4309IIAT $3Gh 8.2 mm M) NawE105.00
2%%" TOSHIBAMKELOMAAV 6.1G0 taptop (12.7 mm H) New£196.00
2% 10 3% conversion ki {or Pe’s, compiete with connectors £14.55
345" FLJI FK-309-26 20mb MFM UF RFE

3%° CONNER CP3024 20 mb IDE LF gc: equ.v.) RFE

3" COMNER CP3044 40 mb IDE UF {or equiv.} RFE

3%° QUANTUM 40S Protri ve 42mb SCSI U, New RFE

§%° MINISCAIBE 3425 20mbd MFM LF {of equiv.) RFE

SK* SEAGATE ST-223R 30 mb RLL IF Refurb
5%° COC D4205-51 40mb HH M7 3 UF RFE tasted
5M° HP S7545 850 Mb SCS! RFE tested

compizte with comeasite vi
tzak style case. Parfect

EXCELLENT Rtia used conditicn with fult 90 day guarantaa.
207....£135 22"...£155 26"...C185
Y& probabl
Europ

have the larges! range of viieo monitors in
sizes and (7R from 2° 10 42° cafl for Info.

JC POWER SUPPLIES

5% HP C3010 2 itryte SCS| dilferentlal RFE testad Virtually every t pe of power
& NEC 02214 55 1ib SHD nsrinco. sz supply you can tmaging O ver
8 Fuu‘rguuzgzzxIsohﬁass.tovFRFElested 10,000 Power Suppliés Ex Stock
a-:’ Fl‘yrmrud:'{?ﬁlzrffgc?c%?;nﬁwﬂﬁ Cali or see our web site. :

INTEREST ITEMS

3. M FAIS4SETKL 14°

Justin - Microvitoe 20° VG A (530 x 500 ras.) colour monitors.

attractively styled 14°
ard composhe 15625
phona jacks.
for ali zudio visuai uses.

video moailoring 7 sacurity appfications with diract coenneclion
Suaky with many featutes such as

PHILIPS HCS31 Unra compact 9 colous videa momdtar with sian-
wiput via SCA[ST sockst 1ggal
. High quatey, ex-equpment
bufly tacied & guaranteed (posside mnor scresa buwns). In attrac- -
Clastic case measuring WG x Hi0® x 13%" D.

Only £79.00 (o)
igh defntion colour MCnRors wih 0.28° dot

Superbly made UK manufacture, PiL a8 soid state colour mondors,
dc0 & opllonal seund Tpt. Atracin
for Schoows, Shops, Disco, Clubs. steln

fack teafures all steel construction with femavable
s¥de, front and back doors. Froat and back doors ara

hinged for easy access and a4 ane lockabia with &\
=

fva sacure § lever barral locks. Tre front door
Is construcied of double walled siee! wilh a PR
‘designar style' smoked aerylic {tenl pansaf to §
enzble stalus indicators 1o ba seen through tha |
pandl, yet raman unobirusae Internaily the rack |
teatures fully slotted reinforced vertical fixing |
mambars to 1aka the hoaviest of 15” rack |
equipment. The two movabia veitical fixing struts |
(extras available) £ra pre punched for standard
‘¢aga nuts’. A maing distribation panat internak
Iy mounted to the boltom raar, provides 8 X 1EC 3
pin Euro socka's and 1 x 13 amp 3 PN swilched
utility socket. Ovaraii vantdation is provided by e iE
louvared back doot and doubia skidned 1P soction

witlh top and sida louvies. The top panal may ba removed for fitting
of integral fans to the sub plate el= Other fsaturas naiude: Ezad
caslors and foce levaders, prepunchad utilty panel al lower rear for
cabia / connecicd access it Suppiad N excallanl, stightly used
condition with kays. Colout HoLal blue. Extarnal dimanczigns
mmM=1625H x 8350 x E03 W. ( 64" H x 25" D x 23%" ¥)

Sold 51 LESS than a third of maxers price Il

A superb buy at only £245.00 G}
42U version of the above onl £345- CALL

L1

from & cancelled axpon ordar brngs you
tha most amazing savin'?s on thesa ulra high spee 12v DG 14 An

A special buk purchase

rechargaable battorias Masa by Hawkor Enargy Lid, typa SBS15
featuring purs laod piates which offer a far superior <hel & guaran-
lead 15 year sanvice Mz Fully BT & 856280 approved. Suppie:
BRAND REV and boreg Danonsions 200 wige, 137 gy, 77 desp
45 bolt termmals. Fully guarantead. Current makers prce aver €70

“=AQur Price £35 each «« or 4 for £99 (5

Save £EELs by hoosihy youwr next raiay from our Massiva Stocks

covenng types such as Miary, Octal, Cragis, Harmetically Sezled,
Continantal Contactors, Trms Delay, Read. Mermwy Wotted. Sakd
State, Prnted Cacutt Mounning ete. , CALL of sea our web sits
www.disfel.co.uk for more information. Many odsclate types from
3 £ ]

infugtrial spec SYGA monitors  £245  HPG030A 0-200VDGC @ 17 Amps bench power supply L1950 [P PEEay ~ p . Tars
FARNELL O-50V DC @ 50 Amps, berch Power Suppees  £955  Intel SBC 456/125C08 Enniancad Mutbus (MSA) Hew  E1120 L #10) 0] 0] =] CCD CAMERAS
FARMELL AP3080 0-30V DC g 80 Amps, bench Suppy” L1650 Mikon HEX-11 [Ephiphat) expasure contiel uni £1450 7 P 3 = 4
TR 13 200 KW - 400 Hz 3 plase SOUrTEY - ax $iock £PDA  PHILIPS PM5518 pro. TV signal geaerator _ £1250 Undoubledly a miracle af modern lechnology & #a5
1BM £230 Typa 1. Token ¢ing haso und dirver £750  Motorola VME Bus Boards & Componants List, SAE FCALL £POA our special powar | A quslity product fes- S
Wayne Kerr RAZ00 Audin HeQuency response analyser £2500  Trio0-18 v inear, materad 30 amp banch PSLI. New tuting a fully éased COLOUR camess af a
1814 53F5501 Texen Hing ICS 20 port isba modules S0 Fulitsu M3041R 670 LPM high speed band printer £1950 gh'e away pca ! Undt faatures full auloiight sensing for
IBM KAU Token ring dttbution pansl 8228-23-50500 £95  Fujltsy M302TD 600 LPYM prntas with network ntadacs £1250 us2 in low light & high (ight
AIM 501 Lew gistorton Gseator 9H2 o 330Khe, IEEE €550  Perkin Efmet 2998 Infrarad spectropholometer £500 spplications. A 10 mm fued locts
ALLGON 8389.11545-1880 MHz hybnd power £250  Parkin Elmer 597 infratpd spactroprotometer €3500 wide angla lens giees excellant focus

combners
with G703{2M) 64 Vo

Trond DSA 274 Cata Anags:r
mada 2 to 22 GHz sweep gensrator
[

VG Eiectronlcs 1035
Marsconi 6310 Pr

Decoding Margin Meter

£3250
LightBand 60 output kigh 3pec 24 rack mount Viceo VDA'S £485

and resolutlon from close up 1o tong

s & range. Ths composHe video output wid
Marconl 2022C | -1GHz RF signal generator £1550  Sekonic SD 150H 18 channal digital Hybrd chant recorder  £1956 | fonnect lo any compasde mondor or TV
Marconi 2630 opt 03 10KHz+1 3 GHz signal geramle New £4595  BAK 2633 Kcrophona pee amp £300 {via SCART sacket) and most video
HP16508 Logic Analyzer £3750  Taylar Hobson Tallysurt ampSfiar f1ecorder £750 recorders. Und rune from 12V DC so
HP3T81A Paltern ganarator & HPI782A Emoe Datecte CPOA  ADC §5200 Carbon daxide gas oetactor / monitor £1450 7. rdeal lor sécurity & portable applics-
HPE6214 Dual Programmabie GPTB PSUO-7 V 160 waits  £1800 BBC AM2073 PP Metel (Einest Tumer) » dire elpctionics  £75 - = lions whate mans power not avaiable
HP6254 Rack mount varlabie 0-20V € 20A metzted PSU €675  ANRITSU §654A Opdeat DC-2 5G/0 wavatorm montor £5650 .Oveszll dmensions 66 mm wida x 117 deap x 43 hgh. Suppied
HP531214 DC 10 22 GHz four channol tast sat EROA  ANAITSU MS001BT 0.6-1 7 uM optica spéctium anglyser EPOA -BRANO NEW & fully guaranteed wih user data. 16G's of appica-
ngAl J0A opt G20 J00 MHz putse gereralor, GPIB atc €7800 ANRITSU MLS3A apheal powsr matet _£950 lons ncludng Secunty, Home Vidao, Wab TV, Web Cams ele. elc.
HP A1, AD B pen HPGL high speed dum ars - from £550 ANAITSU Fit-e ople charactaristic test 588 EPOA ‘ y
HP DRAFTMASTER 1 8 pon figh ead bt £750 &S FTDZ Dualsound un gesg  Mevtel=1k33  ONLY £99.00 or 2 for £180.00 m
EG+G Brookdesl 55035C Prac:sion kock n amp €1860 RAS SHUF-E1 Visicn modulgtor " £775 FT 0 4
View Eng. Mod 1200 computarised mspecion system EPDA '-'-;LTR.OH £630B 12.4 / Z0GH2 RF sweep genetalar %5750 SO WARE SPECIALS _ I
Sony DXC-35004 Hich quaty CCD cotour TV camera _£955  TEK 2445 150 MH2 4 trace cspfioscope 1250 B =
Kolthte 590 CV capacitor J:g::a;e anakyses £POA  TEK 2465 300 Mh2 300 MH; csclinscase rack mouii £1555 NT4 WorkStation, complete with service pack 3
Racal ICA40 duat <D cnannel voice recordar systam E3T50  TEK TDS350 400Mthz dighal reatlime. . aesk diive, FFT et £2800 and licencs - OEM packaged. ONLY £89.00 @)
Fiskers 45KVA 3 ph On Line UPS - Naw battenes £9500 TEK TDSS524A 500Mb2 diptat reakims + colour Sisplay efc £5100 ENCARTA $5- COROM, Net ths latest - but at 1hls price 1 £7.95
Emerson AP130 2.5KVA industral sp=c UFS £2100  HPIS85A Opt 997 20Hz 1 40 Mz spactrum analyses £3950 DOS 5.0 on 3% dsks with concise books c/w QBasic £14493
Mann Tally MT645 foa spead e printer £2200 PHILIPS PW1730/10 60KV XRAY generator & accessoties £POA  Windows for Vorkgroups .11+ Das 6.22 on 3.5° disks  ©55.00
Inte! SBC 186/133SE Lvkbus 485 Systgm. 80\ Ram £845  CLAUDE LYONS 12A 240V singia phate aulo. vol, FEgE £325 wordpariect 6 foe DOS suppiad on 3% disks with manual £24,35
Slemens K4400 E2Kb to 140Mb demux anatysar £2950 CLAUDE LYONS 100A 2400475V 3 phasa avio volt tegs  £2900

DISTEL on the web {1 -

er 16,000,000 items fr

ALL MAIL TO LONDON SHOP
Dept PE, 29735 Osborne R4 Opé{lslfﬂcﬂ'- $315:00 +5:30

Thotnton Heath 2 Nrrepatl - Visit
Surrey CR7 8PD On A Bus Route VW

20 Haath &

Open kon - Fri-9.00-55:30 Sulhuirit Park SR Fom Beatices

om sto
DISTEL®

distel.co.uk
emall = admin @ distet.couk

N alstomens 201 175% VAT o TOTAL o0 smourd firstum

Stipping chargss fer soliware is code B ;
ck - www.distel.co.uk
ALL ‘T ENQUIRIES

0208 653 3333

FAX 0208 653 8888 '

our web site

el el B £501 Cheguas £1m :(;n ol C; A ‘Miirngg
¢ es ano Locai ©S5 -+ MOSTRIT 3000Ure Order Qs over E100 am subpct 10 10 warking diys doarance TRgE chages (A)=F3.00, (Al=£400.
[ & | O £57 qup;msq(cumzso,mlsmmzemmmﬁmmmsmﬁuwé-mwmgmwmncuMﬂm
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 NEXT MONTH

SPECIAL IU SUPPLEMENT

Our Ingenuity Unlimited section has always been very
popular with readers, so we have put the pressure on Alan
Winstanley to edit as many contributions as possible in
order for us to provide you with a-bumper bundle in the
December issue. Some that we hope to present for your
delectation and dismemberment are: Serial Port Splitter;
‘Elderly Person Monitor; Audio Limiter; Rechargeable PP9
Battery; Shaky Dice; VCO Generator; Tumble Dryer Alarm;
AA lo PP3 Converter; Pulse Modulated Inverter; National
Lottery Predictor and, just for good measure, a TV system
using a simple modulator based on a Nipkow disc as made
famous by one John Logie Baird some time ago.

TELECAN - A BRITISH FIRST
IN HOME VIDEO RECORDING

~, . y 3 “There Is a popular point of view, originated by Emerson,
This very simple project can detect fixed mag- which assumes that building the first, or a better

netic fields or fields that are varying at an audio mouselrap, resulits in people beating a path to your door -
frequency. Fixed or slowly changing field this must be the most perniclous fallacy ever to
strengths are registered on a centre-zero meler, misrepresent invention:”
which indicates the polarity in addition to the Britain stands pre-eminent.in creative science and engineering,
relative field strength. Audio frequency fields, but the depressingly long list of Jlost” British firsts in invention
such as those produced around mains and shows how often thwarted or disillusioned British inventors and
audio transformers, are detected via a crystal innovators have either abandoned their ideas or gone abroad,
earphone that can be used to monitor the thereby reducing British compelitiveness. Decades of British
output signal. under-investment in British ideas and British technologies has:
The unit is not intended te provide accurate meant that other nations either in.dependenﬂy develop the same’
measurement of magnetic field strength, andis. -ideas, or directly capitalise on British technical creativity — and

'soon overtake us in our markels.
Norman Rutherford and his partner Michael Turner have
learnt this lesson and are quick to remind us, They should

aimed at those who like to experiment with
something a bit different. Although quite simple,

the unit is reasonably sensitive. A small and not know; back in the early 1960's they not only developed the first
very powerful bar magnet can be detected by domestic video racord and replay system, but also the first

the protolype at aboul 100 millimetres from the combined TV and VTR and the first Camcorder, but poor
sensor, and drives the reading to full scale at a foresight by their backers and ifivestors lost them the edge: This
range of about 30 millimetres: Is the story of their inventions,

PLUS: EPE TEACH-IN 2000 PART 2
AND ALL THE REGULAR FEATURES

NO ONE DOES IT BETTER

DON'T MISS AN
ISSUE - PLACE YOUR
- ORDER NOW!
ELECTRONICS

TOOAT 1NTFLNATIONAL Demand Js bound to be high

DEBEMBER ISSUE ON SALE FRIDAY, NOVEMBER 5

Everyday Practical Electranics/ETI, November 1999 779



SQUIRES

MODEL AND CRAFT TOOLS

A 'comprehensive range of Miniature Hand and Power Tools
and now an exiensive range of

ELECTRONIC COMPONENTS

fearured in a fully illustrated

336-page Mail Order Catalogue
1999 Issue
SAME DAY DESPATCH
FREE POST & PACKING

Catalogue free of charge to addresses in United Kingdom.
For overseas send 6 International Reply Coupons te:

Squires, 100 London Road,

I Bognor Regis, West Sussex
PO21 1DD

Tel: 01243 842424

Fax: 01243 842525

| SHOP NOW OPEN

>,
@
>
Z
m

G :
LEARNING COURSES in:

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

GCSE and BTEC Mathematics

‘Courses to suit peginners

‘and those wishing to update

their knowledge and practica) skills
Courses are delivered

as self-contained kits

No travelling or college atténdance:
Learning is at your own pace
Courses may have

BTEC Cerification and Tutoring,

For information contact;

NCT Ltd., P.O. Box 11

Wendover, Bucks HP22 6XA ] /
Telephorie 01296 624270; Fax 01296 625298
Waeb: hittp/Awwwv.nct lid.uk

7. o 5
151,59 e VAN
sRSicen pAp =g VAT,
OIVAE=omar £3400 X £6.00
(T47.00 ing VAT)
£7.00 1
) 4 g e N
(tse.srh_:vxr, 7y arttz SERIES 400 »ﬁﬁ .
6B VAY | axior Pres oo = & VATTTS £5.68, 115 £0/81,
£y
(£111 53 we VAT)

SKVAZS Tomas  £150.00 (- Camage § VAT) | 230V AC 120rmm squace ' 38s 3 bizds 10 waz
Boy drect tom v bponars Sastesi pom S ey | Low Fioss B3 Price £7.29 inel £AD andg VAE

S00YA ESOLATION TRANSFORMER ﬁqmu
W’ 8 ia=1 240V AL 0“ 30 124 sovker 2LV AT RESTRUMENT CASE
mﬂ,wmtm;a;‘mr;rz;; B2 nem. Mar s kel L3temc H
Faarmaty b Proe £35.00 sawiage pacy o VAT (30,33 | 157 X 1907 Deep Removakie rond s rewr parel

IMVA & =rp max {4825
VA 10 20 max £65.00
SHVA 135 3 e E28.50

fx axsy o Yoo CirrpoRers. Geey toT-
TOROIDAL LY. TRANSFORMER, Lred ets wih cice ket Pros C16.45
Eomary G240V AC. Secorcxy %W = 090V ESTVA Mp&:mg . 254 129 20 Incksva.
Fing I teppiest =g ul"xd:kﬂ ALUMINIUM BOX e
Price marsl PCB guides imerall 58 255mm x
S0 cige pald T x| 1E5mx S0emdesn Frios £9.93 el pip & VAT 2
COUPREHEMSIVE AANGE OF TRANSFORUERS oft £17.80 incd.
LI-ISOLATION & ALTO 23V AL SYHCHRONOUS MOTORS

GEARED
MO-240¢ A TaESy e cased with Amares soces | Brend mew Ovold Gsaon Cronost pe oty H
21 S 2 o EnR TET e, Resdatis br rrveizss | €507 W S5m0 2 D Samrm, 4mm o phuk 3 100

genery 5 VAL
. 20 FPM 5t ow Dootamm £19.16 el pi £ VAL
ULYRA VIOLET BLACK UIGHT BLUE - SOLID STATE BT URIT
! FLUGRESCENT TUBES A LA I,
omnmeem | meemwn ||kt 2o o dee o
2220 w2 £5.00 oo cofy) A2 32 he VAT Estty mocE ‘Lamwwum
1208 wa 1B+ TS0 0D H252 nc vAT) Disigred for posier it Dorens of wies in
M|iwm 2% - W pdo {E5.24 e YAT) te feit of phyics T elecioncl, &g 5y
Grdmz 52 . Sopdn (T524 re VAT DIFTE 720 OF BRI L8 £ Froe iass sane

B

Z 230V AC BALLAST KIT £243 PAF (E12.81 mc VAT) KUS.

Fadee e it B0 MARE) > =

T e = O 5 e O | o R S T

wmmw“w% fre of 2 macteop Ll Kt of pars iess eata behader

g&‘smdt'tnﬁz.mu,gnﬂlﬂw 120 Saaz 2557, Argm Tuoe E3558 0N par of Bepin

Serata arpicrrs s wieghin: s spkie mmm.moﬁab\nh£m
= 20 comual C15.00+62.00 i {T15.9 inc VAT

Y20 WATT BLACK LIGHT ~.  WASHING MACHINE WATER PLILA
BLUE WY LAF Brarek rsw 240V AC tan Car bo Lpad fra
GES Memury \ipois lgmp Bzt ky .@ vEritty of puepesey inist ’zlﬁ"" cset 1 da
V59 wth 400 PF.Bxime Frca ncldes pp 4 VAT 20 aath or ‘2.
Only £33 65 el pp A VAT 53 lnciosas

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 588 Ampis

& VARIABLE VO 5 KVA ISOLATION;
¥ - &mﬁ Aol g&s_kyw uw; :5"- |

%, aton 7 er L

"I!RANSFOR nal covers Aokl cabia e Premasy

3 : e H i M i I ¥ tome s b

BPUT 220V.240% AL 50°60HE GUTRUT OV-2£0V 0y o x E

PANEL MOUNTING 160, Weight 42 kioe. 1 VAT, Ex-warz-

O5KV) o0 o v OC SIEMERS
& 4 EMENRS CONTACTDR  _

o o Sosey | T GENE RN ¢ o

= 2t oz o On ) ] ST A

HO0S agp iy b2 oh | W estm 2 D 15 B New Prce £7.63 e,

B seRvicE TRADING CO &

Tel:0181-995 1560  FAX: 0181-995 0549 Pasking Space

PLASTIC BOXES
&
ENCLOSURES

SIL.M. (Model) Engineers Ltd

Chiltern Road

Prestbury . ‘ o
Chelteneham Teléphone 01242 525488
GL525]JQ Fax 01242 226288
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SURVEIL A\\"(‘I*

PROFESSIONAL QUALITY KITS

No. 1 for Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this umque area of
4 b

electronics SUMA DESIGNS has a kit to fit the

ill. We have been designing electronic surveiliance

uipment for over 20 years

and you can be sure that all our kits are very well tried, tested and proven and come complete wath iull instructions, circuit
diagrams, assembly details and all high quality com) nents inciuding fibreglass PCB. Unless othenvise stated all transmitters are

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

Genulne SUMA kits avallable only direct from Suma Deslgns. Beware Inferior Imitations!

UTX Ultra-miniature Room Transmitter
Smaliest room transmitter kit in the wodld! Increcitéa 18mm x20mm inchiding mic. 3V
12V operation. 500m range £16.45

147X Micro-miniature Room Transmitter
Best-sefing micro-miniature Room Transritter. Jus! 171 7mm inchuding mic. 3\’~
12V operztion. 1600m range . £13345

STX High-performance Room Transmitter
High perirmance transmitter wih 2 buffered cutpt stage for greater"sisbity and
rangs, Measures 22mm x 22m, including mie. 6\-12V operabon, 1500:11 range £15.45

VT500 Hi 2&ﬂpower Room Transmitter
' output providing excellent renge and periommance. I ]
Sae 20mm x 40mm. 8¥-12V oparation. 3600m range £16.45°

VXY Voice-Activated Transmitter
Thgaers only when sounds ar2 detected. Vary low slandby current. Vanabis sensitivity
and detay with LED mdicator. Size 20mm x 87mm. 9V oparation. 1000m range £19.45

HVX400 ktains Powered Room Transmitier

Cernects ditectly to 240V A C. supply Jor long-lerm morulcrf;g. E
Size 30mm x 35mm. S00m range £19.45
SCRX Subcarrier Scrambled Room Transmitter

Scrambied s this transmitter cannot be menitored withcut the SCDM decoder
connected to the receiver, Size 20mm x 67mm. SV cperatan, 1000M rangs £2285

SCLX Subcartier Telephone Transmitier
Coanects 1o lelephone ine ar,-w‘we requires no balteriss. Cuipul scrambled <o
requites SCOM connected to receiver. Size 32mm x 37mm. 1000m range £23.95

SCOM Subcarrier Decoder Unit for SCRX
Corngets 1o receiver earphone socket and provides decoded =umowtpunc hsag-
prenes. Swa 32mm x 70mm. V12V cperation. £22.95

ATR2 Micro-Size Telephone Recording Interface

Connects between talephons Ena (anywhate) and cassetfe recorder, Switches tape
automatically as phone T used. Al comversatons recorded. Sze 16mm x 32mm.
Peasred from fing £13435

K J 4 Specials w4k

DLTX/DLRX Radlo Control Switch

Remote control anything around your home or garden, outside lights,
alarms, pa{];mg system elc. System conslsts of a small VHF transmitter
wilh digi{al enceder and receiver unit with decoder and relay output,
momentary or allernate, 8- w&d LL]. switches on both boards sef your
own unique security code. size 45mm x 45mm. RX size 35mmx
90mm. Bolh 3V operation. Range up to 200m. .
Complate System {2 Kits) £50.95
individual Transmitter DLYX £19.95
Indlvidual Recelver DLRX £37.95

MBX-1 HI-F1 Micro Broadcaster

Not technically a surveillance device but a great ideal Connecls to the
headphone output ol your Hi-Fi, tape or CD and transmits Hi-Fi qualily
to a nearby radio. Listen 1o your favourite music anywhere around thg
house, garden, in the bath or in the garage and.you.don't have to put
up with the DJ’s cholce and boring waflle.

Size 27mm x 60mm. 8V operation. 250m range £20.95

Dert. EE

SUMA
DESIGNS
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THe Worksxors, 88 Maie Roap,
Baxteriey, NEAR ATHERSTONE.
WarwicksHire ©V9 2LE
VISITORS STRICTLY BY APPOINTMENY ONLY.

UTLX Ultra- mlmature Telephone Transmitter

Simaliast te avaiable Incredile size of 10mm x 20mm!
Connzcis to Im,where) ard swiiches ca and off with phong use. ]

Al cormversabon transmitted. Powered from Ene. 500m rangs £4585
TLX 700 Micto-minlature Tetephone Transmitter

Basl-seling telephiona transmitter. Being 20mm x 20mm B s easier 10 assembis than
UTLX, Connects to Ene (anywhers) and swiiches on and off with phone use. Al con-
versahions transmitted. Powered from Fne. 1000m rankis £13.45
STLX High-performance Telephane Transmitter

High pariarmance transmotter with butfered output stage providing axcellent siab®ly
and performanea. Connscts ta line {anywhere) and switches on and off with phona use.
All corwersations bansmitted. Powvered from fne.

Saze 22mm x 22mm. 1200m range £16.45

TKX800 Signalling/Tracking Transmitter
Transmits a confinugus stream of audio puises with vanable &z and rate. Keal for sig-
n=Eng of traciing purpases. High power cutput giving rangse up to 3000m. X
Size 25mm x 63mm, 8V operation £2295
0400 Pocket Bug DeatectorLocator
LED znd piezo blseper pise siowly, rata of pulse and plch ci tone-increase as you
approach signal. Cam control 280ws pinpeinting 0f SCUTCE: =
Siza 45mm X 54mm. OV cpatation £30.85
CD600 Professional 8ug Deteclor/Locator
Nasiticolour resdoul of signal strength with variabie rate beeper and variable sensitivity
used 1o detesd and locate hudden transmitters. Switch to AUDIO CONFORM mods i6
distinqnsh batwes =n locaksed bug transmession and normal fegitimate sgmaks such 28
pagess, celular, lans:ttSaeT&nmxlUﬂanVoccramn £50.95
QTX180 Crystal Controlled Room Transmitter
Narow F transmtier for the ultimate i privacy. Opsrates on 180MHz and
requires the use of a scanner recefver of our ORX180 kit (see catalogus).
Size 2mm x A7mm. 3V cpsraton. 1000m range £40.95
QLX180 Crgglal Controlled Telephone Transmitteg
A3 per QTX1 m:cennnctamie!aphcneinemmwmmm.ﬂeadccmemﬁom
20mm x 57mm, 9V opzration. 1000m rangs £40.95
QSX180 Line Powered Crystal Controlled Phone Transmitter

per QLX 180 but drans powar raquirements from Ene, No batteries réquired.
Stze 3Zmm x 37mm. Range 500m £35.95
QRX 180 Crysta[ Controlled FM Recelver
Formm.—.n,oiw:ﬂw High sensitivity unil. Al AF section sup-

transmitters.
pce—buﬂtm&pedmﬂmteremjtocmnedontcardsomdiﬁwry%tm

up Wtoheﬂpfme;ﬁ&mnx?&nm SV opratitn
A bulid-up service Is avallable on all our kits if requlred.

UK customers please send eheques, POs or registered cash.
Please add £2.00 per order for PEP. Goods despalched ASAP
allowing fof cheque clearance. Overseas cuslomers send
Sterfing Bank Draft and add €5.60 per order for shipment.
Cradit card orders welcomed on 01827 714476,

OUR LATEST CATALOGUE CONTAINING
MANY MORE NEW SURVEILLANCE KITSNOW —
AVAILABLE. SEND TWO FIRST CLASS STAMPS

OR OVERSEAS SEND TWO IRCS.

Tel/Fax:
01827 714476

LT AR
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VISA |




TE,LNEl

8 CAVANS WAY,
BINLEY INDUSTRIAL
ESTATE.

COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773
Mobile: 0860 400683

(Premises siiuated close to Eastéim-by-pass in Coventry with ‘easy,access
to M1, M6, M30, M42, 1435 and 1169)
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MANY MOREITEMS AVAILABLE ~
SEND UARGE.SAE FQR LIST OF EQUIPMEMT
ALL EQUIPMENT |S'USED -
WITH.30'DAYS GUARANTEE.
'FOR AVAILABILI Y BEFORE ORDERING -

PLEASE CHE
CARRIAGE & VAT YOIBE ADRED TO'ALL GOODS
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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 on the most expensive
*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

simpletouse, with comprehensive on line help: v
Applications Features
¥ Video | ¥ Afraction of the cost of comparable benchtop
v Automot{ve ] b oscilloscopes
v E!ectromc's giesf,ign v Up to 100 MS/s sampling Zag. o =3
v Produ_ctlo_n line tests ¥ Advanced tigger modes- capture B 3
V Fault flrj‘dlng one off events. QA&EO '
V¥ Education V¥ Up to 50 MHz spectrum analyser AP
“ ’ Ving, . €00
e W Large buffer memory i
All units are supplied with - ADE-200/700 £499 '

software, cables and power

supply. Prices exclude VAT. ADE-200/50 £399 o 'f

ADE-200/20 £299

A scope at vour finger




EE207 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST
Tel 01283 565435 Fax 546932
http://www.magenta2000.co.uk

i oS 27, R a3 il - b E-mail: sales@magenta2000.co.uk

ENCNEEGCEE RO OINTIRCES LT D All-Prices include V.A.T. Add £3.00 pef order pép. £6:99

MAIL ORDER ONLY & CALLERS BY APPOINTVIENT

&
P

next day [
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LU Mimh dmy WM M e IR B I G
EPE MICROCONTROLLER] PIC PIPE DESCALER E’PE
Pl. TREASURE HUNTER o siMpLE TOBUILD  © SWEPT
1 |
Tha latest MAGENTA DESIGN - highly | e HIGH POWER OUTPUT  FREQUENCY i

Istabte & sensitive — with I.C. control | o AUDIO & VISUAL MONITORING TE A c- ﬁ. ’ N
} of all timing functions and advanced I An affardabla circuit which swasaps ‘
I pulse separation technigues. 1 :26;' L%ﬁgfrr;ragu:':lefeslgfgt':);r:;ﬂl";e“c
l'e High stability ! signals. May redga scale forrgnan'on. 2 ooo

drift cancelling I dissolve existing scale and improve
I o Easy to build | L‘;‘{::?Z‘?h:b\ﬁgy;‘égkgfgg the vay Full set of top quality NEW
I Buse } Kit includes case, PC.B, coupling components for this educational
I o Noground | ﬁ?“hagd_f" Cﬂor:?oneng.s 1 Henan series. All parts as specified by
: gn":::‘;;ggs A R EPE. Kil includes breadboard,
: § KIT 868 .......£22.05 POWER UNIT wire, croc clips, pins and all
; At el A . f:omgom'ems c:or expenrgent?. as
; ] 80IC, isted in Introduction to Part 1.
1 silver, ferrous & | MICRO PEST *Batterizs and tools not included.
[} non-ferrouss | SCARER & Clided.
i : metals [ . :
§ © Efficient quartz controlled : o cesi oS Uilmale TEACH-IN2000 -

microcontroller pulse ganeration. | special mim,c%;p 10 give randorm KiT 879 £44.95

@ Full kit with headphones & all delay and pulse time. Easy lo
1|¢ FulLu gt : ;'2;%’2““”? et oot p MULTMETER £14.45
Wiy newly sown areas,

LKIT B4 R £63.95 J play areas, sic. Uses pawer soorse :

N M G e N W EE as W Em

from 9 to 24 valts, | - -3
PORTABLE ULTRASONIC e RANDOM PULSES F IS YDER o L9 ©
PEsT SCARER ® S:JGAP:_%%‘#IEO?U Biis v £4.5 g:gj;ct ‘-':‘iavﬂhe wand through %,gé f
A powerful 23kHz uhrasound generator In © ug-in‘power supply £4.9¢ r 50 your message appaars. v i
. ;‘t}:%:;aaw ham-hzei‘d: Egasgun MglgF%%’méznrx}u? KIT 867......... e e M, P £19.99 I Efm 1?23?5&“.5&?:;?7‘:;‘633;?}@
i a ot pAT I P 5
fensa puises vi a special tuned ransionmer, KIT+SLAVE UNIT...cesrecorena, £32.50 ¢ ff MERT00AST Uhepus 6 W
Neepi raqua ut i [1 gy i =1 i
give maxmum ounput without anyepecit WINDICATOR VRIT 840, 2 16.991
sting.Ue; A novel wind speed indicator with LED'readlout. Kit'comes br = = m o c o' e 'c'a'; o 'e -
KIT 842...... T A e £22.56 complete with sensor cups, and weatherproof sensing 12V EPROM ERASER
e - head, Mains power unit £5.99 extra. i ﬁfﬁ‘;ﬁ;{ﬁgﬂmm4mﬁ5ﬁ;§gj
MK. Il ACOUSTIC PROBE 100mA). Used extonshvely for moble work — .

o NEW DESIGN )

& HIGH SENSITIVITY & POWER .
Picks up vibrations amplifies, and” drives
‘headphones. Sounds from engines, watchas,
pipes and speach through walis can be heard
clearly. Useful for mechanics, instryment
enginears and nosay parkersl Vegy effectiva

KITB56 L ... £ e fredon s £28,00

UNIT |
As featured in March ‘97 issue.

davice. 3 . \electrodes
KITIBT6N, . w..£29.95 Magenta have prepared a FULL KIT for this\_ ¢5.50
——== e ﬁ)‘ccellentnew perJect. All componenés, PCB;

~3 g hardware and electrodes are included.
gﬁ,ﬁgﬁi’:{gﬁfﬂ;b&xes Designedfor simple assembly and testing &pd
motor/Gesrbox sels. providing high level dual output drive.
Ideal for Models, Robats, ; : AN O
Buggies stc. 145 t04-5V KIT 866.... Full kit including foutelectiodes £32.90
Multi ra’_t? gearbo;f " : ; s
HIVeSs wide rangs speeds. E¥aTal ¢ Yala\ VAN i A
FARGE VPR DRl iras 1000V & 500V INSULATION

TESTER

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

Kit includes wound coil, cut-out
case, meter scsle, PCB & ALL
fomponents.

KIT 848..........

"EPE

SMALL -~ MGS - £4,77

Stepping Motors

MD38...Min{ 48 step...£8.65
MD35...51d 48 step...£9.99
MD200...200 step...£12.99
MD24...Large 200 step...£22.95

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

sron..£32.95

Basad : i newly sown areas, fruif,
and ?gseowu{n;mda”dest'gg PBOJECT 'vegerabla and flower beds,
featurez D ROt S PIC children's play areas, patios

S J S etc. This project produces
switching pre-regulator for

much higher efficiency. Panel 1 Programmed PiCs ior

meters indicat_e Volls and all* EPE Projects o KITINCLUDES ALL

Amps. FI.I“Y vanablga down to 16C84/16F84/1 6071 COMPONENTS, PCB'& CASE
zero. Toroidal mains trans- I

former. Kit includes punched Ai£5.90 each | ¢ EFFICIENT 100V

and printed casa and all
parts. As featured in April
1994 EPE. An essential piece
-of equipment.

784

PIC16F877 now in stock |

£10 inc. vaT & postage
("some projecls are
copyright)

intense pulses of ultrasound
which deter visiting animals:

TRANSDUCER OUTPUT e UP TO 4 METRES
s COMPLETELY INAUDIBLE RANGE
TO HUMANS

TKIT 812........,
Evéryday Praciical Electronics!ETI, November 1999

dating equipment in the field etc. Ao in educa-
tional situstions where mains supples &re ne &l
Igvred. Safety intatfock prevants contzct with UV

SUPER BAT
DETECTOR

1 WATT O/P, BUILT IN
SPEAKER, COMPACT CASE
20kHz-140kHz

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

KITR80 Lo S ke 8 £24.99

o -LOW CURRENT DRAIN
e I s ..£15.00



| SIMPLE PIC PROGRAMMER
INCREDIBLE LOW PRICE! Kit 857 £12.99

| INCLUDES 1-PIC16F84 CHIP
SOFTWARE DISK, LEAD
CONNECTOR, PROFESSIONAL
PC BOARD & INSTRUCTIONS

Power Supply £3.99

EXTRA CHIPS:
PIC 16F84 £4.84

Based on February '96 EPE. Magenta designed PCB and kit-
PCB with ‘Reset’ switch, Program switch, 5V regulator and
test L.E.D.s, and connection points for access to-all A and-B
port pins.

PIC16C84 LCD DISPLAY DRIVER
INCLUDES 1-PIC16F84 Kit 860 £19.99

WITH DEMO PROGRAM
SOFTWARE DISK, PCB, Power Supply £3.99

INSTRUCTIONS AND FULL PROGRAM SOQURCE
16-CHARACTER 2-LINE | CODE SUPPLIED — DEVELOP-
LCD DISPLAY YOUR OWN APPLICATION!

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

TFIC16F84 MAINS POWER 4-CHANNEL |
" CONPROLLER & LIGHT CHASER

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

Now features full 4channe!
e ZERO VOLT SWITCHING ST DISK
MULTIPLE CHASE PATTERNS | 5o preprogrammed
e OPTO ISOLATED PIC1EFB4 chip.dEfasﬂy [
re-programmad for your

- 5 AMP OUTPUTS 0‘-'!;:! ggplican!;ans. Szftware

12 KEYPAD CONTROL

source code is fully

® SPEED]DIMMING POT. ‘commented’ so thatitcan .

¢ HARD FIRED TRIACS be fallowed easily.

Kit 855 £39.95  o1s oromen arrLicaTioNs
PIC TOOLKIT V1

o FAGGRANS PIC1ECB4 and 16784 ® ACCEPTS TASM AND MPASM CODE

Fuli kit includes PIC16F84 chip, top quality p.c.b. printed with component
tayout, turned pin PIC sockst, all components and software®

*Needs QBASIC or- QUICKBASIC

KiT871...£13.99. Built and.tested £21.99
ALL PARTS FOR:‘SERIES INCLUDING PCBs,

P!!!ZZV PROGRAMMED CHIF. CD-ROM AND DISPLAYS

MAIN BOARD ~FULL KIT£131.95  BUILLT £149.95
YO PORT KIT oo £16.99  BULLT ............ £24.99

(G D e O £12.49 powen suppLY ..£3.99
8-BIT SWITCH/LATCH ..... £7.95 INT. MODULE .£10.45

DEVELOPMENT AND

6800 TRAINING KIT

= NEW PCB DESIGN
o § MH: 68000 16-BT BUS
© ANUAL AND SOFTWARE
e 2 SERIAL PORTS i S
= FiT AND YO BORT OPTIONS .
* 12C PORT OFTIONS

. KIT 621
»° 7 £09.95

s ON BOARD
5V, REGULATOR

Mini-Lab & Micro Lab
Electronics Teach-Ir

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

are supplied by Magenta.
Teach-in 75 £3.95 fromus or
EPE

Full Mini Lab Kit—£119.95—
Power supply extra — £22.55
Fuil Micro Lab Kit — £155.95
Built Micro Lab — £189.95

#veryday Practical Electronics/FTI, Noveniber 1999

\ *PSULE.89 | |
o SERIAL LEAD £3.991 |

' PIC TUTOR Board with Switches, Le.d

EPE PIC Tutorial
At Last! A Real, Practical, Hands-On Series
e Learn Programming from scratch using PIC16F84

® Start by lighting l.e.d.s and do 30 tutorials to Sound
G !- Q D‘I l l S . 5 e

s, and on board

programmer

o

PIC TUTOR BOARD KIT

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

KIT 870 ...... £27.95, Built & Tested ...... £42.95
Optional: Power Supply - £3.99, ZIF Socket - £9.99
-LCD Display ........c.o..... £7.99 ‘LED Display ....ceoeen ..£6.99

o SUPER UPGRADE FAOM V1:e 18, 28 AND 40-PIN CHIFS

o READ, WRITE, ASSEMBLE & DISASSEMBLE PICS

o SIMPLE POWER SUPPLY OPTIONS 5-20V

o ALL SWITCHING UNDER SOFTWARE CONTROL

s MAGENTA DESIGNED PCB HAS TERMINAL PINS AND OSCILLATOR
CONNECTIONS FOR ALL CHIPS ;

¢ INCLUDES SOFTWARE AND PIC CHIP

KIT 878 . . . £22.99 with 16F84 . . . £29.99 with 16F877

READS, PROGRAMS, AND VERIFIES
WINDOWS® SOFTWARE

PIC16CEX, 7X, AND 8X

USES ANY PC PARALLEL PORT g
USES STANDARD MICROCHIP e HEX FILES
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA]
PCB, LEAD, ALL COMPONENTS, TURNED PIN

[ I BN BN BN BN

SOCKETS FOR 18, 28, AND 40 PIN ICs.
» SEND FORDETALED | Kit 862

£29.99

INFORMATION - A
SUPERB PRODUCT AT AN

Power Supply £3.99

DISASSEMBLER

UNBEATABLE LOW PRICE. SOFTWARE

| SOFTWARE DISK,

INCLUDES: PCB, |
PIC16F84 WITH
DEMO PROGRAM,

Kit8s3 £18.99

FULL SOURCE CODE SUPPLIED.
INSTRUCTIONS ~ 1  ALSO USE FOR DRIVING OTHER
AND MOTOR. | POWER DEVICES e.g. SOLENOIDS.

Another NEW Magenta PiC project. Drives any 4-phase unipolar [
to 24V and 1A. it includes all components and 48 step m Chipis

response. Also runs standard demo sequenca from memory.

~ 8-CHANNEL DATA L
As festured in Aug/Sept. ‘89 EPE. Ful] kit with Magenta
redesigned PCB - LCD fits directly on board. Use as Data

Loggsr or 25 a test bed for many other 16F877 projects. Kit
includes programmed chip, 8 EEPROMs, PCB, case and all componénts.

KIT 877 £49.95 inc. 8 x 256K EEPROMS

: g, - E1175
PIC STEPPING MOTOR DRIVER

maolor — up

pre-programmed with demo software, then write your own, and ra-program.
the same chip! Circuit accepts inputs from swilches etc and drivas motor in

‘ = O% All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk
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Phone/Fax: (01255) 861181

GIVE PICS A CHANCE ;

It scems some of our readers are-definitely not.interested in PICs. They see any PIC pro-
ject as being computer orientated and they don't want those dreadful machines impinging
on their hobby of electronics. Well. I'm here to tell you that you don't need to have any con-
tact with a computer to build the vast majority of our PIC projects. You don't need to under-

:stand DOS or Windows or any of that commputer babble, you just need to be able to wiéld a

soldering iron and follow our constructional information.

The black ant of actually programming tiie chip need not worry you.any more than the
design of the silicon inside a 355 or even the atomic level interaction in an OC71 (if you
have never heard of one of those, don't worry 'cos you probably never will again).

Unfortunately, the world moves forward and the fact that we have exciting new chips that
will allow our projects to perform ever more complex tasks, whilst staying simple 1o build,
should be a bonus. (I should point out that PICs are not that new. even to the hobbyist: our
first PIC based project appeared in EPE in June 1992 and we have been sent.a General
Instruments daia book that shows they were selling PIC chips in 1982.)

BLOWING A FUSE

It’s not a matter of blowing internal fusible links, or handling unreliable static sensitive
devices that will “fall over” as soon as you look at them. PICs are robust, casy tc use chips
that have, along with other microcontrollers, revolutionised the world of electronics. So,

‘please don't be frightened of them — we understand if you don't want to know about the soit-

ware or the programming — just give them a iry, we are sure you will find they sre just like

-any other chip if you buy them preprogrammed. If, however, you then decide you might just

be interested in making a PIC do what you want it to then a whole new fascinating world
might just open up for you.

If you want to understand more aboui electronics in geneml, then our new Teach-In 2000
series starting this month will be invaluable. There is also some free software o help-you
along but of course it's not essential if you are “computer shy”.

By the way, don't worry about what PIC stands for — PIC is simpiy the prefix given ioa

-range of microcontroller i.c.s madz by Microchip. Millions of them are in use in commer-

cial products gll over the world and thousands of them are being used by hobbyists every

day.

AVAILABILITY SUBSCRIPTIONS

Copes ol EPEETI are availabla on subscription
anywhare in the world (see right), from all UK
newsagents (distibuled by Comag and from the
Joliowing electronic  component Tetailers: Omni
Electronics and Maplin in S. Africa. EPE can aiso be
putchased from retall magazine outlets around the
vorid. An Imernet on-fing version can be purchased
from www.epemag.com

INTE

el
i

Annual subscriptions for dslivery direct to any
address in the UK: £26.50. Overseas: £32.50 stan-
dard alr service, £50 express airmail. Cheques of
bank drafts (in £ sterling only) payable to Everyday
Practical Elzctronics and senl to EPE Sub. Dept.,
Ailen House, £zst Borough, Wimborne, Dorsel
BH21 1PF Tel; 01202 881749, Fax: 01202 841692
E-mail: subz@epemag.wimbomaco.uk. Also via
the Yeb at hitp/hwwiw.epsmag.wimbome co.uk.
Subscriptions start with the next avaifable 1ssue. We
accept MasterCard or Visa. (For past issues see tha
Back Issues pags.)

BINDERS by
Binders to hold ore volume (12 issues) ére availabla
{rém-the above address. Thesa are finished in blue
p.v.c., printed with the magazine logo in gold on the
spine, Price £5.85 plus £3.50 p&p (br oversess
readers the postage is £6.00 1o everywhere except
Australia and Papua New Guinea which cost
£10.50). Normafly serit vathin ssven dsys but plezse
ailow 28 days for delivery — more kv overssas. -
Payment In € sterling only please. Visa and
MesterCard accepted, minimum credil card
order £5. Send, fax or phone your card number
and card explry date with your name, address
efc. Or order on our secure server via our web
sile. Overseas customers — your credit card will
be charged by the card provider In your local
currency st the existing exchange rate.
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Deputy Editor: OAVID BARRINGTON
Technleal Editor: JOHN BECKER
On-Line Editor: ALAN WINSTANLEY
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Editorial: Wimborne (01202) 831749

Advertisement Manager:
PETER J. MEW, Frinton {01255) 861161
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READERS’ ENQUIRIES

E-mall: techdepl@epemzag. wimborna.co.uk
Wa are unable to offer any advice on the use,
purchase, repair or modification of commercial
equipment ar the incorparation or madification
ol designs published in the magazine. We
regret that we cannot provide data or answer
queries on articles or projects thatl are more
than five years old. Letters requiring a patsonal
raply must be accompanied by a stamped
self-addressed envelope or a sell-
addressed envelope and International reply
coupons. Due to the cost we cannot reply
to oversesas queries by Fax,

All reasonabie precautions are taken to ensure
that the advice and data given 10 readers is
reliable. We cannot, however, guarantee It and
we cannot accept legal responsibility for it.

COMPONENT SUPPLIES

We do not supply electronic components ar
kits for building the projects leatured, these
can be supplied by advertisers (see Shoplalk).
We advise readsrs to check thal all parts are
still avallable belore commencing any project
in a back-dated issue.

ADVERTISEMENTS

‘E-mall: advers@epamagwimbame.couk
Although the proprietars and stafl gof

EVERYDAY PRACTICAL ELECTRONICS/ETI

take reasonable precautions to protect the

Interests of readers by ensuring as far as
practicable that advertisements are bona fide,
the magazine and its Publishers cannot give
any undertakings in respect of statements or
claims made by zdverisers, whether these
advertisemenis are printed as pan of the
magazineg, or indnserts.

The Publishers regret that under no circunt-
stances wiil the magazine accept liability for
non-receipt of goods ordered, or for lale
delivery, or for faulls in manufacture. Legal
remedies are avallable in respsct of some-of
these circumstances, and readers who have
complaints should first.address them 1o the
zdverliser.

TRANSMITTERS BUGS/TELEPHONE
EQUIPMENT

We advise readers that centain items of radio
transmitting and telephone equipment which
may bs adverlised in our pages cannat be
legally used in the UK. Readers should check
the law before buying any transmiting or
telephona equipment as a fine, confiscation of
equipment andior impriscnment can result
from iliegal use or ownership. The faws vary
from country o couniry; covarseas readefs
should check focal laws.
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Constructional Project =———=
GINORMOUS
STOPWATCH

NED STOJADINOVIC

—Part 1

I

Automatically times sporting events
up to ten hours with a resolution of
7/7100th of a second.

ERSSIITE circuit presented here is a mod-
I ernised version of a stopwaich
designed and built by the author sev-

cral years ago [0 time equesirian evenls

where the start and stop gales were not

readily visible to the timekeepers, necessi-
tating some sort of remoie triggering to get
reasonable accuracy.

Also included is a large display unit so that
the audience can be a part of the action — their
hero has two fences 10 go and the clock is
ticking, wilt he beat the current best time . . .

NEW TECHNOLOGY

This design is something of an object
lesson in just how far hobby elec-
tronics has come in the last few
years.

The first stopwaiches the author
built were entirely from discrete |
eomponenis and comprised several |
circuit boards all performing a sin- |
gle function. There was a clock |
generator board, two separate light |
emitting diode (l.e.d.) drivers,
ransmitterfreceiver hoards and var- |
ious miscellancous: bits 10 glue
them all together. |

Needless to say, the whole device |
was a monster and required the ser-
vices of a lead acid battery the size o
of half a house brick to keep it all
running. Also needless 10 say, i
cost 4 fortune 1o produce! f

The curreni design uses a single
PIC16C55 10 generaie all the timing,
and liguid crystal display (lc.d.
functions. The transmitierfreceiver |
sections are comprised of small com- |
mercial modules, complete with |
channel coding/decoding facilities.

Furthermore, instead of a lead
acid battery that could easily start a
small car, a standard 9V cell is
used. Oh, and the Stopwatchk mod-
ule outputs serial data for the Large
Digit Display to-bool!

DESIGN OVERVIEW =~

The basic Stopwatch is fairly Photograph of the autho
standard with the usual Start, S1op  Stopwatch control board.

and Lap functions thai can be
triggered by pushbution switches.
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The maximi time i$ ten hours (9:39:5999
where the last digit is hundredihs of a
secand),

There is an integral display on the main
controlier board, using an alphanumeri¢ lig-
uid crystal module, which can either be 16
characters by one line (16 x 1) or 16 charac-
ters by two lines (16 x 2), either will work.

As an optional extra feature, the design
includes a tadio control function. Two
uansmitters can be used in conjunction
with optical “gate” detection units. The

transmilters are of a type approved in the'

UK and operate on 418MHz using
amplitude modulation (a.m.).

r's prototype test model of the

in the final version described
additional switches are included, The relay on the receiver
module (r.h.s. of photo) is not used.

The optical gate units are basically **door’
minders”, the same as you might see in the
doorway of shops. In normal operation, the
beam units will transmit a coded signal 1o
the Stopwatch module when the beam is
broken, and the code will specify which
beam was broken, i.e. Stop or Stant.

The 418MHz receiver module on the
Stopwatch assembly includes is own
decoders which allow two channel opertion.
where one channel is Start and the other is
Step. In use, the receiver is taught the code of
the mansmitters following the method .out-
lined in their respective data sheets.

Ensure that you obfsin data sheets for
the transmitters, receiver and *“door
minders™ when you order them.

Note that the Lap function is only avail-
able via a pushbutton switch.

Another special feature of the Stopwaich
design is the serial output for the
Large Digit Display unit. which
will be described next month.

The serial output runs at 9600
~ ‘bits/sec with N,8,1 protocol (no
. parity, eight bils and one stop bit).
The physical design is exacily the
same as used by musical instru-
ments in the MIDI standard,
which specifies everything linked

logether by optocouplers, making
| fora very rugged and almost fool:
| proof piece of apparatus,

| BRAIN BOX

As the PIC microcontroller is
the brain of the outfit, we stant
with a discussion of this aspect of
the design. '

The fundaméntal part of the
software is in the use of the RTCC
(real time clock counter) to gener-
aie 001 (one hundredth) second
clock signals, -or 100Hz. Taking
the easiest option, a 3-2768MHz
crystal is used to generate the
microcontroller’s basic controt
| frequency, which is then divided
internally by four by the micro to
produce an intermediate clock rate
of 819200Hz.

Now the PIC's préscaler func-
tion is used to divide by 16 1o give
51200Hz. Then the RTCC divides
by 256 to give 200Hz, which is a
period of 0-005 seconds, where
wwice 0005 gives us the desired
001 seconds clock rate. The
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software reads and responds 10 the status of
the RTCC, but never writes to it {(an action
which can create tming accuracy
problems).

If you refer to the source code (see later),
you will see that the main program loop is
simply checking the positien of the push-
bution switches and radio coatrol signals.
The prescale value of 16 means that every
value of the RTCC counter will be held for
16 clock cycles.

In practical tefms. the main program
loop must have less then 16 cycles before
testing for RTCC equalling zero (i.e. the
RTCC rollover). Once the RTCC rollover
has been detected, there are around 253 x
16 (4080) cycles in which 10 perform other
paris of the program.

With the clock rate established, it isa
simple matter of dividing it down by tens 1o
get fenths and seconds, then by 60 to ger
minutes, eic., the only complication being
that the l.c.d. demands numbers in ASCII
format. In fact, this is quite easy to resolve
as it simply means that a value of 30h
(hexadecimal — 48 decimal) has 10 be added
to the counter values.

This could have been doné in the Le.d.
drive subroutine but it was just as easy 1o
manipulate the couniers with the 3Ch
addad.

DRIVING THE L.C.D.

The author claims no credit for the l.c.d.
driving subroutine — he lifted it complete
from a Parallax application note which is
avatiable from their web site at www.par-
allaxinc.com. It is strongly sucgested that
you have a good browse, especially the
l.c.d. notes which are excellent.

It should also be mentioned that the main
aim of any programmer is not to write any
software unless forced into it, there is no
percentage in recreating the wheel —unless,
of course, youare leaming 1o make wheels!

SERIAL oUTRPUT

The serial ouwtput was rather more com-
plicated due to timing limitations. There is
simply not enough time to update the Le.d:
and the large display and get back in time
far the RTCC rollover.

After much head scraiching it was
decided 10 do what all programmers must
eventually do —cheat! Since tlie human eve
cannot really follow numbers changing at
one hundred times a second, it seemed that
the display would probably look the same
if it simply showed the number *8" while
the stopwatch was running, but updating
everything when it was stopped.

As far as can be determined, it works and
nobody has come up and said "0, yer hun-
dredths ain’t runnin’ proper™.

Of course. it was not as simple as that
due to the Lap function. Once the clock is
stopped it doesn't maiter how long it takes
to update the displays (where fong is mea-
sured in hundredths of a second) because
the RTCC is halted, but freezing the display
for a Lap requires an opdawe while check-
ing for RTCC roilover.

The solution was to check the RTCC
vatue before calling the Le.d. driver sub-
youting and vetoing the call if the rollover
was geiting close. This necessitated a
whole heap of flags 1o mark the digits that
have been updated, but seems 10 work quite
smoothty.
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Fig.1. Complete circuit diagram for-the Ginormous Stopwaich control module.
Note that IC4 is part of the Large Digit Display unit described next month.

Note again that the serial outpul routine
started life as a Parallax application note
and you should have a look at their excel-
lent description of the serial communica
tions protocol.

NIDI STANDARD

As regular EPE readers will know, the
MIDI standard specifies a very good way (o
send serial data from one electronic musi=
cal instrument to another. The MIDI stan:
‘dard was probably implemented 1o allow
‘musicians to be very careless of connec-
tions with a high degree of impunity! Ir
seems 1o work well.

The receiving instrument has an opto-
coupler isolating it from the outside world
— there is no electrical connection to the
sending instument. The sending instru-
ment supplies ihe power to drive the l.e.d:
within the optoisolator.

In the siopwatch module, as shown'in the
circuit diagram of Fig.l, when transistor
TR is swiiched on by the PIC. cusrent
flows from the 5V power supply, through
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resistor RS and opitisolator IC4 and finally
to ground (OV) through TR1. Note that IC4
is actually part of the Large Digit-Display
1o be described mext month.

UH.F. CONTROLLER
Living in ihis era is great, all you havedo
do is draw a box marked “UHF Module”
and move onto the next part of the design.
The module used here is a complete u.h.f.
receiver which includes internal functions
which decode the received signal and,
when the cede received matches that of one
of the decoders, produces a logic low on
the appropriate output pin (pin 9 or pin 10),
which is fed directly into the PIC (pin 24 or
pin 23, respectively).
have ouipuls that are normally low, ie.
pressing the radio transmitter buttons will
make the output go to 5V. This is not a
problem as the sofiware only looks for a
change of state, either OV 10 5V or 3V w0
0OV, but note the comments at the end of the
“Testing” section.
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OPTICAL GATES |
Since the reinvention of the wheel was
not a high priority, the author used com-
mercially available “door minders™ as the
optical gates. The design used by the author
uses a modem integrated component to do
all the dinty work of modulating/sending
and then receiving/demodulating the infra- ,
red beam. | :
One of the interesting parts of this par- | ‘ : i A==
ticular design used by the author is the way ‘J, 3 &
the beam is doubly modulated to avoid ‘ ‘
false wriggering. This is spelled out in the. |
data sheet that accompanies the module. ‘
In practice, any “door minder” canbe used |
if local sources are more convenient. (See
Shoptalk for suppliers.) Pretty much ail of
them use an output relay and it is a simple [
task to wire them up as shown later in Fig.3.

SOFTWARE ‘

The software for the Stopwatch is avail-
‘able on 3.5-inch gisk from the Editorial
office (sce the EPE PCB Service page for
details and cost), and via the EPE web site.

Preprogrammed PICs for the Stopwatch
are available as discussed in-Shopralk !

COMPONENTS
CONTROL MODULE ggg

o he SHOP
o 5o TALK |

R8 2200 page
All resistors 0-25W.5% carbon film. §

S S

1CD

LR

-

s

i

W

i
L —
= G

&

AMHTEISWA

Potentiometer
VR1 5k {or 4k7) mirt. Horiz.
preset

Capacitors
1,C2 15p ceramic (2 off)
C3, C4,.C5 100n ceramic (3 off)

eBgoeeeanoBo000E0 ﬂ‘“ﬂl

Semiconductors
TR BDB81 (or equivalent; e.g.
npn Darlington
transistor TIP141
or TIP142)
I PIC18C55 micro- :
controller,
_.preprogrammed
12 78L05 +5V 100mA ‘
voltage regulator |
Miscellaneous

S110 84, push-to-make switch
5

. S6 (5 off)
S5 min. s.p.s.t. toggle switch . '
87 min. s.p.d.t. toggle swilch =4 |
WD1 active buzzer, 9V to 12V
X1 3-2768MHz crystal :
X2 u.h.i. receiver/decoder Q
y module, Maplin.CR76H i |
X3 alphanumeric L.o.d, P13 : A
module, 16 = 1 or TP - é.l
) 16 = 2 (see lext)
X4 u.h.f. transmitter module,
s Maplin CR72P (2 off) {
X5 door minder meduls
— see fext (2 off)
Printed circuit board, avallable from the. b
EPE PCB Service, code 248; connecting 5 e # =60

wire; solder, etc.

chidamceony — £2D

‘ : ; Flg.2. Printed circuit board component layout and full size copper foil frack master
excl, radio control patiern for the Stopwatch contro! module, plus pinouts for the TR1.alternatives.
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CONSTRUCTION

Construction of the Stopwatch circuit is not very involved, but there
are a few things to watch our for. The printed circuit board component
layout and track details are shown in Fig.2. This board is available
from the EPE PCB Service, code 246.

Put al] of the resistors, transistor and power supply parts in first, fol-
lowed by the sockets for the i.c.s., plus the two link wires between the
PIC and receiver module positions.

If preferred, these two link wires could be replaced by wggle switches
to isolate the effects of the optical gate transmissions when desired.

Do not at this siage put in the PIC or l.c.d. and receiver modules.

Now go around the board and look for 5V and OV in all the right
places and an open circuit in all the places that should not be con-
nected yet (see Fig.1 and Fig.2). For example, the PIC socket should
have pins 2 and 28 at +5V, pins 1, 4 and 19 to 25 at OV, and the rest of
the pin connections open circuit.

At the end of this checking you should know that there are proba-
bly no solder bridges to the power supply, that the puli-down resistors
to pins 19 to 25 are working and that the master clear (MCLR) is at
+5V as it should be. You will also know that the power supply regula-
tor [C2 is outputting the correct voliage of +3V.

After that, just insert the remaining components in any ordar that
seems sensible, but leave the l.c.d. and the PIC unil last.

The receiver has a couple of links 10 determine whether the outputs
laich or are momentary when operated and you will need to connecti
its “link 2. This can be done on the module with a shor piece of wire
or else solder two pieces direcily down to the Stopwalch module,
where there is a link formed on the printed circuit board between pins
12 and 13 of the module’s position.

Once all that is done, pui in the PIC and the recéiver module. The
Le.d. can be mounted directly on the board or via a t4-conductor rib-
bon cabie — old computer cables work well. Just cot t6:{ength, strip
and tin the conductors and solder them all in.

No particular case is recommended for the Stopwatch; aifd réaders
may use any plastic enclosure of their choice.

TESTING

Testing with mitrocontrolier projects is generally of a “ummiit on and
see if its running " variety. So power it up and see if the Lc.d. starts up with
a string of zeros separated by a colon and decimal point in the right places.
Pressing the Stan, Stop and Lap switches should have the desired effect.

Check for +5V at pin 3 of the receiver (X2) and ground at pin 4.
Once the receiver has been taught the transmitter code (as described
in its data sheet), you should find that pressing the transmitter's righi-
hand button should make pin 9 of the receiver change state and the
left-hand button will do the same for pin 10.

The *“door minder™ units are tested as in the instructions that come
with them. The toggle switch (S7) shown in Fig.3 will allow the
buzzer (WD1) 1o sound when in position A, dand-allow the éoded radio
signal 1o be transmitted when in position B.

The transmitiers are activated simply by corinecting their power
supply inputs as shown in Fig.3. Breaking the gate beam when S7'is
in position B will cause transmission to start, lasting for as long as the
beam remains broken.

To test this function, make sure the Gate switch (S5) is off, then
break the gate beams in turm. The coded transmission signal should
cause the Stopwatch to stant and stop. Now swiich S5 on and break the
beam of one of the gates a few times, noting that the Stopwatch should
alternately stan and stop each time.

It is important 1o note that in this mode the Stopwatch has a time
delay built in so that once the gate has been triggered there is a paiise
of about one second before the gate can be triggered again. This pre-
vents the stopwatch being started and stopped by, say, a horse's four
legs passing in front of the gate.

As mentioned, the software automatically tests the w.h.f. radio out=
puts 1o see if they are normally high {5V) or normally low (0V). It
does this at reset so if you ase using toggle switches 1o isolate the radio
module ourputs from pins 24 and 25 of the micro (the start radio and
stop radio inputs), yvou should make sure the swilches are closad
before you reset the Stopwarch.

Hopefully all should be well, and your timer should be ready to stir
up the action at all those tense sports events, especialiy after you have
built Part Two next month ...

LARGE DIGIT DISPLAY

Next month, in Part Two, we describe the Large Digit Display that
can be used with the Ginormous Stopwatch. Each digit board mea-
sures an astonishing 248mm x 142mm, and uses 78 l.e.d.s!
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‘One digit of the Large Digit Display lo be descfibed
next month.

external as required.

LEGAL REQUIREMENTS .

This design uses radio frequency modules that do not require
a licence for use within the UK. However, in order to comply
with Home Office regutation MPTI1340, the transmitter and
receiver enclosures must be clearly fabelled as ipdicated below
with letrering not less than 2mm in height:

MPT 1340
W.T.
LICENCE
EXEMPT

The transmitier anienna must be of an integral type. The
Radio Communications Agency (RA) defines an integral anten-
na as “one which is designed to be connected permanently to the
transmitter or receiver without the use of an external feeder™, It
is impornant, therefore, that the antenna is not accessible from
the outside world and must not be removable.

In this instance, as long as the actual antenna wire is covered
by a suitable sheath, such as a length of plastic wire-cladding and,
sealed at one end using a suitable adhesive, then it can be
considcred as integral. The receiver anienna can be integral or
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Wilh technology moving at such a
rapid pace it is necessary to have cir-
cuits that can reach higher frequencies and
operate faster. In the radio frequency
scene, higher frequencies are becoming
_ more common place as use of the radio
spectrum increases and higher frequencies
must be used to accommodate the new ser-
vices. This can be seen by the fact that the
first cellular lelephone services in the UK
used frequencies around 900MHz, where-
as some now use frequencies arouiid
1800MHz. _

However, this is only-one small example
of the increased use of the spectrum. To
ciable products to be successfuliy manu-
factured 10 meet the cost and performance
requirements of the market place it is nec-
essary o use integrated circuit technology.
Accordingly the operating frequencies for!
i.c.s must increase.

Speeds in the digiial side of the indusity
are also increasing rapidly o accommo-
date the increased processing power
required by the more complicated pro-
grammes being  writtien nowadays.
Processors running at speeds of 400MHz
are relatively common now, and it is likely
that chips operating at 1GHz will be com-
mon place before 100 long.

However. 10 produce chips that run at the
required frequencies or speeds is not easy.
Feawre sizes have been progressively
reduced over the years. Now sub-micron
dimensions are used in all new chips, snd
these advances alone have helped increase
speeds by reducing the distances and the
levels of spurious capacitance.

Reduced Resistance

The reduction in feawre sizes is not the
whole story. The resistance of the intercon-
nections between different pans of the chip
is now one of the major limitadons pre-
venting further increases in speed.

This arses from the fact thar some
degree of capacitance, even though very
smalk, has to be charged up through the
resistance resuliing from the interconnec-
tions. This gives a delay resulting from the
RC time constant and it is found this is now
longer than the switching time of ihe tran-
sistors. Accordingly, any increcases in the
speed of the transisiors themselves will be
hidden by the propagation time of the sig-
nal along the interconnections.

Currently, aluminium is used io make
any interconnections that dare required.
Although it has a relatively high resis-
tance, when compared to other metals
like copper and gold. aluminium is used
because other meatals diffuse into the
semiconducior much more readily during
the thermal siages of .processing.
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One area inta which a vast armount of research effort
/s being placed is that of using copper in high speed

Migraiipn is also a problem and metals
including gold and copper are particular-
ly problematical.

Against these problems the use of copper
gives a significant improvemem in speed
on its own. providing a claimed 30 per cent
improvement. It would be possible to pro-
vide even greater levels of increase if the
dielectric could be developed 1o reduce the
levels of capacitance. but this is not an
option at the moment as development
problems-are being encountered.

Ancient Remedy

To be able w0 use copper it has been
necessary 1o develop a new process lo
enable it 1o be used without the possibil-
ity of diffusion or migration. This is
achieved by layving the copper onto the
silicon with an insulating layer around it
In many ways this new process emulates
the structure of normal insulated wires
used in commercial and domestict
applications for interconnections.

The process is known as dual dama-
§cene, taking its name from an ancient poi-
tery process. To uchieve the insulation,
trenches are first eiched into the silicon
using a plasma eich process. A kayer of an
insulator is then laid down onto the sides
and bottom of the trench. The most com-
mon material for this is silicon nitride, but
whatever the material it is only a few
angstroms thick, although it is sufficiently
robust 1o provide insulation at the relative-
Iy low voltages used.

The metal conductor is then laid down
onito the surface of the whole wafer using
an electroplating process. Lxcess material
is then removed by polishing the wafer
back to the silicon of the wafer. This is
achieved using a lapping machine and a
water based slurry. In order to completely
isolate the metal interconnection a further
{ayer of nitride insulator is tien laid. down-
orito the water surface.

In many integrated circuits five or more
layers of interconnections may be
required. However. it is normally only the
first two or three layers that would use this’
process. In this way only those layers that
are closest to the transisiors and require the
highest performance.use-the process.

Trench Tests

Tests have been carried out to t2st the
yicld and reliability of the basie idea. To
achieve this a silicon-oxy-fluoride (SiOF)
ayer was laid onto a silicon surface using
vapour deposition and then the trenches

‘were formed.

The surface of the SiOF was exposed to
ammonia and thén copper was spultered
into the trenches. To prevent the copper

integrated circuits, reports lan Poole.

diffusing imio the SiOF, nitrogen doping
was used around the edges of the trench.

The resistivity of the resulting copper
interconnections wis shown 1o be signifi-
cantly lower than that of the aluminium
ones normally used. In addition to this,
none of tive problems arising from the cop-
per lifting from- the surface were experi-
enced once the process conditions had
been comrectly set. This was one of the
major fears and had prevented a number of
manufacwrers from thinking the process
was viable.

The overall result of the rest was w give
conclusive evidence that a significant
reduction in propagation delay could be
achieved. By adopting this process of
using copper imterconnects sigmificant
improvements in the overall performance
of 1.c.s have been shown 1o be possible.

Manufaciurers

Now that it has been seen ic be Viable in
terms of performance, the process needs
to be utilised in the manufacture of real
imegrated circuits. Motorola and IBM are
seen as the two world leaders in this ficld
and they in turn have worked with other
‘organisations including universities 1o
bring the process 1o fruition. Now the
process is being licensed to a number of
other manufacturers.

There is a considerable amount of inter-
est because the process hus been shown 1o
avork. and the resulting i.c.s have been reli-
able. In addiiion 1o this the process does
nol require the use of any furthér mask
sieps Or any New process equipment.

This will mean that manufacturers can
incorporate the process without adding any
cosls Lo their capital investment. This is a
considerable advantage in a market place
that is panicularly competitive and cost
sensitive.

As a result of these advantages, the new
process is now being incorporated into the
plans of a number of manufaciurers.
Motorola are using it in high speed chips
‘intended  for use in servers. and work
‘stations.

Where cosi is of paramount importance
copper is only placed into the layers where
it is actually required. In this way the bot-
lenecks that the new process introduces
can be kept to a minimum. Despie this
problem. it is likely to be used for many
‘years to enable the required speeds o be
“chieved.
~ To this end, plans exist o use the procéss
dn new developments beyond the year
-2002. In 10day’s fast moving semiconduc-
tor maenufacturing industry this represents:
-a considerable amoum of confidence in the
New Process.
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SPECIFICATION

® Modern use;interfaces
with dockdable toolibars &
acflive bultons

® Mullitsheel schematic
capiure ot the press of g
button.

@ Powerlrail & data bus
support

® 32 Bit mixed mode
@nalogue & digital
simulation

@ Suppor for arangeof
SPICE ,MODELN statements.

® Copper flood fill

@ Nellistimport & expor

# CAD/CGAM file
importt/export. Gerber
Viewer,

@ PCB Desian with 1=8
ayer dutorouter

® WMF,DXF & SPICE fjle
expoil

& 10004 JBiaty Syinbolg

& Engineernng Change &
Pesign Checking

o
[FREE DEMO
Download afree

démonsiration version from

our web site-al
hiipi#/wvww.quickietie.co.uk

30 DAY MONEY
BACGK GUARANTEE

It's not hard.-lo see svhy Quickroute is so easy to use! We've integrated mixed mode
simulalion, schematic capture, PCB design with autorouting and CAD-CAM support into
one integrated environment. Best of all, prices start at just £99.88 inclusive* for the
complete system with support for 300 pins - less than the price of some simulators alone!

Quickroute 4.0 features a moderi user interface with active buttopis and dockable ‘ool
bars. Frequently used tools can appear on floaling lool palletles for quick access, and
with tool-tips and on-line help you can be sure:af getting information on Quickroute’s
features fast.

Te creale a schematic in Quickroute 4.0, simply click on the symbol browser and select
and place symbols onto the design area. Use the ‘intelligent’ wires, power rails and data
bus elements to
quickly wire up your
schematic and
simulate the design

as required. When
completed, simpiy
préss a bultonto
caplure the
schematic, a PCB
rats nest will then
appear (no messy
netlists required!).

[Gapture|

Use the multi layer
autorouter, and/or
manual routing to complete vour PCB together with copper

fill, etc as required. Finally print vour design, or create CADCAM files suitable for
manufacture.(swe even include a Gerber viewer for checking).

But it doesn’t end there! Quickroute-4.0 includes engineering change fof auiiiatic
updaling of your PCB from the schemalic, netlist import & export so that you can link (0
other EDA packages (including rany simulators), DXF; SPICE, arrd WMF file export
logether with over 1000 library sytribols.

Call is 6w and find out why Quickroute.0 Makes it Easy’

Pice UK Inclusive Price*
£79.00 £99.88

| QR4 800 Pin, £149.00 £182.13
QR4 Full £249.00 £299:63
*Inchucias UK PP and VAT, Prane for ECWand pices.

**Thesign CyTie bgue $iows screen shots from ditfersnt propects:
Prizes & specificafion sisiect o chane withou! notice.

FREEP’T@”@ Reta11
0800 731 28 24

FAX 0161 476 0505 TEL 0161 476 0202
Quickroute Systems Ltd Regent House
Heaton Lane Stockport SK4 1BS UK
Copyright {C] 1998 Quickroute Systems Ld. All

rights reserved. All rademarks are the propeny

of their taspective cwners.

||QR4 300 Pin




88-108MHz FM siereo |
Radio Trqnsmﬂ"efs
aand kits

FM radio transmitter kits from as little a
£13.95 professionally built systems
from only £192.95

Powerful systems: kits up to
35-Watts power professional
systems up to 220-Watis
power

Full range of aerials
and accessories
available

Professional —
link systems available.
RSL USERS!
VeronicaFM V35 RSL systems
are cheaper than renting! High quality,
powerful RSL specific systems at

unbelievable prices: from just £375
RDES systems aiso available, as an add-on to an
eXIstlng transmitter or as part of a complete system

e oo ._ e |

buv a NEW PLL Pro I l*" "
- fransmitter kit and

. you will recejve the
B ALL NEW Pro [l

Stereo encoder
(pictured above)

HIA@T Hg H@gﬁg for more information
A . “and afree brochure
E-mail: mﬁo@veromcafm co.uk

{omc
iﬁa! lgvu:EmrE sel, eeL&mEgoggggﬁéﬁ?n = |
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AToundup of the Iatest Everyiday

News from the world of

electronics

OFTEL AND BT AT ODDS OVER PHONE LINES

Who should set standards, national agencies o international
industries? Barry Fox highlights the question.

FrEL wants 1o Kickstart the delivery of

wide bandwidith date and video 10
homes and small offices, using the pew
Asymmetric Digital Subscriber Loop tech-
nology that works with ordinary copper
phone wires, This miakes the UK a world
leader but puts Oftel on a collision course
with BT which wants to do the same thing
but differently. -

In its report published in early July
(www.oftel.gov.uk, Access 1o Bandwidth:
Proposals for Action). Ofie! applauds the
consumer trials of ADSL which BT has car-
ried out in homes near its research labs in
Martlesham and in North London. but wanis
1o stop BT creating a monopoly by setling.
the-technical standard for everyone else,

BT OPPOSES OFTEL

BT is radically opposed 0 Oftel's plan 0
let competitors use any technology that does
not cause interference, BT wams that Oftel
may not be able to set up the necessary
spectral management scheme in time for its
promised service launch by July 2001.

“It raises significant operational, techni-
cal and security issues”, says BT. “We will
co-operate with Oftel but press on with our
own bold plans.”

To drive the message home. BT is spend-
ing £5 billion on upgrading its network and
pre-empted Oftel by contracling Fujitsu
and Alcate! 1o equip 400 exchanges, serv-
ing 6 million homes, by Spring 2000.

The US government relaxed fis control
on the phone system in 1996, leaving rival
operators free {o use whatever technology
they like, and without any overall spectral
management plan. Peter Walker, Oftel’s
Director of Technology. belicves this will
backfire and as more services come on
stream they will stant to interfere with each
other. 1

*You can’t have a complete free for all™.
says Walker. “That is why the rest of the
world is watching and wailing 10 see what
happens in the UK.”

POTS AND ADSL

Conventional twisted pair copper tele=
phone wires are designed to carry POTS,
or plain old telephone services, with ana-
logue speech frequencies up 1o 4kHz. PC
and fax modems converi digital code into
switched analogue tones which fit into this
band. The maximum data rate is 56Khps.
The same wires can curry digital voliage
pulses streaming at 144Kbps, for ISDN
services, but only over a few kilometres.
This occupies a bandwidth up to 40kHz.

ADSL splits a higher rate digital signal
into many separate streams and slots them
into many hundreds of very namow fre-
'quency bands which sit above the POTS

signal. A standard set by thé Intemnational
Telecommunications Union (G.992.1) pro-
vides downsiream: dawa mates of up .o
8Mbps, and an upsiream retum path of up
fo 800K bps. depending on bow far the sub-
scriber is from the exchange. In practice,
the downsiream rate is limited to around
2Mbps, because this is reliable over sever-
al kilometres and sufficient for MPEG dig-
ital video of VIS quality for video confer-
encing or video-on-demand enierrainment.
The slower. asymmetric, retum path is ade-
quate for data Iransmission, still pictures or
low quality video.

Each subscriber needs a modem in the
home and another at the telephone
exchange dedicated to the subscriber’s
line, each costing several hundred pounds.

Variants of ADSL., usually known as Lite
{ITU G.992.2). cut costs by using simpler
circuitry and no splitter 10 separate the
POTS and DSL signals. This reduces down-
stream data rates to betwzen 750Kbps and
1.3Mbps, and rewm rates of 128Kpbs.
Splitierless Lite modems can be slotted inlo
a PC 1o increase the speed of lmemer
access. In the US, where Lite Inicmet
access at 1-5Mbps is on olfer in major cities
such as New York und Washingion for $50a
month, Compaq builds DSL modems into
its top end PCs in the US. Texas Instruments
has now announced a Lite modem chip for
under $10.

Future systems. High and Very High
daia rate DSL. will use frequencies up.lo

300MHz w give daia rates up 'io
S0Mbps.

OFTEL'S OPINION

Ofiel warns that if different sérvices use
differcat syslems. operating at different
trequegcies. there is real risk of crosstalk
interference between cables that run in the
same underground ducts.

Oftel has, however, rejected Option 4,
which would reduce interfercnce risks by
letting BT set a standard, and insist that all
jls competitors adopt it il they want 1o
share BT’s lines. Instead Oftel recom-
mends Option 2, which “unbundies™ BT’s
network by letting compelilors upgrade
and use whatever technology they like on
BT's lines, as long as it meets inierference
criteria 1o be laid-down by Oftel.

Oftel invites comments on its report by the
end of September and will then work with
-the Radiocommunications Agency on a
Spectral Management Plan. BT's compeli-
tors will be free to use BT lines by July 2001.

Director General David Edmonds says ™1
am confident that competing operators can
have direct access to BT's netwark by 1
Juiy 2001. The UK will then have the best
communications neiwark in the world and
be the best place to do business electrfii-
caily by 2002°.

lnternational market analyst
Datamonitor predicts that by 2004 one
fifth of all business will be using DSL lings
to access the Iniemet. |

= —mrea

pen is also waler resisiant.

£-mail: innoventions@lineone.net.

WRITELIGHT

WriteLIGHT is 2 novel new ball-point pen that enables thé user to read and write '
in the dark. It has two l.2.d.s built around the writing lip. These emit a povieriul
milky-green fight that shines onto the writing/reading area. We are told that the
light does nol impair night vision (although amateur astronomers should double-
check with the suppliers on this point), and that it does not cast a shadow. The

Battery life is said to be up to 15 hours of constant use — longer, of course, ior
intermittent use. The sugaested retail price is £9.99 and batteries are included.

The WriteLIGHT pen is markeled by Innoventions International Lid., Depl EPE.
71 Waiis Road, Studley, Warks B80 7PU. Tel: 01527 857097, Fax:-01527 853771.
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BLUETOOTH

‘Which devices?
Which cable connectors?

ABCQUT a year ago, indusiry leaders Ericsson, IBM, Intel, Nokia and Toshiba
unveiled their vision of wireless connectivity for personal and business mobile
devices — Bluetooth. Since then more than 500 companies have joined the
Bluetooth Special Interest Group and have produced the Bluetooth Spacification.

Bluetooth will enable users to connect a range of computing and telecommunica-
tions devices easily and simply, without the need 1o buy, carry or connect cables.
Bluetooth-enabled producls are expected to include mabile computers, handheld
PCs, digital cellular mobils phones, and peripherals such as cameras, printers, pro-
fectors, PC Cards and hands-free head-sets. Network access points will aiso be
developed to facilitate wireless connection to LANs and WANs (Local/Wide Area
Networks). Such-equipped devices will be desigried to operate globally, regardless
of where they wers purchased.

The Bluetooth technology aims to make these innovations possible through small
short-range radio links that operate warid-wide in the 2.45GHz band and to link
devices within a 10-metre radius. Simultaneous voice and data transmission is
supporied.

The public release of the final Bluetogth specification version 1.0 is scheduled for
later this year. Products will become available in the first hall of year 2000. Adoption
of the technology is expected to be widespread throughout the computer and
telecommunications industry.

For more information, access www.bluetcothicom. The ijlustration was Kindly

supplied by Toshiba.

ON-LINE FOR MOVIE

JUFFS

By Barry Fox

THE British Film Institute claims it is first
in the world o offer the puhlic on-line
access lo film and television archive mate-
rial. Instead of having o wait weeks 10
book a private viewing of a taped copy.
film buffs und researchers can now drap
nto centres run by the BFI 10 search and
view landmark  movies and TV
programmes. stills, original scripts and
historicat information.

Movie material from the BFI’s
archives is being digitised as MPEG-1
code, streaming at |-7Mbits/s. This is
decoded by sofiware running under
Windows NT on 300MHz Celeron PCs.
Quality is excellent even when displayed
on the PC's full screen area.

Some material is ideal for split screen
windowing. When Alfred Hiichcock
made Blackmail in 1929 he started to

shoot a silent movie with titles and then-

re-made it with the then-new synchro-
nised sound sysiem. The BFI has digi-
tised both versions for Online, along
with their scripts. So a researcher can
play both at the same time, while
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following the scripi to see how the actors
handled their parts-and lines.

The BFI currently holds 350.000 fitms
and seven million stills in i archive,
and has so far digitised only a few dozcn
classic movies (including the Four
Feathers, Red Shoes and Black
Narcissus) and TY programmes (Cathy
Come Hoine, the War Game. Riind Date,
Weekend World and the South Bank
Show). Because of copyright restrictions
these cannot be distributed on the open
Internet but the BFI Online Intranet is
being piped by 2Mbitfs link 10 terminals
at the National Film Theatre on the
South Bank and the Broadway Media
Cenire in Nottingham. Northern Ireland
gats a link next year.

‘Visitors to the BFI's library in Central
London must pay £6 for a library day
-ticket, but NFT access is free.

BFI Director John Woodward says one
old lady was quick to cxploit the NFT's
terminal. She seizled down witl her knit-
ting to watch the first ever episode of TV
series Upsrairs Downstairs.

®
Wireless For
The Blind

THE anmual fund-raising eveni in aid-of the
British Wireless for the Blind Fund,
Transmission 99. will be held this year on
the weekend of 9 and 10 October. As usual,
it will involve madio amateurs from all over
the world who wani 10 help blind people.

BWBEF is appealing to all amateur radio
clubs, their members and individuals to
take part in Transmission 99. All they need
to do is sponsor every contact made on air
during the period of the event. New, spe-
ciutly designed QSL cards are available
frec of charpe. for all those taking par.

Margaret Grainger, Chief Executive of
the Fund hopes more clubs and individuals
lake pari. “For those who cannot see. radio
provides far-more than entertainment, it is
a vital means of keeping in touch with the
world. Over the vears we have supplied
more than three-guarters of a miilion scts
to blind people.”

Anyone wanling 10 join in the fun of
Transmission 99 should contact BWBF
at Gabriel House, 34 New Road,
Chathum, Kemt ME4 4QR. Tel: 01634
§32501. Fax: 01634 817485. E-mail:
Margarei@blind org.uk.

Racetrack
Timing

THE lctier from Frank Korver in Readout
Sep 99 prompted an RAC representative,
Mr Bloodworih, 10 advise us that UK com-
pany HS Sports Lid provide computerised
timing systems based on rechargeable
coded transponders on &ach car. We
obtainad their hrochure.

The systems are basically designed for
mse with Kars (Go-Kants some of us
remember them as < and drove them!). and
are used at Karting cenires around the
globe. There are a number of variants bui
all of them have one thing in compon,
they can simulianzously monitor many
Karis at once. up 10 300 with one system,
and can cope with multiple cars crossing
the line at one time.

You may recall that we commenied in
Readoui that James Humphris' Vireless
Moniroring Sysiem of Feb '9%9 was unahle
10 separate simullancous transmissions
from two or more sources. The Stopwarch
design published in this November issuce
can monitor two sources.

Frank Korver is involved in Stock Car
racing and said that these can pass by al
100km/hr. a speed which should be no
problem for the Kart timing system to
keep track of, being capable of typically
handling speeds of 70mph for one system,
to 100mph for another (112-160kmshr).

The quoted prices of the systems range
from £3.950 (10 rransponders) to over
£40,000 (300 ranspanders). .

For more information contact 1S Sports
Lid., Dept EPE, Unit 3, Radnor Park
Industrial Estate. Congleion, Cheshire
CW12 4XN, Tel: 01260 275708. Fax: 01260
278352, They also supply other systems,
including one for Fi cars.

E-mail: hssi@congleton.onyxnet.co.uk.
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BLUMLEIN BOOK

The Inventor of Stereo — The Life and Works of
Alan Dower Blumlein
By Robert Charles Alexander,

THE INVENTOR OF STEREO
The Life.and Works of

Alan Dower

Bltimlein

Rlobert Charles Alexander

Regular EPE feaders will know something of Alan Dower Blumlein'from our
arficles back in September ‘91 and June '99. This excellent well researched
book by Rob Alexandzr should put Blumiein's name firmly up there with Edison
and Faraday.

It is not always an easy read because of all the technical information il pre-
sents but the book does describe in some depth Blumlein’s 1931 invention of
binaural recording {now known as siereo), the development of the 405 line tele-
vision system in the mid 1930's — which was used more or less unaltered in
specification until the eighties — and the development of the H2S radar system
during the war. It was while testing airborn radar that Blumlein lost his life, along
with several other members oi ihe development team from EMI, in a tragic
plane cragh. The reascns behind the crash are alsc explained.

This virtually unknown UK inventor lived for just 38 years and instigated 128
patents in that time. Fascinating man, fascinating inventions, fascinating story
behind the 30 year wait for a biography. We recommend you read it — our con-
gratutations to Rob Alexander.

The book costs £29.99 in hardback form and is now available through the
EPE Direct Book Service, order code NE32, see page 849 for ordering details.

There are also several complimentary websites set up to coincide with the
book launch. The main site includes unique information which could not be
included in the book, the 1930s binaural films and audio recordings, and all 128

patents published in full for the first time: www.gedas.co.ukiblumlein.

PROSPICE LITE

LABCENTER Electronics have gpgraded
their shareware CAD software, PROTEUS
Lite, to version 4.7, and also added a
shareware version of their circuit simula-
tor, PROSPICE.

PROSPICE Lite is aimed squarely at the
educationsl marker and uses animation
rather than traditional graphs or viriual
instuments 1o show the operaiion of the
circuit. In addition. voltage can be indicat-
ed by the colour of wires, and current by
the presence and direction of arrows.

The simulaior is supplied with a set of
over 60 samples which cover topics from
basic electricity through 1o simple
elecironics. The sample circuils are pro-
vided as 2 freeware cducational
resource; registratjon of the software
enables users 1o create their own circuits
from a schematic library of over 6000

real-world components. Coniprehensive
coverage of 7400-and 4000 logic series
ts included.

Uniquely. it is also possible 1o create
your own animated models with the pack-
age so that animated circuits are not
restricted o a hard coded set of devices.
Supplied animated parts include bulbs,
swiiches, buttons. pots, motors, fusks;
l.e.d.s. 7-segment displays. and more.

Registration of ISIS Lite (1he schematic
capiure maxiule) cosis £20 and registration
of the simulator costs a further £10.

Further information and downloads are
available from Labcenter's website:
www.labcenter.co.uk. The company can
also be comacted at Dept EPE, 53-33

Muin Street, Grassington. North Yorks

BD23 5AA. Tek 01756 753440, Fax:
01756 752857,
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DX-BANDS

JUOLY saw the launch of a comprehensive

Amateur Radio Pomal on the Web:
dxbands.com is designed for amateur
radio enthusiasts around the world and

gives them the opportunity io tind up-lo-

the-moment amateur radio news. deiails,
dx-peditions, contests and page-upon-page
of ham radio links.

The site includes a unique “dx-diary”
which. month by month. lists dx-pedi-
tions large and small world-wide. Tt
itemises the dates of each event. iogeth-
er with details of the QSL manager, and
other informution. Updated =ach day
with the latest amateur radio news. this
site is expected 1o become un imporlant
online resource. 5

Browse http:/Avww.dxbands.com (or
E-mail news@dxbands.com) and find out
for yourself. -

Yoice Control

NATIONAL Semiconductor Corporation
and Lernout & Hauspie Speech Produgls
N.V. have announced they have a signed
an agreement to seppori and accelerute
advanced speech processing technology
in the emerging inforiatjon appliunce
market. .

The two companies will joinily develop
new uses and applications for L&H's auto-
matic speech recognition (ASR). texi-lo-
speech (TTS) and speech compression
technologies. They plan to enable voice-
activaled corputing on a variely of next-
generation consumer electronics devices.
such as personal Intemet uccess devices
like Naitonal's WebPAD, automobile FCs,
handheld devices and other emerging
information appliances.

“The voice is the ideal human interfuce,
and soon it will no longer be necessary for
gs to modify our natural behaviours in
order 10 communicate with machines.”
said Brian Halla, CEQ and Chairman of
National Semiconducior. ~Children born
today might never need to use a keyboard
in their lives.”

More information can be found via
www.national.com and www.lhs.con.

Mobiles Help Jams

MORE than 11500 calls for traffic and

iravel information are made every day
using the mobile phone network. advises
ua _press release from the RAC. This fig-
ure, totalling a massive 4-2 million calls
every year. is set to¢ more than double
over the next twelve months.

The revenue that such a quaniity of
calls from motorists who wish 10 plan
their journeys and make the most of
dynamic traffic information as they trav-

¢l must be astronomical. Isn’t it time

it users benefitted from this high sys-
tem usage by séeing lower call prices,
which typically cost betweea 39p und
60p a minute? Shouldn’t the RAC. and
the AA, be campaigning for cali charge
reductions when accessing trafiic infor-
mation that could potentiatly help so
many motorists?
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Constructional Project =

VIBRALARM

A multi-purpose vibration-triggered
glarm with remarkable sensitivity.

circuit will sound a loud wam-

ing when a sensor is subjected to

shock or vibration. One application

would be to attach the sensor 10 a win-

dow. If an aitempt was made 10 enter the

house by breaking the glass, the alarm
would be triggered.

Readers will no doubt find other possi-
ble uses, such as for protecting personal
belongings, perhaps. Note, however, that
simply moving thé sensor will not
operate il

The sensitivity of the circuii 'is
adjustable and can be set 1o suit the
application. To get an idea of the sensi-
tivity, with the prototype sensor attached
1o a wooden lable, putting a coffee cup
down about Im (3ft) away triggerediit.

VIBRALARM
OVERVIEW

The Vibralanm comprises iwo parts. The
first is the sensor itself mounted in a small
plastic case. The main unit is housed in a
larger plastic case (see photographs). The
two sections are interconnected using a
shon piece of light-duty screened wire,

Inside the main unit is the circuit
panzl, the battery pack and a loud “yelp-
ing” car-type alarm siren. On top, there
is 8 key-operated switch which may be
used to switch the unit off or cancel oper-
ation before the natural time-out period.
Of course, an ordinary switch could be
used with a corresponding reduction in
security.
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The operating time is adjustable from

‘about one second (which will be fourd

useful for testing) to two minutes. This
could be easily extended if required.

The circuit requires abowt 250pA on
standby. While actually operating, it draws
a current which depends on the type of
sounder used (in the prototype it was
150mA). The prototype unit was powered
using a pack of eight AA-size alkaline cells.
In normal use these will last for up t0 a year.

BI-MOBPH ELEMENT

The sensor consists of a bi-morph (2-
layer) element. which is a strip of piezo-
eleciric material 15mm long. 1-5mm
wide and '0-6mm thick. Its simplified
operation is illustrated in Fig.la. which
shows an ordinary wooden ruler.
Normally, this is not under any stress.

However. if it is bent as shown in
Fig.1b, the lower surface will now be in
compression (the distance betwaen the
molecules slightly reduced) and the
upper on¢ under tension (the distance
between the molecules increased).

When a bi-morph element is bent,
opposite charges are developed on the
surfaces which arc under compression
and tension due o the piezo-cleciric
effect. This means that a voliage differ-
ence appears between them. A curren:
would flow if there was a conducting
path beiween the surfaces but the eharges,
would soon neutralisc so this would
occut only brieily.

—— o

TERRY de VAUX-BALBIRNIE =

WHAT'S THE :
DIFFERENCE?

With the pi¢zo ceramic material used
here. the voltage difference is significant
cven with a small amount of bending.
When the bi-merph element is subjected
lo shock, the upper and lower surfaces
alternate briefly between compression
and tension and the polarity of the volt-
age will keep changing. In other words,
an alternating voliage is produced at a
frequency equal to that of the vibration.

Bi-morphs were once used in the érys-
tal-type of record pick-up but. although
still sometimes used, they are not seen

:much now. In these pick-ups, the strip is

Ml JOCOENRRER 3
a) - = 3

b)

S0E N COMPRESSION

I

Fig.1. Simplified analogy using a
wooden ruler to demonstrate the oper-
ation of the bi-morph element.

vibrated by the stylus running ih the
:groove on the surface of the record.

An a.c. output is therefore obtained
proportional 1o the frequency of the
sound (dssuming the record is turning-at
the correct specd) and roughly propor-
tional to its amplitude. The signal is then
amplified.and fed 10 a loudspeaker.

CIRCUIT DESCRIPTION

The full circuit diagram for the
Vibralarm is shown in Fig.2. The bi-
morph element is labelled X1. The nomi-
nal 12V batiery supply is applied 1o the
circuit via key-operaied {or other) switch
$1, and diode D3. The diode prevents pos-
sible damage if the supply were 1o be con-
nected in the wrong way since it would
fail to conduct and nothing would happen

Anry voltage appearing across the bi-
morph elemént is applizd 10 the inverting
input (pin 2) of operation amplifier
{op.amp), IC1. The network consisting of
capacitor C! and resistor R2 is also con-
necied between this point and the OV
line. These components help 10 preven:
high-frequency oscillation and give a
damping effeet for the bi-morph element.

Since the impedance of the bi-morph,
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is very high, the value of R2 must
accordingly be cxtremely high or it
would cause excessive damping. The val-
ues showm worked well. However, this
could be the subject of experiment once
the project has been constructed.

The op.amp non-inverting input {(pin
3) is connected 10 the sliding contact
(wiper) of preset potentiometer VRI. Its
track (ouier) conneclions are connected
across Zener diode 21, which operates in
conjunction with series resistor R1.to
provide a fixed-voitage supply. The

voltage at the non-inverting input {pin 3)
will exceed that at the inverting one (pin
2). The ouipul, pin 6, will therefore be
high (close to the positive supply
voltage) and when applied to timer IC2
trigger input (pin 2) there will be no
further effect. This is because a low state
is needed to trigger this type of device.

IN SHOCK

When ‘the bi-morph clement X1 is
subjected to shock, an alternating

the bi-morph is needed to trigger it.
The timing period depends on the
value of capacitor C2, resistor R3 and
presei VR2, With the values specified,
this will be about one second (with
VR1 at minimum) and two minules
{when at maimum). If the timing
needs 1o be extended, the easiest way
would be 10 increase the vatue of C2 in
‘propostion. ,
" When the supply is connecied,
capacitor C3 maintains 1C2's reset
input (pin 4) in a low state for a shorf

voltage appears across it having a peak-

-

-r‘

X1
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voltage appearing al ICl pin 3 may
therefore be adjusted between zero and
the Zener breakdown valtage.

ZENMER VOLTAGE

It is necessary 10 providé a stable volr~
age here because if it was derived from
the supply direct, it would fall as the bat-
tery aged. Since the vollage appearing
across the bi-morph clement is indepen-
dent of the supply voltage, the operating
characieristics of the circuit would
change as the bateries ran down. The
exact vatue of the Zener voliage is not
important but it should be close to the
range of specified values.

It will be noted that the value of R1i is
relatively high. With a supply of 12V it
allows less than 90pA 1o flow through the
Zener diode and this will fall as the bat-
tery ages. The current diverted via VR1 is
negligible. Using such a small current
here reduces the requirement of the cir-
cuit as a whole. When using the specified
Zener diode (which has been designed for
low-current, low-power and low noise
applications) there will be no problems.

“However, if using a different type of
Zener, it might not stabilise and it may be
necessary to  increase the current
Reuders using a different Zener will need
to check the stabilisation and reduce the
value of R1 if necessary. This procedure
is explained at the setting-up stage,

NG VIBRATION

Imagine that preset VR1 is adjusied so
that 1V appears at-IC1 pin 3. In the
absence of any vibration of the bi-morph,
there will be no voltage across it and the

Fig.2. Complete circuit diagram for the vibration-triggered Vibralarm.

to-peak value relative to the impact
strepgth. Within limits, the négative
excursions have no effect. However,
they can cause the inverting input to
swing below the voltage of the OV rail
and this could damage the i.c. if high
enough. There were no problems with
the protoiype, though, even under heavy
shock. o

‘Depending on 1he adjustnient of VR,
the positive peaks will exceed the voltage
at IC1 pin 3. Each time this happens, the
op.amp output (pin 6) will go low instan-
taneously. The first peak arriving a1 IC2
pin 2 will wrigger it and a timing cycle
will begin. Further trigger pulses applied
during this period will have no effect:
However, any arriving afterwards will
start the timing once again.

While timing, IC2 output pin 3 goes
high and allows curgent to flow into the
base of Darlington transistor TR1, via
current-limiting resistor R3. Sounder
WDI then operates duc to current flow-
ing in the cellecior circuit.

Light-emitting diode D2 is also
turned on at this time, with its current
limited 10 about 15mA by resistor R6.
The Le.d. will be uscful 1o check the
circuit and adjust the time-out period

‘betore the sounder is connected.

SENSITIVITY

The sensitivity of the circuit may be
adjusted at the end by mecans of VRI.
With this set 10 a little above zero volts,
the circuit will be triggered with a rel-
atively small amount of vibration.
However. if il is adjusted to a higher
value, an increasingly high output from
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time until the capacitor has charged
sufficiently through R4, so disabling
the i.c. from responding 10 any trigger
pulses. After that, pin 4 goes high and
‘the device is enabled. This prevents

.any tendency for the eircuit 1o self-trig-

ger on powering-up.

Darlington transistor TR could
operate a sounder of up t& 300mA rat-
ing but this would place an unneces-
sary load on the battery. Very loud
devices are availuble wilth a current
tequirement much smaller than this
{say 150mA) and one of these was used
in the proiotype.

CONSTRUCTION

On no account experiment by bend-
ing the bi-morph elemgnt with the fin-
gers. Anvthing more than a minure
movement is likely to destroy it. Also,
take extreme care when handling the
end wires because they are easily
broken aff.

Ciose-up of the bi-morph element
mounted on-its p.c.b.
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Layout of components on the firished printed circuit board.

All the components, apart from the
sounder, on-off switch, battery pack and
bi- -morph clement are mounted on the
printed circuit board (p.c.b.) whose com-
ponent layout and full-size copper foil
master are shown in Fig.3. This board is
available from the EPE PCB Service,
code 230.

Supplied attached to the-main board i5 a
smaller section on which the sensor is t6
be mourited separately. Begin construc-
tion by carefully separating the two p.c.b.
sections, using a small hacksaw. Then
drill the three marked mountmg holes in
the main board, and a mounting hele in a
suitable place on the small board.

Referring to the main board, solder the
link wire in position and follow with the
i.c. sockets (but do not insert the i.c.s yel).
all resistors (including the presets) and
capacitors (except C2). Next mount
diode D3, Zener diode DI, Le.d. D2 and
capacitor C2, taking care to solder these
‘compunents the correct way round.

Referming to the wiring diagram in
Fig.4, connect up the power aupply It
will be kinder on the cars if you do not
connect the sounder yet, but when you
do, connect il Via a piece of 2A screw ler-
minal block to prevent the WDI wires
from short-circuiting.

Adjust VR1 fully anti-clockwise, then
slightly clockwise (as viewed from the
bottom edge of the p.c.b.) and VR2 fully
clockwise (as viewed from the right=hand
edge of the p.c.b.) for minimum timing:

The bi-morph bodrd installed in a small plastic case. as
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COMPONENTS

Hesistors
R1 68k
R2 100M cermet film
R4 1
R6 sso SHOP
All 0-25W 5% carbon film,
except R2. TALK
Potentiometers page
VR1 10M sub min. preset,
X vertical
‘VR2 M sub mirn. preset,
vertical
Capacitors
Ct 100p polysiyrene.
c2 100u radial elect. 16V»
Cc3 47n metallised polyester,
B 5mm pin spacin"g
é \.m
?m‘-’.m"—‘—‘
x;[“-—o .@ ilCIF E .'
~——t
oY ~r—t
B |

o 8l

Fig.3. Vibralarm printed circuit board
component layout, foil master and
sensor board masler.

SENSOR UNIT

Solder the bi-morph to the small board
and reinforce its physical stability by
using a little quick-setting epoxy resin
adhesive. The blob of adhesive should be
thick enough to allow the other end of the
bi-morph to remain clear of the board by
a'millimetre or so.

This will allow it 1o bend
slightly when the mouniing
board is subjected to shock.
IF necessary, use a piece of
thin cardboard undemeath
the free end to hold it in
position until the adhesive
has thoroughly hardened.

Decide on the length of
wire needed beiween the
sensor and thé main unit
Pieces up to five metres long
were tested and worked
well. However, very long
runs will introduce prob-
lems of interference pick-up
and poor sensitivity.

Use light- -duty single
(mono) screened wire ire (such
microphone .cablg).

D1

D2
D3

TR1
ICY
Ic2

‘Semiconductors

5V9 to 6V2 400mW Zener
diode, Philips
PLVA459A or
PLVA4B2A (see taxi)

red l.e.d., 3mm

1N4001 50V 1A rectiflier
diode

MPSA14 npn Darlington
transistor

7611 micropower

. Op.amp

75551PA low powertimer

Miscellaneous

X1
wWD1

81
B

bi-morph element

min. alarm sounder, 12V,
180mA (110dB at 1m
output)

5.p.s.l. swilch (toggle.6r

key-operated)

-alkaline AA-size cell (8

off), with holder and
connector

Printéd Gircuit board, available from
the EPE PCB Service code 230; 8-pin
d.il. socket {2 off); 2A terminal block;

plastic case,

158mm X 95mmx54mm

(extemal) for main unit; plastic case,
50mmx37mmx24mm (externai) {or sen-
sor; light-duly single screened wire;
small clamps or cable ties (2 off); con-
necting wire; soldey, etc.

Approx. Cost

Guidance Gni]/

£24
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Fig.4. Interwiring between the circuit board and the
off-board components, including the bi-morph board.

Ordinary wire is not satisfactory because
it allows the pick-up of random signals,
in¢luding a.c. mains “hum**. This could
cause false riggering.

A small plastic box is used 10 house
the sensor, and it is worth mounting the
sensor in this now before moving on fur-
ther. Mark the mounting hole on the base
and drill this through. Note that the bolt
which will be used to attach if will need
1o have a countersunk head. This will
allow the boitom of the box to make
good contact with the surface on which it
will be used.

Drill a hole in one side of the case for
the connécting cable. Pass this through
and apply a small clamp or tight cable tie
a short distance from the end (see photo-
graph). Allow enough cable to reach the
sensor pads plus a little slack. Pull on the
cable 10 make sure it is secure and tight-
en the tie if necessary.

Solder the cable wires to the pads on
the sensor p.c.b. with the screening con-
nected to the large “land” area. Separate
the joints to prevent short-circuits and
secure them in place using a little quick-
setting epoxy-resin adhesive.

Attach the sensor board to the bottom
of the box using a small nutand bolt with
a short plastic spacer.

VOLTAGE STABILITY

As stated earlier, for any Zener diode
other than the specified unit, it will be
necessary to check the voltage stabifity. Tt
will be convenient to do this work before
the i.c.s are inserted into their sockets.

You will need a digital voltmeter (this
will generally have an input impedance of
1OMS or more, which will be satisfacio-
1¥). You will also need two sets of batter
ies — one new and the other run down so0
that the terminal voltage is about 9V or
10V. Of course, you could also use a suit-
able bench power supply unit.

With the new set of batteries installed
switch on. Apply the meier probes to the
outer tags of VR1 and note the voltage.
This should be close to the stated Zener
breakdown voltage. Now use the nn-
down batteries or a 9V supply from the
PSU. Note the meter reading once again.

The second voltage reading should be
the same or only slightly lower than the
first — less than 005V difference. The

stabilisation
aspect is not
very  critical
and the circuit
should  work
well even with
a difference of
0-1V.
However, if it
is much more
than

MAIN CASING

Prepare the main-unif case by mark-
ing the mounting holes and drilling
them through. Drll holes also for the
sounder, the key-operated switch and
for the sensor lead which will pasS
through. Drill holes (if necessary) to
enable the presels to be adjusted from
the outside using a thin serewdriver or
trimming tool. Pass the sensor lead

this, re- Layout of components in the main unit. Note ihe. siren-sound.exit

duce the value hole, 2-way terminal block and baftery hoider.

of RI1 until the

criterion above is met. It is thought thai a
value as low as 33kQ would be accept-
able (about 180pA at 12V) but it would
increase the current requirement of the
circuit 10 about 350pA and this would

'have an effect on baitery life

FINAL TESTS

Tt would now be a good idea 1o test the
circuil as a whole before mounting the
main p.c.b. in its box. Referring to Fig.4,
connect the sensor cabie wires temporar-
ily to the board as shown. Still leave the
sounder unconnected. nsert the'i.cs into
their sockets. It is possible lo damage
these devices with static charge which
might exist on your body so, a8 a precau-
tion, touch something which is carthed
(such as a water tap) immediately before
handling the pins.

Auach the sensor unit to the work sur-
face temporarily using Blu-Tack. Insert
the {good) cells into their holder and
switch on. The l.e.d. should remain off.

‘Drop a pen on the table — the circuil
should trigger and the 1.e.d. come on for
one second or so. If this does not work,
make the circuit more sensilive by
adjusting VR slightly anti-clockwise (as
viewed from the lower edge of the
p.c.b.). Note, however, that if this is over-
done, the circuit may remain triggered.
Do not move the bi-morph elecment by
hand or subject it Lo violent shock.

The current requirement of the circuil
rises above the normal value when set to
a short time peried — about lmA in the
prototype. For this reason, when testing is
coniplete. adjust VR2 1o about mid-track
position {giving a timing of aboul one
miinute). Observing the anti-staric precau-
tions as before, remove the i.c.s and de-
solder the sensor wires from the p.c.b.
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through its hole and apply a clamp or
cable tie as in the sensor. Check that it is
secure.

Solder the wires hack on to the pchb.

‘pads and, observing the anti-static precau:

tions. insert the i.c.s into their sockets
again. Mount the p.c.b. using plastic spac-
ers on the bolt shanks. Atiach the sounder
noting that the hole must not be obstruci-
ed in any way 10 allow as much as possi-
ble of the sound to emerge. However. for
testing, it would be wise to tape over the
hole temporanly to reduce the sound out-
put because it will be very loud.

Again refer to Fig.d. Connect the
sounder wires to the screw terminal
hlock observing the polarity” Attach the
batiery pack by means of a small bracket
or another method of vour choice. Make
final tests and adjust VR2 1o the required
time period.

Attach self-adhesive plastic feet to the
base 10 prevent scraiching the work sur-
face. Experiment to find the best position
for the sensoi atiaching it temporarily
using Blu-Tack. Note, however. that if it
is placed too close to the main unit or
mounted on the same surface, the sound
from the audible warning device reach-
ing it may be sufficient to keep the alarm
triggered. This will be evident if the
circuit fails (o time-out.

When satisfied, glue the sensor unit in
position. Obviously. if the sensor is sub-
jected to 2 very violemt shock, such as
with shauering glass, it could be dam-
aged, but this seems a small price to pay
for security.

If using the Vibralarmi as part of an
intruder deterrent system, ensure that its
sensitivity is suitably adjusted 10 prevent
accidental triggering by. for example, the
window cleaner, or thunder!
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One-Volt L.E.D. - A Bright Light

LLUMINATING an Le.d. from a very low sup-

ply voliage is difficult as most devices have
a forward drop of at least 1-8V. This excludes
their use in products operating from a single
12V or 1-3V battery. However, by applying
techniques used in d.c.-i0-d.c. converers, &
very compact, economical and efficient soju-:
tion can be produced. The circuil diagrams
shown in Fig.1a 10 Fig.lc will brightly illu-
minale an led. from a supply as low as
750mV and as high as 1-3V. i.e.. mos! single
cell batteries available including nearly dead
ones.

In the Micro-torch circuit Fig.la, transistor
“TR1, transtormer T1 and resistor R1 form a
curreni-controlled switching oscillator. Each
time TR1 tums off. the collapsing magnetic
ficld in T1 generates a 30V (off-load) positive
pulse at TR1’s collector {c). TFhis. in series
with the supply, is fed directly 1o the lLe.d.

Switching occurs at a very high frequency
and with a low duty cycle which results in an
average le.d. current of about 18mA, suffi-
‘cient 1o illuminate most l.e:d.s. Current, and
therefore brilliance, can be increased by
reducing the value of resistor R1 and vice
versa. A value of 2 kilohms produces 30mA

which is more than encugh even for hyper-
bright devices.

Conversion efficicncy depends on transis—
tor TRI. Although amy transistor can be used,
high performance devices with very low
Vemsar;  yield the best resulis: for the
ZTX430. efficiency is 73 per cent. A ZTX650
increases it 10 79 per cent whilst a BC3350
reduces efficiency to 57 per cent. Even at this
velue it still om-performs conventional cir-
Cuits using higher vollage supplies where
efficiency rarely exceeds 50 per cent.

A micro-toroid centre tapped transformer:
T1. s constructed using an anti-parasitic bead
6mm by 4mm is diameter with a 2mm hole:
Fold 90cm of 38s.w.g. enamelled copper wire
in half. press the crease tighily together and
then thread the folded wire repeatedly

through the bead hole umiil 20 wms are
‘wound. Tnim protruding wires to 25mm.

The bead now contains two se1s of 20 turns
witl {wo slarts at-one extremity and two ends

.t the other. Join an appropriate start and end

together to form the tap (CT). If the circuit
fails 10 oscillate, check the 1ap is comrectly

formed; otherwise. it's most likely a shoned
urm.

It you have & nove! circuit idea which would be
of use lo otfier readers then a Pico Technology
PC based pscillnscope could be yours.
Every six monibs, Pico Technology will be
awarding an ADC200-50 digital slorage
oscillascope for the best IU submission. n
addition, two single channzl ADC-40s will be
presertedd 10 the funners-up.

The simplesi application. Fig.lz is a
Micro-torch, power-on indicator or simple
infrared transmitter. Indicators for use wilh
other circuits are shown in Fig.1b and Fig. e,
the latter consuming no power when off.
Diade D2 in Fig. l¢ raises the forward drop as
some l.e.d.s leak when operated with a fresh
alkaline battery; it is alse necessary with
intrared devices that have a forward drop of
less than 1-3V.

When used with other circuits, decoupling
with capacitor C1 in close proximity to the
oscillator is recommended. Also keep lead
lengths shon, especially to the transformer, as

:the circuit operates at a high frequency:

formnately using a micro~toroid transformer

-Significantly reduces radiation.

Z. Kaparnik,
Swindon, Wiltg.

BE INTERACTIVE

IU is your forum where you can
offer others readers the benefit of
your Ingenuity. Share those ideas,
carn some cash and possibly a prize!

+1.5V MAX

+1E A
O

= STAAT OF YAYONG o

Fig.1. Thiee drive circuits for operating l.e.d.s from supply voltages below 1.5V
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) 20MHz bandwidth real time-oscilloscope

) 40Ms/s digital oscilloscope

$ 20MHz spectrum analyser =

é Signal registration/data logger (1s-899hrs)

] Voltmeter s
4 16-bit for Windows 3.1, 32-bit for 95, 98 or NT g
6 Simple installation of ISA bus card e

¢ Remote control over a TCP network (LAN/ g

4 WAN/Internet) with multi client capability | orr—y
¢

DLL (32-bit), Active X, LabWindows/view

Signal registrator/data logger

1 or 2 channels

Time window from 1 sec to 999 hours
8k sample buffer

Readout and cursors

Itmeter
1 or 2 channéls
Auto/manual ranging from 800mV to 200V
AC or DC ranges
neral
¢ Paste waveforms/data to other packages
pectrum analyser z Save waveforms for comparison
20MHz bandwidth, 40Ms/s Save instrument set ups/configurations
Selectable between 19-5kHz and 20MHz System requirements
¢
¢
9

TECHNICAL SPECIFICATIONS

Si
Oscilloscope :
20MHz bandwidth, 40Ms/s P
1 or 2 input channels plus external trigger ’
Vertical — 20mV/div to 50V/div

Horizontal — 100ms/div to 50ns/div Vo
Horizontal & vertica! cursors ¢
Readout of amplitude and frequency/time ¢
Readout of trigger level ¢
Auto, Norma|l & Single triggering Ge
X/Y mode

1 or 2 input channels plus external trigger 16-bit, min 386, 1Mb ram (oscilloscope only)
Frequency resolution 2Hz 32-bit, min Pentium 200MHz, 32Mb ram
Readouts of centre frequency and markers One free ISA expansion card

Readouts of amplitude ¢ Windows 3.1, 95, 98 or NT
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Special Series

RAYMOND HAIGH =

Most text books deal with oscillators in a théoretical 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 FIVE — CRYSTAL AND CRYSTAL CONTROLLED OSCILLATORS

tuned circuits formed by inductors and capaciiors {({/C) 10

determine the operating frequency. Oscillators of this kind
«can be tuned over a wide irequency range and, with appropriate cir-
cuitry, deliver a sinusoidal waveform of good purity. Their only
drawbuck is frequeney drifi, which becomes an increasing problem
above SMHz or so.

This month crystal and crystal controlled oascillators (XOs),
which display a very ligh degree of frequency stability will be con-
sidered. Although some circuits permit the operating frequency 1o
be “pulled” over a very narrow bandwidth (VXOs — variable crystal
oscillators), crystal oscillators cannot be tuned as broadly as L/C
oscillators: they are essentially spot-frequency signal generators,
BRIEF HISTORY ‘

Many 1ypes of crystat, but paniicularly Rochelle salt and quartz,
develop an elecirical charge across opposite faces when they are
distoried by mechanical stress. Changing the stress from pressure’io
tension reverses the polarity of the charge.

The phenomenon was called piezoelectricity (eleciricity through
pressure) by Jacques and Pierre Curie who discovered it in 1880. A
vear later they demonstrated the converse: that stress could be set up
in certain crystals by applying an electrical potential.

The effect remained a scientific curiosity until the First World
War when a French scientist, Langevin, used it 10 dstect acoustic
waves produced by submarines. Spurred on by the developing radio
industry, research was also taking place into the use of crystals for
frequency control. In 1921, Professor W. G. Cady of the American
Wesleyan University applied two pairs of terminals to a quartz crys-
tal, connected it in the feedback path of a three valve-amplifier, and
discovered its remarkable frequency stabilising action.

He demonstrated his circuits 10 Professor G. W. Pierce of
Harvard University in January 1923. Within a few months Pierce
had developed an improved version, simplified by the use of a two
terminal crystal, and his osciliator is still widely used 1oday.

FREQUENCY RANGE

Crystat units can be produced 1o resonate af fuhdamental fre-
quencies from IkHz to above 100MHz, but range extremes are
expensive and not readily available, Most retailers usually stock
fundamental mode crystais with frequencies from 1MHz to 20MHz,
and some carry a range exiending from 32kHz 1o 30MHz,

Frequencics in excess of 20MHz are often generated by a ervstal

PREVIOUS articles have described oscillatois which rely upon

designed (0 resonate at an overtone frequency, usually the third or

fifth harmonic of its fundamental: e.g., a crvsial for 27MHz would
have a fundamental of 9MHz. (Accuracy. particularly at frequencies
in excess of 30MHz or so, is easier and cheaper to achieve in this
way).

806

FREQUENCY OF OSCILLATION

“Apprapriate circuitry must be used or the frequency of an oscil-
lator may differ slightly from that stainped by the manufactirer 6n
the crystal case. it will, however. always be quite close, and where
stability rather than absolute precision is the overriding considera-
tion, this aspect of the technology can be ignared.

Departures from the quoied frequency of the crystal are caused
by two factors, First, a crysial unit has two natural resonances.
Second, its frequency can be shifted, or “*pulled™, by exiernal reac-
tances (inductance, L, or capacitance, C).

The lower of the rwo natural resoninces occurs when the crystal
is operating as a series tuned circuit. Its impedance is then at its
lowest. The hizher resonant frequency, also called the anti-reso-
nance, is caused by the wning effect of the “capacitor” formed by
the erystal’s electrodes, plus any siray circuit capacitance. Together
with the inductive reactance of the crystal, this forms a paralle!
tuned circuit with a very high impedance.

The spacing between these two resonances, sometimes called the
crystal bandwidth, being d:.pendam upon electrode and stray capac-
itances, is subject to variation. Usually, however, i1 is belwr:gn 0-05
per cent and 0-1 per cent of the stated frequency.

LOADING UP

Most crystals are intended for operation in the parallel mode, and
the manufacturers guote a loading capacitor value (usually 30pF)
which must be connected 1o ensure oscillation at the stated. fre-
quency. In practice, this loading capacitor, or part of it, often com-
prises a trimmer capacitor which can be adjusted to compensate for
stray circuit capaciiance ard set the frequency of oscillation very
precisely. Crystals cut 1o give the specified frequency when con-
nected in the scries mode, i.e., used as series tuned circuits, do not
require a loading capacitor.

1t should be noted that the mode of operation is deiermined by the
external circuitry. Any crystal unit will oscillate at its resonant and.
at its slightly higher anti-resonant frequency. .

CRYSTAL MANUFACTURE

Quartz is a crystalline form of silicon dioxide (SiOp). When the
techinolegy was in its infancy, resonators weré cut from naturally
occurring crystals, but the use of synthetic quartz is now almost
universal.

Unique characteristics, coupled with low manufacturing costs, have
brought about the videspread use of quanz crystals in ‘clocks, watch-
&s, computers, navigation systems, and every item of equipmsnt
where a precise, drift-free, spot-frequency generator is required.

Demand for crystal units is so great that the world-wide manu-
facture of synthelic quartz now excaeds 2000 tons per yzar.
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DLL (32-bit), Active X, LabWindows/view
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$é 1 or 2 input channels plus external trigger : Rezgcr)nua znéJcﬁ:sorS‘
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) Auto, Normal & Singie triggering General
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Spectrum analyser ¢ Save waveforms for comparison

¢ 20MHz bandwidth, 40Ms/s $ Save instrument set ups/configurations
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4 1 or 2 input channels plus external trigger 4 16-hit, min 386, 1Mb ram (oscilloscope only)
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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
lested circuits are fleshed out with component values, and their vices and virtues are exposed.

PART FIVE — CRYSTAL AND CRYSTAL CONTROLLED QSCILLATORS

tuned circuits formed by inductors and capacitors (L/C) 10

determine the operating frequency. Oscillators of this kind
can be wned over a wide frequency range and, with appropriate cif-
cuitry, deliver a sinusoidal waveform of good purity. Their only
drawback is frequency drift, which becomes an increasing problem
above 3MHz or so,

This month crystal and crystdl controlled oscillaiors (XOs),
which display a very high degree of frequency siability will be con-
sidered. Although some circuits permit the operating frequency 10
be "putled” over a very narrow bandwidth (VXOs - variable crystal
oscillators), crystal osciilators cannot be tuned as broadly as L/C
osciliators: they are essentially spoi-frequency signal generators:

BRIEF HISTORY

Many types of crysial, bui particularly Rochelle salt and quartz,
develop an elecirical charge across opposite faces when they are

PREVIOUS articles have described oscillators which rely upon

distorted by mechanical siress. Changing the stress from pressure o

“tension reverses the polarity of the charge.

The phenomenon was called piezoelectricity (electricity through
pressure) by Jacques and Pierre Curie who discovered it in 1880, A
year later they demonstrated the converse: that siress could be sei up
in certain erystais by spplying an electrical potential,

The effect remained a scientific curosity until the First World
War when a French scientist, Langevin, used it 1o detect acoustic
waves produced by submarines. Spurred on by the developing radio
industry. research was also taking place into the use of crysials for
frequency control. In 1921, Professor W. G. Cady of the American
Wesleyan University applied two pairs of terminals to a quartz crys-
1at, connected it in the feedback path of a three valve amplifier, and
discovered its remarkable frequency stabilising action.

He demonstrated his circuits 10 Professor G. W. Pierce of
Harvard University in January 1923. Within a few months Picroe
had developed an improved version, simplified by the use of a two
ferminal crystal, and his oscillator is still widely used today.

FREQUENCY RANGE

Crystal units can be produced to resonate at fiiiidamental fre-
quencies from 1kHz 10 above 100MHz, but range cxtremes are
expensive and not readily available. Most retailers usually stock
fundamental mode crystals with frequencies from IMHz 1o 20MHz.
and some carry a range extending from 32kHz 10 30MHz.

Frequencies in excess of 20MHz are ofien generated by a crystal
designed to resonate at an overtone frequency. usually the third or
fifth harmenic of its fundamental: e.g.. a crystal for 27MHz would
have a fundamental of 9MHz. (Accuracy, particularly ai frequencies
in excess of 30MHz or so, is easier and cheaper o achieve in this
way).
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FREOQUENCY OF OSCILLATION

Appropriate circuitry must be used or the frequency of an oscil-
lator may differ slightly from that stamp=d by the manufaciurer on
the crystal case_ It will, however, always be quite close, and where
stability rather than absolute precision is the overriding considera-
tion, this aspect of the technology can be ignored.

Departures from the quoted {requency of the crystal are caused
by two factors. Firsi, a crystal unit has two natural resonances.
Second, its frequency can be shifted, or “pulled”, by extemal reac-
tances {inductance. £, or capaciiance, C).

The lower of the two natural resonances occurs when the erystal
is operaling as a series tuned circuit. Its impedance is then ar its
lowest. The higher resonant frequency. also called the anti-reso-
nance, is caused by the funing effect of the “capacitor™ formed by
the crystal’s elecirodes, plus any siray circuit capacitance. Together
with the inductive reactance of the erystal, this forms a_parallel
tuned circuit with a very high impedance.

The spacing between these two resonances, sometimes called the
crystal bandwidth, being dependamt upon electrode and stray capac-
itances, is subject to variation. Usually. howevar, it is between 0-05
per cent and O-1 per cent of the stated frequency. ‘

LOADING UP

Most crysials are intended for operation ini the parallel mode, ad
the manufacturers quote a loading capacitor value (usually 30pF)
which must be connected 10 ensure oscillation at the stated fre-
quency. In practice, this loading capacitor, or part of it, often com-
prises a trimmer capacitor which can be adjusted 1o compensate for
stray circuil capacitance and set the frequency of oscillation very
precisely. Crysials cut to give the specified frequency when con-
nected in the series mode, ite., used as series tuned circuits, do not
require a loading capacitor.

It should be noted that the miode of operation is determined by the
external circuitry. Any crystal unit will oscillate 2t its resonant and
at its slightly higher anii-resonant frequency.

CRYSTAL MANUFACTURE

Quartz is a crystalline form of silicon dioxide {SiO). When the
technalogy was in its infancy, resonators were cut irom naturally
occumming crystals, but the use of synthetic quartz is now almost
universal.

Unique characteristics. coupled with lovw manufacturing costs, have
brought about the videspread use of quarlz crystals in clocks, watch-
es, compulers, navigalion systems, and every flem of equpment
whare a precise, drift-free, spol-frequency generator is required.

Demand for erystal units is so great that the warld-wide manu-
facture of synthetic quartz now exceeds 2000 tons par year.
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We come now 1o the second factor influencing the frequency of
osciliation: external reaciances. Capacilance placed in series with
the crystal will raise its frequency of oscillation; capacitance wired
in parallel will lower it. Series resonamt crysials (where there is no
external parallel capacitor) can have their frequency lowered by
nieans of a series connected inductor.

PULLING POWER

Just as external reactances can be connected to sef the crystal 10
its comect operating frequency, they can also be used to “pull” it
over a narrow band of frequencies. An oscillator configured in this
way is known as a variable crysiat oscillator (VXO).

How much the crysial can be “pulled” is deiermined by its
mechanical springingss. Although crystals can be manufaciured
with a high degree of “springiness”, it should be noted that the
amount of pulling is, at best, limited to a very small percemage
(around 0-13) of the crystal’s resonant frequency. and this percent-
age tends to reduce as the operating frequency decreases.

Units designed 1o resonate at an overtone resist “pulling” at the
overtone frequency hecause stiffness increases rapidly with over-
tonie number. They are, however, often particularly responsive ar
their fundamental frequency.

FREQUENCY DRIFT

Simple oscillators in which resistors and capacitors (R/C) are
used as the frequency determining compozents can achieve a fre-
quency stability of around one pan per thousand. When tuned cir-
cuils comprising inductors and capacitors (L/C) fix the frequency,
stability is usuvally of the order of one purt per ten thousand:

QUARTZ CRYSTAL UNITS

Mechanical stresses are induced in a slice of quartz when a
voltage is applied across its oppaosite faces. An aiternating voltzge
of the correct frequency will make it vibrate or resonate in the
same way that a violin string resonates. Resonant frequency is
determined by the mass of the crystal and its connecting elec-
trod=s. Fundamental resonances can range from 1kHz to more
than 250MHz, although 100kHz 10 30MHz is common.

in use, the crystal simulates an L/C tuned circuit with a Q fac-
tor which can, theorelically, exceed a million. (The vary best induc-
tor-capacitor combinalions seldom achieve O factors in excess of
300).

A nzar zero coefficient over a fairly wide temperature range can
be oblainkd by culting the slice from the bulk crystal at a particu-
lar angle. This feature, together with the remarkable Q factor,
enables crystal units to impart a high degree of frequency stability
10 oscillatory circuiis.

Basic crystal controlled oscillators can have a stability better than
five parts per million, even when no special precautions are taken o
minimise drifi. When temperature conirol measures are incorporat-
ed. a stability of one part per million is achievable, and. if special
care is taken. this can be further improved by a factor of en.

Cleariy, therefore, when a spot frequency has 10 be generated.
and when freedom from drift is of paramount importance, there is
no practical substitute for a quartz crystal oscillator. Crystal oscilla-
tors must, however. be buffered. and regard must be had to all of the
other drift reducing measures outlined in Part Two, if the highest
levels of stability are to be achieved.

PIERCE OSCILLATOR

Cne of the earliest crystal oscillators, still widely used, is the
Pierce oscillator. In an updated version, the crystal is connected
between collector and base of a transistor or drain and gate of a f.e.t.
(field effect transistor). ) \

A bipolar transistor version of Pierce's early valve circuit is given
in Fig.1, where a quartz crystal, X1, is connected between the col-
lector (c} and base (b) of TR1. The transistor is biased by resistor
R1, and the output is developed across the r.f. choke L1.

The crvstal is operated in the parallel mode and its loading capac-
itor is formed by Cl and tnmmer capacitor VC1, which are effec-

tively connected in series across it. The frequency of oscillation can,

be adjusted. within narrow limits, by VC1, which is usually a minia-
ture film-dielectnc trimmer. (An air-spaced component should bé
used if maximum freedom from drift is required).

The values of C1 and VC1 should prove suitable between 4MHz
and 15MHz, but they may need increasing for lower and reducing
for higher frequencics. With this version, oscillation is usually at its
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Fig. 1. An updated bipolar iransistor version of Pierce's valve-
‘based crysial oscillator

most vigorous when the capacitance provided-b¥ VC1 is approxi-
mately twice that of Cl.

Some low frequency (1MHz and below) crystals can be “slug-
eish’” and if difficulty is eacountered, a 4-7mH choke as a collector
load should make the circuit oscillate.

Quiput is taken from the collector via d.c. blocking capacitor C2.
The value of this component should be kept as low as possible con-
sistent with sufficient signal being delivered to the accepting gircuit.
The oscillator is decoupled from the power supply by means of
resistor R2 and capacitor C3.

E.E.T. Version

A Pierce oscillator maintained by a f.e.1. is shown in Fig.2, and
the circuit is very similar 1o the bipolar version. The gate (g) of
TR1 is groundead via resistor R1 in order to ensure correct opera:
tion, and source (s) biasing is provided by resistor R2 with its
bypass capacitor C2.

The source hias components must be provided when a J310 transis-
tor is used, but they can be omited with a 2N3819 and the source direet-
ly grounded. This moditication will increase output 1o around 3V rmas.

It is customary with t.e.1. oscillators 1o connect a silicon signal
diode (a 1N4148 with cathode grounded) between gate and the neg-
ative rail in order to limit oscillation amplitde and prevent forward
conduction of the fe..'s gate. With this circuit the measure can
result in erratic and uncertain operation above 10MHz, and for this
reason a diode has not been shown:

Amplitede limitation is, however, desirable in the jnterests of
minimising drift and optimising waveform quality, ard-it is good
practice 1o connect a diode whenever other aspects of performance
are nol compronzised.
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Fig.2. Field effect transistor (f.e.t) version of the Pierce
crystal oscillator.



Again, the values of CI and VCI shouid prove suitable between
4MHz and 15MHz, bt they may need increasing at lower and
reducing at higher frequencies. Oscillation is usually at its mosi vig-
orous with this circuit when C! is approximalely twice the value of
VCl; i.e., the reverse of the siwarion with the bipolar circuit. It
would seem thal the capacilors and crystal are-acting as an imped-
ance-matching J tank circuit.

LOGIC OSCILLATOR

Logic gates can be used as the active devices in a Pierce oscillalo:,
and circuits using one or (wo gates are common in digital systems.
Suahility is inferior to that afforded by well constructed crystal oscilla:
tors using discrete components, but it is siill of a very high order.

A typical circuit is shown in Fig.3, where two of the four NOR
gates in a 4001B i.c. are used. The maintaining device is formed by
ICla, and ICIb acts as a buffer stage. the two inputs of each gag,
being strapped together (o produce a pair of inverting amplifiers,

Quartz erystal X1 is connected between the output {pin 3) and
input {pins 1/2) of ICla, and the operating conditions of the stage
are stabilised by resistor R1. Again, VCI 1ogether with C1 act as the
loading capacitors, and the frequency of oscillation can be adjusted:
slightly by means of VCI.

The output from IC1b (pin 4) is in the form of a'square wave with
a peak-to-peak value almost equal to the supply voliage. A 1olerable
sinewave outpul can be taken. via a low value capacitor, from pin 1
and pin 2 of ICla. Supply line decoupling capacitor C2 should be
mounted close to pin 4 of the chip.

With CMOS {complimemary metal oxide semiconductor)
devices, propagation delay (the time taken for the output to change
in response to a change of state at the input) is panicularly depen-
dant upon supply voltage. The circuit will oscillate readily at 3MHz
or 4MHz with a 3V supply, but 12V has 10 be applied 10 ensure reli-
able oscillation at 8MHz. The maximum “safe” voltage is 15V,

Some versions of the circuit include a 10 kilohm or 100 kilohm
resistor in the feedback path {between the output of ICia and the
junctien between X1 and C1). This resistor reduces the drive 10 the
crysial and, together with Cl, acts as a low-pass filter, inhibiting
oscillation at other than the fundamental crystal frequency.

Reducing feedback levels is always desirable in order 1o min-
imise drift, but the circuit will be less ready 1o oscillate at its upper
frequency limit, or with “sluggish "’ crystals. Morcover, no problems
with spurious frequencies were encountered with the circuil as
shown in Fig 3.

CLAPP OSCILLATOR

- Bipolar Transistor Version
A bipolar transistor Clapp crystal oscillator is shown in Fig.4.
Transistor TR1 is biased by resistors R1 and R2. and feedback,
developed across emitter resistor R4, is applied to the capacitive
tapping formed by Ct and C2. These components swamp the volt-
age and iempemture variablé internal capacitances of TR, and in
this way the feedback circuitry helps 10 combat drift.

The output signal is often taken from the emitter terminal of
TRI, but, in this version of the circuit, the output is developed
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Fig.4. Circuit for a bipolar transistor version of the Clapp
crystal oscillator.
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Fig.3. Circuit for a CMOS logic gate version of ‘the Fierce
crystal oscillator, i

dcross the collector load resistor R3. thereby affording a sfiall
mcasure of isolatien from the frequency determining compo-
nents. Notwithstanding this, the dic. blecking capaciior C3
should be as small as possible consistent with the delivery of suf-
ficient signal voliage. Collector load resistor R3 must not have a
greater value than emitter resistor R4 or oscitlation will be inhib-
ited. The circuit is decoupled from the power supply by capacitor
C4 and resisior R3.

Trimming capacitor VCL is connecied in series with the crysial
X1, thereby forming the Clapp variant of the Colpitts circuit. i
enables the frequency to be adjusied over the usual narow limits. If
the greatest possible freedom from drift is required. the bulk of this
series capacitance should be made up of fixed components selected
by trial and error 1o produce an optimum combiration of empera-
ture cocfiicients.

Feedback capacitors Cland C2 are not excessively critical and
the quoted values should ensure reliable oscillation. Making capac-
itor C2 larger than C! will reduce feedback, minimise drift, and
may improve output waveform. Again, the trial and error selection
of capacitors with the most favourable temperature coefficients will
help to ensure a high degree of siability.

= F.E.T. Version

A field effect transistor version of the circuit is given in Fig. 5.
These devices are less active than their bipolar counterpanis, and an
r.l. choke has to be used as a source load in order to cnsure sufli-
cient feedback. Signal ouiput, is-taken from the source (s} via d.c.
blocking capacitor C3.

Feedback capacitors C1 and.C2 have a lower value with thistir-
cuit, but the comments made earlier regarding selection apply
equally here. If a J310 f.e.1. is substituted for the 2N3819, a 470

T

SoiTel
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Fig.5. Field effect lransistor version of Clapp crystal oscillator,
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ohm resistor, bypassed by a 10nF capacitor, must be placed in series
with the “grounded™ end of the r.f. choke to cnsure correct biasing.

COLPITTS OSCILLATORS

By omitiing series trimmer VCI1 in the circuits shown in Fig.4
and Fig.5, and connecting the crystal directly between base or gate
and ground (0V), a Colpius oscillator is formed. Frequency adjust-
ment can then be provided by including a small rimmer capacitor
as part of Cl or C2.

With so much capacitance in paralle] wiih the crystal, it is hkely that
adjustment of the timmer will fail to lift the frequency of oscillation
up to the figure quoied by the manufacturer. If precise operating
frequency is important, the values-of capacitors C1 and C2 should,
therefore, be reduced, consisten! with reliable oscillation. {The series
connected capacitor, VCI, in the Clapp circuir avoids this problem).

MILLER F.E.T. OSCILLATOR

A fe.t. version of Miller's early vaive osciliator is shown in
Fig.6. Miller's circuit has much in common with Armstrong's tuned
gridfruned ancde arrangement, but here a quanz crystal replacés the
L/C wuning connected between grid (now gate) and negative rail or
ground.

The L/C circuit, which acts as TR1 drain (d} load, is runad to the
crystal frequency (or a harmonic) and a high level, high impedance
outpul can be taken from the drain. A coupling winding on the coil
can be used to provide a low impedance output, and the connections
for inductors in the Toko range are also shown.

The frequency coverage affordad by Toko and hand-wound coils has
been 1abulated in earlier anicles. Below 2MHz, this oscillator starts
maove readily if there is a relatively high ratio of capacitance to induc-
tance in the tned circuit (approximately 300pF and 50mH at |MHz).

Limiting diode D1 and the source (s) bias components, R2 and
C2, improve the operation of this circuit, and the output waveform
is of good quality.

CRYSTAL CONTROLLED

In the circuits considered so far, the crystal Unit has replaced an
L/C tuned circuit and oscillation would not occur without it. These
circuits should, therefore, be regarded as crystal osciltators.

A crystal unit can be inserted in the feedback path of an L/C
oscillator so that sufficient feedback can only occur ar the crystal’s
resonant frequency. Circuits of this kind are known as crystal con-
trolled oscillators.

A crystal controlled f.e.t. version of Armstrong’s tuned anode
oscillator {now tuned drain) is given in Fig.7. Drain tuning is
accomplished by coil L and capacitor Cl, and coil L2 is a coupling
winding supplying feedback to the gate.

Crystal X1, placed in series with L2. offers very litile opposition
to the feedback at its series resonanmt frequency, and a very hich
reactance at all other frequencies. In this way, the erysial conirols
the oscillator. The tuned circuit formed by L1 and Cl must, of
course, resonate at the crystal frequency or a harmonic.

Signal output is taken from ihe drain and the impedance at this
point 1s very high. Unless the accepting circuit has a matching high
impedance, the signal voltage delivered to it will be much less than
the stated 4V r.m.s.

Conneetion details for Toko coils are also given in Fig.7. The cir-
cuti will oscillate even when the feedback winding is wrongly con-
nected (it then functions as a tuned-drain-tuned-gate oscillator).
QOscillation is weaker, however, and harmonics of the fundamental
crysial frequency will only be generated when the feedback wind-
ing L2 is connected as shown.

BUTLER OSCILLATOR .

A crystal controlled Butler oscillator is shown in Fig.8. Buller’s cir-
cuit was described in its L/C form in Pant Three, and it will be recalled
that it ingeniously maiches the impedances of two source coupled
f.e.t.s and the tuned circuit formed by coil L1 and capacitor CI.

In this version, crystal X1 is placed in the feedback path between
the drain (d) of TR1 and the gate (g) of TR2, where it inhibits feed-
back at all b its series resonant frequency.

A more conventional arrangement is (0 use scparate | kilohm
source resistors and to couple the sources via the controiling crys-
tal. A feedback capacitor of between 10pF and 100pF, depending on
frequency, then links the drain of TR1 to the gate of TR2.

Sluggish low frequency crystals may, however, be unable 1o ini-
tiate oscillation when connected in the low impedance path between
the sources. Success is, therefore, more certain with the arrange-
nient shown in Fig.8.
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RESONANT FREQUENCIES

Quartz crystal units resonate at two, closely spaced frequencies.
The lower frequency is produced when the unit is operated in the
series mode, simulating a series tuned circuit. In this mods, the
impedance presented by the crystal at resonance is low.

The capacitor formed by the connecting elsctrodes deposited on
opposite faces of the crystal slice tunes it to a slightly higher fre-
quency. This is known as the parallel or anti-resonant frequency. In
this mode the crystal simulates a parallel tuned circuit and its
Impedance is very high.

Most crystals are manufactured for use in the parallel mode with
a small extarnat loading capacitor which sets the resonant fre-
quency to the stated value. Series mode crystals do no! require a
loading capacitor.

All crystals will resonate In both modes, and the irequency can
be slightly low or high if the wrong type of crystal is used.

Again, the tuned circuit formed by L1 and C1 must resonate at
the crystal frequency or a desired harmonic. Signal output is at a
low impedance and isolated. 10 some extent. from the frequency
determining components. When the crystal couples the sources, a
high impedance output is usually taken from the drain of TRI.

The crystals in the circuits shown in Fig.7 and Fig.8 are operat-
ing in their series mode and, in theory, series mode devices should
« be used or the frequency of oscillation will be slightly lower than
the figure stzled by the manufacturer. In practice, the frequency can
usually be set to the stated value by adjusting the core of L1, even
when parallel mode crystals control the circuit. This is not the case
when the crystal couples the sources in the Butler circuir, and a
series mode unit must be used with-this arangement.

VARIABLE FREGUENCY

When external reactances are used to “pull™ a crystal across a
band of frequencies, the circuit is known as a variable crysial oscil-
lator, or VXO. Stability deteriorates as frequency shift increases,
and oscillation may cease, or the crystal lose control, if the process
is carried oo fur,

A typical “pulling™ circuit is included in Fig.5, where inducios
L1 and varigble capacitor VC1 are placed in series with the erystal
X1. A VXO can also be formed by connecting these components in
series with the crystal in Pierce's circuit. given in Fig.3. However.
this arrangement does not permit the grounding of VC1’s moving
vanes, and the modification is best made to the Clapp crysial
oscillator.

Inductors of berween 5uH and 20uH are usual in thess circuits:
increasing the value above 20uH in an attempt to pull the frequen-
¢y lower may inhibit oscillation. The specified coil, with its wind-
ings connected in series, can be set between approximately 6uH and
124H by adjusting its cup core,

When the widest possible “pulling” range is required, provision
must be made for shorting out this inductor. Shoring switch St
should be operated by a miniature signal-switching relay located
very close to the coil. :

When this arrangement is adopled, a 14MHz crystal can be
shifted around 0:15 per cent (i.e. 20kHz). The percentage increases
with rising crysial frequency. Stray circuit capacitances must, how-
ever, be kept to an absolute minimum or the froquency coverage
will be seriously cunailed.

HARMONICS

Although advances in manufacturing techniques have made it
possible 1o produce crystals which will oscillate. in fundamental
mode, well in excess of 100MHz, it is still commonplace 1o use a.
harmonic of a lower frequency crysial when a signal above 20MHz
or 30MHz is required.

With harmonic oscillators, frequency muhiplication takes place
within the maintaining amplifier and is controlled by an L/C tuned
circuit in the output stage. Almost any oscillator where the output is
developed across a tuned circuit (see Figs. 6, 7 and 8) can be adjust-
ed to deliver at least a close hanmonic.

A circuit which will operate at higher crystal harmonics is given
in Fig.9, where transistor TR1 is configured as a Colpits oscillator
and its base bias is fixed by resistor R1 and preset VR1. Preset VR1
enables the bias to be optimised for different transistor types when
operation becomes more critical above 50MHz or so. A transistor
with an f al least three times higher than the required harmonic is
necessary for the reliable operation of the circuit.

810

Feedback is developed across r.f. choke L2 and applied 10 TRI
base via the capacilance tapping formed by capacitor C1 and trim-
mer capacitor VC1. The feedback capacitors C1 and VC1 also act
as the loading for the crystal X1, and the inclusion of trimmer VC1
permits the fundamenial to be set to the correct frequency. Emitter
bias is provided by resistor R2, which is bypassed by capacitor C3.

A high impedance output is developed across the collector load
formed by tuned circuit L1/C2. This tuned cifeuit must, of course,
be adjusted 1o resonate at the desired harmonic of the crystal fre-
quency. An aliemnative low impedance output could be provided by
using a coupling winding on the coil. as shown in Fig.6.

As the owiput frequency increases above, say. S0MHz, capacitor
CI can be reduced or even omitted (the intemal base/emitier capac-
itance of TR1 can be sufficient to maintain oscillation). Substituting
an r.i. choke of lower inductance may also be of benefit. Whatever
the frequency, optimum performance is usually realised when VCI
has an in-circuit value of aroind twice that of C1.

OVERTONES

Overlone oscillators use specially cut crystals which resonale at
ar odd harmonic, usually the third or fifth, of their fundamental.
Whilst crystals of this kind can be made to oscillate at their funda-
mental frequency. they are designed 1o resonate, or vibrate. at a
stated overtone.

This represents the crucial difference between overtone and har-
monic oscillators. In an overtone oscillator, the crystal iiself is
vibrating at the higher frequency: in a harmonic oscillator. the crys:
tul vibrates at its fundamental frequency and muitiplication takes
place withia the transistor.

l 7 AMDLT TUNED TD THE REQUIRED HARMONG

Fig.9. Circuit diagram for a harmonic and overlone -crystal
oscillator.

Sometimes mieasures are taken to suppress -any tendency of an
overtone circuii 1o oscillate at the crystal fundamental. Arranging
for the feedback to reduce at the lower [requency is a comman
method.

In Fig 9. feedback is developed across r.f. choke L2. If this com-
ponent is replaced by an inductor of much lower value. feedback
will be insufficient to maintain oscillation at a fundamental of, say,
9MHz, but will be capable of doing 5o at the third overione of
27MHz.

Inductors from the Toko S18 range are ideal for this purpose, and
a 3-3 wimn ferrite slug tuned coil (nominal value 0-23uH) should
prove suitable for crystals with fundamentals in the 6MHz 10
12MHz range. Temporarily substituting a tunad circuit which res-
onates at the fundamental for L1 and C2, will enable activity in this
maode 1o be checked.

If the oscillator is producing an output at the crystal’s fundamen-
1al, withdraw the core of the S18 coil until it stops. The relative val-
ues of capacilors Ct and VC1, and the gain and fT of TR, also
influence the feedback level, and some experimentation may be
necessary to eliminate unwanted oscillations. The eircuif is,
however, quite easy to set up.
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DIVIDING DOWN

Crystals cut to resonate below 1MHz
become more expensive and fess readily
available as the frequency is loviered. li a
square wave output can be tolerated,
bistable flip-flop (divide by two) and deci-
mal counter (divide by ten) i.c.s can be
used to produce submultiples of a higher
frequency.

There is some additional complication,
but the CMOS i.c.s are inexpensive and
require no external components other than
a supply decoupling capacitor.

If a sinewave oulput of good quality is
the priority, an L/C oscillator will usually be
more than sufficienly drift free at frequen-
cies below 100kHz, especially if the pre-
cautions detasiled in Part Two are
observed.

DIVIDING DOWN
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Crystals which resonate below 1MHztend
to be more expensive and less easy to obtain. If
a square wave output can be toleraied, highly
stable low frequency signals can be obtained,
at lower cost, by using iniegrated circuits (.¢.5) 10 divide down the
output from a higher frequency crystal.

A divider circuit using a dual decimal counter. ICL, that can be
usad to divide a frequency by 10 or 100, is shown in Fig.10. By this
means, a 2MHz crystal would provide ouipuis at 200kHz and
20kHz. Alternatively, IC2, a dual bistable flip-flop, will divide by 2
or 4, and the two devices can be cornected in tandem t0 produce
various submuitiples of the input frequency.

A source follower buffer stage. TRI, is necessary to ensure réli-
able operation of the ic.s. Direct connections must be made

Flig.10. Circuit diagram for dividing the frequency down using a CMOS dual decimal
counter i.c. plus a dual bistable fiip-flop i.c.

between the buffer and the i.c.s and between any i.c.sin a dividing
chain: a d.c. blocking capaciior is not required. The f.e.t. buffer
stage is not nceded when the dividers are used with the CMOS logic

gate oscitlator shown in Fig.3,

Oulput is a near perfect square wave with a peak-to-peak value
alrost equal to the supply voltage. The maximum input frequency
for the i.c.s is around 8MHz when the supply voltage is 12V or 15V.

Next month: Oscillators which use R/C (resistor and capacitor)

nétworks io fix the operating frequency will be tansidered.
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Starter Project -

ACOUSTIC

PROBE

ROBERT PENFOLD -

An audio “telescope” or stethoscope

-

to investigate distant or low level

sound.

HIS project ¢Giild be regarded as the
> I audio equivalent of a telescope. Iis
basic function is to pick up sounds via
a microphone. greatly amplify the resultant
signal, and then feed it to a pair of head-
phonss. This gives users a sort ol “larger
than life” version of what they would nor-
mally hear, permitting them to detect
sounds that would otherwise be inaudible.
A son of hearing aid for those who do not
have a hearing defect.

Apart from making sourds louder. it is
often possible 10 place the microphone very
close to the sound source, or even actually
touching it. so that otherwise inaudible
sounds can be monitored. When used in
this way the unit acts as a sont of electronic
stethoscope, and the barely audible sound
from a watch can be made to sound more
kike a shipyard in full production. It is even
possible to place the microphene underwa-
ter. perhaps to monitor the wildlife in a
pond. provided, of course, the microphone
is given adequate waierproofing.

The unit is small and self-contained,
although a separate microphone can be
used if preferred. An electret type is used
whether the microphone is built-in or exter-
nal to the main unit. A low cost insert will
suffice if an internal microphone is used.
and should provide excellent audio qualiry.

The output signal is monitored using
headphones or an earphone rather than a
loudspeaker, because the latter gives prob-
lems with acoustic feedback. This feedback
produces the whistling and howling sounds
that dog so many PA sysiems. These are
largely avoided using headphones, and are
intally eliminated using an carphone.

CIRCUIT OPERATION

The full circuit diagram for the Acoustic
Probe is shown in Fig.1. The input circuit
may look a little unusual, but it has to be
borae in mind that an electret microphoiie
insert has an integral buffer amplifier.
Furthermore, the load resistor for the j.fe.l
{(junction gate field effect transistor) used in
the buffer amplifier is usually absent. and
must be included in the main circuit.
Resistor R] and capacitor C2 provide a
well decoupled supply to the microphone
insert, and also drop the supply voltage toa
more suitablg level. R2 is the load résistor

812

for the jfe. in the microphone insen
(MIC1}.

Resistors Ri, R2. and capacitor C2
should be omitted if the unit is used with an
externat efectret microphone having a built-

in battery supply for the preamplifier. Apast

from the fact they would be superfluous
they could also prevent the microphone
from working properly.

HIGH GAIN

Tt is essential for the circuit to have very
high voltage gain duc to the low output
level from the microphone. When deating
with faint sounds the output voltage from
the microphone is tikely to be microvolis
rather than millivolts.

A wwo-stage amplifier is therefore used.
employing IC1 to provide the nitial ampli-
fication. The input stage is a standard
inverting mode type having its voltage gain
sel a1 40dB (100 times) by negative feed-
back resistors R3 and R6.

Resistors R4 and RS form a poteniial
divider that supplies the usual mid-supply
bias potentiai to the non-inverting inpui of
IC1. Capacitor C5 couples the outpmt of
ICI 10 a simple common emitter amplifier
based on transistor TR1. This provides a
similar level of vollage gain to the input

stage, giving an overall voltage gain of
about 80dB (H),000 fimes) or so.

Capacitor C6 couples the output signal
to the carphone or headphones. Good
resulis are oblained using either a crystal
earphone or medium impedance head-
phenes of the type sold as replacements for
use with personal stereo units. The unit is
unlikely to give wonthwhile results with a
low impedance earphone or any other type
of headphones. The current consumption of
the circuit is about-eight milliamps.

VOLUME AND NOISE

The high gain of the unit produces a
potential problem with excessive volume
from sounds at medium to high levels, or if
the mierophone is accidentally knocked.
There arc two ways around this, which are
limiting and an dutomatic gain control cir-
cuit. Limiting is the method used here, and
it is the more simple of the two. It simply
entails limiting the maximum drive level
from the output stage so that excessive vol-
ume levels cannot be produced. This has
the advanmge of being instan! in operation,
and the unit will operate normally as soon
as a high input level has dropped back
within normal operating conditions.

The drawback of limiting is that quite
severe distortion is produced en high level
signals. This is not really a major drawBack
since the unit is only intended for invesii-
gating sounds at low levels. The limiting is
provided by using a simple output stage

T
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Fig.1. Complete circuit diagram for the Acoustic Probe.
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that is unable to drve the earphone or
cadphones at very high volumes, and
effectively has built-in limiting.

On the face of it, the higher the gain of

the circuit the better it will perform. drill bit of about 5mm in diameter. Make Resistors S@@

Unfortunately, it is not practical to use sure that the Copper sirips dare cul across Rt ] 4Kk7 ¢ :

ultra-high gaing in order to enable extreme-  their full width. R2,A3 6800 gl}:ﬂ@@

ly quiet signals 1o be deiected. The stripboard is then ready for the com- \ {2 off) TALK
The lowest sound level that can be  ponents o be fitted. Start with the resistors R4.R5 38K page

detected is mainly governed by the signal- and link wires. Only three links are required g (2 off)

to-noise ratio of the amplifier’s input stage. and they are quite short. so timmings from 25 2&‘2‘

Increasing the gain of the circuit simply the resistor leadouts should suffice for these. Ré 330k

results in proportionately more “hiss™ type ‘Then fit the capacitors, making sure that each A9 5600

noise from the headphones, with low level
signals being lost in this noise.

Regardless of the amount of gain used. holder for IC1. The LF351N used for ICl is Capacitors L
signals below a certain level will be too far not a static-sensitive device, but it is still a C1 1004 radial elect. 10V
below (he noise level to be detectable. The  good idea io mount it on the board via'a c2 474 radial elecl. 16V
LF351N specified for IC] is an inexpensive  holder. 3 104 radial eleat. 25V
device that gives quite good noise perfor- Use single-sided'solder pins at the poinis gg :\;ﬂfa_dml elect. 50V

R R 5 5 1 Y Ap rzdial elect. 50V
mance. However, a high quality audio oper- where the beard will connect 10 MICI. S1, Cs 220, radial elect. 10V
ational amplificr such as the NES334AN SK1, and the baitery; it is one millimetre 5 ‘ . / i
will provide a significantly lower signal to diamelter pins that are required. A ool for fit- Semiconductors
noise ratio and extend the capabilities of ting them to the board is available, but they TR1 _ BC549 npn transistor
the unit. can usually be pushed into place quite easily. ICt, LF351N op.amp

CONSTRUCTION

The circuit board is based on a piece of

stripboard that has 30 holes, by 16 copper using a metal case for a sensitive audio pro- A eisicnlzzi‘nzlsc:‘gplggge
strips. Derails of the component layout and Ject such as this ane, because it can help to BY oV b;ﬂery (PP3 size)
wiring, together with the breaks in the cop- screen the circuit from stray pickup of elec- Skt 3:5mm jack socket
per strips are shown in Fig.2. The high gain trical noise such as mains “hum . However, k2  (see text)

of this.circuil make it vulnerable to prob- 2 smull plastic box should be perfectly all Si '5.p.s.L. min tcgale
lemns with instability due 1o stray feedback, switch

so unless you know what you are doing it is
best 1o copy the layout shown here rather
than experimenting with your own design.

Construction of the board follows along
the norma! lines, and starts with a board
being wrimmed to size using a hacksaw. The
rows of holes are very close together so cut
aleng rows rather than irving 10 cut
between them. There will inevitably be
some rough edges and comers., but the
board is easily filed to'a neai finish.
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‘Next drill the two 3-3mm diameter
mounting holes and make the eight cuts in
the copper strips. The cuts can be made
using the special tool or a hand-held wist

one has the correct polarity.
Now fit transistor TR and an 8-pin d.i:l.

CASE

There is potentially some advantage in

CUTER
MIC 1 o BRADMG T\,

[7’ - ﬁf_w— oe3-
; SCREENED CADL S TO GOV BAL

Fig.3. Screened microphone cable
must be used if it is more than a few
centimetres long.

Approx. Cost
Guidance Only

COMPONENTS

All 0-25W 5% carbon film

Misceilansocus

Small plastic or metal box, approx.
100mm x 75mm x 40mm; 0-1 inch matrix
stripboard, measuring 30 holes by 16
strips; batlery conneclor; 8-pin d.il.
socketl; mullistrand wire; solder, etc.

(see texi) [

£9

exclyheadphones
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Fig.2. Stripboard component layout, off-board hard wiring and underside wview
showing breaks required in the copper tracks.
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Layout and wiring of components inside the small plastic case, keep the leads to
the mic.-and-‘phone socket vwell apari.

right unless the unit is likely to be used'in an
£lecirically “noisy” environment.

The component panel is bolied in place

using metric M3 or 6BA bolts, and it is
advisable 1o use short spacers or some extra
nuts between the board and the case. This
prevents the board from distorting and pos-

sibly cracking when it is bolted in position.-

The exact layout of the unit is not critical,
but try o keep the wiring to MIC1 and SK1
well separated.

The construction diagram Fig.2 shows
SK1 as the uswal open style 3-3mm jack
socket. This is the correct type of socket for
use with a crysial earphone, but a 3-3mm
stereo jack sockel is needed for medium
impedance sterec headphones. The twe

phones must be connected in series, which.

means that the canh tag is ignored and the
connections are made (o the other two tags
of the socket (either way round).
MICROPHONE
MOUNTING

The best way of dealing with the micro-

phone depends on the manner in which the

unit will be used. In most instances it can
simply be mounted at one end of the case.

Probably the casiest way of mounting it
is to drill a hole in the case of the sanie

approach is to mount the niicrophone
jmsert at the end of a piece of plastic tub-
ing and o mount this tube on the case. An
advantage of this method is that it makes
it easy to manoeuvre the microphone into
awkward places. but it is difficult to pro-
duce a strong assembly that will not keep
breaking apart.

11 is probably more practical 16-have the
microphone insert separate from the main
unit and connected 1o it via a screened lead
about 03 10 2 metres long. The screen of
the cable camies the earth connection, and
ihe inner conduc-
10r carries the i
connection 10
capacitor C3, as
shown in Fig.3.

The microf
phone insert will
only work prop-
erly if it is con-
nected with the ‘
right polarity. If '
the polarity is not
marked on the
unii itself the
manufacturers or
retailer’s [itera-
ture should pro-

Usually one terminal connecis to the
metal case of the insert. and this should be
the "-" lead that connecis 10 the OV rail of
the circuit. Getting the polarity wrong is
unlikely to damage the inser, so if all else
fails trial and error can be used 10 deter-
mine the correct methed of conunection,

SEPARATE
MICROPHONE

If a separate microphone is ‘'used it is
possible to use a “proper’ electret 1ype,
complete with built-in batery supply. As
painted out previously, R1l, R2, and C2
must be omitted if a microphone of this
type is used. A “proper” electret micro-
phone should be fitted with a screened Jead
and a plug. The plug will normally be a
3-3mm or standard (6-35mm) jack plug?

The connections 1o the circuit board are
made via a sockel of 1the appropriate 1ype
fitted on the front panel of the case, The
unit will not work properly unless this
socket is connected the right way round. [f
there are major problems with stray pickup
of mains “hum", eic. the socket is connect-
ed the wrong way round.

TESTING

With the headphones or earphone con:
nected and the finished unit switched on it
should be obvious if the unit is working
correctly. IE all is well there will be a
noticeable “hissing®” sound from the liead-
phones or earphone. and sounds in the
room should be heard loud and clear.

If there is a “hissing™ sound but no sound
pickup whaiever, try reversing the connec-
tions to the microphone insent. If you are
using headphones maintain a reasonable
distance berween the microphone and the
headphones or there could be problems
with acoustic feedback.,

diameter as the insert, and to then glue the vide connection =
insert in this hole. ‘An alternative information. ;
G 4 Get your magazine
—y - : “instantly” anywhere in the
/. world — buy from the web.
— 2171707

TAKE A LOOK,
A FREE ISSUE IS

AVAILABLE

A one year subscription (12 issues) costs just $9.99 (US)
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CONTROL & ROBOTICS

Milford Instrumernts

BASIC Stamp Microcontrollers

Still the simplest ond easiest way fo get your project or
devalopment work done. BASIC Stamps ore 5mu|| computers that
run BASIC programmes. With either 8 or 16 tnput-Qulput pins
they may be connecied directly fo push-bultons, LEDs, speakers,
potenticmeters and integrated circuits such os digital
thermomaters, real-time clocks ond analeg-digital converers.
BASIC Stamps ore programmed using on ordinary PC running
DOS or Windows. The fenguage has
familiar, easy-to-read instructions such A
a: FOR._NEXT, {f .THEN ond GOTO. [l il
Buili-in syntax make it sasy to measure CUSTOMITING
and generate pulses, read push- B
buttons, send/receive serial data eilc.
Stamps from £25 (single quantities),
Full development kits from £79

| o learn more ricks?
lent RIC primer books

L

ginner to the adyancedruser.

LT

Full information on using BASIC ; : .
Stomps plus lots of worked SERIAL LCDs

projects and practical ‘ Bannish the hastle of interfacing to LCD displays. A
electronics help. CD-ROM clso We stock a comprehensive range of alphanumeric and Graghic LCDs -
includes 30+ past mua:zine all with an eosy-to-use standard R5232 seriol Interface. Sizes from
articles ond Stomp software. 2x16 fo 4x40 plus 128x44 Frophic panels
£29.95 Prices start ot £25 (singie quantity)

Stamp2 based 3-axis machine StampBug

Stepper drive b X, ¥ and Z axes with 0. Tmm Stomp! based welking insect

{4thou) resolulion, Ferwards backwoerd: ond left/right tum when

Kit conains pre-machined frame components feslers detect chiect in path. Up to 2 hours

Complete with Windaws software for drilling roving from 4xAA Niccds. Chips pre-

ity | d programmed but progromme may be changed
Full kit at £249, Part kit ot £189 {sclwore supplie:ﬁ

. Bedy parts pre-cut,
Full kit £68 b

BigFoot

Stamp] based walking
humanoid

Walks forwards/backwards
with, lft and right tum when
detedts chytocles. Electronics
pcb pre-built and tested,
Programme pre-looded but
may ke changed with
supflied software,

Full kit €68

TecArmd

New range of rohotic arms N\
for educational and hobbyist e
with super erful servos.
Controded from PC (Windows
freeware provided} or from eptione!
keypad. Stands about 450mm

high when fully extended.

Kit inchsdes uﬂvpfe-cu'bady ([P

parts, sarvo controller board, \ o N
servos ond software. Reguires Sv-De. Kits start ot £189

Alex- Animated Head
Stamp2 based confroller with voice record-playboack

on $ Dizpl - copability, PIR input ond/or random gl 4-servo
Sul;&,gee; ,E;:z:g e recerded/edited one mt at & time. May
siandard CCTV from simple g also be contralled from PC.
RSZ32 serial line. Head kits.start ot £29. Controllers from £29
Reody builifested ot £59

IR Decoder Board Servo Driver Board LK.

Central your project using o standord domastic Control up to 8 standard hobby servas from an R§232

IR remate.

7 Output lines [5v € 20ma) may ba setto
momentary or foggle odion.

Simple teaching roufine. Requires-9-12DC
Supolied built and tested.

£29 single quantity

serial dato fine uzing this contraller board. Simple command
srycture holds servos in position until update is received.
Fully built and tested- requires SvDC and servos. Supplied
with Windows freaware.

£29 single quantity. Oplional keypod available.

2 : -All prices excludé VAT and shipping. '
Mllfo'_'d Insf‘rumenfs ' BASIC Stamp is the registered h'od:r}:orkgof Parallax Inc. For further
120 ngh Street, South Milford, LEEDS LS25.5AQ°  datails on the above and other inferesting produds, please see cur web site:

Tel: 01977 683665 Fax: 01977 681465 www.milinst.demon.co.uk




Part One - Introduction

ing your brain too much!

— JOHN BECKER

What we propose to do during this 10-part Teach-In
2000 series is to lead you through the fascinating
maze of what electronics is all about! We shall
assume that you know nothing about the subject,
and so shall take individual components and con-
cepts in simple steps and show you, with lots of
etamples, what you can achieve, and without it tax-

Through these simplé steps we hopé to prove to’you
that using electronic components need not be a complex
task and that, providing you think about each stage of
whal you are trying to create, you can actually design and
build something that works!

In this Introductory section, we explain our approach to
the subject, what things you need to buy, and then lay

down a few simple ground rules.

ucH of electronics is about build-
Ming blocks, and once you have
understood what some of the
primary building blocks can do and why
they can do it. these blocks can be com-
bined in many different ways to achieve
increasingly more sophisticated
goals. I
To assist you in getiing 16 know
about the various building blocks,
a set of illustrative computer pro-
grams has been prepared. We
believe these to be capable of run-
ning on any comparatively recent
PC-compatible compuier (from
Windows 3.1 upwards), provided
that it can accept a 3-3-inclh disk or
is capable of downloading the pro-
grams from the EPE web site. It
should have a colour monitor.

SOFT APPROACH

We siress, though, that it is naot
flécessary 10 OWN a compuier in
order to gain benefit from follow-
ing this Teach-fn series. Whilst
you will not gain fu!l benefit if you
don’t have a compuier, the series is
structured so that it can stll be
studied benefictally without one.

Al present, programs are available to
accompany the first few parts of this ten
part series. Others are in preparation and
will be available later on in the series.

The software is available on 3-5-inch disk
from the EPE PCR andd Software Service, see

that page in this issue - disk
EPE Teach-In 2000). The same software
may be  downloaded Iree  via

fip://ftp.epemag.wimborne.couk or via
hitp:f/Avww.epemag.wimborne.co.uk.

To instal the software on your compuier,
follow the instructions provided with the
TEACH2K.TXT text file. This can be read
using DOS EDIT or through any normal
wordprocessing  software  (including
Windows Notepad and Notebook).

The Teach-In 2000 programs not only
illustrate particular clectronics concepts
discussed in each Tutoral part. but also
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offer you interactive involvement, with the
ability 1o specify your own component val-
ues. Self-test and experimental exercises
are included, to really let you get (0 grips
with understanding this fascmaune
technology.
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Photo 1.1. Ohm's Law interactive screen

{discussed in Part 3),

ln future paris, the software will addi-
itonally allow you to use your computer as
an item of test equipment, allowing you to
inpui data from both analogue and digital
circuis, displaying it as meaningtul screen
data and/or waveforms.

This facility will be of great benefit to
you long after you have leamed the infor-
mation offered during the seri¢s.

COVERAGE

The subjects 1o be covered include
(amongst other things) facts and equations
for using resistors, capacitors, potenliome-
ters, diodes, light emitting diodes, transis-
tors, logic gates, other digital circuits,
operational amplifiers, liquid crystal
displays, signal waveforms, Ohm’'s Law
and its derivatives, binary and hexadecimal
logic, znalogue 1o digital conversion,

R = FRF|STHCE (IX OHS

components

digital to analogus conversion, computer
-interfacing, iming calculations, frequency
generation, frequency counting, simple
‘audio amplifying. to name but some of the
‘wide array of subjects o be featured.

The series is not directly related to any
formal courses or qualifications on
electronics. but is based around
those suhjects which the author has
found 10 be most imporiant during
several decades of involvement in
elecironics, both professionally
and as a hobbyist. Tt should appeal
to anyone of any age who wanis 10
get o know what electronics is afl
about, and 1o put it to good usc.

JUST PLUG IN

The vast majorily of the Teach-
In exercises and experiments are
carried out on a plug-in bread-
board. and use a 6V battery gs the
power source. You do not need a
‘soldering iron for the first several
-parts of Teach-In. However. later in
the series, some of the circuits dis-
cussed will benefir from construc-
Tion on a printed circuit board
‘allowing their long-lerm use as
items of test equipment. For these
constructions a soldering iron will be

‘needed.

Although this Teach-/n will not instruct
vou in soldering techniques, we have avail-
-abte the excellent and highly-acclaimed Basic
Soldering Guide by Alan Winstanley (EPE’s
equally excellent and highly- -acclaimed On-
Line Editor!), which wiil tell yvou all you need
1o know — it is obtainable from the Editorial
Office and via the EPE web site:

WHAT YOU NEED

There are two groups of items you need,
.comprising hardware and the electronic
themselves. You should get
many years of value out of them!

Some of our adveriisers are putting
together special Teach-In packs and readers
should browse their adveris and check out
the Shopralk page.
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WHAT YOU NEED - Basic Items

® Digital multimeter, preferably a
good one, but even a cheap one will
allow you to perform all the tesis we ask
you to do during the series. It is recom-
mended that if you can, you should buy
one which not only has test probes, but
also test leads with clips on one end,
allowing the leads to be clipped onio
component wires and legs.

If you cannot obtain clipped leads, you
can easily make your own using two 0-5
metre lengths of extra-flexible wire, io

which you connect miniature insulated

crocodile clips at onz end, and 4mm

plugs at the other (or (o suit meter}. The

colours should be red and black.

Battery connection leads can be simi-
larty made. to the sume length, with-insu-
lated crocediie clips at each end.

@ Plug-in breadboard, 64 holes long,
14 holes wide. basic hole spacing (pitch)
0-1-inch (2-54mm) - see Photo 1.2.

@ Heavy duty GV (volis) battery, with
‘spring terminals — see Photo 1.2. Do noi
use any battery that has a different stated
voltage (e.g. a 9V -batery MUST NOT be
used).

@® Solid core connecting wire; approx
22 sav.g. core diameter, one small reel
(preferably plastic coated, any colour, but
may be “naked™).

‘approx. 3mm wide.

® Wire cutters (for cutting component
leads and connecting wires).
© Wire stripper for small diamerer

plastic-insulated wires Qypically size

i-2mm diameter).
® Small electrical @nsulated) screw

driver (blade tip about 3mm wide).

~ @ Small thin-nosed pliers, insulated

handles.

@ Extra-flexible stranded plastic cov-
ered wire (approx. 2mm dia.), 2 metres
each of red and black (or green).

@ Miniature crocodile clips, insulated
covering, preferably with screw termi-
nals to which extra-flexible wire can be
secured (they will otherwise need solder-
ing), 10 off (some for future use).

® 4mm plugs {optional, see mullime-
ter note above), one each of red and
black, preferably with screw terminals.

@ Imm terminal pins, double-sided —
a hundful (see text).

@ 1mm pin headers (say 3 strips, each
about 20 pins}.

@ Miniature solder- |
ing iron, mains pow-
ered, 13W, bevel tip

® Solder, multi-
core, 22s.w.g.

WHAT YOU NEED - Electronic Components

® Resistors

4792, 1009, 2209, 470Q, 1k, 2k2, 4k7, 10k. 22k, 47k, 100k,
220k, 470k, 1M, 2M2, 4M7, 10M (say 5 off each).
All values rated at 0-25W (or 0-33W) 5% carbon film.

@ Capacitors

10p, 22p, 47p, 100p, 220p. 470p (say 5 off each).
All miniature polystyrene or ceramic (disc or plate).
1n, 2n, 4n7, 10n, 22n, 470, 100n, 220n, 470n (say 5 off cach).

| All miniature ceramic (disc or plate).

Lge, 202, 4u7, 10u, 22u, 47u, 100u. 2201, 4701, 1000u.
2200 (say 5 off each up 1o 100u, 2 off'each 2201 and above).

All elecirolytic, radial mounting.

All capacitors should have a minimum working voltage rating

QUANTITIES

The quantities and values of components
‘we suggesi-are not only so that you can per-
‘form the wide variery of experiments that
we discuss, but will also result in & good
“spares’” collection for future long-term
use. Go for larger quantities than those
given for resistors and capacitors if funis
permit (say 10 off each. for example).
Where no quantity is stated, only one item
is required.

With regard to resistors and capagitors.
if you can buy a “bumper bundle’ of
aixed values do so, but do ensure that
they are of reasonable size suited 10
breadboard use at a minimum of 10 volts
{and that they are of good quality). They
should include the majority of the values
listed (and possibly other values as well).
-Avoid resistors that are rated for | wau or
greater since their size may be too great
"~ Whilst you may not understand the val-
ues listed (although you'll soon do so!):
your component supplier v4ll if you just

present tha list to him.

of 10V (a higher voltage rating is acceptable providing the size
of the component is not too great ~ component suppliers’ cata-
logues should quote the physical size of capacitors in relation 10
their capacitance values and voltage ratings).

@ Preset Potentiometers

10092, 4709, 1k, 4%7, 10k, 47k, 100k, 470k, IM (say 2 off
cach). Miniature round, enclosed, horizontal, printed circuit
board mounting,.

® Contral Potentiometers

100k linear, 100k logarithmic. Panel mounting, “standard”
diameter mounting bush and spindic, preferably plastic spindle
{without switch).

@ Semiconductors i . i

Red light emitdng diode (lle.d), about Smm dinmeter (say
10 off)

74HC04 CMOS hex inverter gate (2 off)

74HC14 CMOS hex Schmiit inverter gate (2 off)

@® Miscellaneous

ORPI12 (or NORP12) light deépendént resistor (Ldr.)

10k thermistor (n.ti.c. type)

Photo 1.2. Examiriing one of the breadbdard experimentsin
Part 2.

BC349 (or 2N3704) npn wransistor (say 5 off)

BC339 (or 2N3702) pup tansistor (say 5 off)

LM358 dusl op.amp (say 3 off)

74HCO00 'CMOS . quad 2-input NAND gate

74HC02 CMOS guad 2-input NOR gate

74HC08 CMOS qued 2-input AND gare

74HC32 CMOS guad 2-input OR gate

74HC386 CMOS guad 2-input XOR gate

74HC4017 CMOS decade counter

74HC4024 CMOS 7-siage binary ripple counter

TLC549 analogue-to-digital converter

DACO0800 digital-to-analogue converier

Miniature active buzzer |

Low-cost pair of high impedance personal headphones

Miniuature juck socket to suit personal headphones

Miniature electret insent microphone

36-way Centronics female parallel printer port connector (p.c.b.
mounting, and for which a p.c.b. will becomic available)

A few other components will be called for in later parts of.the
series (but not before Part 4). Amongstthem. will be:

1N4148 signal diode (suy 10 off)

IN4001 rectifier diode (say 5 off)
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Fig.1.1. Arrangemerit and interconnection of the
breadboard strips. Note that the outer strips

between 31 and 34 are not connected.

Flg.1.2. Example of trimming and
shaping resistor wires to fit into bread-
board.

BREADBOARD
CONSTRUCTION

You will see that the loles in the bread-
board are ammanged in groups of five. Beneath
the holes are miniature electrical clips. All
five clips in a group are electrically connect-
ed and all groups are electrically isolated
from each other (with the exception of the
two parallel strips to either side of the board).
The amangement is shown schematically in
Fig.1.1.

Components are plugged inio and
between the clip groups so that they
become inter-connécied in a. specific

= I 10 1] 3 L, [¢
4 e cton O b, ele,cl_::;dal colr]:tlgqu?on, as
\ mess=s @assa required so that they perform a par-
? IBEe8es S888 2 ticular function when electrical
€@ 1 BEREs 258 3 power is applied. Examples are
ag : =2az288 pRE288 : &¢ ; i
2 s e®Ee=s 28888 5 28 Sho““mplfowl'?'
22 : BE=ED gzag s 98 .C0n1p.omnls are. usua!.ly sup-
28 7 2E88E8 saasa 7 S8 plied with connecting wires that
i1 ¥ gg g :g g g g g ‘-; 181 are far longes than required (espe-
22 0 S@ES® SEE8E 0 28 cially resistors and capacitors).
88 »n 28888 agas u B8 Prior to plugging a component info
B8 = 8583328 288828 iz 28 the breadboard. we suggest that
3 83288 O0H96E u 88 you cut the wires 1o a length of
w BER&ES8 2Eesse 1 | Xy ‘
a é 5 222838 [2R=0] about |-3 centimeires away from
28 =R =35 the component’s body.

This should allow you 10 easily
handle the components, yet avoid
the possibility of extra long wires
adversely touching the leads of
other components. The length
| should also allow test leads to be
clipped onto the component wires.

You will need to bend the leads of some
components (resistors and diodes in particu+
lar) so that they plug into the board. This is
illustrated in Fig.1.2. Make the bend just frac=
tionally away from the body of the compo-
nent, especially the diodes which often have 2
glass body that may fracthure if subjected o
stress when leads are bent. Thin-nosed pliers
.are usetui 10 help form the bend.

Comiponents may also be linked to oth-
ers using shon lengths of the solid-core
wire specified earlier (the cut-off wires of
‘components can often be used for the same
-purpose). Cut the length you need and then
trim off the insulation (if present) 10 a
length of about 1cm. using the wire sirip-
pers. Thin-nosed pliars can shape the wire
as required for plugging in. but you may
simply bend the wire by hand if you are just
making experimental links.

If you are using uninsulated solid-core
‘wire, ensure thai it does not adversely con-
-1act other compaonents.

Short lengths of solid-core wire may also
be inserted in the board to -assist in the

conneciion of power/meter leads and their
clips. A better option is to use the double~
sided Imm terminal pins listed earlier.

ELECTRICAL POWER

Two terms that will be used frequently
in this series are voltage and current.
Their units of measurement are velts and
amps. Sub-units of measurement are also
used, which will be defined in due course.

To explain the nature of ¢lectrical power
would take us into atomic physics, which
we have no intention of oxplornmg.
However, we can simply explain the con-
cepts of the terms by using a time-hop-
oured analogy:

Imagine a water tapk with a hole in ils
base. We are sure you know that water will
flow out through the hole at a rate depend-
ing on the fullness of the tank and the size
of the hole.

The greater the pressure of the water, the
faster that it will flow through the hole. The
pressure depends on the height of the water
above the hole. The volume of water that
tlows through the hole depends on its diam-
cter. In elecirical terms, the “height” is

expressed in “volis™, the volume of flow is

expressed in “amps”’.

Therc s an allied third term, wars,
which expresses the amount of power that
flows in respect of given values for volts
and amps (it is the result of the two values
multiplied together).

It is important to be aware that eleciron-
ic components will only accept voltage,
current and power flow within specified
limits. These limits vary beiween compo-
nent types and must not be exceeded
{although there is usually a fairly wide mar-
pin of excess which they will tolerate for
short periods).

All this will become much clearer as we
progress through the series. Refer now to
the first Tutorial, and lel’s siart exploring
electronics!

TEACH-IN 2000 ~ Tutorial 1

COLOUR CODES AND RESISTORS

assume that you don’t yet know

‘what component types look like. No
doubt we're wrong — but we've got to start
somewhere! (And if we are rght, you
should also page through that excelleat lit-
e free gift on the front cover of this issue
— the Ideniifying Electronic Components
booklet.)

Once it’s arrived through your letterbox;
within that bag of components you've
bought for this Teach-In series (as recom-
mended in the Introduction) will be some
that look like those in Photo 1.3.

The component on the left is a light
emining diode (l.e.d.), a resistor (having
four coloured bands) is in the centre. The
right-hand component is an elecirolytic
capacitor (1o be discussed in Pan 2).

Rlsl-m.\’ or wrongly, we are going ©

818

Photo 1.3. Left to right: Light emitting
diode, resistor, slecirolytic capacitor.

LED BY THE LIGHT

Find a red led.. plus a resistor whose
bands aré coloured yellow. violet, brown
and gold. in that order. Plug them into your
breadboard as shown in Fig.1.3, then clip
the two power leads to your batiery s
shown in the Photo 1.4.
~ You will now see one of two situations —
the Le.d. is glowing nicely (“urmed on®),
or it is not glowing at all! Disconnect the
battery. Now unplug the led., wm its
leads found the other way and plug itback
in. Conneci the bauery again. Whichever
case was true first, the opposite should be
true now.

This experiment with the le.d. is an
example of the use of a semiconductor, a
class of electronic component that has
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Photo1 4. Power leads clipped to l.e.d.
and resistor experiment.

thousands of members in its enormous
range of families, and which includes not
only such simple items as l.e.d.s, but also
the highly sophisticaied microprocessor
that controls your computer.

# What you have been shown is that semi-
conductors will (normally) only work in a
circuit if they are connecied 10 its power
supply the correct way round. There are
otlier components, too, which are equally
dependent for their correct cperation on
being connected the “right” way round. We
shall say more on this as we progress
through the Teach-In series.

With the l.e.d. positioned in its “glowing®
direction, and with the battery disconnected,
unplug the resistor, tum &t round and plug ir
back in. Reconnecting the batiery, the led.
should still glow. A simple second lesson, but
just as important — resistors are componenis
that are quite conient 10 be connected either
way round into a circuit.

What we have also impliéd through the
above examples is that power supplies
should always be disconnected or switched
off before physical changes are made to any
circuit. Always do so, even if we don't aciu-
ally say so each time a change is suggested.

MARKED DIFFERENCE

Now find a resistor whose bands arc
brown, black, red and gold, and another

CLP BATTERY oVE |
| LEAD HERE
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Fig.1.3. Component positions and bat-
lery lead conneclions for the Le.d. and
resisior experiment.

whose bands are Ted, red, brown and gold.

In wm. plug these resistors into the
board in place of the original one. What do
you observe with each of them? The led.
glows less brightly with the brown, black,
red and gold resistor, but glows much more
brightly with the red, red, brown and gold
one. Now (ry a brown, black, yellow and
gold resistor —no glow at all!

Why the difference in l.e.d. response o
components that look the same physically?
Well, that is the aim of this Teach-In — 0
iell you about not just resistors, but other
imponant types of componsnt as well, in
such a way that you understand how they
behave and how you can use them to per-
form meaningful tasks in circuits of vour
own inventioa.

The lesson you should learn from this
last experiment is that components may
fook alike, but identifving marks (in this
case celoured bands, but may be numbers
and letters in other instances) are vitally
important — they siatc a component’s
“value™.

‘What that information conveys depands
on the component type involved, hut in the
case of resistors (whose nature will be
explained more fully later) it states the
amount of “resistance” that they offer to
electrical current when it flows through
them.

Each of the three resistors you've just
used have different amounts of resistance:
and the colour code. once you know how 10
read it, tells you that value. The observed
response of the L.e.d. depends on the vol-
age applied 10 it and the amount of resis-
tance that the voltage has to flow through.
We shall presently look al resistors in
detail, but first let's-examine colour cedes.

BASIC COLOUR CODES

Whilst resistors are a prime example of
components that are likely 10 be colour
coded, others such as capacitors, diodes,
inductors, transformers, ribbon cables, con-
necting wires, plugs and sockets often use
them as well, although perhaps not quite so
widely.

Consequcml y. one of the most important
skills that any would-be electronics con-
structor should acquire is the ability to cor-
rectly read colour
codes.

First, then, lei’s help
you to become familiar
with the basic colour
codes and the numbers
that they represeni. The

way in which groups of

: GRE
colours are interpreted f:
on the componenis i
themselves will be s

described when we dis-
cuss those items. The
10 basic colours are
allocated as in Table
1.1. As we shal} reveal
later, however, they are
not the only colours
available, although the
remainder are not used
in the same way. . g

We have set up a
simple computer pro-
gram which will help
you o

Table 1.1. Basic colour codes used
in electronics.

Colour Coded Number
Black 0

Brown 1

Red
Crange
Yellow
Green
Biue
Violet
Grey
White

WD ~OW &N

‘values, and 10 prove to yoursell that you:de

actually remember them.

Run the Teach-In software program and
select Menu Basic Colour Codes. Jn the
middle of the screen you will see the 10
colour codes. not only numbered and
named as in Table 1.1, but also with their

"colours alongside them. Do be aware,

though, that the limits of the compuidr
screen prevent the colours from appearing
in exactly the same hues as you might see
on actual components.

It has to be said, however, that there is no
full standardisation on the exact hue that
miglu be printed on componenis by their
manufacturers — they seem 1o take very
wide artistic licence on occasions. It's not
uncommon, for instance, that it mayv be dif-
ficult sometimes 0 differentiate between
oae manufacturer’s red, and another's.
orange.

However, what you see on the screch
{your computer being satisfaciorily sel-up,
of course — and not driving a black and
white moaitor!), should be sufficient to get
you well acquainted with colour codes.

Press <S> to select Self-Test On/Off. A,
*questions ™ box appears to the right of the
colours display {(Photo 1.5), and the colour
order in the main box changes and the
values disappear. Your iask is to use the
cursor arrows to select the colour whose
number is given in the question.

A random number generator variousty
sclects questions on colours and values.
Correct answers eam you points. So give
yourself a test! ’

Pressing <A> provides the answer if you
want it, and <S> re-displays the cofrect

LODES

-
¥

b

FEHEN

i

learn these Photo 1.5. Section of the computer program display which

colour codes and their invites you to test your knowledge of colour.codes.
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colour code sequence and its numbers.
Pressing <M> retums you 1o the main
menu.

RESISTORS

With basic colour codes under your belt
{or at least on visual display demand if nec-
essary), let’s see how they apply to one par-
ticular group of components, resistors.

But, we ask ourselves back at Editorial
HQ, do you who are reading this actually
know what a resistor 1s? Perhaps not, even
though you've just been using some, so
perhaps we shoutd explain matters (and
apologise to those of you who do know for
taking up your time - but why not read it
anyway, you might be reminded of some-
thing you've forgotten).

It’s inevitable, of course, that in explain-
ing resistors we have to use some terms
which you might not be familiar with yet.
Such terms will be covered as we progress
through tie Teach-In series, and we expect
that evenwally you will want to re-read the
series from the beginning, at which time
things will begin 10 slot more fimly into
place if they haven’t atready.

BLOW THAT WORM!

Let's give you an analogy about resis-
tance (no, not using walter this time). You
can be the pushing power instead of the
weight of a tank of water.

Take a decp breath and sec how easily
you can blow it all out again. Not very hard
is it7 What about if you iry to blow it out
through a tube, a bit of garden hose?
Slightly easier once you've blown out the
wornis, but siill quite hard, Now do it
through a drinking straw — really hard. and
you probably fail o breath-cut fully before
you need to take another breath.

So what is it that makes the ease of blow-
ing out so different between the three meth-
ods? Yes, its the diameter of the hole you
are blowing through — big cake hole (),
medium pipe hole (smaller with the worm
at home!), small siraw hole; and what are
the holes doing 1o the flow of air as you
breath cut? They are resisting it!

In electronics, a similar situation can be
said to apply to the way that electrical cur-
rent flows cut from a battery (say) — the
amount by which it flows in a given period
of time is relative 10 the “hule size™ of the
object through which it flows, i.e. 10 the
esistance that the object offers 1o the elec-
trical current. Although. of course, resistors
don’t actually have holes in them, unless
someone's been malicicus!

THE OHMS HAVE IT

As you will discover in due courye,
everything offers different amounis of
tesistance lo elecirical cusrent flow, from
almost uderly-totally-nil 10 almost
absclutely-never-ro-be-penctrated  total
refusal.

Any material that permits an elecirical
current to flow through it is known as a con-
ducior. But, all conductors. however good,
try to resist the electricity flowing through
them, in other words, they all have resis-
tance. Even the copper wire which camies
electzical current into the appliances in your
home has resistance. It may be small when
measured on a meter, but it's still there,

Conversely, some maierials have a resis-
tance 1o electrical current flow which is so
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passive and far ‘less

great that, o all intents and purposes. they
can be regarded as non-conductors or insu-
lators, such as rubber and many plastics, for
example.

The amount of resistance which. a ‘con-
ductor has is expressed as a value in units
called olums (in honour of Georg Ohm, a
Bavarian pioneer in the investigation of
clecirical phenomena, bormm 16-3-1789,
died 16-7-1834).

The symbol for ohms as a unit is Greck.
omega, §2. However. you may often see
capital R used in place of © since not all
typing equipment can produce an £ sym-
bol! (Not all compuiers have the symbol
either — the Teach-In software uses the term
ohm (or capital R) rather the symbol & 10
keep it compatible with readers’ different
system types.)

It might be said that the whole function
of electronics as a technology is to control
the rate and amount by which electrical
current flows from one place 10 another.
Generally speaking, while the current is
flowing, it is expected
to actively do some
work: drive the loud-
spcaker that shatters
your hearing, create
that enthralling games
display on your com-
puter screen, cook your
microwave snack for
the cormrect ime (some-
times!), and so on.

There are, though,
some componenis
which are manufac-
tured to control the
electrical flow in a

MULTIPLIEA
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dramatic fashion.
Amongsl them are the
group which are aciu-
ally named for their
ability to resist the
flow, resistors. It's -
aslonishing what can be achieved by
something that just resists when it is used
in conjunction with something else that
inhibits or encourages electrical flow.

The purpose of resistors, then, is to pas-
sively limit or set the flow of cument
through a particular path in an electrical
circuil. It is reasonable to say that, how-
ever complex the circuit in which they are
used may -appear. this is their primary
function.

There are many wiys in which the atmib-
utes of that function can be exploited in
conjunction with other components (o
achieve not only simpie results, such as
producing a voltage drop ai a parnicular
point in a circuit, but also more sophisticat-
ed results, such as helping to determine the
rate at which some other change occurs.

You will encounier two symbols used in
electronics to represent a resistor in circuit
diagrams. They are shown in Fig.1.4. The

Fig.1.4. The symbols commonly uséd
to represent a resistor.

zig-zag symbol is the one on which:we at
EPE have siandardised, inheriting it from
the original publishers of EE and PE before
the merger, IPC Magazinas, who first intro-
duced many of the UK's |eading electron-
“ics publications. The symbol's history dates
well back to earlier years of the 20th
Century, and could even be older, maybe
Gegorg Ohm invented it.

In circuit diagrams and constructional
charts, a resistor’s numerical idemtity is
usually prefixed by ‘R’, e.g. R13.

Since most resisiors you are likely to
encounter will have their values shown as
caloured bands, we'll discuss those next.

RESISTOR COLOUR
CODE PROGRAM

We've set up a computer program thal
illustrates how the values for resisfors are
expressed in ohms and how those values
are showh as colour codes. So, from the
software’s main menu, select Resisior
‘Values and Colour Codes.

TR 1ST0R VALUES & COLOUR I9DS |

a/al SILVER
{] GOLD
! BACK | 4
mmj‘- 4
RED

RESISTANCE WALLE
FESISTNNCE KN
RESISTAACE MAY

mmmc:

‘ Qs
18 STLVER
2‘&1 MO BediD

'y DO, LEFT, RIGHT. UDALLD COMTROLS = o -

CAUTTOH ~ M MJ. AESISTOR 'UALUCS ‘SHOMABLE AR WAITRLTUREE
EIT T N

ISELF-TEST QUOTT! 8

Photo 1.6. Resistor values and colour codes displayed on
the interaglive computer screen.

There is a great deal of useful information
available to you from this facility. Primarily,
you have the main colour codes that you
u.\ammz.d (and leamed, we hope) in menu
selection 1 (see Photo 1.6). Above it are two
additional colours which, had the screen been
1apable of it would be seen as silver and
gold. but we-have to make the best of using
"their names plus colours of grey and yellow
torepresent them.

Horizentally near the bottom is the rep-
resentation of a resistor having four colour
bands. Looking wvertically above these
bands you will see four arrows, three point-
ing leit and onc pointing right. The amows
_point to the same colours that you see in the
resistor bands below them. These amrows
arc under your contro} using the keyboard
cursor keys, up, down, left, right. Try them

MEET THE BANDS

While moving the arrows, vou will see
that the details at the top right of the screen
change as well. You should begin 10 recog-
nise a pattern in the Resistance Value num-
ber in relation to the arrow positions and
associated colour numbers. Let’s explain it

Most resistors which you will be
required 1o use in your carly days of leam-
ing about electronies are likely 1o have four
colourcd bands. The bands arc read from
left to right, with the resistor facing in the
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direction as shown on-screen — the colour
group to your left. They are named in leit to
right order as Bands 1. 2, 3 and 4. (Band 4
may be further 1o the right on some resis-
tors.) Also see Fig.1.5a.

Bands 1 and 2 provide the first two digits
of a resistor’s value. and Band 3 provides a
multiplying value (shown in decimal on the
left of the screen) which is apptied 1o the
basic vatue. The number of zeros for each
multiplying factor is the same as the num-
ber of the colour code that represents it e.g.
blue = six zeros = a2 multiplying facior of
1000000 (1 million). '

You will also notice that there are multi-
pliers of 0-1 and 0-01, represented by gold
and silver bands respectively (if only the
screen could show it better!).

Resistance values below 1000 are shown
in units of ohms, they are then shown in
Lilohms until 1000000, when they are
expressed in megohms. There is also a third
term which you may encounter, giga —
1000 million times. e.g. gigohms.

While you are using the arrows 1o get the
hang of the colour banding system, also
look ai the Nearest E24 Value at the 1op
right of the screen. You will see that it does
not always follow the Resistance Value
answer. This is not because the answer is
wrong, but is because that particular value
is not manufactured in the range known as
the E24 Range (see Panel 1 — Resistance
Ranges).

Apart from using the arrows to set the
values, there is another way to set them
using the arithmetic keys, + — * /. Try
them and waich how not only do the
numeric values change. but the arrow
positions and the coloured bands on the
résistor as well.

RESISTOR CODES
SELF-TEST

Pressing <S> clears a fair bii information
from the screen leaving you wiih a colour
chart, some arrow positions, a coloured
resistor and randomly selected questions 10
answer.

Pressing <A> or <ENTER> provides
the answer. <S> remurns the full screen
information, and <M> returns the main
meny.

MUORE O BESISTOR
CODES

Up 10 a resistance tolerance of 1% and
a power rating of one watt (tolerance is
discussed in moment— and power factors
another time}, resistors are labelied in the
colour coded fashion vow've just been
examining. From 0-5% tolerance and two
watts rating. the values are given in fig-
ures. There are exceptions to both these
conventions.

Many of ihe colour-coded resistors
which you will normally encounter are
likely to have a tolerance of 5% or
greater (we specified 5% for those you
have bought), and will have four
coloured bands as we've shown,
although the fourih band may be further
away from the other bands than is shown
on your screen.

As a re-cap away frem the compuler, the
colours used on the four-band resistiors
we've been discussing are summarised in
Table 1.2. The codes have been established
by international agreement.

T

}__
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PANEL 1 - RESISTANCE RANGES

If you count all the E24 answers given

| by the computer display for all the

Resistance Values between, sav. 10 and
99. you will find that there are 24 of them,
which is what E24 means - 24 values 10
the multiplicr decade.

There are other ranges manufactured as
well: E6, E12, E48, E96, for example,
each having the number of values per
decade as indicated by the “E” value.

Standard resistor values within the
rapges may at first sight seem 1o be
strangely numbered. There is. though, a
simple logic behind them, and it is 1o do
with the tolcrance ranges available.

In fact. there’s not really very much-to
the concept of tolerance: it's just that
when anything is manufactured in quanti-
Ly. it is expensive to ensure that evéry sin-
gle aspect of each and every individual is
absolutely identical. Nor is it necessary in
many applications that absolute identical-
ness should be achieved — some situations
can accept wider variations than others,
i.e. they are more /olerant. Where a wider
telerance can be accepted. so the manu-
facturer can preduce the product more
cheaply.

PERCENTAGES

With resistors, for example, values can
be calegorised as being within so-many per
ceni of the nominal value, within ten per
cent of it for example, which would be
expressed as £10% (or, somewhat loosely,
Just as 10%). In other words, a résistor said
1o be 100 ohms +10% could have an actual
value that is 10% above or 10% below 100
ohms —ie. from 90 ohms 10 110 ohms. A
100 ohms 1% resistor, though, could have
an actual value of between 99 ohms and
101 ohms~— but it will cost more than the
10% type. As a constructor. you will
normally use 5% resistors. v

The “E" series values are based on'toler-
ances of 0-3%, 1%, 2%, =3%, £10%
and £20%, and are respectively known as
the E192. 96, E48, E24, E12 and E6
series, the number indicating the quantity
of values in that series. Thus, if resistors
have a value tolerance of 5%. for example,
a series of 24 values can be assigned 10 a
single decade multiple (e.g. values from |
09, or 101099, or 100 10 999 etc.) know-
mg that the possible extreme values of each
resistor overlap the extreme values of adja-
cent resistors in the same series.

Work it out for yousself for the follow-
ing 24 values which comprise the F24
(3%) seriés:

.56.62,68.75,82,91

_gramimed the software for other ranges

10, 111,12, L3, 15, 1.6, 18. 2.0, 2.2,
2.4, 27, 30, 3-3, 3.6, 39, 4.3, 4.7, 5.1,

You probably noticed a ségquence like
this when using the arrows and other con=
trols on the screen.

As another example, the E6 (20%)
séries simply has six values, as follows:

140. 1-3. 2.2, 33, 4.7, 68

Any of the numbers in an E series can
be applied 10 any decade muliple set.
Thus. for instance, muliplying 2-2 by
cach decade muliiple (1, 10, 100, 1000
etc.) produces values of:

2.2 (292). 22, 220, 2200 (2k2), 22000
(22K}, 220000 (220k), 2200000 (2M2)

WITHOUT A POINT

Notec an interesting point about the
alternative way of expressing the deci-
mal point for some of these numbers, as
shown in brackets: the use of Q. X and
M. This is another answer 10 a typing
probiem! The decimal point in a num-
ber may not always be printed clearly,
and the aliernative display method is
intended 1o help avoid misinterpretation
of componen! values in circuit diagrams
and parts lists (and on the components
themselves when colour coding is not
used).

These value series apply not only to:
resistors, but {o capacitors and inductors as
well. For the latter components, ¢ (micro),
n (nano), p {pico) may be used in place of
the decimal point. e.g. 2142, 2n2, 2p2.

-DISPLAY RANGE

Now you will understand why the
E24 value on your computer display
does not necessarily tie in with the |
Resistance Value, We could have pro-

loo but, frankly, for most of what you
are likely 1o design or construct, the E24
series is going to be the principal one
you use. As far as this Teach-In is con-
cerned, we specified resistors having
only three¢ values 1o the decade, 1, 2-2,
4-7. This was 10 keep down the cost, but
other values will find their uses in other
applications.

You should now also undersiand the
other-three (middle) lines of the top right
group in the computer display for resistor
values — Resistance Min-Max and
Spread. The use of arow 4 should now be
apparent, i1 lets the program select and
calculate the 1olerance factors without
you troubling vour pocker calculator.
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Table 1.2. Colour codes for resistors
Colour Figure

Multipller Tolerance

Silver - 0-01Q 10%
Gold - 01Q 5%
Black 0 1Q -
Brown i 10Q 1%
Red 2 10092 2%
Orangse 3 1kQ2 =
Yellow 4 10k02 —
Green 5 100kQ 0-5%
Blue 6 1MQ 0:25%
Violet 7 10MQ 1%
Grey 8 100MQ. -
White 9 - -

Life can ger a bit more complicated
though — colour coded resistors of 2% or
less may have more than four bands, such
as the examiple shown in Fig.1.5b. So let's
briefly compare the way in which four and
five banded resistors are “'decoded”.

Noting the way in which the resistors are
shown in Fig.1.5a, and reading from left to
right, the four band example is interpreted
-as:

Band 1: brown = 1

Band 2: black =0

Band 3: red =2 (10:= 100)
Band 4: gold =5

indicating a resistor whose value is 10 x102
= 1000 = 1€, with a tolerance factor of
5%. 4

The five band example is interpreted as:

Band l:red =2

Band 2: yellow = 4

Band 3: black =0

Band 4: black =0 (100=1)
Band 5:red. =2

indicaling a resistor whose value is 240 x
109 = 240Q, with a iolerance factor of 2%.

Examples of the way in which resistors
have their value printed on them in figures
instcad of colours are given in Table 1.3,
which shows the internationally recognised
coding.

Observe in Table 1.3a how the decimal
poimt is expressed, that the ohm symbo! is
shown as an R, and that 1000 is shownasa
capital K. Note that although capital K is
commonly used in circuit diagrams and
parts lists to mean 1000 ohms, lower case k
is generally to be preferred since capital K
has widely become used in computing to
mean 1024 (22, which has significance as
a ‘round’ binary number (10000000000).
Binary numbers will be discussed {and
actively illustrated on the computer) in a
future part of Teach:/n.

Table 1.3a. Example {abelling of
resistors in figures.

Figure ] Code
0-10 123 R10
0-33 Q R33
10 Q iR0
1-33 Q 1R33
101 Q 10R1
100 Q. 100R
1 kO 1KO
10 kQ 10K
100 k@2 100K
10 Mg MO
10 M 10M
100 Mg 100M
1 GQ 1GO
822

In manufacturers® data sheets, several
parameters will be quoted about the nawre
of a particular type of resistor. One faclor
which will be specified is the material
from which it is made, i.e. whether it is
made from carbon, or a ceramic material,
or a meal oxide or even made from wire
wound around its body.
| The principal parameters for a resistor
are:
® Resistance value, which may be

expressed in ohms (£2), thousands of

ohms (kilohms or just kQ, or some-
times K€) or millions of ohms

(megohms or MS2)
® Power rating in watts (W)
® Resistance tolerance, expressed as a

perceniage of its set value, e.g. 5%
® Temperature coefficient, expressed as

the amount by which the set value will

change with temperawre, variously
expressed as parts'per million (ppm) or
percentage change per degree Celsius

(%/°C).

‘The significance of a resistor’s power
rating and temperature coefficient will be
discusigd in another part of Teach-In.

PANEL 2 — RESISTOR FACTS

Some common types of resistor are:
@ Carbon film/ceramic: normat require-

sments
@ Carbon film/ceramic: increased
demands =

® Carbon film/ceramic: precision resisiors

@ Carbon film/ceramic: low drift/high
reliability ; :

@ Meial oxide Alm: heat resistant to
175°C

® Wire-wound: different consiructions for
high loads and specialised applications

Carbon film resistors are those you are
mos! likely to encounter in consiructional
projects, although metal oxide are not
uncommorn,.

Resistors are available as individudl com-
ponents and also as resistor modules in
which several resistors are enclosed in a sin-
gle package, with the connecting pins
armanged either as single-in-line (s.il) or
dual-ir-line (d.i.L) configurations (the laner
look similar to integrated circuits — discussed
in other parts of this series). The intemal
arrangement of the resistors within the mod-
ule may be several individual resistors, or a
nciwork configuration, as shown here.
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Tabie 1.3b. A further letter is then
appended to indicate the tolerance.

Letter Tolerance
F +1%

G 2%

J 5%

K =10%

M +20%

RESISTOR QUALITIES

You have discovered that resistors allow
current to flow in either direction and offer
the same amouni of resistance to it in which
ever direction it flows. In other words, its
resistance value is supposedly fixed during
manufacture — within the tolerance factor
discussed in Panel 1.

However, this “fixedness™ is not an
absolute value true at all times and in all
situations. It is a value that exists only
under a given set of circumstances. [nternal
and external factors can affect the acrual
value of a resistor, such as the amount of
heat to which it is subjected, for example.

The way in which a resistor varies its

*nominal®’ value depends on how it is man=

ufacrured, some information an which is

‘given in Panel 2,

OTHER RESISTIVE
COMPONENTS

We commented earlier that everything in
nature has varying degrees of resistance 10
an electrical current, from practically nil to
practically infinite. The resistors we have
been discussing are just one class of com-
ponent whose basic resistance is preity well
fixed. Not surprisingly. this class is more

strictly referred as “"fixed resistors''.

There several other classes of resistivé
component, however, whose nature will be
discussed in future parts of Teach-in. They
include components whose resistance
changes in response light level, tempera-
ture, voltage, humidity and pressure, and
are known as sensor resistors.

Anotiter group provides variable resis-
tance according 1o the position of a mov-
able contact. These components are usually
known as potentiomelers.

For this month, though, we've come 10
end of Tutorial 1. But we hope you will
now tum to the Experimental article.

Next month we introduce you 1o capaci-
tors, and what happens when they are
connected to regjstors — it’s all to do with
uming,
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TEACH-IN 2000 - Experimental 1

MEASURING AND CALCULATING RESISTANCE

said that you should acquire a digital

muinmeter. Here’s your first opportuni-
ty 10 put it 10 Use — measuring resistance,

Plug the black lead into the socket
marked COM, and the red lead into the V-
OHMS socket, and switch on. Switch to the
highest OHMS range and clip the leads 10
cither side of one of your resistors selected
at random.

Now switch the OHMS range until a sen-

sible-looking reading is shown on the
meter's display. How does this value com-
pare to that indicated by the colour code on
the resistor?
# Express the difference between the aciu-
al reading and the coded valuz as a per-
‘centage, and satisfy yourself that the valug
is within the tolerance indicated by the to}-
erance band on the resistor.

Refer back to the Colour Codes prograim
if you've forgotten how the codes are
mterpreted.

Also satisfy yourself thar vou get the
same reading whichever way round you
connect the probes.

What you may find, however (and inter-
estingly), is that the decimal places of the
value may change if the temperature of the
resistor changes between the readings. Try
warming the resisior by holding its body in
your fingers belween one reading and
-another.

Check out a few more resistors for their
coded and actual values. Indeed, if you've
boughi the mixed selection bag of resistors.
suggested in the Introduction, take this
opportunity to sort the them. Small press-
to-close clear polythene bags are ideal 1o
keep them in once catcgorised, with self-
adhesive labels stating the enclosed value
(the coded value, not the meler-read value).

You will thank yourself later for taking
this trouble now. The sorting will also help
to reinforce vour immediate recognition of
a resisior’s value from its colour code. It
soon becomes instinctive for most common
values (and what are common values? you
may ask — that 100 you will soon get 10
know).

IN the Introduction to this Teach-In, we

(260 B & 6D

2150 B9 .50

Fig.1.7. Measuring the resistances of two (a) and three (b) senially-connected resistors.

RESISTORS IN SERIES

Two terms you will frequently encounter
are seria! and parallel. They describe how
two or more components are joined togeth-
er, Serial connection means a chain of com-
ponents joined as shown in Fig.1.6a and
Fig.1.6b. Parallel connection refers w the
configuration in Fig.1.6¢ and Fig.1.6d.

It is frequently necessary to connect
resistors together for a variety of reasons,
and 10 be able 10 calculate a number of
values that result from that connection.
Ler’s take two resistors in series and see
what we can establish from them. Select
any two resistors of roughly adjacent val-
ues, e.g. 47k and 100k€2 (call them RI
and R2), and plug them into your bread-
board as shown in Fig.1.7a.

Photo 1.7.

Three resistors &
in series on the 4
breadboard. 4

ol

(A) {B)

o]

© (5}
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Fig.1.6. Examplés of resistors in series (a and b) and in

parallel (¢ and ).
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First measure the actual resistance of
each resistor in wm, making a note of it
Then connect your meter probes to either
end of the chain and note the reading. Add
the two individual readings together and
compare to the reading across the whole
chain. How do the two resuits compare?

Yes, they are equat (within the accuracy
with which vou actually took the readings).

Add another resistor (call it R3) 10 the
chain as shown in Fig.1.7b. another 100kQ,
for cxample. Measure the resistance across
R3 and note ii. Then measure the resistance
across the whole chain. Now add the indi-
vidual values of all three resistors together
and compare with the total chain value. Yes,
again the wo are identical.

'From this we ¢an say that the total resis-
tance across any quantity of resistors in
series is equal to the sum of their individual
values. In other words we can say that:

“Total resistance = R1+R2+R3......etc.

POTENTIAL DIVIDER

Let's now put battery power across some
résistors in series and see what voltage we
can find at their junctions, This configura-
tion is known as a porential divider,
because the potential (battery voltage in
this case) is being divided by the resistors
10 produce the voltage at their junction.

For starters, we'll examine two 10 kil-
ohm resistors in series. Connect them and
your 6V baltery as shown in Fig.1.8a.
The =quivalent circuit diagram is shown
in Fig.1.9. Insert lmm pins {or short
lengihs of solid-core wire) into the posi-
tions shown in Fig.1.8 for the power con-
nections, and then clip the power leads to
these pins.



(A) (B)

words, and referting
o Fig.1.9, the calcuia-
tion required can ‘be
summarised as:

Youi =
R2/(R1+R2) ' Vin

in Fig.19, let's say
R1is 100kQandR2is
47kQ. The 1o1al resis-
tance of RI+R2 is

60 bo.6d o3 00

147k, call it RT. We

0 62,08 @ 1
% 02 0% 00 @@

know that the battery
voltage (Vin) is 6V, so
we can say that the
voliage at Vout can be

00 (3 0O @ OO

0%
el ]
mia
mo

%

expressed as:

Vour=
R2/RT = Vin

Substituting  the
known values; we get:

Fig.1.8. Measuring the voltages across two (a) and three (b)

resistors in series.

BATTERY
|

Fig.1.9. Equivalent circuit for two resis-
tors in series across a power supply.

Switch your méter o the first range
above 6V d.c. With the black lcad on the
batrery’s “— " (negative) terminal (call this
point 0V —"nought-V ") and the red one on
its "+ (positive) terminal (cail this point
Vin — “V-in""), measure the actual voltage
being supplied by the battery. For this dis-
cussion we will assume that it is exactly 6V.

With the black lead still on =", touch
the red lead to the junction of the two resis-
tors (call 1this junction Vout -
V-out™). What voliage do you read a1 Vout?
It should be half the battery voltage, 3V.
Does this surprise you? It shouldn’t
because the reason is perfectly logical.

The two resistors have the same value
and so the voltage drops cqually across
both of them. Vout is theretore half of Vie.
This fact is true whenever two resistors of
the same value are connccted in series
aeross a power supply. Substitute any other
two resistors of the same value {say iwa 47
kilohm resistors) for the two 10 kilohm
oncs and check this out. Try it for other
pairs as well.

RATIOS

What happens, though, when two resis-
1ors in a chain do not have the same value?
Well. it's just a marter of ratios: B

Referring to Fig.1.9. you take the value
of the total resisiance across both resistors
(R14R?2). divide this value into that of the
resistor at the bottom of the chain (R2), and
then multiply the answer by the total volt-
age across both resistors (Vin). In other

824

Vout =
47kENN47KQ < 6V =
1-918367V

which is near éndugh ¢qual 10 19V,

With R1 and R2 (at the new values)
inserted into your breadboard as shown in
Fig.1.8a, check this out with your meter.

Vi

A

D Your !

O Vouf?

oV

Fig.1.10. Equivalént circuit for three
resistors .in series across a power

supply.

Supposing, though, you had three resis-
tors in series, as in Fig.1.10. how do you
calculate the voliages at junciions Voutl
and Vout2. Well, again it’s very simple: RT
becomes R14+R2+R3 and you wriie the for-
mulae 1o read:

Voutl = (R2+R3)/RT x Vin
Vout2 = R3/RT x Vin

of just:

Vout =Rx/RT x Vin

where Rx is the 1otal resistance of all the

resistors in series below the junction whose
voltage (Vout) you need io know. Check
this out with any three resistors in your
breadboard as in IFig.1.8.

We expect you will appreciate that this
principte can be applied to any number of
resistars in a serial chain — which observa-
tion suggesis another experiment for you:

Chain as many resistors of whatever
valuz you like and connect the batiery
across them. Now calculate the voltages
you expect w find at each junction. and
then use your mewr to check the actual

Fig.1.11 Measuring the resistance of two
(a) and three (b) resistors in parallel.

voliage agaiast your calculation. (There is,
though, a ciutionary note presently —Meter
Resistance — about the meter itself actually
affecting the accuracy of the readings. If
your voltage readings are not quile what
you calculate, it may be the-meler 10 blame,
nol your brains!}

RESISTORS IN PARALLEL

Look back at Fig.1.6 where examples of
resistors in paratlel are shown (Fig.1.6¢ and
Fig.1.6d). That’s what we shall discuss
now. Connect two 10k resistors (R1, R2)
into your breadboard as shown in Fig.1.11.
What do you think is the total resistance
that your meter will show when-connected
across them?

Hopefullv, you'll respond in a flash:
“half of 10kQ"™! Yes. of course it is, it's
5kQ — prove it on your meter’s ohms scale.
Any two equal value resistances in parallel
willhave & total resistance of half the value
of one of them.

What. though, if rwo parallél resistors
have differemt values? Sad to say, it now
becomes a bit more complex. but not a lot!
There is a simple formula that expresses the

away to do itz

RT = 1(Rx1+Rx2)

where Rx1 = I/R1 and Rx2 = 1/R2.

Such calculations, of course, really need
your calculator to work ont the one-divide-
by bits. But if you take it in small steps it’s
yuite straight forward, even #f a bit tedious.

First. let’s prove the formula using two

equal value resistors, the two 10kQ just

mentioned (remember that 10kQ acrually

-means 10000Q);

For R1,Rx! = 1/R1=1/10000 = 0-0001

Photo 1.8. Breadboard with thre
resistors in parallel.
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We know that R2 = R1, there-
fore Rx2 = 00001,

Add Rx1+Rx2 (= 0-0002) 10
produce an intermediate answer
{call it Ry).

Now RT = 1/Ry = 1/0-0002 =
5000 = 3k€2. Point proved!

Now try it for R1 = 100kQ and
R2 = 47k<2. Do you get answer of
31.97279kQ2 (orvery close 10 it)?
Good. you've got it!

Righr then. next siage - more
resistors in parallel. Easy. you just
extend the formula:

RT =
U/R1)H R4 1/R3)+(eic))

Let’s uy you with three resistors
in paratlel: 100k, 47kQ and 10kQ2.
1f you get an answer oi 7-617304k(2
(or very close to it) then you really
have understood. Try this out with
the resistors in your breadboard as shown in
Fig.1.11 and Photo 1.8.

You will have noticed that iwice we've
said “or very close to ™. Different calcula-
tors may well give slightly different num-
bers for the final decimal places — this is
quite normal and, generally speaking. of
litile consequence. In many instances, all
you may really need to know is the answer
rounded to two decimal places {even fewer
on occasions!).

The answers we've given were calculated
by our Teach-In software. Run it and select
menu oplion Resistors in Series and Parallel.
This program iHustrates examples of resis-
tors in series and parallel, plus formulae, and
the option to change the values allocated to
the resistors, see Photo 1.9.

At the top right you will see R1 high=

lighted. Its value can be changed by use of

the arithmetic keys (+ — * /) on your key-
board — try them. Then use the up/down
arrow keys 1o change the highlight 10 one
of the other three options, R2, R3 and V.

When highlighted, any option’s value
can changed. Resistor values are thdse
from the E24 series from 1 ohm to 1
gigohm (1000 mcgohms). The <+> and
<-> keys step up and down in single E24
values, <*> and </> keys step up and down
in decade multiples.

The volts range is from 1V o 10V,
always in steps of 1V which ever arithmetic
key is pressed.

Photo 1.9. Resistors in series and parallel, with -calcula-
tions, displayed on the interactive compuiter screen.

Vi

Vout 1

> NouT 2 I

av

Fig.1.12. Why a meter (represented by
resistance Ry) affects the voltage
reading al resistor junctions.

You will notice that whenever any value
is changed, the formulae are recalculated
for that new value. Note that answers may
sometimes be expressed with an ending
such as E-02. This simply means that the

-preceding value has to be multiplied by

10-2. For example 4-678013E-02V =
4-678013-2 = 0-04678013 V.

You will notice that current flow values
are also shown. They will be discussed on
another occasion.

Ah, and now you've spoticd that enticing

‘Seft-Test option! Press <S> to enter it.

There’s lintle 1o say about what vou now

see on the screen — except that you need to

follow the instructions thai have appeared.
On a random basis, the compuler selects

the questions it wanis you Lo
answer. They are all 1o do with
what you have been told about
resistors in serial and parallel.

You seleci the value for the
resistors in queslion, calculate
your answer and then tell the com-
puter 10 show the answer it has cal-
culated. Your aim, of course, is lo
achieve the same answer. In prae-
tice, your-answer may be slighily
different from the computer’s for
the final decimal places, for the
reason discussed earlier.

It is for this reason that you are
not asked to key-in your answer
for it to be checked by the comput-
er, with points being awarded
accordingly. 5

When you've tested yourself as
much as vou want, press <S> to
retyrn to ~the previous full-data
screen, or <M> (o return o the
main menu.

METER RESISTANCE

Just one final point: when measuring the
voltage at serial resistor junctions, the
resisfance of the meter itself can affect the
reading in some siwations (see Fig.1.12).
The meter’s resistance (Rm) is szen by the
serial circuit as resistance in parallel with
that below the juaction {(R2), and the junc-
tion voltage falls accordingly. This effect
will be most obvious when high values of
resistunce form the chain. Note that ordi-
nary analogue meters have a much lower
internal resistance than the digital type
which (we hope) you are using,

Why not check out your meter now?
Connect two I10MQ resisiors in series
across your 6V supply. If your meter were
perfect and had absolutely infinite resis—
tance, you would normally expect to see
exactly 3V at the junction of two (exactly)
10ME resistors in series across (exactly)
6V. Whar voliage reading do you see on
your meler? Can you work out its resis-
tance from this reading? We shall refer to
this matter again in Teach-In Part 2.

We'll have more Teach-In inrignements
next- month — join us! -
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Vibralarm

The main cause for concern when collecting together the parts
neaded for the Vibralarm project will be a source for the delicate
bi-morph vibration sensor. This is a piezo céramic element and
was purchased from Electromail ( ® 01536 204555 or RS
htip//rswww.com), quote code 285-784. The lowest order quantity
listed is 5 off {£1.45 each). Being such a fragile element, it may not
be such an expensive invesiment! )

Next on the list of “hard-to-find” are the resistors. The 100
megohm (100M) cermet film fixed resistor and the 10M preset
potentiometer also came from the above company; quote codes
158-222 and 387-048 respectively.

instead of a single 100M resistor, you could use three 33
‘megohm “high vollage” resistors from Maplin, code V33M. These
would need 10 be connected in series, zig-zag fashion, and the
remaining two ends soldered to the R2 pads on the p.c.b. The micra
3;220 Vsiren used in the model was also obtained from Maplin, code

42V

Once again, Electromail was the scurce for the low-current, low-
power, low-noise Zener dicde, code 184-6661. If a different Zener is
used, you wit need to check the stabilisation and possibly reduce
the value of R1 as outlined in the setting-up procedure.

The “double” printed circuit board is available from the EPE FCE
Service, code 230 (see page 852).

Acoustic Probe — Starter Project

We do not expect any component buying probiems to be encoun-
tered by constructors of the Acoustic Protie, this monih's “starter
project” for the navice. )

If readers do experience any difficulties in locafing a suitable
microphone insert through their local supplier, Maplin cerlainly list
two. Quote either EM-60B sub-min. code FS43W or EM-10B ultra-
min. code QY62S.

The LF351N op.amp gives quile a good signal/noise ralio and is
faily inexpensive. However, if you are looking for enhanced perfor-
manca, you could try using 2 high quality audio op.amp such as the
NE5534AN. This should provide a significant improvement in the
signal-to-noise aspect and exlend the probe's capabilities. Most of
our components advertisers should be able to supply either of these
op.ampi.c.s.

You can use aither a erystal earphone (preferred) or medium
impedance headphones of the lype soid as replacements for use
with personal stereo unils. The circuit is unlikely to give worthwhile
resulls with low impedance types.

Finally, as you will nead to trim the stripboard to-size, we sugges!
you go for a fairly large piece so that the off-cut can be used for
another project.

Demister One-Shot
Not too much can go wrong, we hope, when searching for com-
ponents for the Demister One-Shot project. However, before under-
taking this project, you should first check whether you may be
infringing your warranty rights it you tap into your vehicle wiring.
The special UB047B automotive-type timer 1.c. was obtained from
Map!in, code AH44X. They also supplied the heavy-duty 12V relay,

with 16A rated contacts (codé JM26D) and the small “axial lead™ 1A
fuse, code DAS3H.

The printed circuit board is available from the EPE FC8 Service,
‘code 245. We strongly recommend that the p.c.b. is mounted in the
case using nylon nuls and bolts and you must use auto-type wire
‘and connectors where spacified.

Ginormous Stapwatch .

As the Ginormous Stopwalch project originated from Australia,
we though! we were geing ta have problems sourcing companents:
.But thanks to the eforts of Ned, the author, it has not been oo
dramziic an exparience. :

Starting with the u.h.f. modules, these are lisled by Maplin
(www.maplin.co.uk) and carry the foliowing order codes: uh.l
rec/decoder CR76H; and the keyiob u.h.f. transmitter CR7ZP.
(These are not cheap!) You could also try contacting Veronica FM
(= 01274 816200 or htip://www.veronicafm.co.uk) or Suma
Designs (& 01827 714476). who might be able to help here.

The BD681 Darlington transisior may be hard to find, but the sug-
gested alternative TIP141 and TIP142 should be readily available.
Note the differing pinouts for the TIP devices. N

Ready programmed PICs are available from the author lor the
sum of €10 each (for either the Digital module or Stopwalch) or £30
for six in any combinalion, with_free pesiage to anywhere in the
world. Payments should b2 made out to Mr. N. Slojadirovic. His E-
mail address is: viadimir@u030.aone.nel.au or write to: Mr. N.
Stojadinovic, PO Box 320, Woden ACT, 2606, Australla.

A programmed PIC18C55 i ‘also available from Magenta
Electronics (& 07283 565435 or http:/magenta20G0.co.uk) for
the inclusive price of £5.90 (overseas readers add £1 for postage].
For those who wish to program their awn PICs, the software is avail-
able from the Editorial Otffices on a 3-5in., PC-compatibie disk, see
EPE PCB Service page. If you are an Internet user, it can be down-
loaded Free from our FTP site:
ftpuittp.epemag.wimborne.co.uk/pubs/PICS/stopwatch.

Regarding the dcar minder “guards’, we are informed thal most
“through-bsam detectors” will work with this project. The following
sources and itlems have been suggested: Oatiey Electronics,
Australla (B 029584 3563 or www.oatleyelectronics.comy;
Kemo Electronlcs (www.kemo-electronic.com) light barrier, code
BD45: Maplin (www.mapiin.co.uk) through ceam detector, code
SHOSK; Farnell (& 0113 263 6311 or www.farnell.com) minialure
photoswitch, code 532-472. Check prices before ordering! '
__Finally, the printed circuit board is available from the EPE FCB
Service, code 246.

Teach-In 2000 (Part 1)

To help take the pressure oif-newcomers to the mysleries of elec-
tronics, some of our advertisers have put together component and
hardware packs spacially for the new Teach-In 2000 series. More
will be added as the series progresses.

To date, participating advertisers are as follovis and readers are
advised to contact them for more details:

_ ESR Electronic Components (& 0791 251 4363 or web
htip:iihvww.esr.co.uk) Hardware/Tools and Compaonents Pack.

Magenta Electronics (& 01283 565435 or htip:/iwyw.magen-
1ta2000.co.uk) —~ Multimeter and Comp. Kit 879.

FML Electronics (@ 01677 425840)— Basic Comp Sats.

N. R. Bardwell (& 0114.2552886) — Digilal Mullimeter-special
offer.
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® PIC 16C71 FOUR SERVO MOTOR
DRIVER &rwt:meousfy control up to 4
sano matets. Scliware & 2!l components
{except servos/control pois) supplied
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TILCMOS compatils dgital inputfnub
puis. ADC conversio
Saftwar= (€, GB & Win), extended D shei
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ELE'CTRONFCS 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 virtua! laboratories, animations,
diagrams, photographs and text as well as a SPICE
electronic circuit simulator with over 50 pre-designed
circuits.
FUNCTIONS

The componens values on all
gireuits can b2 edited and the user
.£an use the simulation engine to
ses how the value of each
somponent affects circuit
perormance. You can, for instance;
gher frequency and phase angle
znd plot oulputs on & virtual
oscilioscepe.or show load fing
graphs elc.

COVERAGE o [ v | Telmselaleg |
Eﬁﬁgg;’:&’:?g&%&mme‘ Complimentary output stage.
Signals (5 sections}, Transistors (4 =314 Foes [er—— |

sections), Waveshaping Circuits (6
sections); Op.Amps — 17 sections
covering everything from Symbaols
and Signal Connections to
Differentiztors; Ampliflers - Single.
‘Stage Amplifiers (8 sections),
Multi-stage Amplifiers (3 sections);
Filters — Passive Filters (10
sections), Phasa Shifing Networks
(4 sections), Active Filters (6
sections); Osclflators — 6 sections
from Fositive Feedback to Crystal
Oscillators; Systems — 12 seclions
from Audio Pre-Amplifiz:s to 8-Bit

ADC plus a gallery showing
representslive p.c.b. photos.

@ Includes SPICE clrcuil
simulator with over 50
circulls

® Unigue virtual laboratories
® Editable assignments
® Design parameters for clrcuits A

included o ]
© Complete hi-fl amplltier case — Tl wan] - Ter |
study Gallery — Wideband Amplitier

Prices tor each of the two CD-ROMs above are:

DIGITAL ELECTRONICS
by Mike Tooley

Digital Electronics builds on the knowledge of logic gates
.covered in Electronic Circuits & Components (below), and
takes users through the subject of digital electronics up to
the operation and architecture of microprocessors. The
virtual laboratories allow users to operate many circuits on
screen:

=T ] Thighad Pusdamenisls Tmiew] FUNDAMENTALS

oAt oot by | Fundamentals introducgs the basics

e of digital electronics including binary

and hexadecimal numbering
systems, ASCII, basic logic gates
and their operation, monostable
e e IR action and circuils, ard bistables -
e s i e mxares o1 oms | iNCIuding JK and D-type flip-fiops.

B ave = g

“ihveie, & i=d| COMBINATIONAL
LOGIC

Multiple gate circuits, equivalent logic
functions and spec:afizad logic

o sgm et functions such as majority

vote, patity checker, scramblet,

hali and full zdders. Includes

fully interaclive virtual

laboratoties for all

circuits.

T~ e==| SEQUENTIAL LOGIC
B e 2l Introduces sequentiz] logic
|t res— including ¢locks and clock circuitry,

ﬁg-ww—-.—-_u—-- IE counters, binary coded decimal

=3f=> aaws[>[x¥| and shilt registers.

Virtual laboratory — Traffic Lights DIGITAL SYSTEMS

AJD and D/A convarters and

their paramelers, traffic Ilghl

cantrollsrs, memories a I

MiCroprocessoars — archﬂeclu;e.

bus systemns and their arithmetic

logic units.

GALLERY

A catalogue of commonly used
1C schematics taksn from ihe
74xx and 40xx series. Also
includes photographs of
common digitat integrated
circuits and circuit technology.

FE ] il mom | {nF

Microprocessor

Hobbyist/Student ........canianciese s, £45 inc VAT
Institutional (SchoolslHEIFEIIndustry)
Institutional 10 user (Network Licence)....

....£99 plus VAT
......£199 plus VAT

(UK and EU custofers-add VAT al 17.5% to “pius VAT" prices)

ELECTRONIC CIRCUITS & COMPONENTS
+ THE PARTS GALLERY by Mike Tooley

Elecironic Circuits & Compenents pravides an introduction 1o the principles ard application of tha most common fypes of
electronic components and shows how they are used to farm complete dreuits. The virlual laboratories, werked examplss and
pre-designed circuits aliow students 1o learn, experiment and check thelr understanding as they proceed through the sections o

circuits.Passive Components: resistors, capacilors, inductors, transionmers.

Semiconductors: dicdes, transistors, op.amps, logic gates. Passive Circuits . Active

Virtual laboratory — sinusoids

Circuits

The Parts Gallery - many students have a good undarstanding of electronic theary but
still nave difficulty in recognising the vast number of different types of glectronic
componenis and symbols.

The Paris Gallery heips overcome this problem; it will hefp students to recognise
common electronic companants and their coresponding symbols in circuit diagams.
Salections on the disk include: Componenls ,Components Quiz, Symbois, Symbols
Quiz, Circuit Technology

Hobbyial/SUIGBNIEE Tien il cosdaifie ol bk £34 inc VAT
Institutional (SchoolsfHEJFBlndustry) ............... £89 pius VAT
Institutional 10 user (Network Licence) .............. £169 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT” prices)

the CD-ROM. Sections on the disk include: Fundamentals: units & multiples. electricity, electnic circuils, alternating

Circuit technology screen



Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker

Deluxe PICtutor Hardware

This highly acclaimed CD-ROM, together with the PiCtutor experimental and development board, will teach
you how 1o use PIC microcontrolers with special emphasis on the PIC16x84 devices. The board will also act
as a development test bed and programmer for future projecls as your programming skilis develop. This
inleractive preseniation uses the specially developed Virtual PIC Simulator to show exactly what is
happening as you run, cr step through, a program. in this way the CD provides the easiest and best ever
introduction {o the subject.

‘Nearly 40 Tutorials. cover virtually every aspact of PIC programmlng in an easy to follow logical sequence.
‘HARDWARE

Whilst the CD-ROM can be used on its own, the physical demonstration prowded by the PICiutor
Development Kit, plus the ability to program-and test your own PIC16x8B4s, really reinforces the Isssons
learned. The hardware will also be an invaluable development and programming tool for fulure work once you
have masiered PIC software writing.

Two levels of PICIulor 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 38
Tutorials.

The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery

‘holder), alt swilches for both PIC ports plus l.c.d. and 4-digit 7-segment lLe.d. displays. It allowsisers to

program ana control all functions and both ports of the PIC and to follow the 32 Tutoriats on the CD-ROM.
All hardsare is supplied fully built and tested and includes a PIC16F84 clectrically erasable programmable
microcontroller.

‘PlCtutor CD-ROM

Hobbylst/Student. ... 5845 INC. VAT
Institutional {(Schools/HE/FE Industry) ... ...£99 plus VAT
Institutlonal 10 user (Network LiCence)....c..civnns £199 plus VAT
HARDWARE

Standard PiCiutor Development Kit .c.....i.auieeinin.:E47 NG VAT
Deluxe PiCtutor Development Kit ..... ...£99 plus VAT
Deluxe EXport VErsion ... crencnnnresnnmsisses £96 plus VAT

(UK and EU customers add VAT al 17.5% to “plus VAT" prices)

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton

This C3-ROM contains a range of iried and tested analogue and digital circuit modules,
‘logether with the knowledge 1o use and interface them. Thus allowing anyone with & basic
understanding of circuit symtols to design and build their own projects.

Essential Information for anyone undertaking GCSE or “A” level electronics or technology and
tor hobbyists who want to get fo grips with projecl design. Over seventy different Input,
Processor and Output modules are iflustrated and fully described, togethar wilh delailed
information on construction, iault finding 2nd components, including circuit symbols, pinouts,

pawaer supplles, decoupling elc.

Single User Version £19.95 inc. VAT
Multiple User Version £34 pius VAT

(UK and EU cuslomers add VAT at 17.5% lo “plus VAT prices)

&-Web Brawser is:required for Modular Circuit

| designing your circult
simply select your mocdules from the wide chokce avalabie,
read bow they wark and Join them up to makes your drout

| §ﬁ
, ; -

= ;

wmi

procssor

raimbaseeran somnp rssestaesh s e ppmente

I found that | eculd design a cirou without my tqada’s'hé‘a
And # worked! Everything was 10 hand - wiich chios to use —
and wiich pins o what”™ Andres Presion {GCSE student)

Design — ong is providedon the EPE CD-R0KI No. 1 (ses below) but most moderm compulers are supplied with one.

Minimum system requirements for these CD-ROMSs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for PICtutor or Modular Circuit Desian).

R e e e e e e T s e e v o s ek e e T e e = e | [= ]
‘ [ »

| CD-ROM ORDER FORM , i LO']E‘U ANG
! Please send me: [0 Hobbyist/Student: il 1) B],']G CES INCLUDE ‘[J
:D Electronic Clrcuits & Components +THe Parts Galiery [1 Institutional ‘E E}-‘i‘u’rﬂ-; { I
:E] Analogue Electronics [O institutional 10 user ;: ™~ o —
'IB g:g:lslloErlectronics Note: Tne sl?gTare q;\tec;rach_versipﬂ is the 4 | §~{'nr*rmli’§fmqp st-tg”ﬂjir}Js:ﬁv»ﬁ:QL |
l same, ondy icence for use varies. ': o 'i 3 | 5 __\'fql_ -—ui.-‘.}&iFmdq o most
' : i countries In the world
(] PICtutor Development Kit — Standard Hote: Tha PIC O-ROM i i m agidents K add £5 for
{ O PICtutor Development Kit — Deluxe [] Deluxe Export n;l;:dmjed ,,,“;‘S,E, p,?;";; B 1 o Blru,_xq "‘rr-w_ e pe ,,,I:,, =
1 :,I : = A =4 ot .
i 1 Modular Circult Design — Single User E lnslllutuona!, Multiple User and Deluxe
1 (] Modular Circuit Design — Multiple User i Verslons —overseas raaders add £5 to the basic
1 g price of each order for airmail postage (do ndt
! BUIINGTREE, - n e paceins rs o L i eacs icned R e rapbdbins bbb o iite e R Ly L b AR ol 3 add VAT unless you live in an EU country, then
! Address A add 17%% VAT or provide your offical VAT
: ................................................................ I[: feng!faDOn number).
R R R e PR AR R R i Send your order to:
| it Direct Book Service
I =
R e T Pestieods TR RO oo snigazoipes i 33 Gravel Hill, Merley, Wimborpe
1 Signature: .. .. o N e = S S S R T ey e e e e e e S . Dorset BH21 1RW

i (Mail Order Only)

o, L‘ E

:D | enclose che quelPO in £ sterling payable to WIMBORNE PUBLISHING LTD for€ : Divest Book Service Is a division 5 Wimborme
: [] Plezse charge my VisaMastercard: € ............... Eard expiryidalsT cu'slbias o) s mescet- st svee f: ‘Publishing Ltd. To order by phone fing
JCCETEe Ny T e, " B ey N o, I P 0 L N PR R R t 01‘..'2’02 88174:9. Fax: 01 222 841392

j 1 I £35-orders
i: Please supply name and address of cardholder if different to the delivery address. j Gfoﬁ'l" L‘Z nr:lpm’t‘afl’yii:\rls-\;:hir: ir»e?\ydnys

Demos {not Modular Circuil Design) available on the EPE CD-ROM No. 1 {Free with the November ‘98 issue of Everyday Practical Electronics magazine) -
sand £2 for this CD-ROM if you require the demos. Minimum.order for credit card payment is £5.
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{ Ask for: delalls about opénlnd an l
aeegunt, which tan give you up
to 50 days’ interest Tiee.credit ,f

by. payirg by Variatile
o Dlrect Debit.

Superstore

that’s always open

The Eleciromail CD-ROM Catalogue contains miose than 100;000 lechalcal praducts, all avaitatile
frem slock for same o next day despatch. Ali you have la do is make your selection from4he
CO-RON and *phone your order through ta our 24 hour arderline - any day of the week.

Otlr sister company, RS Comporents. is the LLK'S largsst distributor of edeCtronic efectrical and mechanical
products to teshnical professionals. The Blectromail CD-ROM makes this extensive produd! range avaliabie to
technical hobiyisis ant small businessss, and these's 2 compretwnsive library,of product datzshests already on
- {2 CD-ROM which contain detailed iaformation an (he majority of cur predict range. There ar also Tehnical
. Helplines, to answer inore specilic enquiies.
- relaling to your echa! intended dpplication.

At just £3.99, fie Eleciromal) CD-ROM gives
yau everything at your fingerlips, with the
sefvice batk-up which is second to none.

Electramail, P.0. Bax 33, Corby, Northants. NN17 OEL.

HOW O ORDER Tel: 01536 204555 Fax: 01536 403555 EJ

Please quote stock nlimber 332-3996 whie
feredit card infonmiation availalife.

ering; dngihave youir

PIC 16F877 4 & 20 MHz - now in stock !

Microchip's latest EEPROM device - 40 pin, 10 bit A/D convert-
ers, master/slave IIC bus, full duplex USART. 8K ROM, 352 bytes
file registers, 256 bytes internal EEPRCM, upwardly compatible
with 16C74/16C77, but instant erase and rewrite. Supported by
our programmers, PICDESIM and our new C Compiler. A
PIC 16F877 devices, 40pin DIP davice, 4MHz — £9.00, 20MHz - £9.50

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
htip://dspace.dial.pipex.com/robin.abbott/FED

Forest Electronic Developments
60 Walkford Road, Christchurch, Dorser, BH23 5QG.
E-mait ~ “robin.abbow@dial. pipex.com™
., VWeb Site — “hup:/ispece dial.pipsx comfrobinabbofFED™
He=—" 01425-274068 (Voice/Fax)

£

AVR ~1200.2313,4144,8515 in ZIF Price: £40/kit £45 bulit & tested

PIC, & AVR Programmers

FIC Sesial - Hangles serially programmad PIC cevices in a 40 pin multi-wiath 2IF
sockal 16C55X. 16C8X, 1ECTX. 16C8x, 1678X, 120508, 12C509, PCMDOD €ic.

AkalrrCnrcurl programning. Price: £45/dt, £50/bulil & testad.

PIC Introguciory — Programs 8 & 18 pen devices : 160505, 16C55X%, 16061,

16C82X, 16071, 18C71X, 16C8X, 16F8X, 1205089, 1205671/2 ete. £254GL

Progiamimets operate on PG senal interface. No hard {0 handie paralis)
cabie swapping | Programmers suppied with instructions, = Windaws
3.48598'NT sofware. Upgrade Programmaers from our web site |

W

AVR, PIC, Scenix - Windows Development
Assembler/Simuizior aliows devslopment of your AVR, PIC or Seenix projects in
ere Windows program. Incomerzta multipiz files, visw neip fils mlormation drectly
from codz, ecil within project, buliditrack errors directly in source, then simuista.
hany breakpoitit types, fofow code in scurce, 32t breakpoints in scurce, Run,
sirgls step. or step over. Logle Analyser Display! input stimuil includes clocks,
direct values and serial data. Profier — axaming ang time frequently calied rou-
tines use te information to opfimisé out bottie nacks. PIC Version Simulates 1p i
50 timas fastar than MPSiM 1

Cost £20.00. Specily PICOESIM (includes Scenix) or AVRDESIM version

PIC BASIC Products - See our web site for details
16C74 version (8Kbyte EEPROM) - 20 MHz
£30.00 Kit.£35.00 Built & Tested,

Compiler Available - runs identical code

Prices ure fully Inclusive. Add £3.00

for P&P and handling o each order. ‘m’ :
Cheques/POs payable w Fores: |

Elextronie Developments. or phone i ]
with eredit card-details, 2 5

— 2
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READOUT

John Becker addressaes somes
of the general points readsrs
have ralsad. Have you anything
Intsreating to say?

Erop us nre!

WIN A DIGITAL
MULTIMETER

A3/ digit pocket-sized 1.c.d. multime-
ter which measures a.c. and d.c. valt-

age, d.c. current and resistance. It can

-also test diodes and bipolar transistors.

Every month we will give a Digital
Multimeter to the author of the best
Readout letter.

DRAFTING STRIPBOARDS
Dear EPE,
This suggestion describes & method of using
| a p.eb. dasign package 10 generate a stripe
board Jayout with the security of schematle
_ capture (using a netlist):

1. Use your PC.B. Library Editor-1o. make
up the various. Jengths of resistors (from veyti-
cal 1o streiched) 8s used on stripboard layouts,
1 gave them names such as VERORES2 (verti-

| cal) to VEROREST (stretched). Make an'X

using a non-topper layer to mark wrack cuts.

| Make cure the origin of the X object i5at the
czntre of the X,

2. Use your PC.B. Library Editor 1o make

* up any component outlines not already imyour

3. %mbolh&heqmm andP.C.B. packages
and make new files with appropriate filensmes.
In the PCR. package select o 0-1-inch visible
and clectricnl grid. Mark the outline -of your
maximum board size en g non-copper layer. Set
the Via size to small but visible (e.g. a few mil)
as these join the top dayer (vertical wire linkshto
| the bottom layer(horizontal stripboand tracks).

4, Draw out the coircuit in the schématic
package filling in approprizie PC.B. outlines
(some may be changed later). Generate a
netlist.

5. Load the netlist and outlines into the
PC.B. package and place them roughly. If one
variant of an outline does not fit the layout
then return to step 4 and change the compo-
nent's outdine to & more sujtable anc (2.p.

_make a resistor verticalythen repeat this step.

% LETTER OF THE MONTH % _

joitted with Vias (1o altow the PCB. package

~Month sigius —~hope you get good use of your

6. loin up the componentg:using botiom
Inver copper as slnpboard horizomtal tracks,
1op layer copper as vertical Ywire links™.

to cheek the layout matches the schemstie).
Alse, mark track breaks with the librury ‘oyt-
ling you crealed for this purpose.

7. When the Jayout is Nnished make e |
B.C.B. package-check that the connections in
the stripboard layour .maich those of the
schematic,

8. When the <tripboard layout is finished
mark the cutline of the used board space with |
a non-copper layer and then mark it with small
pads {one per O.l-inch step aof the outline).
This can be done quickly by using the Copy
cotmmand. These pads will be useful for show-
ing:the 0.1-inch grid on the layawt printout.

9. Now printout the stripboard layout. |
Uking the outline pads as reference. number
the rows and colummns. Check that all peces-
sary frack breaks have been included. Drawing
a vertical and/or horizontal 0.1-inch grid in
pencil may hiclp make the layour.more read-
able,

10 Finiihed- Build the tayout. 4

Alan Bradley,
Belfast Northern Ireland

Iz certainly sounds like g very v?ab!e method
Jor siripboard designing without using a com-
mercial package. Thanks Alan, we are very
pleased 1o give your suggestion Letter of the

Rew méter!

BYTING HISTORY

Dear EPE.

Having wken early retirement | resolved 1o
reitew my old hobby and was pleased to see your
PIC Toolkit Mk2 (May-Jun '99) which T builL
Having only the EPE copies since March this
year, and therefore not having dewils of the PIC
Tutorial (March-May 98). | used the spare space
on the Mk2 board 10 fit cight Le.d.s with 1k drop-
ping resistors. These were connécted 1o the Por
B outputs and I fued a 2-way d.i.l. swiich in the
common feed from the leds to the negative
supply so that lhey can be switched off in banks
of four if the port is configured for inputs.

The unit works finc but 1 did find that the output
irom my PC on the Centronics socket pins was
around 3-8V rather than V. Also, it was necessary
io switch off the Le.d.s connected to PIC pins RB&
and RB7 to get programming 1o work.

I also find that | canno! use the first few pro-
gram memory addresses (0 10.3) for holding pro-
gram data.

H you can give me any guidince as 1o the
cause of these problems | would be graterul.

1 am really enjoying your magazine and am very
impressad with the way you share the programs
you create so frecly. I do wonder a bit al who all
your contribators are? | notice you admit o strug-
gling with the values of tiny components (and I
sympathise} and 1 oo remember red spot trnsis-
tors at 10 bob a 1ime, so | am curious about your
hackgrounds, Hive vou given a potted history of

each of your contributors recently and maybe &
smali photo (recent of course!) al the head of each
ariicke would give a bit more detail.

Bruce Beattie, via.the:Net

On the Port problem, you should rot connect
eviernal components directly to RB6 and RB7
because of the 1k bujfer resistors (R9 and R10)
thar are in circuit during programming. Doing so
may, as you appear lo have found, atrenuate the
programming fogic levels received by the Port.
External connections for RB6 and RB7 should
only be made at the allocated positions on the
p.c.b. which are via ihe YO and Z0 paths of iso+
lating gate IC6.

The PIC16x84 does not allow ilhe use of the first
five bytes (0 10 <) of program memory space for
aciual programming purpases, All five bytes are
reserved for Inierrupt and hunp Vector data, plus
program tdensity coding. Toolkit M2 (and previous
EPE 'l6x84 programmers) auomatically places
vector data at ikese locations prior o sending the
body of the program itseli. All program dura
should, therefore, commence at address byte 5.

History-wise you can find a byte or twe aboui
us vig our website (htip:/lwww.epemag.wim-
borne.co.uk.) — you'll find the click-link access
address on the “iitle page” of this site.
Picrorially. though. we are not prepared to
expose ourselves! Suffice to say that we liave
been compared to Greek gods (bu: how
Sfavourably remains our secret)!

Everyday Practical Elecrronics!/ET!, Noveniber 1999

TV AND VIDEO COURSES

Dear EPE,

Firsily let me congmatulate you, your staff and
all the coniributors to your magazine on produc-
ing one of the best and mosi informativé maga-
zines relating 1o elecizonics and technology of that
kind for both the novice and the professional.

I am a lecwrer in audio. video and electronic
engineening at Cardonald College in Glasgow
which has offered courses in TV, video and elec-
tronic engineering for many years (o the service
industry in Scotland.

In the September issu¢ of your magazing an
anticle appeared in the News section from the
Collzge of North West London, stating that they
were the only FE college in the UK 1o provide
digital TV training courses in the servicing of
these typss of system. I'm afraid that is not guite
accurale as we offer an HNC course in HNC
Television and Audio Visual Media Engineering,
which includes both satellite and digital TV
decoder servicing.

To cover many oi the changes tha have taken
place in technology over the last few years we have
wriiten three new HNC Uniis titded: Sareflire and
Digital  Television Principles, Audio Home
Entertainment Systems: Principles and Testing, and
lastly Video Displays and Video Recorder
Servicing. These units were created in coasultation
with service organisations such as Granada and
Sconish Power whose contributions, as well as
those from other companies and firms. enabled us
to make the content as up-to-date as possible,

The college offers the HNC in HNC
Television and Audio Visual Medin Engineering
as a one year full-time course or day releass
involving one day's autendance at college pér
week over two years. For further information on
the above course comact Karen Byme.
Cardonald College. 690 Masspark Drive,
Glasgow G32 3AY. Tel: 0141 272 3223 Fax:
0141 272 3444, Or phone our.information centre
on 0141 272 3332,

Tom Connelly,
I.ecturer, Division of Technology,
Cardonald College, Glasgow

The vast majority of our News stories (except
those with Barry Fox's byline) are based on
material supplied to us by the organisation con-
cerned. It was the College of North West London
wiho advised us of the uniqueness of their
courses. We are pleased to learn tha: such caonrs -
es are available more widely.

CAP THAT!
Dear EPE, -
Kcep up the pointless projects please — sundi-
als should be electronic! How about dn electric
milk-boule decapper?
R.A. Evans, Hastings, Snssex

And ithar was that! —just a simple postcard
with a happy smiling fuce outline on the froni.
But it's arrival was much appreciared, we like to
be tald from time ta time that we are doing things
right (in this instance by publishing my Musical
Sundial of June 99). Thanks. RAE (we don't

“know your first name).

Does anyone else have u poindess ideathaj,
niight actually have an slectronic - application
wind chimes have been suggested?
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LEAPING CALENDARS (1}

Dear EPE.

Re the letter frem R.L.A. Latham, in Readout
Sept 99, who correctly proved that the calendar
davs of the year 2000 exactly maich up to those
of 1972. Assuming a leap vear comes round once
every four years, the time for a complete cyvele
{the weckdays advance by one on each non-leap
year) is the lowest common multiple of four and
seven — 28, So altering the date 10 1972; 1944,
efe. produces an identical calendar 1o 2000.

However, there is another rule. commonly
overlooked, that every cenwry ‘year (1500, 1900.
elc.) is not a leap year. There is vet-another
exception that every fourth century is a leap year,
that is why 2K is a leap year and 2400 will be
too. This all comes from the fact that, as the
Penguin Dictionary of Scienve 1993 puts it: “The
civil year has an average value of 365-2423 mean
solar days’ — unlike 365-25 as many believe.

So the overali period for the jeap year patam
is 400 years. The lowest comnion multiple of
400 and 7 gives the 1018l period of the date eycle,
which mms out to be 2800 years! To be sure of
the comeet date and weckday. you have 1o
advance or rewind the date by 2800 years, which
is only possible with Y2K compliant computers
~ deieating the object. (Don't try setting the
Sinclair w0 S00BCI) For now, ¥38 years will
work. but only until 2099!

Thanks for such a great magazine. | have espe-
cially enjoyed the PIC Tutorial series of Mar-
May 98, and have now developed a few projects
of my own. It can be very challenging but also
rewarding. [ shall also be studying the
PIC!6F87x Mini Titorial of Oct 99, and hope 1o
make use of the serial communications that the
PIC16F87x devices offer.

Dawvid Thompson,
Sutton Coldfield, West Midlands

Thanks David for a great response. Ii’s ironic
that despite all cur abilities 1o raiionalise so
many mallers info neat well-grdered mathemati-
cal struciures, our calendar can never be revised
inio a perfectly uniform table of equal-length
nanths and years. ]

Whilst in everyday life we take the calendar's
idiosyacrasivs in our stride, when writing pro-
grams {e.g. for PIC projects) that require time
and date info 10 be wsed or displayed, an awful
los of valuable memory space is raken up by ail
the variables and sub-routines invofved io
achieve tie required resuldt. If only it all couldd be
uniformly decimalised or “binary-ised”!

Think also about the problems that will ulti-
mately be experienced by our descendents wien
the planeis of this and other solar systems are
colonised. Each will have its own very specific
calendar and ¢lock requirements. On our planei
the various time zones have to be taken into
accouni when communicaiing globally. There
will be even greater time zone faciors 1o be con-
sidered for interplaneiary communication.
including of course, transmission fime-lugs.

LEAPING CALENDARS (2)

Dear EPE,

Following up on Readou: Sep '99. the
Gregorian calendar {used in Edgland since 1752)
does a complete cycle in 400 years, and a sub-
cycle in 28 years which is “disturbed™ by the
century leap year rule. There are 14 types of
year, according to the day of the week on which
they start and the day on which they cnd (same
weekday in non-leap years and obviously one
day later in leap yzars).

¥ you keep your calendars you can recycle them
bul the non-leap year ones come rourd evesy five
or six y2ars, whereus the leap-year ones have 1o be
kept for 28 years. 1999 is "Fri-Fri** and | am re-re-
recycling a 1982 calendar ar presenil 2000 is a
“Sat-Sun” year, and as I don’t have onc of these
from 1978, 1 guess [ will buy one!

Chris Finn, Bevertey. East Yorkshire

Thanks Chris. Shame about 1978 — what an
tnnecessary expense you're going 1o have!
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DREAM MACHINE

Dear EPE

As far back as | can remember. [ have been
unable to sleep, (1 go back 10 the old Praciita
Wirefess and, dare T mention them, valves!)
~ This condition of insomnia is miserable and
for more than 20 years 1 have used music tapes,
sell-hypnosis tapes and books. When biofeed-
back was developed. 1 built and used all clee-
tronic devices that [ saw published in magaZines
such as yours. Biofezdback icaches the contro)
of autonomic functions, such as the rate of heart-
beat or breathing. They aaempl to measure the
brain waves produced when relaxed. Waih all this
time and eifont | managed to sometimes get one,
two. or possibly three nighis reasonable slecp.
After thal, something seemed to stop that partic-
ular thing working for me.

S0 1 read Andy Flind™s Mood PlCker anticle

{July 99) with extra interest. This approaches the
problem from the other end, generating the req-
uisite brain frequency that hopefully the brain
can imitate, thus giving relaxation or whatever.
_ Havyirig built the design, 1 have been using it
for about rwo months. | doa’t yet sleep all
through the night but what sleep 1 do get is. for
me. of a high order. I have just begun to dream. [
awoke suddenly from one dream that seemed <o
real that ittook some minutes to establish that it
had been a dream,

[ have to thank youand Andy Flind. This is a
tribute 10 vour magazine for keeping a1 the cut-
ting edge of technology. It shows the valuve in
research and development for the hobbyist.

I hope that you will psint this leaer. This may
not be the answer for all clectronic insomniscs
but perhaps encourage somie. | am pessuaded that
there are many of us out here. g

Michael D. Walker.
Northfield, Birmingham

We are deligived that Andv's project las helped
yau, as it has other readers. Andy Is, | should
praisingly comment, onr experi on maers to do
with electronic conirol and sensing of the brain's
activities. We have sent a copy of yoar l¢itér to him

ONLINE P.C.B.S

Dear EPE.

I'm about to make Andy Flind’s Mind PIUkler
(Dec '98, Jan '99) from the information | dowm-
loaded via EPE Online, and for that purpose |
redrew the complete p.c.b. layout in WinCircuit.
May I comment that it would be a great practice
for you 1o put pestscript files of p.e.b, layouts on
your home page for everyone to access!

Incidentally, | am a Mac user who asked you
about allernative means of accessing your Onfine
issues. As a result of your helpful reply I plan 10
install a complete Windows emulator on my_Mac
just to be able 10 read your magazine!

Tomisiay Ribicic, via the Net

We hope we have now solved both of your prob-
fems, our new svsten: can be downloaded an Macs
and other compulers — se¢ last month'’s News. e
have alse managed 1o crack the p.c b. problem and
Postscripi files are row downloadable for our
pcbs from the Ociober B9 issue onwards,

Ir's great o know we have inspired.you!

HIGH LEVEL LOGGING

Dear EPE.

Thank you very much for vour Dara Logger
(Aug-Sep '99) and the explanation of hew lo
convert data into graphs. somcthing which [ have
been tryving 1o find the answer 10 for some
months. I have now ordered a kit from one of
your advertisers,

There is one thing that | now need to find ouy;
how can | extract a suitable signal from my PIC
Aftirneter (Sep '08), so that | can plot baromeiric
‘changes?

Pat Darragh, via the Net

Thanks Chiris, and the answer's simple ~ con-
nect one of the Logges's input channels io the
Altimeter's IC1d pin 7.

CONGRATS :ONLINE — FREELY!

Dear EPE.

Congratulations for two jobs well done.

First, for Raymond Haigh's Practical
Oscillator Designs series of articles currenily
being published since July 99, In the course of
bailding a Theremin. 1 did a lot of research into
oscillators. These firticles are by far the most
thorough { have scen apywhere. | hope he 15
planning to cover electronic tuning of oscillators.

Second, for the Online version of the maga-
zine. Even in a city as big as Dallas, Texas, this
“foreign™ magazine is hard to find. My regular
source recently went out of business. I was able
to find one more source but it is probably the
only source in the entire city. The Online version
solves that problem. The fact that it cosis!less
than I/5th the price of the hurdcopy version
makes it a clear winner.

I have downloaded my first issue and am very
pleased with it For better internationat use, the
page size is the smaller American 8-5 x 11 inch-
es instead of the larger European A4, The table
of contents allows casy browsing of the eatire
issue. and the print quality is excellent: 2ven the
very fine print in schematic diagrams is readable.

I am a linde surprised that the advertisements
were not included. Folks in “well-developed®

-countries and cities probably would buy locally,

but people in tess fortunate locations might buy
from your advertisers. especially since the
Shopraik feawre only lists those companies, |
was expecting vour revenue from the advenisers
who wanted the increased intemational coverage
10-be one of the reasons the price is so low.
Apparently. eliminating the need for paper pub-
lication and matiling is the major cost reduction

As a side note. in the Shoptalk feature, the www
addressas of the companies are PDF links. but gen-
erate un error when clicked on. If there is no way
10 make Acrobat open the browser, there is no use

-taking the trouble 10 make the URLs links.

Glenn Manuel,
Richardson, Texas, USA, via the Net

Gienn sent his E-magil 1o our EPE Oaline
Fditors, Max and Alvin, in the States, who reply:

The hyperlinks in the :PDF documents stould
launch Glenn's browser —-they certainly launch
other people’s browsers, One point is thit he has o
have an [ntemect connection open for the browser
work. Another point is that his system has to be set
up 1o have the default action on clicking a hypertink
{En any document) to lounch his default browser.

The reason the Online mag can be so cheap is
not that w= cul ont the paper, print gosts, and
distnibution . . _ it's that EPE HQ pravides the
material for free and we do all the work without
getting paid :-)

Max and Alvin

Bui you do ge: the pleasure of it all — why sully
matters with finance?! We expec: to add banner
adverts with links 1o advertisers* web sites soon

DR DOS

Drear EPE,

R.A. Hooper's problem (Readow Oct '98)
might be sotved by looking at the problerm anoth-
er way. Assuming his "editor’ program is in the
C:ADRDOS directory. he could try adding a one-
linc batch file called EDIT.BAT. somgthing like
as*foltows:

CADRDGSEEDITOR

This would cabse Toolkit 1o min the bawh file
running the program. At the termination of the
program the baich file would similarty rerminate
50 the action would appear almost seamless.

If he opens his editor program nomally, types
the above ling substitming "DRDOS™ for the
right directory and saves it as EDIT.BAT inthe
C:\PIC direciory. all might work.

David Geary, via-the Ne{

Thanks David, your suggestion has been seni
to RA. Hooper, who will hopefully. le: us'know
the effeet it has
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UNIVERSAL PIC PROGRAMMER

£49.95

Rexd/Write/Copy PIC12CSXX. 12C6XN, 14XXX. IGCJ\Y 16C50X: 1606X.
16C7X, 16(9XX, 16C35X, 16C6XX, J6CBX. 16F8X

GRAMN

MEG S h)
Prugrams up to 3 Meg devices (3"'pm) including 27xx, 28xx. 29xx, EEPROM,
FLASH and 24X serics. Builtzin RAM tester, Universal quality ZIF socket, free

£69.95

Memory 24LCXXX, 85CX X, 93CXX

Universal ZIF sockzt. best value on the market, FREE Software upgrades.
Includes FREE PIC BASIC COMPILER.

Pownload Jatest Windows 9348 sofiwarc FREE from our website now.

PICI12CSa5% ICF and PROGRAMMER £59.95
In-Careuit Emulwtor and Programmer. Supplied with Soltware, Data sheets,
Manual, leads, 10 breadboard circuits which include DV, Smpvr.m.h,‘Srmic
Alarm. Seumd and Light.

Includes FREE PIC BASIC COMPILER.

PICICE J1 . £39.93
In-Circuil Emulator for 54/35/56/57/71/84 PICs. A/D cuilated foe 16C71.
Supplied with leads, maaval. sofiware and hardware projects.

Includes FREE PIC BASIC COMPILER.

IXE S\ D P AMM E7995
Read and Write to ol L\'pes of Smartcard IS0, Memory, PIC, GSM, VideoCrvpt.
Sxizllite, D2Mac, CashCands, Petrol Station, StoreCasds etc.
Supplied with a larpe ameunt int2reting smartcand information. commands,
enTyption fitethods and opesating sofiware,

software updates.

GAL PROGRAMMER £49.95
Read/Write/Copy SGSMNSC/Latiice ete. 16VSA/B/DYZ. 20VEA/B/D/Z and

22VI0 standasdd JEDEC files. Smart case with ZIF. Supplisd with PSU. Manual

and Compiler seftware. One GAL ean replace-up w 21 different PALs and thoy

are re-programmable?

l:ﬁzc‘”" "BQIIB!&]“EB 5:!993 :
Read/Write/Copy and Edit all 87512 including ATMEL 89 Flash types. Supplicd
with Assembler and BASIC compiler (produces 205} M/Code). Sman Case, |
40-pin ZIF

EFROM EMULATOR £59.95
128K by &-bit or 2 x 64K by 8-bit Software o Read/Write when connected 1o
tasget boanl. Suitable for CPU development and Car EM Systems.

umime modh
Sundard BASIC syntax Includes PeekToke, fup, Outp, ete.
Why pay £50+ when ours is FREE? Download it from our Websim now!

EREE PIC BASIC COMPILER '
Supposts PICI6C34-57. T1, 84, 508 produces siand-alone machine code {nu
\

All produscts manufactured in Malis and carry 12 months Pans and L:luugmranur

LEADING EDGE TECHNOLOGY LTD

WHITE ROSE HOUSE, XINTILL STR, TARXIEN PLATI, MALTA.

ALL PRODULCTS REQUIRE AN IBM PC TO OPERATE UNLESS OTHERWISE STATED.
-FOR FURTHER INFORMATION SEE OUR WER SITE OR TELEFHONEFAX.
WEBSITE hipJ/LET.cambsnet! johnnorr@mail.keyword.net
Always in stack — Working-D2Mac 77-Channal Wefer Cards £19,95

ORDER DIRECT: Tel: (00 356) 678509  Fax (00 356) 667484. = .
SAME DAY DESPATCH DISTRIBUTORS Telephone
P/P UK. EEC £4.00. NO VAT PAYABLE SPAIN COELMA 003449 215061 ].

ALLL MAJOR CREDIT CARDS ACCEPTED FRANCE MULTIPOWER 0033169101379 P
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GCTICALLY SPEAKING

Robert Penfold looks at the Techniques of Actually Doing It!

T LEAST one semiconductor device

is an essential part of any modern
electronic project. The word semicon-
ductor covers everything from a humble
diode right up to the latest micro-
processor containing the equivalent of
milions of components. Simple semi-
conductors such as transistors and
dicdes are still used to some extent in
modern electronic circuits, but most
designs now seem to be based on inte-
grated circuits (i.c.s).

Finding the right semiconduclors in
component calalogues can often be
problemaltic for beginners. Indeed, inte-
grated circuits are probably the most
difficult to deal with because they tend
to be divided into various categories.

You have to look for each device
under the right calegory in order o
stand any chance of iinding it.
Alternatively, there may be a complete
list of devices that you can search
through, but unless you know what you
are doing it can be difficult and very
fime consuming to locate a device from
a list having many thousands of entries,

Numbers Up

Finding the right component is much
easier if you understand the fundamen-
tals of integrated circuit lype numbers.
There may be some exceplions, but
practically all integrated circuits have
type numbers which break down into
three sections.

The first part of the number is usual-
ly two or three letters that indicate the
manufacturer. Each manufacturer may
use more than one set of lefters, with
linear devices perhaps having a differ-
ent prefix to logic types.

Another complication is that many
integrated circuits are second-sourced.
Industrial customers do not like being
fied to a single source of supply, so many
integrated circuits are manufactured
under license by a second manufaclurer.
These second-source components may
retain the original type number, or the
prefix may be changed to that of the
second-source manufacturer.

The practical consequence of this‘is
that you do not have to worry too much
if the first two or three letters in the type
number of the device you obtain are not
what you were expecting. if you require
an MC1458CP but are supplied with a
CA1458E there is no need to panic.
They are the same chip manufactured
respectively by Motorola and RCA.

Some popular devices, inctuding this
dual operational amplifier, are actually
manufactured by several companies,
and can be obtained with various pre-
fixes in the type number. This is not an
entirely satisfactory state of affairs, as
there is plenty of scope ior errors 1o
QCCUL.

In order to minimise the risk of the
wrong parts being ordered manufaciur-
ers try to aveid duplication of the
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middle part of the number, which is the
actual type number. This is usually from
three to five characters long, and con-
sists entirely of numerals. It is not
inconceivable that you could find a
semiconductor that is completely differ-
ent to the device you require but has
the same type number.

In practice the charices of this hap-
pening are extremely remote, but i
does no harm to look at the descrip-
tions of semiconductors to see if they
match up with the required device. If a
design requires an operational amplifi-
er but the device you find in a compo-
nent catalogue is a timer chip, it is
clearly the wrong device and you must
continue searching through the

catalogue.

Litile Packages

The final part of the type number
indicates the package fype, and is usu-
ally one or two letters. The integrated
circuits used in designs for the home
constructor are normally contained in a
d.i.l. (dual-in-line) plastic encapsula-
tion. Oual-in-line simply means that the
component has two rows of pins.

Unfortunately, manufacturers do not
all use the same suffix letters for a
given package type. In our earlier
example of the same device under two

different typ2 numbers, the suffix letters®

were “CP" and "E".

In the first type number the “C" and
“P" respsctively indicate a dual-in-line
package and that it is made from plas-
tic. In the second example the single
letter °E” means exaclly the same thing.
With other manufacturers the suffix for
this type of encapsuiation is “CN”, “C",
“N”, “C8", "P", and “G". No doubt there
are many other:altgrnatives.

On the Surface

At one time somé devices were
offered to amateur users in more than
one case style, but this practice now
seems to have died out. These days
most components catalogues anly list
the standard plaslic cased version of
each integrated circuit, s¢ there is no
need to worry too much about the
suffix.

However, some catalogues-do now
include a few surface-mount versions
{SMDs), so you need 1o tread a littl
warily when ordering devices that are
listed in two versions. The component
catalogue should make it perfectly clear
which device is which.

In most catalogues there are so
many integrated circuits on offer that
they are put into several categories 10
make life easier when searching for a
device. There will normally be two caie-
gories oi logic device, which are the
4000 series CMOS integrated circuits
and the 74 series TTL chips.

At one time there were the original "A”
suffix CMOS devices and the newer “B”

series components. The “A” saries have
been obsolgte for many years now, and
all the devices listed in the catalogues
are "B” series chips. If you dig up an old
design, as many readers seem o do,
there should be no problem in using “B”
series CMOS components where “A°
series chips are specified.

‘Things are less siraightiorward with
the TTL integrated circuits. These exist
in several improved ranges, and the
original range is now obsolete. »

The main type number of the ariginal
devices has ‘74" as the first two digits,
followed by a two or three digit serial
number. This basic schame of things is
retained in the current devices, but
some letters are added between the
“74” and the serial number 10 denote
which family the device comes from.

This is “LS" for low-power Schottky,

*HC" for high-speed CMOS and “HCT™
for the high-speed CMOS devices that

operate at normal TTL voltage levels.
The original 7421 is therefore available

as the 741521, the 74HGC21, and the
74HCT21.

in fact there are many other
improved TTL ranges, but most are

.now obsolete or not generally avallable.
“There is a general lack of compatibility
‘between the different families of TTL

integrated circuits, and it is very impor-
lant to ensure that you always obtain

‘the correct version.

In most component catalogues the
non-logic devices tend to be lumped
together under the general heading of
“linear” integrated circuits. This cate-
gory covers a wide range of integral-
ed circults including audio and other
low frequency devices, radio and
other communications chlps timers.

-oscillators, etc. If you require some-

thing other than a standarfd logic
device it will probably be in the linear
devices, even if it is not strictly speak-
ing a linear component.

Voltage Regulators

You may find voltage regulators in
the linear section, bui they often have a
section obtheir own. In component lists,

-and often in catalogues, many of the
more common voltage regulators are

listed under their basic type numbers
with no prafixes and suffixes.

This is simply because these devices
are manuiactured by numerous compa-
nies and they consequently have a
bewildering range of full type numbers.
In some cases the type numbers may

‘be abandoned altogether, with the volt-
‘age and current ratings being specified

instead.

Cuarrent Affairs

Voltage regulators are easier lo deal
with if you understand the way in which
the basic type numbering operates for
the common fixed voltage types.
Regulators for use with positive
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supplies have a iype number that starls
*78", and those for operation with neg-
ative supplies have type numbers that
begin with “79".

For a device that wiil operate at up to
one amp (1A) the next part of the type
number is two digits that indicate the
oulput voltage. For example, the two
digits are "05” for a 5-volt regulator and
*15" for a 15-volt type. There are about
half a dozen or so standard output volt-
ages from five to 30 volts.

Regulators having other oparating:

currents are available, and a letter
inserted in the middle of the numben
indicates the current rating. This is “L”
for 0-1A, “M™ for 0-5A, and “S" for 2A. A
component having 78L12 as its type
number would therefore be a 12V, 0-1A
positive vollage regulator, and cne hav-
ing 7905 as the type number would be.
a BV 1A negative regulator.

Notch

Fig-1. The two normal methods of
identifying pin.one of an i.c.

Marked Concern

Beginners-are often concerned at the
extra markings found on most integrated
circuits, and on some other components
such as transistors and capacitors. One
of these will usually be the manufacturer’s
logo. and the country of manufacture will
sometimes be shown.

Any other markings are unlikely to be
of any signiticance at all. Any additional
numbers are just things like batch num-
bers, or the date of manufacture in
some oddly coded form, such as the
number of days since the factory was
opened.

You soon get used to picking out the
type number and ignoring all the ex{ra-
neous characters.

Getting Physical

Gelling integrated circuits fitted onto
the circuit board correctly should be
very straightforward. Most integrated
circuits are contained in d.il. packages
having from 8 pins to 40 pins.

It is possible to fit a device of this type
the wrong way round, and rotated
through 180 degrees from the correct
orientation. Getting an integrated circuit
the wrong way around is likely to have
dire consequences, because the -supply

pins are usually at
opposile corners.
With the device fit-
ted the wrong way
round it will be fed
with a supply of the
wrong polarity. In
itself this is untikely
to “zap” a modern
semiconductor, but a
very high supply cur-
rent is likely to flow. If
this current is main-
lained for more than
a few seconds the
device will almost
certainly overheat,
and it is “par for the
course” ii an over-

heated semiconduc- Fig.2. Some chips use only one method of indicating.pin one
tor explodes with- a (left and middle) while others use all three (right).

loud “crack”.

The original méthod:of indicating the
correct polarity of an i.c., and one that
is still widely used today, is to have &
“notch” in what is normatly considered
1o be the top edge of the component,
and a “dimple” next 10 pin one (see
Fig.1). When viewed from above, the
pin numbering runs anticlockwise.

In component layout diagrams both
the indentation and notch are normally
shown, and it is just a matter of orient-
ing the actual component to match up
with its representation in the diagram.
As a double-check, you can check that
the pin one connection agrees with the
circuit diagram.

These days it seems to be quite rare
for d.i.l. integrated circuits to have both
the notch and the dimple, and there is
usually only one or the other (see
Fig.2). This does not really matter,
since either one of them is all tha! is
needed in order {0 determine the cor-
rect orientation for a d.i.l. component.

There is now another method of indi-
cating the top end of the componant
and pin one, and this is to have a white
bar marked across the iop of the case
(also shown in Fig.2). This method
seems to be little used for linear inte-
grated circuits, although it is on the
increase. It is used a great deal on logic
integrated circuits, particularly the
4000 series CMOS
devices.

A few devices have
the “belt and braces |
approach”, with the
notch, indentation,
and white bar all
included. Provided at
least one of these
markings is present
there should be no
problem in getting a
device fitted the right
way round.

However, do not
be focled by mouid-
ing marks, manufac-
turer's legos, and
other irrelevant mark-
ings on the case.
These are usually
easy to distinguish

have what at first glance appears to bg
notches at both ends of the case. Close
Inspection will reveal that one is the
notch and ‘the other is just a moulding
mark, which is larger and shallower
than the notch.

In Disguise

Not all integrated circuits ‘have di.l.
encapsulations. The more simple
devices, such as many voltage regula-
tors, look like ordinary transistors or
power transistors.
~ Audic power amplifiers often look
like outsize power transistors having
some exira "legs”. The more complex
audio power amplifier and voltage reg-
ulator chips look like a cross between
a d.i.l. integrated circuit and a power
transistor.

There are some devices that have a
s.il. (single in-line) encapsulation. A
range of devices that have unusual
case styles is shown in Fig.3.

The dimple and (or) notch to identify
pin one is retained with some of these
more exotic encapsulations, while oth-
ers have a lack of symmeiry that makes
it abvious which way round they are fit-
ted. The article concerned should
always have diagrams that make the
correct orientation of the component
perfectly clear.

from the “real thing", Fig.3. Inlegrated circuits ome in.a variely of shapes and

but some devices Sizes.
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PIC BASIC

Write your PICmicro programs in BASIC!

Quicker and easier than “C"” or assembler Expanded
BASIC Stamp | compatible instruction set. True com-
piler provides faster program execution and longer
programs than BASIC interpreters. 12CIN and 121COUT
instructions to access external serial EEPROMs. More
user variables Peek and Poke instructions to access
any PICmicro register from BASIC. Serial speeds to
9500 baud. In-line assembler and Call support (call your
assembly routines). Supports PIC12C67x, PIC14Cxxx,
PIC16C55x, 6xx, 7xx, 84, 92x and PIC16F8x/PIC16F877
microcontrollers. Use in DOS or Windows Compatible
with most PICmicro programmers, :
The low-cost PicBasic Compller (PBC) makes it easy to
write programs for the fast Microchip PICmicros. PBC con-
veris these programs into hex or binary files that can be
programmed directly into a PICmicro microconiroller. The
easy-to-use BASIC language makes PICmicro programming
available to everyone with its English-like instruction sei. No
more scary assembly language!
With Support for 16F877 and Smart Memory Card
The PicBasic Pro Compiler runs on PC compatibles.
It can creafe programs for the PIC12C67x, PIC12CE6GT7x,
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x
and PIC16F8x microcontrollers. The PicBasic Pro Compiler
instruction set is upward compatible with the BASIC Stamp
It and Pro uses BS2 syntax. Programs can be compiled
and programmed directly into a PICmicro, elliminating the
need for a BASIC Stamp mcdule. These programs execute
much faster than their Stamp equivalents. They may alsp he
protected so no one can copy your code!
Pic Basic — £49.95
Pic Basic Pro — £149.95
Supplied with full documentaiion
Free PIC MACRO compiler and
sample basic programs including suppaort for
1M Smart memory card

3N 00 |IYUMOID mmar//: Ay
Swelboid aidwes yim 18s uononsul D1SYg0ld 1IN 8yl peojumoq

EPIC ™

o Low cost programmer for PIC12Cxxx,
PIC12CExxx, PIC14Cxxx, PIC16C505, 55x,
6xx, 7xx, 84, 9xx, PIC16CES2x and PIC16F8xx
microcontrollers

e 7IF adapiers avaitabie for 8/18- and 40/28-pin
DIP, 8-, 18- and 28-pin SOIC, 44-pin MQFP
and 44- and 68-pin PLCC PiCmicros

e Runs ofi nwo 9-volt batteries or optionat AC
adapler

e Connects to PC parallel printer port

o Spftware uparadeable for future PiCmicros

o Includes “8051" style PICmicro macro
assembler

o Available assembled and tested.or
as bars board-with disketle

IMON TUHNAOHD woy dige)ieay
L48491D1d M3IN. IHL S1HOddNS.

or £35 if purchased with
PIC BASIC or Pro
25-pin cable £5.95
PIC16F84 £1.90

~_Alllplus £5 P&P and 17-5% VAT |
Join the world wide PIC Basic mail list and access the PIC Basic Knowledge Base via FTP
E-mail: majordomo@aqunos.net with “subscribe picbasic-1" in the message

AMAZING LOW PRICES
PIC16F84 /04P  £1.90 each
PIC16F877 /04/P £5.75 each
PIC16F877 20/P £6.75 each
PIC12C508/509 £0.65 each

PIC PROGRAMMER KIT

This handy litle programmer is easy to buid, taking ro morz
than 30 minutes o assemble a<d test The Professional quahty
PCB s double-sided, through-piated vath soider resist and
scresn pnting to axd etficient assembly. It s supphad with driver
saftware to run in DOS on a 385 PC upwards and under
Windows 95 on 486 or Pentium and a Disk full ef interesting
moiects, tips and data sheets for PIC devices, including FREE

Only £15.00 including Delivery and VAT
{reguwes 8-pin D-lype to 9-pin D-ype cabie o connedi to serial

‘Pragmms the Popuiar PIC 15084, 16FB4, 24xx series serial memory devices. Connects o the
serial port of a PC and requires NO EXTERNAL power supply. The kil Includes instructfons for
assembly, circuit diagram and component layoul.

£7.50

s peadlie

24LC16 £0.75 each
24LC65 £1.50 each
PIC16C620 £1.95 each Assembler and Simulalo:
PIC16C62 £2.25 each
PIC16C622 £2.50 each N T
LCD DISPLAYS

% Low power, easy |
? cerial interface

{2x16 lina) 1deal for use with PIiC Basic & Pro

16F877 — £5.75 ea
16F84 — £2.00 ea

PIC Micro CD ROM packed wih information. ali date shesls, Programs =nd
Diagrams, Application noles, PDF Viewer includes PING-PONG and TETRIS vdth video and
sound aut of 2 PICB4 BASIC language ASSEMBLY routines!

£10inc P&P & VAT

Crownhill Associates Limited
The O!d Bakery, New Barns Road, Ely, Cambridge, CB7 4PW
Tel: 01353 666709 Fax:01353 666710
www.crownhill.co.uk E-mail: sales@crownhill.co.uk
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Regular Clinic -

CIRCUIT
SURGERY |

ALAN WINSTANLEY ——
and IAN BELL

Zé

Our team of surgeons examines electrical resistivity, a follow-up on relaxation oscillators
and advise on phone or power line suppression.

More Earthly Comments

In your power generation arficle
(September "99) in which vou describe
mains earthing. cables with armouring
usually have a lead shearh whici provides
the earth path. The lead sheath and
armouring are bonded together. You are no
doubt aware that copper has a higher con-
ductivity than steel. L. Hutchinson,
London.

In case readers missed it, we published a
two-part article describing power genera-
tion and electricity distribution in the
August and September 99 issues (from
Pipelines ro Pylons). The armoured cable
photographed on Page 656 (Scptember
issue) was assembled before my very eves
by a helpful National Power engineer at
the Killingholme “A’ power plant.

Tt seems to be typical of the underground
cable used to connect modern houses to the
incoming electricity supply. It was
sheathed using what was assumed to be a
stcel braid rather than, say, tinned copper
wire. | haven’t come across lead sheathed
power cables which presumably are used
underground, but doubtless any electrical
‘engineers looking in will pui me right
(please).

I can also 1estify thai even the toughesi
stee] armoured cable couldn’t withstand
the onslaughi of a two-ton fork lift truck:
in a previous employment | saw one slice
straight through a live stecl braided cable
when it collided with a factory wall!

Let’s examine conductivity a bit more.
-Any term which ends in “-ivity™ relates to
the property of a pariicular substance. The
electrical conduciivity of a material deter-
mines how effectively it will conduct elec-
tric curreni, and is represented by the
Greek sigma symbol 0.

Quite often it is the electrical resisrivity
of a substance which is of inlerest. a co-
efficient which is specified in ohm-metres
(£2m). Resistivity has the Greek symbol p
(rho) and the lower a material’s resistivity,
then obviously the better a conductor of
electric current it will be. Using this value
it is possible 1o calculate the resisiance of;
say, a copper conductor if we know its
eross-sectional ares.

The electrical resistance ‘of a-samiplé LF
materiaf is given by
- pL
r=%

A
where R is the material’s resistance in
ohms; p is its co-efficient of resistivity in
ohm-metres, L is its length in metres and A
represenis the cross-sectional area of the

R = OVERALL RESISTANGE ()

material in sq. metres, see Fig.1.
£ = LENGTH (METRES!
& = CROSS-SECTICNAL ARSA

L//'/l/’) (:ﬂ-l-;mE:
/

E BA
<L NGy = 22

(5 » COEFFICENT OF RESBTIVITY
8 ORLEMETRES)

._’D/

Fig.1. A conductor of length L and
cross-sectional area of A has a resis-
tance which can be calculated using its
‘coefficient of resistivity.

~ As examples. the fesistivity of copper is
17 x 10-% ohm-metres at room tempera-
ture whilst that of Germanium, a semicon-
ductor. is 0-3Qm. Quartz has a resistivity
of 3 x 101eQm which means that it’s a very
good insulator. (You can learn a lot more
about the basics of electronics starting this
month with our interactive flagship educa-
‘tional series, Teach-In 2000, written by
John Becker)

The conductivity o of a material is the
inverse or reciprocal of its resistivity: the
lower its resistivity then the higher its con-
ductivity will be. Measured in the SI vnit
of conductance or siemens (8) (formerly
mhos —ohms spelt backwards), conductiv-
ity is calculated by 1/p = 1/RA. This means
that copper lias a conductivity of, let’s see,
5.8 x 107 S m-! and quariz has a conduc-
tivity of 2 x 10-17 § m-1. ] haven't been
able to confirm a value for the resistivity of
stee] — there are many differem grades of
steel after all.

Thermal Conductivity
Overhead power lines are usually made

of aluminium atloy which is much lighter

than its alternatives, so fewer pylons are
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needed to suspend the cables overhead.
The overhead cables are also cooled by
winds. which brings me 1o another coefii-
cient of interest, that of rherinal conductiv-
iy, symbol A (Lambda). This indicates the
ability of @ material to conduct heat from a
“hot spoi™ 1o a surroundirg cooler area, so
that the temperawre differences are ironed
out (as it were).

Thermal conductivity propesties are of
great interest to heatsink manufacturers,
who usually extrude aluminium heatsinks
in lengths which are then cut to size,

punched and anodised: Soldering irofis
also rely on the principle of thermal con-

duction 1o transport heat from the heating

element, through the shaft and to the 1ip,

from where if passes o the solder joinL
ARW.

Oscillator Feedback

Most of the correspondence we receive
contains questions for the Circuit Surgery
team. however. we are also pleased to
receive commenis and correciions. It is

always inieresting 10 hear from readers
“who have additional insights to problems

we have discussed and we will publish

these where space permits.

lan Field from Letchworth, Hens.,

wrole al length on the subject of the

“Lighting-Up Reminder™ complimentary

‘oscillator circuir which we discusséd in the

August 1999 issue. The deceptively sim-

;plc lookmg circuit has a complex opera-

‘tion which has defeated many a designer.
Mr. Field has been producing diverse

‘applications for this circuit for aver 30

years and therefore knows the circuit guite
well. As a schoolboy he used the circuii. he
says, to create a motorcyele sound effect
and as a radio jammer (tut-tur!).

He also says that the amber flashing traf-
fic lamps often left by roadworks make usé,

‘of this circuit, adding:

I cannot remember the exact values. !
think thar it may have been Lul or 1u5 and
2k2 or 4k7 (series resistance with Cl)
Resistor Ri was 100k+13 in series with
an Ld.r. from the tap down to OV. The load
was a 6V 0-09A lamp. The circuit would
oscillate withaut the use of ihe resistor in
series with the capaciior (Cl}), but the
piilse was so short that ihe lamp filament
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did not get hot enough ta glowsvith such'a
short period.

He says that he finds that oscillation is
more stable and reliable if supply decou-
pling is actually omitted (the lighting-up cir-
cuit included it, but we chose to ignore it in
our discussion). Mr. Field goes on to say:

As TR2 begins 1o conduct and switches
TR! into saturation, the charging current
taken by C1 will also ensure that the cur-
rent taken by TR2's collector will force
TRI's Vy, well over 0-7V. This looks pretiy
much like an output short circuit 10 TR2.
For this reason, supply decoupling is not
only unnecessary, it is umwise.

It is also my view that the parasitic
inductance is nor only helpful but essen-
tial. There are cerrain applicaiions in
which this circuit simply will not werk uniil
the supply decoupling capacitor is
removed.

We have not atlempted 1o investigaie the
eficet of supply decoupling or parasiiic
inductsnce on this circuit but would be
interested 10 hear frem any rcaders who
have had similar (or even contradiciory)
experiences.

Simulations

Mir. Field also comments on our compur-
er simulation resulis. in particular he is
concemed abouti the very large value of Vi,
swhich occurs for a short time each cycle.
He was concerned that the transistor would
be destroyed and asks if the simulator pro-
vided a waming of this.

In fact, large trunsient voltages and cur-
rents often oceur in switching circuits. The
fact that they are very short in duration
nweans that they do not have sufficient
encrgy to damage the transistors, cven
when they apparently exceed the data sheet
limits.

Tt is also true to say that simulators may
‘indicate far larger volitages or currents than
would actually occur in ithe real circuit.
This can be due to a situation in which a
component would be destroyed but also
due 10 use of simplistic models which do
not include all the Himiting mechanisms.

QOur simulation was fairly crude. but it
wis sufficient for our purpose. We used a
generic transistor model (not a particular
transistor such as the BC338). the power
supply was modelled as an ideal vellage
source and no decoupling was includad.

This was in line with the aims of the
amicle, that of providing a general under-
stunding of the circuit's operation for peo-
ple who may find it difficult to understand
at ali. Qur objective was noi 1o analyse the
more subtie and detailed aspects of the cir-
cuit’s behaviour, however. we are extreme-
ly grateful o Mr. Field for writing to us on
his detailed knowledge of this circuit. IMB.

Asta Movistor

Can you think of a circuit which will
divert lighining away from modems, by
shoriing such massive voliages to earth?
Alrernaiively, is there a circuirt for an opli-
cal iselator which ! could use between the
phone socket and modem?

Thanks' to regular correspondent Phil
Dodd. | receive quite a few queries on
phone line suppression or modification,
bur the fact that phone socket modifica-
tions are prohibited unless they are BABT
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approved rules out any form of home-
made Improvisation. I commented in
September's Ner Work, our Intemnet col-
umn, that Zootn modems carry extra light-
ning protection together with a five year
guarantee.

Any proteciion is better than none and
though it is touch and go whether anything
can withstand the intense energy of a lighi-
ning sirike, you can try lo clamp incoming
spikes on phone lines or the mains supply.
Some modems incorporate MOV (metal
oxide varistor) or "Movistor’ suppression,
see the symbeal in Fig.2a.
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Fig.2. (a) Symbol of a Metal-Oxide
Varistor (MOV) and (b) a typical appli-
cation for a mains-rated varistor.

These vollage-dependent resistors nor-
mally have a very high impedance but they
will shunt any high energy spikes away,
hopetully prevenling them from reaching
sensitive eircuitry. A wide variety is avail-
able including some types which are suit-
able for conneciion direcrly across the
mains, 10 help avoid spikes damaging elec-
tronic equipment.

The company Furse supply “ielephone
line protectors™, and one model is said to
‘be for protecting modems and other equip-
meni with BT jack connections. It's sold
by Farreéll (Tel. 01132 636311) part num-
ber 188-366 and although it cosis £47 +
VAT, it is somewhat cheaper than a new
motherboard or modem.

For home computer use consider a
Belkin Surgemaster Power Strip for sus-
ceptible equipment, which has six filtered
mains outlets together with a protected BT
phone socket as well. It claims to handle
18.000 amps surge current and clamps
within one nanosecond. They cost about
£30 from PC World or Viking Direct.

One correspondent has even suggested a
forin of “lighming carly warning system” in
the form of an old fluorescen tube, one end
of which is connected 10 a long wire “acrial”
outdoors. The iube stants to glow, he sug-
gests, when there is a sufiicient electrical
charge accumulating in the simosphere, pre-
ceding a possible lightning strike. ARW.

Watts Wrong?

Qops! Well spotted, readers! We made a
blunder in the article on power output in
the September 1999 issue. (Actually it was
just a test fo see how many of you noticed.
Oh sure — Ed.) The error was spotted first
by Mark Daniels of Clay Cross,
Chesterfield who says:

The rm.s volrage of a square wave with
30% duty cycle is not V/2. We nust con-
sider the average power in the load resis-
tor over time (o determine the effective (or
ran.s.) voltage.

If we 1ake a square wave with on lime I,
and off time tg,and peak voltage Vi, we
see that the power inio the load resistance,
R, is V2 JR. This is the peak power P
The average power over the entire cycle is
gﬁp&, where 0 = to/{lan o). 50 Ppag =

.S(IubS!imn'ng for Pone and Py (using
P=V2IR) we ger V2, /R = dV2 R. Hence
V2, = OV and thus

Vims= ‘Aﬂ’:‘u

QOur mistake was due 1o an allempt lo
simplify things that went slightly awry. We
were consciously trying to “reason” the
result sa as to fnake the ariicle less mathe-
matical but we made a silly error. Trying to
avoid the maths was our downfall, the les-
son 1o be leamt here is always use the
maths 10 anzlyse an electronics problem if
it is feasible to.do so, never1ry-10 side-step
i!

In the Sepiember Surgery the siatement
that the power for our 30% duty cycle OV
10 12V pulse wave is half that due 10 12V
d.c. is correct, but the r.m.s. voltage is
849V (i.e. V(0-5 x122) using the above
formula), not 6V, so the power is 9W not
4-3W (the power of 12V d.c. into 8 ochms
is 18W). Still 9W is less than the TIW
desired. and Murk agreed with our com-
ment that the general argument in our
original ariicle still stood. We will try
harder in future, but let us know if you
spot any more errors. readers, we might
just be testing to see if you are paying
atlention . . . . '

Remember also thut PMPO ratings are
all but worthless. Alan was recénmily help-
ing a friend choose a new stereo system,
and the Technics unit they seutled for had
a rating of 70W per channel rm.s.
However, the spec. sheet quoted a PMPO
value of (wait for it} . . . 3,000 waus!
JMB.

CIRCUIT THERAPY

Cireuit Surgery is your column. I you
have any queries or commenis, please
write to: Alan Winstanley, Circuit Surgery.
Wimborne Publishing Lid., Alen House,
East Borough, Wimbommz, Dorset, BH21
1PF United Kingdom. E-mail
alan@epemag.demon.co.uk. Please indi-
cate it your query is nol for o
publication. A parsonzl reply
cannot always be guarantead
but we will L= e - _‘g
try to pub- C 3
lish repre-
senlztive
answers in this column:

ENTER THE CHAT ZONE
‘The EPE Chal Zone on our web site i§
_now open as a way for readers 10 exchange
viormatian, views, hints and lips in virtually
real time.
hitp://wwvr.epemag.wimborne.co.uks
| wvewboard
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CHLY 28mm x 28mm

[rorsor 10

gy £19.95

| LOTS OF5 £21.50

LOTS OF 2 £23.95

SAMFLE £25.95

Add P&P £3 ANY ORDER
VAT INCLUDED

C.C.T.V. BOARD CAMERAS FROM £19.95

MINIATURE |GG LY. CAMERAS FROM TOP USH
MAKER. IDEAL FOR COVERT SUR

SECURITY LISE IN SHDPS OFFICES HND
PAIVATE HOMESE CONNECTS TO ANY TV O
VIDEG IN SECONDS -~ OPTIONAL CABLE nLC
AVAILABLE. DUR 1533 PRICE FOR THIS CAMERA
WAS 238511 HUGE ﬁCESS!Q““ IN ELECTRONICS
INDUSTRY HAS -SUASHED THESE PRICES TO
RIDICULOUS LEVELS! THESE ARE USA MADE ~
NOT CHEAP "'CHINESE MODELS. READY GUILY
WITH LERS ETG. BRAND NEW 1998 STOCK = FULL
12 MONTH GUARANTEE. WiCRKS FROM OV-PP3
BATTEAY OR OUR CAMERA FSU AND CAELE KIT
SHOWH BELOW. ONLY 50 LEFT iN STOCK.

Audio Model add £5.00° 7~ SEICATIONS:
1/3in. image sensor SURVELLLANCE,

with 283 x 352 pixels.  MACHINE MONITORING,
uto W, 270 Enes. 6V HANNY WATCHING.

to 12V DC. 3GmA STAFF THEFT,
3-6mm wide angla BiRD CBEERVATION,
pinhoie lens indludad.

SRITISH PAL SYSTEM. I

SECRET SPY CAMERAS
MICRO SIZE 16mm x 16mm

JAPANESE CCTVTECHNCLCGY REDUCES THE
SIZE FOR EASY CONCEALMENT
FLEASE ADD £7 TU ASVE 2320100 PRCES
3 SA WERE ANGI_ LERS INC.

/3. CCD BOARD CAMERA
ViiTH ALITO BACKUIHT
COMPENSATION

oUR price £35,95
347, WIDE ANGLE LENS
£DD £5 ALDIO

- —_——

N o

SAVE £500

ﬂ!aﬂnrpqﬂammma’;elﬁdmmm
by T plugied 83w BC sookat md arer T m;&gq
a.’t%a‘u-uomm@semmmw o

MAPLINS PRICE £24.99. OUR PRICE £12.90

CAMERA CASING ViITH SWIVEL
\YALL BRACKET 7O TAKE ANY OF
OUR BOARD CAMERAS £3.90

"LASER POINTERS

Profzssional model fires a small red laser dot

cver 250 metres. Built into executive balipaint
pen vith case and batts.
LIST £39.95 Now £10.00
Gokd-plated Keyhob mocel
LIST £25.85 w £9.00
Muiti Kgyfob with 5 :> ﬁres a dot. herzontal
fine, star, arraws 2nd cincle
LSTe412s  Now £12.00
Add £3 p&p any quantity.
{&?;mmmsmvzdﬁﬂaq mm_r-tﬁ'z&.

SONY COLOUR CCTV
BOARD CAMERAS

The best colour cameras wa have ever seeh —
the reh colours and arystal cizar imapss smazed
Gur buyerf H:gh grads Sony image seansor chip
has auto iris and 230,000 pixets, 330 TV ling
reschution and LUX fevel 2. Stangard UK PAL
works on any TV of meaitor. Use with our camena
P8U and cai¥e ki (s=2 sbove), sz2 32mm x
32mm, 12VDCorwﬂiwkoHP 2\ banery

new Lower PRICE © 06,00 (audio add £5)
SHOPKEEPER‘S EAS!F]T COLOUR OBSERVATION SYSTEM

OUR BEST
SELLING
COLOUR

OBSERVATION

SYSTEM
MRRP £865

TRADE PRICE

£365.var

(£427.87)

-4-COLOUR GAMERAS, 14in. MONITGH AND AUTO SWITCHER.
ASK FOR OUR LEAFLET

AL GOGOS ARE BRAND NEW
AND PERFECT. BULK BUVERS
PLEASE ASH FOR JOHM.
PAXCES INCLUDE VAT,

£5 PP ANY S2ZE ORDER

Migdles Fax:
TS5 S 01642 B23173

..._=..= A.S.A. ... 'Orger Hotlne
ﬂ 5 CgmbndgE:R:..d 01642 851236
ik

YOU SOME
BRASS

‘Our quality range of thermally balanced irons s

inow even better thai ever. Easier to handle, cooler
to ‘use, each iiron js manufactured in the UK and
meets CE conformity. There's an ‘In 'Handle’
‘adjustable temperature ‘model iand burn iproof f
leéad Gptian and a widé selection.of sb]dering bits. |
That's the good news: The even better neéws.is
that all our irons are still very-competitively priced
Tel: 00822 613565 Fax: 01822 617598

www.antex.co.uk

NOT JUST ANY OLD ILRON
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WHETHER ELECTRONICS IS YOUS HOBBY
OR YOUR LIVELIHOCD . .,

vou neep THE MODERN ELECTRONICS MANUAL

and the ELECTRONICS SERVICE MANUAL
THE MODERN ELECTRONICS MANUAL

Easy-to-use format

Clear and simple layou!
Comprehensive subject range
In-gépth theory

Projects to build

- Detailed assembly instructions
Full components checkiists
Extensive data tables
Detailed supply information
Professionally written
Regular Supplements

@ -Sturdy ring-binder

EVERYTHING YOU NEED TO GET
STARTED AND GO FURTHER IN ELECTRONICS!

The revised edition of the Modern Elecironics Base Manual
conizins practical, easy-lo-follow information on the folicwing
subjecls:

BASIC PRINCIPLES: Electronic Compaonents and their
Characteristics {16 sections irom Resistors and Polentiometers 1o
Crystals, Crystal Modules and Resonators), Circuits Using Passive
Compaonents (9 sections), Power Supplies, The Amateur
Eiectronics Workshop, The Uses of Semiconductors; Digital
Eleclronics (6 sections), Operational Amplifiers, Introduction to
Phnysics, Semiconductors (6 sections) and Digital Instruments

{5 sections),

CIRCUITS 70 BUILD: Thére's nothing 1o beal the satisfaction of
creating your own project. From basic principles, like soldering and
making printed circuit boards, to circuit-building, the Modarn
Electronics Manual and its Supplements dsscribe clearly, with
appropriale diagrams, hov lo assemble radios, loudspeakers,

-amplifiers, car projects, computer interfaces, measuring
instruments, workshop equipment, security systems, etc.

The Base Manual describes 13 projects including a Theremin and
a Simple TENS Unit.

ESSENTIAL DATA: Extensive tables on-diodes; trarfsisiors;
thyristors and triacs, digital and linear i.c.s.

EXTENSIVE GLOSSARY: Should you come acrass a‘technical
word, phrase or abbreviation you're not familiar with, simply wrn
1o the glossary included in the Manual and you'l find a
tomprehensive definition in ptain English.

The Manual also covers Salety -and Suppliers.

‘The most comprehensive reference work ever produced at aprice
you can afford, the revised edition of THE MODERN
ELECTRONICS MANUAL provides you with all the essential
information you nead.

THE MODERN ELECTRONICS MANUAL

Revised Edition of Basic Work: Contains over 900 pages of information. Edited by John Becker. ) e )
Regular Supplements: Approximately 160-page Supplements of additional infermation which, if-requested, are TofWarded 1o you
immediately on publication (four limes a year). These are billed separately and ¢an be disconlinued at any time.

Presentation: Durable looseleal system in large A4 format

Price of the Basic Work: £39.95 {10 include a receni Supplement FREE)
=buarantepess

E R R e e e S s S e e g O e Y R Ry T T D T SR e ggé
% Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with either %
~  Manual, for whatever reason, simply return it 1o us in good condition, together with the Digital Multimeter, within 30 =
% days and we will make a full refund of your payment — no small print and no questions asked. =
g {Overseas buyers do have 1o pay the overseas postage charge) %
= -
e S e s

Wimborne Publishing Ltd Dept Y11, Alleg HouSe, East- Borough,Wimborne, Dorset BH21 1PF. Tel: 01202 881744. Fax: 01202 841692.




EVERYTHING YOU NEED TO KNOW TO GET STARTED IN
REPAIRING AND SERVICING ELECTRONIC EQUIPMENT
SAFETY: Be knowledgeable about Salety Regulations, Electrical Salety and First Aid.
UNDERPINNING KNOWLEDGE: Specific seclions enable you to Understand Electrical

and Electronic Principles, Active and Passive Gomgonents, Circuit Diagrams, Circyit
Measurements, Radio, Compuiers, Valves and manufacturers’ Bata. elc.

PRACTICAL SKILLS: Learn how to identity Electronic Components, Avoid Static
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components.

TEST EQUIPMENT: How o Choose and Use Test Equipment, Assemble a Toolkit., Set
Up a Workshop, and Get the Most from Your Mullimeter and Qscilloscope, elc.

SERVICING TECHNIQUES: The regular Supplements includs vital guidelines on how B
Senvice Audio Amplifiers, Radio Receivers, TV Receivers, Casssite Hecorders. Video
Recorders, Personal Computers, etc.

TECHRICAL NOTES: Commencing with the IBM PC. PC-XT, PC-AT, this section and
the regular Supplements deal with a very wide range of specific lypas of equipment.
REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors,
Power Transistars, Thyristors, Triacs and Field Effect Transistors. Supplements include
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, elc.

ELECTRONICS SERVICE MANUAL

Basic Work: Contains around 200 pages of information. Edited by Mike Tocley BA

The essential work for
servicing and repairing
electronic equipment

o E£asy-to-use format

e -Clear and simple layout

® Vital safety precautions
Fundamental principles
Troubleshoating techniques
Servicing techniques
Choasing and using:1es!
equipment -
Reference dala
Professionally written

: Regufaréupp!eménrs
Sturdy ring-binder:

@ @ ©

e O @ 5.

Regular Supplements: Approximately 160-page Supplements of additional information which, if requested, are forwarded to you
immedialgiy on publication (four times a year}. Theszs are billed.separately and-can be disconlinued at any fime.

Presentation: Durable looseleaf system in jarge A4 formal "
Price of the BasTe Work: £39.95 (to include a recent Suoplement FREE)

ORDER BOTH MANUALS TOGETHER AND SAVE OVER £10!

A mass of well-organised and clearly explained Information Is brought to you by expert editorial

teams whose combined experlence ensures the widest coverage
Regular Supplements to these unique publications, each around 160 pages, keep you abreast of
the latest technology and fechn!ques if requlred

REGULAR SUPPEEMENTS

Unlike a book or encyclopedia. thess Mamuals
are living works — continucusly extendzd with
new material. f requested. Supplements are sent
1o you approdimalely every tives months. Each
Supplement contains around 160 pages — aii for
only £23.50+£2.50 p&p. You can, oi course,
retsn any Supp'ement (vnmm t=n days) wich

extend your Base Manual on subjects of
srticular interest to you.

RESPONDING TO'YOUR-NEEDS-

We are aite 10 provide you with the most

you feel 13 superfiuous to your nseds. You can
also purchase = range of past Supplements fo

important ang popular, up to date, features inour

ﬁtpp!emems Our urdgue system is augmentsd
‘by readers’ requests for new information.
Through this service you are able 1o let us know
sxactly what information you require in your
Manuals.

You can aiza contact the editors directly in writing
if you have a sr-.-"nﬁc technical request or query
relaling to tha Manuals.

—-———-——--—————-——'——-———_-——————————-n_--::mn=-=|—|:1

P L EASE send me a Digital Multimeter (offer ends Dec 15, 1999) together with

| {J THE MODERN ELECTRONICS MANUAL plus 2 FREE SUPPLEMENT

[J ELECTRONICS SERVICE MANUAL plus 2 FREE SUPPLEMENT

| enclose payment of £39.95 {for one Manual) or £69.75 lor both Manuals {saving over
£10 by ordering both together) plus postage if applicable.

1 also require the appropriate Supplemenls four {imes a year. These are billed
separately and can be discontinued-at any time. (Please deiete if not required.} -

to you within 30 days for a fuli refund.

FULL NAP-‘E ce e T EF e s e e ERRL Tl e e e TE ryeie e e ST e P
{PLEASE PENT) 8
ADDRESS ...:.- aleTEe e s e e e AT R R e S e e e ¢ T a2 e al Arcie B o
.......... e % v aTe.0 b e w e . e e Lo - e
A SR s e L e s i HOSTEODE e
- SIGNATURE & . oo f o i e o s il s th e S atea s e s L S S A TR GRS

[ lenclose cheque/PO payable to Wimberne Publishing Lid.
[] Please charge my Visa'Mastercard

AN W R g G T SN A A DY S G S G Emwe e | G
B .

| CardNo. -..... o e Al et e S -....Card Exp. Date

Should | declde not to keep the Manualis | will return itithem and the Digital Huitlmemr

—d;wa:anothmmﬂsmemaww

ORDER FORM
Srpiv complete and return the crder form with yoir
paymient to the bllraing addass.

Vimborne Publishing Ltd, Dept. Y11, Allen House,
East Borough, \WWimborns, Dorset BH21 1PF
Vve olfer a 30 day MONEY 8ack GUARANTEE
ralurm it i us
Iy good congition togethar with the Nuttmeler withn 30
Oays for 3l refund.

Orsee: tuyes & rnvs 19y (e CresEs JoEtans - 1eo Lelw

............

POSTAGE CHARGES
Pnce PER MANUAL
_Postal'Region Surlace Alr
Malnland UK FREE -
‘Scattish Highlands
LK {slands & Eire £5.50 -

‘Eurcpe (EU) £20
Europe (Mon-EL) '520 25
USA & Canada £25 £33
Far East & Australasia £3 £35
‘Rest of Warld £35 £45

'NOTE: Surlace mad can t=5a over 10 wsshs fo soma pafts of

Piease aliaw four working days for UK delivery.

o e | e o v | — o — | S — —— I S — A w— -

the world, Each Mames] weighs about 4kg when packed

e

L—————“————--'—_‘———————-———-———i-q’;.='==_=n=:=——é——-'-:-'_



Constructional Project ==

DEMISTER

TERRY de VAUX-BALBIRNIE =

Join the luxury set/ _‘
Switches off your heated rear
windscreen automatcically

car demister and forgoticn to switch
it off? Lost count?

This means that the next ime vou switch
on the ignition, the rear windscreen will
warm up whether you need it 1o or riot. The
warning light usually found in the switch is
not much help and is easily missed.

SWITCH OFF

A typical demister requires 12A approx-
dmately and will be even more in cars hav-
ing a large rear windscreen. For example,
the resistance of the heater element in a
Renauli Clio was measured and found to be
0-9 ohms corresponding 10 about 13A or
some 150 waits 6n the nominal 12V
svsiem.

How many times have youused your

If you have the headlights switched on.

100 plus a few of the high-current devices
which seem io have become part of modem
motoring, this imposes a considerable load
on the car charging sysiem. In extreme
cases, it can exceed the output of the aiter-
nator. The battery will then run down ara
raie needed to make up the difference.

This problem will be compounded if you
do a lot of “start-stop™ driving where the
starter motor is used excessively. Believe it
or nol, there are some people who leave
their demister switched on right through
the ‘winter so that it will always operate
while the ignition is on!

842

NOT FOR TURNING

A large electrical lead on the alternator
will make its pulley harder 1o wrn. So much
so that the fan beht may slip and fail 10 tans-
mil the drive properly. This can occur even
with a correcuy-tensioned fan belt and is
aggravated by grease and dust collecting.on
its running surface. This will make the prob-—=
lems mentioned carlier much worse.

Using high-current electrical equipment
significantly increases fuel consumption.
This is because it is the fuel which provides
the energy to generate all that electricity in
the first place! For all these reasons, it
makes sense 10 use the heated rear wind-

-screen sparingly and only for as long as if
‘takes to have the intended effzct.

Some vehicles have a demister timing
circuit already provided. However, most
people have cars which are noi so
equipped. Tt is then left up to the driver 1o
switch off manually whep the rear wind-
screen has cleared.

OVERVIEW

The Demister One-Shot described here
is an easy-to-build add-on circuit which
puts the heated rear windscreen under auto-
matic control, On pressing a pushbution
switch. the heating clement operates for
‘some preset lime between 6 and 50 minutes
approximately then switches off.

Whilé i1 is on, an le:.d. (ight-emitting
diode) glows to contirm this. If the button
is pressed again during the course of oper-
ation, it will switch off. Another eycle may
then be initiated by pressing it again,

The main-unit is built in a small plastic
box (see photograph) which is secured
under the dashboard out of sighi. A sepa-
rate small panel having the switch and Le.d.
mounted on il is placed in a convenient
position for the driver 10 operate (se¢
photograph).

It would also be possible 10 site the
switch and le.d. on the froni of ihe main
unit. However. although it would avoid
some wiring, the profile of the box would
be rather large and it would not present a
good appearance.

The swiich panel and main unit are inter-
connected using a piece of 4-core light-
duty wire, A piece of screw terminal block
on the p.c.b. (pried circuit board) inside
the main unit is used to make the connec-
tions to the existing circuit. The unir
requires only 1:3mA approximaiely while
on standby.

INITIAL CHECKS

Before proceeding. we need 1o -miake
some initial checks. A tvpical heated rear
windscreen cireuit is shown in Fig.1. Note
that this is a simplified diagram and does
not show, for example, the waming light
which is usually built inio the on:off
swirch.

A relay is normally used to do the job of
actually directing current to the rear screen
element via a high curremt rating fuse. The
dashboard-mounted switch then only needs

Fig.1. Typical heated rear windscréen cireuit arrangement,
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to carry the-small relay coil current-(whigch
arrives via the ignition switch and a fuse of
low current rating) so it may be of a com-
pact light-duty type.

Some cars may possibly have a swiich
which carries current direct from the sup-
ply to the element - that is, without the use
of a relay. The other end of the windscreen
clement is grounded (“earthed™) to the
chassis of the car to complete the circuit:

CIRCUIT DESCRIPTION
The full circuit diagram for the Demister
One-Shot is shown in Fig. 2. IC] is a timer
integrated circuit of a type specially manu-
factured for automotive applications. It is
thus designed to be practically immune
from false iriggering due to random pulses
which may appear on the supply lines.

Also, it will not trigger on powering-up:

which can sometimes happen in circuits of
this type.

TIME DELAY

The time delay aspect of the circuit
works like this. The resistance appearing
‘between ICI pin 6 and pin 7 (R) operates in
conjunction with the capacitance between
pin 6 and the OV line (C) to set the fre-
quenay {f) of an on-chip oscillator.

The minimum allowed values of C and 'R
{In and 39k) will provide the highest fre-
quency {about 20kHz) while the maximum
ones (4u7 and 280k) will give the lowest —
about iHz. The frequency may therefore be
»et to any value between these limits by a
suitable choice of components.

One cycle of the oscillator will take the
time, T, given by 1/f and will be 0-05ms at
a frequency of 20kHz and one second at
1Hz. On'the first pulse of the oscillator, IC1
oitput (pin 2) will go low. An intemal
‘counter then “clocks up”’ the total number
of cycles until 73728 have been registered

1
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Flg.2. Complete circuit diagram for the rearscreen Demister One-Shat.

Car charging circuits are notoriously
“noisy"' with the alternator providing a very
unsmooth supply. High-voliage spikes often
appear in the wiring at random and when
high-current  inductive equipment is
switched off, thesc effects can cause spuri~
ous operation or false re-setting when ordi-
nary i.c.s are used. They can even niin an i.o.

Another point is that when a high-cur-
-reni device is switched on, there is a sudden'
fall in supply voliage (due 10 the voltage
drop across the resistance of the wiring):
This can also cause false re-setting (switch-
ing off). However, such problems do not
accur in this circuit.

With the specified i.c., much-of the nec-
essary circuitry is fabricated on the chip so
the external component count is kept to &
minimum. A 12V supply from the exisiing
circuit is connectled (via terminal block
TB1/1} through fuse FS1 and diode DI to
the new circuit.

The diode D1 gives reverse-polarity pro-
tection Since. if the supply were to be
applied in the wrong sense, it would fail to
conduct and nothing would happen. The
fuse FS1 is iacluded 1o guard against any
unlikely failure of the-circuit resulting in-a
short-circuit to the supply.

Power is applied 10 IC1 pin 8 via the net=
work consisting of resister R2 and capaci-
tor C1 which smoothes the supply and
removes much of the line noise mentioned
earlier. There is also an inbuilt 14V Zener
diode connected between pin 8 and pin !
(connecied 1o OV). This normally does
nothing but serves to protect the i.c. from
spikes greater in voltage than 14V because
the diode would conduct and bypass them.

whereupon the ic. times out ‘and pin 2
reverts o its former state. The formula for
the delgy time (T} is therefore given by:

T=73728 x 1f.

With the highest and lowest vaiues-of €
and R. this gives upper and lower limits of
20 hours and 4 seconds approximately. Of
course, this range is far too great for the
present application. The advantage of
‘using a large number of cycles is that the
value of C can be kep: low and this
reduces the size and cost of the finished
circuit.

TIME ADJUSTMENT

11 is necessary to provide an adjustment so
that the timing may be preset 10 suit individ-
ual requirements. For this reason. R compris=
es preset patentiometer VR1 connected in
series with fixed resistor R3. The timing
capacitor is C2 and this is fixed in value.

With VR1 set 1o minimum, the period
will be some 6 minutes and when at maxi-
mum, about 30 minutes, This range of val
ues will be found satisfactory for most pur-
poses. However. the timing could be
extended by increasing the valuc of éapaci-
tor C2 as required. )

The output at ICI pin 2 takes the form of
a Darlington driver. This is designed to oper-
.ate the coil of a fairly substantiat relay direct.
In fact, the outpwt will supply up 1o 300mA_
approximately although, here, the coil of

~+elay RLA requires only some 70mA.

Note that no external diode is connected
across the relav coil as is normal practice.
This is because a diode (in fact 11 is a 23V
Zener diode) is already fabricated on the
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chip. This protects ihie i.c.-from the reverse
high-voltage pulse which appears across
the coil when the magnetic field in the core
collapses on switching off. When this hap-
pens, the diode conducts and bypasses it.

Light-emitting diode D2, together with
serigs resistor R1, are connected in paraliel
with the relay ¢oil. The led. therciore
glows while the coil is drawing curremt and
serves to show that the eircuit is timing.
Resistor R1 iimits its-operating current to
about 20mA.

While the relay is energised, its normal-
ly-open (“make’’) contacts close and direct
current from the +12V feed (at terminal
block TB /1), via the existing high-cumrent
fuse. 10 the “live" side of the heated rear
windscreen (cennecied to TB1/3).

Pins 3 and 4 (internal switch) of ICI
could be connected to OV via pushbution
switches to perform separate on and off

- functions respectively instead of using

togele operation (press on, press off).
However, there seems no point in using two
switches instead of one and these pins are
Jeft unconnected.

Pin 5 of IC1 is the 1oggle input and may
be made low momentarily by operating

COMPONENTS

See

HT wa SHOP
R3 sex  TALK

All 0-25W 5% caroon fim page

Potentiometer :
VR1 470k sub min: enclosed
carbon preset, venical

Capacitors : _
Ci 47y radial efect. 35V,
G2 100n metallised polyaster
— 2-8mm pin spacing

Semiconductors

D1 1N4001 50V 1A rect.
. dicde.
D2 3mm red led.
(03] Ue0478B automotive:type
timar Le.

Miscellaneous
RLA - 12V 170 ohmrcoil
i aytomative-type refay,
with single-pole
changeover conlacts
3 rated at 16A minimum
FS1 1A sub-min. axial fuse.
S1 miniature push-to-make
¢ sweitch.
TB1 3-way section of p.cb.
screw terminal block
(10mm pin spacing)
rated at 16A minimum.
Printed circult board avallable irom the
EPE PCB Service, code 245; plastic box,
size 97mm x 73mm x 39:-5mm for main
unit; potting box, size 38mm x 38mm x
19mm, for the swilch pane! or small
bracket (see text): B-pin d.il. socket; 16A
minimum auto-type multistrand wire; 3A
auto-fype wire; aulo-type e.g. ‘bulle!” con-
rieclors — 16A rating minimum: 18s.w.g.
tinned copper wire; 3mm |.e.d. clip: light-
duty 4-core stranded wire; connecting
Approx. Cost

vitre; solder, etc.
£14
Guidance :Cnly .= ‘

excl. autbcabite & boxes |
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pushbution switch S1. With each press. the
circuit will alternale between “timing**"and
“Qﬁ.".

DEBOUNCING

The contacts of & mechanical switch
bounce as they close. That is, they repeat-
edly “break" and “make” a few times until
they settle down 10 a closed state.

This could present a problem with Sl
because, on operating it, pin 3 would go
low several times in rapid succession. The
first low state to arrive would trigger the.
circuit, the second would cancel it and so
on. Whether the i.c. was ultimately left in a
set (on) or re-set (off) condition would
therefore be unpredictable.

To avoid this problem, the switch is
“debounced™ using the internal oscillaor.
Thus, only the low state arriving on the first
cycle wiil have any effect. The circuit will
then be inactive for a short time so that any
further pulses will not be *seen™.

This allows the contacts 1o settle down,
The inactive ume is very short {(about six
oscillator cy¢les) so the umit will respond
correctly when the switch is operated
again.

While the circuit is timing, the normally-
open ('n.0.”) contact (RLA1) of the relay
is “made” (closed) and provides a +12V
feed to the non-carthed terminal of the
healed rear windscreen or possibly short-
circuit the existing switch (more will be
said about this later). The existing switch
will not be used and it would be a pood idea
to lape it over, so thal it cannol be operated
inadvertently. If this was done, the demister
would heat up irrespective of the stamus o
the new circuil.

CONSTRUCTION

Construction of the main unit is based on
a single-sided printed circuit board (p.c.b.)..
The component layout and full-size copper
foil master are shown in Fig. 3. This board
is available from the EPE PCB Service,
code 245. It will be noted that all the com-
ponents are ntounted con this except swiich
S1 and ).e.d. D2 which are sited on a sepa-
rate panel or small plastic box.

Begin construction with the p.c.b. Drill
the threz mounting holes and then solder
the i.c. socket in position {(but do not insent
the i.c. yet). This should be followed by the

three-way piéce of screw terminal block
and the relay. Next, the resistors {including
preset VR1) and capacitor C2 can be added.

Solder fuse FS1 in place. Note that the
specified, axial lead, fuse is a sub-miniature
type designed 1o be soldered directly on the
p.c.b. This is convenient because, in prac-
lice, it is unlikely ever 1o blow. However,
some readers muy wish to use a separate
chassis fuseholder instead with its wires
soldered 1o the “FS1* pads.

Finally. add ‘capacitor C1 and diode DI
taking care to observe the polarity of these

components. Adjust VRI fully clockwise

(as viewed form the top edge of the p.c.b)
to give minimum timing which will be best
for testing purposes.

BEINFORCEMENTS
NEEDED

Depending on how the unit will be con=
nected to'the cxisting system, the relay ¢on-
tacts will possibly need to carry the full
demister operaling current and it will be
necessary to re-inforce the copper sections
of p.c.b. mack between the normally-open
{n.0.) contacts and the terminal block pins
(shown by cross-hatching in Fig.3). This
should be donc by soldering pieces of
20s.w.g. (or thicker) tinned copper wire
along their length.

‘This is necessary because the tracks will
not be capable of carrying the high current
nceded o operate the windscreen heater ele-
ment. Without re-inforcement they would
overheat and could possibly mell. Reinforce-
ment is always necessary where a direct
+12V feed is made to the heater element.

Some readers may prefer 1o use the relay
contacts in the new unit simply 10 bypass
the present switch. Assuming there is an
existing relay, there would be no need to re-
inforce the tracks because they would only
carry the current for its coil.

This methed is not really ideal because
there would now be two relays in the circuit
and this would introduce an element of unre-
liability. However, it does have the advantage

BOX PREPARATION

Prepare the plastic box for the p.c.b. by
‘marking the mounting holes on the bottom
and drilling these. Drill a hole in the rear,
close 1o the led. “D2" and pushswitch
“S1" points on the p.c.b. This will allow the
wires 1o pass through 1o the panel. Drill a
larger hole near to the terminal block TB1
position for the wires passing through to
the car system. =

Decide on suitable positions for the main
unit and switch panel. These should be fair-
ly close together so that the length of the
inter-connecting lead is 20cm maximum.
Cut off a piece of light-duty 4-core strand-
ed wire to reach between the two.

If stranded 4-core wire is not availuble, use
two pieces of 2-core. Note that suitabls 4-core
wire is available as “burglar alarm cable™ but
take care that it is not of the solid<ore type
(often sold as “relephone cable™) which
would break easily in service.

Pass one end of the wire through the hole
and solder the ends 1o the D2 and S| points
on the p.c.b., see Fig.3. Make a careful note
of which wire is which and, particulariy,
which one is for the le.d. anodz (a) and
which for the cathode (k).

Altach the p.c.b. using short spacers on
the bolt shanks to keep the copper track
side clear of the bottom of the box. Leaving
a liule slack in the wire on the Inside, apply
a small cable clamp or a tight cable tic 16
the wire to provide sirain relief.

oo | e [ «v
FLA E :] Vstas
o [ [] oscacwm
Us0478

that the wiring may
be easier to carry out
since vou only need
10 gain access 1o the
existing swinch tags.
More will be said
about this later.

-

&

e e T e — e

Printed circuit board component layout, intenwiring
and lull size underside copper foil master.
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Completed circuit board mounted inside the main unit box. Use nylon nuts and bolts®
with suitable spacers. You must se heavy-duly aulemotive wire for conneclions

from the terminal block.

SWITCH PANEL

In the prototype unit, the switch panel
was made using a “potting box™, size
38mm x 38mm x 19mm approx. However,
muny readers will have their own ideas
about how this should be constructed.

A small car-type accessory bracket could,
be used providing it is large emough to
accommeodate the le.d. and switch. It
would also be possible 10 make your own
bracket using sheet-aluminium sprayed .in
a suitable colour.

Another idea would be 10 wutilise the
blanking plate ofien fitted to unoccupied
switch positions. Whatever method is used,
make sure the connections to the switch
and Led. are insulared so that no metal
parts can touch them.

Assuming a small box (such as a porting
box) is used, drill holes for the le.d. clip
and switch also a hole in a side panzi for
the leadout wire to pass through. Mount
these components and pass the free end of
the wire through the hole.

Solder the ends of the wires (o the Le.d.
and swiich 1aking care that the correct wire
is connected in cach case. Note thai the
ancde (a) le.d. wirc is connected to the
longer end wire. Leaving a little slack,
clamp the wire as in the main unit so that jt
cannot pull free in service.

TESTING

Testing the finished unit 'is best carried
out using a 9V battery. In this way, any
problems may be resolved before connect-
ing the circuit to the car system. Note that,
although a 9V supply will be sufficient 10
operate the circuil, # will probably not
make the relay click over, -

However, operation may be monitoreg.
by observing the l.e.d. Insert IC1 into its
socket. Since it is a bipolar device, it
does not require any special handling
precautions.

-Referring to the wiring diagram of Fig.3z
connect terminal TB1/1 (+12V feed) and
TB1£2 (chassis) on the p.c.b. Lo the positive
and negative battery terminals respectively.

Press the Demist swiich S1 and note that

the 1.e.d. comes on.

After about six minutes (this is subjecito
quite a wide variation), it should go off
again. Re-tigger and press the buton again
before the end of the natural time-out peri-
od. The Le.d, should go off immediately.

If this basic test works, it is likely that
the circuit will operate carrectly when con-
nected to the car system. Adjust preset VR |
io approximalely mid-track position.

CONNEECTING UP

The next stage is to install the two unifs
in the vehicle. Remove the fuse which pro-
tects the heated rear windscreen and check
that the circuit is “dead™. This fuse will be
fated at, say. I6A. Do not confase it with
any low-current fuse used in the relay coil
circuit or elsewhere. Make small brackets
1o attach the units, route the inter-connect-
ing wire as required and attach the coatrol
panel but do not secure the main unit yet:

Decide on how the unit is 10 be connected
to the car system. 1f you follow the
method used in the prototype, you will
nezd to pick up the high-current +12V
feed for the existing circuit at a conve-
nient point between the “live™ relay
“make" contact and the fuse. If conve-
nient, you could make the conrection
at the relay itself using the appropri-
ale connector. o

Do not connect ta any other cir-
cuit and do not use any low-cur-
rent connection to the coil of an
existing relay. On no account, wire
the unit so that the full heater
operating current flows through
the ignition switch unless it has
been designed for such use - it
would be destroved.

Using automotive wire of 16A
rating minimum, make the connec-
tion to TB1/}. Another connection
will need to be made to the *live™
{non-earthed) side of the rear screen
heater element. You will be able
make this berween the relay contact
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‘Dash-mourited-svilch box.

and element ar, of course, at the relay-itself.
‘This wire is connecied 1o TB1/3.

For all this wiring, use proper automo-
tive (for example, “buller”’ type) connectors
'of appropriate rating. Note also that if any

‘wire needs (o pass through a hole in metal,

it must be pratected using a plasiic
grommel,

As mentioned earlier, you could possibly
use the relay comacts in the new circuit
simply to bypass the original rear screen
heater switch, Check that there is a +12V
supply at onc terminal of the switch which
is obtained via a low-value fuse.

Assume for the moment that there is an
existing relay. Using the appropriate con-
nectors, obtain a +12V feed from the live
side of the switch and connect it to TBI/}.
Connect the terminal of the switch which
leads 10 the relay coil 10 TB1/3.

Sinece the wiring only needs 1o camry the
-current for the felav coil, you could use
light-duty type (say, 3A rating} but note
that it must still be of the proper autome-
tive type. If there is no existing relay, this
method will still work but make sure that
the p.c.b. racks have been re-inforced as
described earlier. Also, the connections
must be made with wie of 164 rating
aprinimun.

Cut a piece of wire (which may be of 3A
‘aviomotive type) for the “ground™ (car
chassis) connection. Make this long enough
to reach a nearby metal earth/chassis point.
Connect this to terminal TB1/2. Leaving a
littde slack in all the wires, clamp theni
inside the box so that they cannot pull freg
in use.

ON THE ROAD

Secure the main unit in position. Replace
ke high current fuse, switch on the ignition
and press the Demist switch S1. The Heater
i.e.d. should come on and- the demister
operate. Cancel before the battery runs
down significantly. ‘

On a test drive. try ii for the set time. All
that remains is (o delermine the'best oper-
ating period and adjust preset VR over a
period of & few days for-best effects |
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£1 BARGAIN PACKS

1 item per pack unless othervise stated.

30A PORCELAIN FUSE HOLDERS. Maks yoar ‘own fuss
board, Pack of 4. Ceder Reft 82

45V 150mA D.C. POWER SUPPLY. Maws cpersied. Kiy
enzicsed so GQueie safe. Ocder Raf: 104,

CRD(:‘ObiLE CLIPS. Smai size, 10 each red and bask. Omdad
Azt 116,

PLASTIC HEADED CABLE CLIPS. Mai In type, savera! sizes.
Pack of 50. Order Rl 1223

MES BATTEM HOLDERS. Pack ol 4. Order Raf: 125.

2 CIRCUIT KIiCRO SWITCHES {Lizonl, pack of 4. Order Relb:

57. -
113A SWITCH SOCKET. Guzs siandar tut oolurad. Order
Fat 164,
30A PANEL MOUNTING TOGGLE SWITCH. Doubls pois.
Crgipr Rek 166 =
348 RUBBER GROMMETS. Pack of 10. Orger Ret: 161,
8¢ LAMP HOLDER ADAPTORS. Pack of <. Osder Raf. 191,
SUPERIOR TYPE PUSH SWITCHES. Maks your oan kay:
board. Paoa ol @, Ordar Rat: 201
MAINS TRANSFORMER 8Y-QV-BV WA_ Osdar Rl 212
SUB MM TOGGLE SWITCHES. Pack of 3. Cider Ref 212,
HIGH POWER 3in. SPEAKER (11W Bohn}. Oroer Ret: 246.
HEDIUM WAVE PERMEABILITY TUHER. [I's aincst 2 ot
P22 1ako with cecul. Crdler et 2247
SCREV DOWN TERMINALS wih through panel nsulators.
Pazk of 4, Order Ret: 263
L.C.O. CLOCK BISPLAY. ¥8n. figures. Order Rst 322
PUSH-OM LORG SHAFTER KHOBS for tain spinda Paok ot
10, Coxter Rod: 339.

EX-GPO SPEAKER IHSERTS. P! 4T. Pack o! 2. Croae Ral:
352

SUB MM LF. TRANSFORMERS. Jut righ! # you want oo
bxrmars. Pask o 50. Oroar Ast. 360

24V 200mA P.5.U. Octer Ral: 333,

HEATING ELEMENT. hans wofzga 100V, brass encased
Oror Ret 8.

MAIHS INTERFEREKCE SUPPRESSOR. Orier Rat: 21
R?‘-CKER SWITCHES. 10A maing vofaga. Pack of 3. Crdar
Rt 41,

WM UH1 SELECTOR weh c=gram o0 elsctonic pgiaw.
Ordar Rk 56.

AFPLIAHCE THERMOSTATS. Adustabls up to 13A Pack of
2 Oder Ret 65

MAINS MOTOR with g2arbox giving 1 rev par 24 howrs. Crdsr
Rel: 83

ROUHD POINTER KKOBS for fisttad Sin. spincfies. Pask of
10. Orday Aok 265,

CERAMIC WAVE CHANGE SWITCH. 122-pois. J-wa
Win. spncha, Ordee Rzl 303,

PLASTIC STETHOSETS. Tare crysial o magnafic msans.
Paci ol 2. Oeder Rad: 331, )

FRE-SET RESISTORS. Yaricus types and vaiuas. Pacx of 20.
Creiar Ratf: 332. 3 .
CAR TYFE RGCKER S\WITCHES. Assorted, pack of 6. Ordder

Wiy willt

REVERSING SWITCH. 20A doubia pola o 4DA singis pole:

Croor Refs 43,

SKIATED CONTROL KNOEBS. Engraved 0-1Q, pack of 4.

Oredar Ref: 358,

LUKHNOUS PUSH-OH PUSH-OFF SWITCHES. Pack of 3.

Crder Rat. 373,

HAIHS TRANSFORMER OPERATED HICAD CHARGER.

Cazead wath lpass Order Rek 335,

CLOCKWOR® MOTORS. Rum f5t cna howr. Orde: Ref: 389.

SLIDE SWITCHES. Singi= pote changeowar. Pack of 10.

Oedar Re!; 1053,

2-CORE MAINS LEAD. Black, 2m long. Pack of 4. Orow Rsh:

1020,

DITTO 3 core, biack Pack of 3. Crdes Raf: 1021,

HEAD CLEANER. For your video o tape, compisle with

brzsh. Oroer Rell 1025

PAXOLIH PAMEL. Approsimatsly 12in X 1250 Order Rst:

1033

CLOCCKWORK MOTOR. Siufapie up to 8 hours. Orciar Rel:

1038

TRANSISTOR DRIVER TRANSFORMER. Makers rel. no.

LT44, impadance mfio 20k ohm © 1k ohn, cenirs tspped,

S0p. Order st /23R4, .

TUBULAR ELECTROLYTIC CAP. Twin 200.F at 275V, jus!

&3, Orosr Ral: 1048,

HIGH CURHENT RELAY. i2v D.C. or 23V AC.. operains

ehengeovel contacts. Ordar Ret 3026,

FIGURE 8 FLEX. \Jeal speakar lead, 12m. Ordar Aat: 1024,

6¥ SOLEMOID wi ¢ood strag pel Pask of 2. Ords: Pak

2

TUBULAR ELECTROLYTICS. 150aF 21 200V. Pack of 3.

Order Rok: 353,

MM RELAY. 5V, ool erza 50mm x 15m=m x 5w with cloging

EA contzcts Pack of 2 Ondar Aet:D41.

M| HELAY with 5 cod, sk2a 26mem x 15 x 17mm, 2 325

changacyer contacts. Just one. Ordar Rai- 042

FERRITE RODS. 3B:n. =ameter, B long Parx of 3, Ordx
D33,

ROTARY SWITCH. 9-pcle, B-way, Pack of 2 Crdar Fsf: DS,
2-CORE CURLY LEAD. 5A. 2m_ Orded B2t 8465,

3-CORE CURLY LEAD. 134, Ym. Crutat Ret 327,

DELAY SWITCH. on B7G bzes. Order Rel: B34, .

3 CHARGEQVYER RELAY. 8¥ AL, 3V D.G. Ceazr Rl 835

-3 CONTACT WICRO SWITCHES, cpeialsd wih sighiem
bk, Pack of 2. Ordier R2i, B, =

HIGHVAC NUMICATOR TUBE. Highvas ret XN Ogder Rat:

£as.

BITTO best ratarance XN11. Ocar Rof 865,

QUARTZ LINEAR HEATING TUBES. 326V tan V)0V 25
wouid have (o bo pinad i seres. Pack of 2. Ordor Rat 207,
2N, RGUND LOUDSPEAKERS. S0A coll Pack of 2. Oroer

4 803, -
25M 4-CORE CABLE. Sutzhie for teiaphace extanzion (igar
Ret 918

12V 8A DC POWER SUPPLY, Towfly encicsed with

s own cooling fan. Nenmal mains oparation. Frice

€11, Ordar Rel: 11P6.

SOUND SWITCH. Can ba operated by chpping

hands, shouting of almest any other notse, Comes
complets with instructions, assembled and ready 1o

ggrﬁ but ngeds casing. Price only £3. Ordar Rel

246,

1MA PANEL METER. Approximately 80mmm x

55mm, front engravaed 0-100. Prica £1.50 each. Ordar

Raf: 1/18R2.

VERY THIN DRILLS. 12 assori=d skzes vary batwen

{-8mm and 1-6mm. Price £1. Order Ral:-128.

.EVEN THINNER DRILLS. 12 that vary batwen

0-1mm and 0-5mm. Price £1, Order Rair 128,
TWIN TELEPHOME JACK PLUG. Enzbles you 10
plug 2 tatephones into the one socks! for all nomal
BT plugs. Prize €1 58, Crder Reh 727
D.C. MOTOR WITH GEARBOX. Size 60mm long,
30mm diamster. Vesy powerful, operates off any
\oh:aga biween 6 and 24 D.C. Speed al 6V is 200
speed controder avadlabie. Special price €3
each Order Ref: 3P108.
FLASHING BEACOXN. ldaal for pulting on = van, a
tractor ot any vehicie that should always be seen.
Uses an Xenon tubs and has an amber coloured
dome. Separala fixing base is Included so unit can be
put away it desirable. Price £5. Ordsr Rel; 5P257.
MOTOR SPEED CONTROLLER. These are suitable

'far D.C. motors for voltage up to 12 and any powar

up 1o 1/6 hp. They raduce the spesd by intermittant
full vol:aga puises so thers show'd be no less of

power. In kit form these are £12. Ordar Ref: 12P34,

Or mada up and tested, £20. Crder Rel: 20P38.
MOST USEFUL POVER SUPPLY. Ralsd at 9V 1A,
this plugs into 2 13A sockel. Is really nicely boxed.
£2. Qrder Raf: 2P733.

VARTA BATTERIES. A big pun:hase enabies us 1o
offer you 8 Vana AA tanterias for only €1, These are
really good banerizs, give you long life. ‘Order Ref:
D511,

BT TELEPHONE EXTENSION WIRE. This.is propaer
heavy duty cable for running armund the  skirting

-board when you want 1o make a permanant éxten-

sion. & coras prapery colour coded, 25m fangth. Onty
€1. Order Ref: 1057,

SPECIAL PRICE FOR TWO MONTHS

A SUPER 12V YUASA BATTERY. it is 18AH
Yuasa made jelly type so maintenanca free
and usabls in any posifon. Brand new and
guaranised 12 months. Tha regufar price of these
it €40 but for the menths of Seplembar and
QOctober you can buy at £15 i VAT, twa
of move alsp camnags fres, Qretar Rel: 15P78.

LIGHT ALARM. A circudt for this appears in the
Fetruary Issue. hovsmvar, wa have a rather lass
complicated mode! alrezdy mage up and in a nice
case, Price only £3. Ordar Ref: 3P155.

ULTRA VIOLET VIEWING UNIT. This is & vety neat
metal enclosure about the size of a Gin. cubs The
lamp and contrel gaar are in the {ep compartmant
and an opsn space with a platiorm below allows you
to inspect paper or other objects undar the UV light.
Intsnded for 230V mains cperation. Pnce £12. Ordsr
Ret. 12P35.

TWIN 13A SWITCHED SOCKET. Standard In-all
respacts and complals with fixing screws. Yihite,
standard siza and suilabls for llush mounting or in a
surfaca box. Price £1.50. Qrder Ref: 1.5P61.
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VERY POWERFUL BATTERY MOTORS. \Verd
interdad fo-cperale portable screwedrivers. Approxie
mately 2%in. long, 1%5in. diameter, with 2 good léngth
of spincia. Wil cperate with considerabls =r off
any vollags between 6V and 12V D.O. Price £2.
Order Ref. 2P458, Quantity discount 25% for 100,
RECHARGEABLE BATTERIES. AA size, pack of 4.
£250. Order Ret: 2 5P32,

BIG 12V TRANSFORMER. it is 55VA =b that s over
4A which is normal working, intarmitienty it would
t2 a much highsr amperage. Beautiful transformer,
wall mage and very well insutated, terminals are in a
plaste frame 50 canl b2 accidentaly touched. Price
£3 50, Order Raf: 35F20,

SPECIAL YUASA BATTERY OFFER. You can hava
5 x 12V Yuaza balteries, the one we nomalty sall ior
£3.580, tor £15. These batlares have a capacity of
2-3AH, Trus may be a bit fow for some jobs, but
remermber you can jom them in paralisl to gve you a
higher amparage. Order Rel: 15P77.

CHARGER FOR YUASA BATTERY. This battery
charge: plugs imo a 13A socksl, charges at approxi-
malsly 1/2A sa it would charge this battery ovemight.
gggsge!e with Croc clips, ready 10 go- £5. Ordar Rel:
3 .

GROV/ERS PLEASE NOTE: Wa now have a vary
useiul 100W soll haater. This Is essertially 5V 204
powst supply, complately encased and with buit-n
cooiing fan. We supply wﬁh it 10m ol cable with in-
structiens on how 1o F 10 give the moom-
mended 16W per sq. . or 5'.'-‘ persq. i ora very low
2-5W per sq. it Prica for complete i.cu. £15. O:der
Fal: 15P78.

BIG 12V TRANSFORMER. It is 55VA s0.over 4A.
Beautifully mads and well insulated. Live paris are in

-a plastic frama 0 cannot be accidentaby touched

€350, Order Rek: 3.5P20.

TWIN 13A SOCKET. Goc< British make, whita, quit

standzrd size $o0 suitable for fush mounling or In a

surface box. £1.50. Ordar Ref: 1 .5pb61.

imA PANEL METER. Approximately 80mm x 50mm,

front ergraved 0-100, price €1.50. Order Ref: 1/16R2.

LIGHT ALARM. Or it couid be used to wam when

any cupboard door is opaned. The Bght shinsg on

the unii mzkes the bell ring. Commo’y buit and

;eargy cassd, requires only 2 battary, £3.'Order Ref:
P155,

VWATER LEVEL ALARM. Be R bath. sink. cetar,

‘surmp or any othar thing that cou'd flocd. This device

will tell you when the watar has nsen 1o the e&esem
level. Adustable over quite = useful rangs.

cased for wall mounting, ready to work when batiery
fitted. €3, Omdar Raf: 3F1586.

BIKE RADIO. In fact, i’s mofa than a radip, Ii's an
a;a:mandasi;o{bqht'rhemuazscmery tad.
of course, and naeds 3 AA cells, Only one band bul
this is the FM band so will recaive Ragio 1 and 2.
Comes complaia with handiebar fixing cips_ Price £4.
Ordar Ref: 4P72.7

PHILIPS 2in. MONITOR. Noi cased, . but it s fna
frame for fack mounting. It Is high resolution and was
made 1o wok with tha 1BM, ‘Ona par disk” computen
Price £15, Ordsr Rel: 15P1,

METAL CASE FOR %In. MONITOR. Suppled a5 a
fiat pack. Pnee £12, Ordar Rk 12P3.

TELEPHONE EXTENSION LEAD. Nicely made and
87 approved. Has the plug Into BT socket one .end

_and the telenhone socket the othsr end, total length

12m. £2. Order Rel: 2P338

INSULATION TESTER WITH MULTIMETER. In-
tematly gensrales voltages which enabia you to re=d
insuiation cirectly in megohms. Tha muimest has
four ranges AG/DC voits, 3 anges DC m#amps, 3
ranjes fesistance and 5 amp range. Ex-Britsh
Teiecom bul in vary gooo eondition, lested and
guarantead, probably cost al ieast €50 azch, yours
for only £7.50 with laads, camying case E2 each
Crder Reh 7.5P4.

REPAIRABLE METERS. e -have some of the
above tasters but faully, not working on all rarn;es
should bs repairable, we supply giagrams. £3. Ordzr
Rel: 3P178.

FOR QUICK HOOK-UPS.

You can't beat leads with a

croc ciip each end. You can

have a saf of 10 Ilsads, 2

exch of 5 assorted colours

with insuisted crocodids clips ~
on sach end. Laad fength

agom, €2 per sel Order

Raf: 2P459. s
RECHARGEABLE MICAD AA BATTERIES. You
can hava thase at a bargain price of 50p gach, i
you have to buy a pack of 10 which would give you a
12V rechamaabie battary. Howevar, it is guita easy 10
dwida im0 2 x BY ‘eso;w,xrz\l
rechargeables. Order Rsl: SP287. Mads by Varta.

A REALLY POWERFUL ROTATOR. It is = mains
molor, ratad 2t 1200W, which maans that it wouk
tzckie Jobs requinng up to 1% h.p. ltrevs at 2500 and
is reversitia and 1t can be used honzoniefy Of vert-
cally and although it is 3 very pawedul motor, it will
6o any job requiing up to this anx:uruo!pcwmr
providing, of course, you have the mom for . '
64in. diameter and 6in, bong. It has a mounting plate
and 2in. spindia coming cat of one end. To the other
end is a fan. but this could b2 removed and you
veould then have ancther spindie. Prica €14, Order
Ra!: 14P1.

1.3-6¥ MOTOR WITH
GEARBOX. Mpotar s
mounted on tha gsarbox
wiich has Imerchangezbia,
gears giving & range g
spesds and motor torqu
Comss with full instructiohs
for changing gears and
calculatng spesds, €6
Order Ref 7P25.

TERMS
Send cash, PO, choque O quoia credi card number
- grdats undar £25 add £3.50 servite charge

J & N FACTORS

Pilgrim Works (Dept. E.E.}

Stairbridge Lane, Bolney;
Sussex RH17 5PA

Telephone' 01444 883"965
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FCT BOOK SERVICT

g

| BOOK OF THE |
| MONTH |

: £1 off if‘-pur?qhase_ci beféré 1
" August 31, T999

HOW ELECTRONIC THINGS WORK ... and
what to do when they don‘t

Robert Goodman

At some time or another, almost every
howsahold electronit product, be it your VCR,
your PC, or your cellular phone, will ex-
perience some typ2 of glitch. Many of ths
so-called extensive repairs made by high-
priced repair shops actuslly involve adjusting
a fews components or replacing a fevw cheap
parts. Other timss the problem is beyond ihe
average do-it-yourseler, and zn expert is
required. The trick is knowlng hovs and when
to perform the repzir yourself, and when 1o
call in the pros. This book will provide
the dp-it-yourselfar with a heavily illustrated
guide to parforming basic troubleshooting
and repair on the most common electranic
equipment, safely and cost-efectively. This is
an American publication.

# Provides a basic intreduction 10 trouble-
shaoting and safety requiremenis.

+# Provides a briel overview, easyto-use
schematics and photographs for sach of
the most cormmon household devices.

* Written for a novice do-it-yourselfer and
assumes no prior troubleshooting and
repair experience.

% Contains the most common problems znad
solutions for each device discussed.

260 pages (Order code MGHI)

£16.99

EPEBOOKS |

TEACH4M No. 7. plus FREE SOFTWARE 3
ANALOGUE AND DIGITAL ELECTRONICS COURSE
{published by Everyday Practical Electronies}

Alan Winstanley and Keith Dye B.Eng{TechJAMIEE
This highly acclaimed £PE Teach-In serizs, which inchuded
the construction and uss of the Mini L2b and AMicro Lab
test and developmant units, has been put tog=ther in
bock form. Adddicnally, EPT Educationz! Software have
d=velopad a GCSE Electronics software program o com-
pfimeny the coursa and & FREE DISK covering the fiest v
parts of the coursa s included with the book.

An interesting and thotough ttorial series aimed spacic
fically &t ths novice or complete baginner in electronics.
Tha series is designed 1o suppon thess undenating either
GCSE Electronics or GLE Advanced lLeveis. and staris
with fundamental principlos.

If you zre taking efectronics or technology at school
or college. this book is for you. H your Just want' to
leain the besics of slectranics-or technalogy you must
Take sure you sea it Tezch-in Mo. 7 will be invalushle
f you are considering 8 career in electronics or aven
if you are already training in cne. The Mini Lab znd
software enable the consiruction and testing of bath
demeastralion 2nd develspment circuits. These feam.
ing aids bring efectronics to fife in an enjoyable and
interesting way: you will both se2 and hear the efectron
in action] Tha Micro Lab microprocessor add-on system
will appaal to higher laval studants and these davelop:
;nb%mi-:rgprn:eisor projects,
180 pagss Oidércode 17, £265

PRACTICAL REMOTE CONTROL PROJECTS

Ovwen Bishop L
Providas a wealthvef circuits and circuit modules for U= i’
remote control systerms of aff kinds: ultrasonic. Infra-
red, optical fibre, cable and radio. There ara instructions
for bulding foutesn novel and practical remote control
projects. But this is not all, as each of thase projects
-pronides & model for building dozens of other ted
circuits by simply modiying parts of the design siightly to
£uit yout own requirements. This book talls you bow.

Also included are techniques for connecting a PC 10
& ramote control system, use of a microcontoller
in remate control, as exempiified by the BASIC Stamp.
25 the epphication of ready-made npe-approved $180Hz
fadio transmittdr and recedver medules to remotas control

£y5iEing. .
160 pagas Order cove BPA13 £5.99

PRACTICAL ELECTRONIC MODEL RAILWAY
FROJECTS
A. A. Penfold = 3
The aim of this book s to provide the model raitway
enthusiast with a number of ussful but reasonsbly simple
Projscts that are emily constructed from readily svailable
components. Stripboatd layouts and wiring disgrarns zra
pravided for each project. The projects covered includs:
constang voliaga controller; pulsed controlier; pushbuttan
pulsed controiier; pulsad controller vith simutated inertia *
momentum and braking; automatic signals; stsam whistld
scund effect; two-tana hom sound effect; automatic tyio-
tona hom effecr: sutomatic chuffer.

The final chapier covers the itkcressingly popuizr =ub-
ject of using 2 computer 10 control a mode| rasteay
inciuding circuits for computer-based contraiiers and sig.

nafling 5y=2ams. ¥
151 pages Dider.code B384 £499

A PRACTICAL INTRODUCTION TO SURFACE

MOUNT DEVICES

Bill Mooney A
This bock tates you from the Smplest possible starting
point 1o 8 high level of competance in handworiing with
surface.mount devices (SMI's), The wider subject of Sk
technology is aiso uced, SO grving 2 fealing Tor s
dzpth and fascination

Subjects such 8¢ pob. decign, chip control, soldering
t=chriques and specialist toois far SM are fully axplained
and devsloped as the book progresses. Some con-
structional projects are aiso intludsd.

Whilst the boak is mainly intended as an introduction, it
is sis0 20 invaluabls mference book. and the brawsar
shouid find it engrossing. r

£4%9

120 pazes [ OrifereadzBPaT)

PROJECT CONSTRUCTION

FAULT-FNDING ELECTRONIC PROJECTS
R. A. Penfold d i : ]
Swarting with meshanizal faults such o5 diy | jowts,
shor-carcuits ele, toveraga includes linear circults, using d
meler 10 make voltags checks, signal tracing tachniques
and fzult finding on logic circuits. Tha final chapter covers
ways of testing a ¢ range of glgcromc companants,
such as resatars, capaciters, operational smpiifiors,
diodes, transistors, SCR= and fnacs, with the aid of aaly a
limited amount of test equipmént

The constructian and Lse of & Tristate Continuity Tester,
a Slgdn.-.l Ttacer, 5 Logic Probe and 3 CMOS Tester are also
included.

135 peges Order. code BR331 £4.99
TEST EQUIPMENT CONSTRUCTION
R A. Penfold

This book describ=s In datail how to construct soma
simple and inexpensive but extremsly useful, picces of
test equipment Stipbasid layouts are providsd for
all designs, togsther with wiring dizgrams where ap-
propriate, plus notes an corstruction and uss,
folloving designs are included:«

AF Generstor, Capacitance Moeter, Test Banch Amplifier,
AF Freguencv Meter, Augio Mullivolitmster, Analogue
Prots. High Rasistance Voltmzter, CLIGS Probe, Fransis-
tof Testar, TTL Proba.

The designs are suitabé for bath naweomars and more
exparisnced hobbyits.
104 peges £3.99

HOW TO DESIGN AND MAKE YOUR OWN PC 83
R. A. Fenfold

Dzzls with the simple mathods of capyi
bosrd designs from magarines and s, and Covers
alt aspects ‘of simple p.c.b. construction including photo:
graphic methods and d2signing voui cvm pebg

65 pages Ditercode BEIZY £383

gLiC;RCﬁIOPROJECI’ BUILDING FOR BEGINNERS
‘ enfold
This b-ow:::| 8 for complata beginnars to slectronic pmiz-:ti
buikding. it provides a complats introduction to the practica
side of this fascinating hobby, intluding the following topics:
. Caomponent identification, and buying the nght parts;
Resistor oclour codes, capaciior value marongs. ete; Advice
on buying the richt tools for the job; Soldesing, with sdwize
on how to produce good joints and avord “dry” joints?
Making sasy viork of the hard wiring; Construction methods.
including strighcard, cusicm pented circull beards, plain
matrix boxrd, surface mount boards and wirewranping:
Finishing off, and edding panel labels: Ge h?a"’gmblwf'
E:'cgecu to werk, inchuding simpls mathods of fautt-finding:
fact ner,'.hs’i;gdmmed 1o ke Iny Oridsr fo et started in
1his absarking and creative hobibry.

135 pages Chrdes code BF392 £4.95

printed Tirguit
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The books listed have been
selected by Everyday Practi-
cal Electronics editorial staff
as being of special interest
to everyone involved in elec-
| tronics and computing. They
are supplied by mail order
|t_o your door. Full ordering
| details are given on the last
| book page. ‘

'FOR A 'FURTHER SELECTION |

OF BOOKS SEE THE NEXT
TWO ISSUES OF EPE,

Note our UK postage costs
just £1.50 no matter how
many books you order!

[ RADIO/TV
VIDEO

*ELECTRONIC PROJECTS FOR VIDEO
ENTHUSIASTS
R. A Penfold 5 -
This provides & number of practicsl designs for
.video accessories 1hat will help you get the best results
from your camcorder and VCR. All the projects use
InExpEnsive components thal are readily svadable, and
thay are easy ta canstruet. Ful] construction details are
provided. including stripboard layouts and wiring dia-
grams. Where appropriste, simple setting up procedures
sre descnbod in detail; no test equipment is neaded.
The projects covered in this book inciude: Four channel
- audio mixer, Four channgl stereo mixer, Dynamic noise
Bmiter (DNL), Automatic autio fader, Video faders, Vidso
wipers, Video crispenes, Meins power supply unit

189 psgas Order cads BPISE
SETTING UP AN AMATEUR RADIO STATION
1. D. Poola

“Tha alm of this took Is to give guidanca on the decizions
which have to be made when sstting up any amateur
radic or shont wave fisiening staticn. Often the ax-
.Eeriance which is nagded is lsarned by cne's mistaies,
owever, this can bs sxpensive. To halp cvarcome this,
guidance is ghven on many aspects of satting up and
runping 2n efficiént station. It then proceads ts the
-Is;egs that n2ed to ba taken in gaining a full transmitting
icence. ‘

Topics caversd incfude: Tha aquipment that is
needed; Seuing up the shack; Which- acridls to use;
Methads of construction; Praparing for the licence.

An zzsential sddition 1o the library of all those taking
the’r first staps in amataur radio.

a8

88 pages £3.55
‘EXPERIMENTAL ANTENNA TOPICS
H. C. Wright

Althoush nearly 3 censury has passed since Marcanis firet
damgnstration o radic communication. thars s still e
‘saarch &nd experiment 1o be caried out in the figld of
antgnng design and behaviour.

The eim of the expenmentar will bs (o make a
messurement oF confwm a prinzipls, and this can be done
with relatively fragile, shon-life apparatus. Bacauss of this,
devices described in this book make liberal uie of
‘cardboard, cooking foil, plastic botties, ca1 food tins, stc.
These materials are, in genesal, cheap to chtain end easily
ovorked with simple taols, entourzging the trisk-and-arror
philosophy which lezds to innovation and discovery.

Ahhcugh primanly a practical book with closely
-supportsd by disgrams, somaz formulas wh ean be
used by straightforward stitution and same smpls

raphs have aiso bean includad. >
2 pagss Ordér code BPZI £3.50

ES'iIPaPll.E INDOOR AND WINDOW AERIALS
. ML Noll
Many pecple lve in Bats and apartments o cther types of
‘accommodation whare ouldoor aerials ara peohibited, or
-8 Iack of geeden space etz prevents asrials from being
dréczad. Thes does not mzan you have to forgo shomtvave
fstenirﬁﬂfar even 8 20-foot l2ngth of wire stretched out
along shirting board of & room can poduce accept:
ahiz results. Howeser, with some addona! effort and ex-
‘pairnentation one-may well be abie to improve parfor-
smianees further

This concise book tests tha story, and shaws the reader
herw to construct and 12 25 indoce and window seriais that
the author has proven to be sure performers. E

Muoch information is also given on shormwanve bands, aerial
ditectivity, time zones, dimensions el

50 pages Ordes code BPI136 £1.75
847



TWO EXCITII

G BOOKS

Specially imported by EPE

Bebop To The
Boolean Boogie

By Clive {call me Max) Maxfield
ORDER CODE BEB1 £24.95

An Unconventional Guide to Electronics
Fundamentals, Components and Processes

The Foreword by Pete Wadde!l, Editor, Printed Circuit Design, reads:

“Personally, | think that the titfe of this tomea alone (hmmm, a movie?}
should provide somz ing:l as to what you can expect. But, for those
who require a bit mare: be forewamed, dear reader, you will probably
leam far more than you could hope lo expsct from Bebop
fo the Boolean Boogie, just because of the unique approach
Max has to techini material. The author will guide you from
the basics through a minefield
of polentially boring thsoretical
mish-mash, to a Nirvana of
understanding. You will not suf-
fer that fate famlliar lo every
reader: re-reading graphs
over and ovar wondering what
in the world the author was
trying 1o say. For a limey, Max
shoots amazingly well and from
the hip, but in a way that
will keep you interested and
amused. If you are not vigiiant,
you may not only learmn some-
lIning, but you may even enjoy
| the process. The only further
+ advice | can give is to ‘expect
v algE N the unexpeclea’.” 5
s, g M ; This book gives the “big pic-
ture” of digital elecironics. This
indepth, h;ghly readable, up-to-the-minute guidz shows you how
electronic devicas work and how they're mads. You'll discover how
transistors operate, how printed circuit boards are fabricaled, and
whal ths innards of memory ICs look like. You'll alsa gain a working
knowledge of Boolean Algebra and Kamaugh Maps, and understand
what Reed-Muller logic is and how i's used. And there's much,
MUCH more (including a recipe for 2 truly great seafcod gumbof}.
Hundreds of carefully drawn illustrations cleary show the impor-
tant points of each topic. The author’s tongue-in-cheek British humor
makes it a delight to read, but this is & REAL technical book, ex-
tremely detaited and accurate. A great reference for your own shelf,
and. also an ideal gift for a friend or family member who wants t0.
understand what itis you do allday. . . .

BeBROpP B

BOOLEN
BOOGH .

By importing these books ourselves we have managed fo
make them available in the UK al an exceptional price.

Bebop Bytes Back

By Clive *Max" Maxfield and
Alvin Brown

ORDER CODE BEB2 £29.95
An Unconventional Guide To Computers

Plus FREE CD-ROM which includes: Fully Functiopal
Internet-Ready Virtuai Computer with Interactive Labs
The Foreword by Lee Felsgnsteip reads: »

1. The more time you spend with this book and its accompany-
ing CO-ROM, the more you'll get out of it. Skimming through it
won'l lake you where you want to go. Paying serious atiention, on
the other hand, will teach you more about computers than you can
imagine. {You might also see z few besuliful sunrises.)

2. The iabs work on two levels: on and under the surface. Wien
you're psriorming the labs x

you'll need to look for pat-

terns that build up from in- Bebop y [ ES Baﬁk
dividuat events. Ty

3. When you're done, GUVLNGNGIHATAER %

Lomputers

ou won't look any different.
ou won't get a trophy or a
ceriificate to hang on your
wall. You'l have some
knowledge, and some skill,
and you'll be ready to
find more knowledge and
develop mare skill. Much of
this will be recognisable
only to someone who has
the same knowledge and
skill.” 3

This iollow-on to Bebop
to the Boolean Boogie is a
multimedia extravaganza
of information about how
computers work. It picks 1
up where “Bebop I"” left off, gquiding you through the
faseinating world of computer design . . . and you'll have a few
chuckles, if not helly laughs, along the way. In addition to over
200 megabytes of mega-cool multimedia, the accompanying
CD-ROM ([for Windows 95 machines only) contains a virtual
microcomputer, simulating the motherboard and standard
computer peripherals in an extremely realistic manner. In
addition to a wealth of technical information, myriad nuggets of
trivia, and hundreds of carefully drawn itlustrations, the book
contains a set of lab experiments for the virtual microcdmputer
that let you recreate the experiences of esarly computer
pioneears.

If you're the slightest bit interested in the inner vorkings of
computers, then don’t dare to miss this one!

POSTAGE

VALVE & TRANSISTOR AUDIO

AMPLIFIERS

John Lintley Hood

This 15 Jokn Lingley Hood's areatest work yet, describin:
the milestones that have ed the dgvelopment o%
sudio amplifiers tince the eazliest days to the latest
systerns. bncluding classic amps with valves st their hoart
and exciting ney designs using the ktest componenis,
ihis book & the complete world guide to audio amp
deaign.

Contents: Active components; Vahes or vacuum tubes;
Solid-state devices: Passiva compoaents; induitors and
transtormers; Capacitors, Resstons, Switches and electri-

contacts, Voltage amplifrer tlages using valves;
Vahe audio amplifier layouts; Negative feedback, Valve
opersted poveer amplifiers; Solid 51312 vortage amplifiers;
Early sofid-ststa audio amplifisrs: Contemporary power
%mpliﬁer designs; Preamplifiars: Paner supplies (FSUs);
SHax

250 pages Ofifer. code NE24 £19.99
AUDIO AMPLIFIER PROJECTS
R A. Penfoki

A widz rangs of usehld sudio ampidfier projects: sach projedt
features a cirout disgram, an explanstcn of the cintuit
operation gnd 2 stripboard layout diegram. Al construc-
toral gatsds are peovided along with a shopping st of
components, and nona of the designs requres the use
of z7y =651 equipment In cider 10 se! up propedy. Al
tha profects sre desigaed for straghtferward 2ssembly on
smpds orelet bosrds

848

Audio amd Music

Circuits inddude: High impedance mie j=samp, Low
imgedance muc preamnp, Crystal mag . Giiar and GP

llﬁ_aa&mpﬁfwt, Scraich and rumnble filter, AIAA presmplifier,
E

e preamplfier, Audio Bmiter, Bsss snd teble tons
controls. Loudness filter, Lowdness control, Simpla graphic
aquakger, Have audio mixeg Small (300mYY}-sudia pawer
sy, 8 walt sudio power amg;:m walt power amp and
posar supply, Dynamic noe Emite = :

A mus! for sudio anthuesiasts with more sense than
money! ;
118 pages

Deder code PC113 295
MAKING MUSIC WITH DIGITAL AUBIO
fan Waugh
In thes pesetical and o wniten book, Lin Waugh explains

all aspects of tha subgect from digital audio basiss 1o putting
ther & system o Suil your Qwn MUSKC TEGEEmants.

Usirg the minimum of techncal language, the bock explains

e:g%r,' wihEt reed to knove abouts Sound
3 . Bazc digital recording principles, Sampie rates and
resolutons, Consumner sound cards. and cated dighal
audio cards.

On a prattical level you will lesm absut: sampls -edit-
ing. digital multi-racking, digital FX procasting. integrat-
ing MIDI and digital sud:o, using sample CDs. mastening

.o DAT and direct 19 CO, digitat audsp and Multimediz,

This beok is for avery missizisn whd wiints @ be a part
of the most imponant dweiogmem in musk tince the
inwention of the gramophane. 's affordabla, it's flaxible,

@'s powerful and it's hars nowl I's dicital and it's the

finture of music making, ]
255 pagds Orider coda PE1T4 £14.55
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€150

(UK postage)

NO MATTER HOW
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YOU ORDER

Overseas Readers see
‘ORDERING DETAILS on the
next page for overseas

er order ’
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CIRCUITS AND DESIGN |

AN INTRODUCTION TO PIC MICROCONTROLLERS
Robert Penfold

Dasigning your ovm PIC based 1s MFy $E=m S
daunting task, but Tt s reafly not mocf it providing you
have some previous experience of glectronics. The PiC
peocessors have plenty of useful festures, but they are still
reasonably and straightforsard to use. This book
should contain everything you need 10 know,

Tepics coversd inctude: the PIC register set; o
sysisms; bitwise operations and retsticr; the PYC irstruction
81, using intemupts; uts;‘zg the andlogus to dighs! coaverter;

Lsing

ciock circuits; re2] tima clock countar (RTCG;
wsing subrowtings; driving geven segment displays

155 pages Order code 8P333 £5.99
PnAcTtC,ALrOSCILLATOH CIRCUITS

Etensrve Conerage is given 0 CIFCUlS UG CERasitons and

esisiors 1o cootrel frequency Designs usirg CKIOS, Bimer

Lc.s and op.amps are sl descrived m detad, with 2 special

chapter on “wavelorm ics Raliahle “white” a5
pink” nose genesstor Cirouits are aLsa inclidedt,

Varigus circuits using induciors and capsortors are
covered, with emphasis on stable low !requmcv gener-
stion. Some of thase ore amaingly simple, but zre still
vu\v tseful szgun;\l SOUITES.

tors have their own chaptan Many of the
circuits Lhn-wn are readily avaiiabla special ies for
simplicity and refiability, and cffer sevessl output fre-
quencies. Finally. complete constructiona!  detaits are
given for an sudio sinewave generator e

133 pages Order coda BP393

PRACTICAL ELECTRONIC CONTROL PROJECTS
Owren Bishop
Explains slectronic control  theory In simple, non-
mathematical terms and is illustrated by 30 praztical
designs suitable for the student or hobbyist to
Shows haw 1o Use sensors as inpu to the control S‘,-stem
and how 1o provida gutpui to lamps, hesters, solencids,
telays and motors.

Computar based control is explained by preciical

that can be nm on s FC. For stand-alono

Tystens, the projects wse microcontmollers,  such
as the inex 5 and ezsy-loese Stamp  BASIC
microconirotler. These profects are chosen to introduce
and demanstrate as many 3spacls as possiblé of the
programming language techniques. =
158 psges Qridsr.code BFITF £5.89

PRACTICAL ELECTRONICS HANDBOOK -
Fourth Edition. lon Sinclair
Contains all of the everyday information thst:snyona
Working in elactronics will

It provides & practical and comprehensive coliestion
of circuits, rules of thumb and design data for profes-
sional enginears. students end enthusaists, and thare-
fore enough background to allow the understanding dnd
deveiopment of & range of basic circuits.

Contents:  Passive companents, Active  discrete
compohents, iscrete  component ciccuits. Sensing
compenents, Linsar LEs, Digial LCs, Mrcroprccessars
and microprocessor systems, Transferring digital data,
Digital-analogus  conversions.  Computer  aids  in
efactromics, Hargvars components and practics! m:d‘..
Standard metnc vare 1atle, Bhliography, The HEX scate,

Indax.
420 pages Chder code NE21 £14.99

SOBILQFSIGN AND CONSTRUCTIONAL MANUAL

abani

A complete book for the home condtrucior on “howsto
make” BE IF, zudio and powes coils, chokss and trans-

fmm Practically every possible type s discuszed and

caloutstions necessary are given snd expisined in detsi

Althcugh this Look s now twenty years old, with the

exczption of tofroids =nd pulze tramsformers little has

changad In coil desian since it was whtlen,

95 pages Orider code . 160) £3.93

OPTOELECTRONICS CIRCUITS MANUAL

R 1. Marston

A w32ful ;ngha@‘umn guide to the optoslectronics
device user ically aimad 2t the practical dasicn
enginger, Yechnician, and the experimentsar, as well as tha
elactronics student and amatewr, h deals with the subject
in an easy-to-read. down-ig-earth, and non-mathematical
ye! comprehensive mannser, explaining the basic prin:
fiples and charactenistics of the best known devices, and
presenting the reade: vith many practical spplications
and over 200 circuits. Most of the les and other devices
wsed ar@ inexpensive and teadiy availabie typss with
universally recoguised typs numbers

152 pages Orides code NE14 £14.99

“to seem rathar ahstract, and
.appiications. This book covers the basic theory of digital

OPERATIONAL AMPLIFIER USER'S HANDBOOK

R. A Penfold

The firet pen of this book covsrs siandard operationdl
ampifer based “building blocks™ [integratcr. precision
rectifies, function generator, ampldiers, etc), and con-
siders the vays in which modetn devices can be used

10" give supenior performance n each one. The second

g=n describes a numter of pra.r-cal circuits that 2xploft
modern operabanst ifiers. such a5 high slew-rats,
ulira fow noise, and lgw input olfset devices. The peajects

‘include: Low noise 1aps preamplifier, low noisa ALAA
de.

przamplifier, sudioc power povRr cone
trollers, opto-isolator audie fink, audic miliivolt meter,
t=mperature monitor, low distorticn Fudio signat ganer
101, simpla video fa2er, and many more,

120 gages Order coda BP335 £4.95

A BEGINNERS GUIDE TO CMOS DIGITALICs

f A Penfold

Gatting started woth Jogic circuits can ba difficult, since
many of ths fum!amem.a! concepts of digital design 1254
remote from obmuslv usaful

electronics and the usa of CMOS m(:;,-vamdt:mms but
does not loss sight of the fact that digital electronis has
numarcus “raal viord” applications.

Tha topics coverzd in this bock includs: the basic can-
cepts of logic circuitss the functions of gates. inveners and
other fotic “buikiing blccss™; CMOS lngfc ke, characiaris.
‘ticz, and their advantages in px—acL:aI circurt design; oscil-
1stnes and monostables (omars); fipfiops. binary dividers
and binary counters; decads counters and display drivers.

Tha emphasts is on 3 practical treatment of the subject,
and gl the Gircuits sre based on “resl™ CMOS devices A
aumber of the cireuits dzmonstrata ine uzs of CHOS loge
i.c5 in practical sppfications,

H3pegas Order code BP333 £4.85

" AUDIO AND MUSIC

ANTRODUCTION TC DIGITAL AUDIC

{Second Edition)

lan Sinclair

Digital recording-methods have existed: for many yaans
and have become familiar to the professionsi recording
enginecr. but the compact dise (CD) w2 the firet devics to
being audio methods into the home, The next stsp is the
-pp zrance of digital audio tape {DAT) equipment.

All this devalopment has involvad methods and cireuis
that zre totally alien to the techniian of kesn smateer
who has previcusly worked with avdio circuits. The
ciples and practices of d"lgnal audio gvre ftil2 or na
1o the traditionai finear circuits of the past. and are Much
more comprehansible 10 today's computer enginesr than
the older genaration of audio engineers.

‘This bosk is inended to bridge the gap of underxtsnd-
ing for tha technician and enthusizst. The principles and

{mail order only).

. BOOK ORDER FORM

BOOK ORDERING DETAILS |

‘Our postage price is the same no rmatter how many baoks you order, just 2dd £1.60 to
your rotal order for postage and packing (overseas readers add £3 for countries in the
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO,
cheque, international money order (£ sterling only} made payable to Direct Book Service
or credit card details, Visa or Mastercard — minimum credit card order is £5 ~ to:

DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW

Books are normally sent within seven days of receipt of your order but please allow 28
days for delivery {more for overseas ordsrs). Please check price and svailability (see latest
issue of Everyday Practical Electronics) before ordering from old fists.

For a further selection of books see the next two issues of FPE.
DIRECT 800K SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749
Fax 01202 841692. Dué to the cast we cannot reply to overseas orders or queries by Fax.
E-mail:editorial@epemag.wimborne.co.uk

I . T T

:=Full'n§me: ey S R Sl e gl e e T L S SR S e

:‘Addreszr...... -t i

: .. Talephone No : ,}
| SIQIBRUELE! oo eottii et Praversiai i ok St i34 b . s P RN |
:D } enclose cheque/PO payable to WIMBORNME PUBLISHING LTD 67 € vovovvcvvencriceccecencs - ::
1] Pleasa charge my Visa/Mastarcard £ . s ooi- ard axpiry date ceoeunn...... th fm e 1
| Card i RN b e e e e e v o P )1 i i o o it e I:
]l Plesse send book order codes:. . rmmite i rniepinn e 2 A5 iy :
! ~ ‘Plase cominue an separate shagt of paper if necessary, a1l
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1164 pagss

methods are expleingd, bat the mathematical background
and thacry = avoided, othsr than 1o state tha end prodict.

128 pages £7.55

PROJECTS FOR THE ELECTRIC GUITAR

- Chiastwin

This book 5 for anyane intsrestad in the alectric guitse It
explaint how the slectronic functions of the instrument
work fogether, and Includes information on the varous
pukumand transducers that can be fitted. There 2re com-
plats circuit dsagmms for the major types of insrumaent.
as well 35 a saizction of witing modifications and pickup
switching circuits Th2se can be usad (o help you create
vnu own custom winng.

Alang with the electric , sections are also in-
clud=d r:tanng 1o zcoustic imstruments. The function of
speciaiised oalactric pickups is explsined and there
are ds=tailed instructions on how to make your oam
contact and bridge transducers. The projects range from
simple preamips ard tone boostars, 1o compiate active
controts znd equakiser uaits.

&2 pages Ordes coda BP358 £4.95

M1DI SURVIVAL GUIDE
Vi Lennard
Whexherémﬂz & beginna: ar a seagoned pro, the MIDI
Swrvival Guide shows you the vay. No maths, no MID!
thaoty, just pra advice on starting up. ssting up
and endmg up with a wotking MIDI systemr

Ovar &0 cabling dizgrams. Connect Synths, sound
moduies, sequancers, drum machines and muhitracks.
How to budgst ond buy secandhand. Using switch,
thru and merger boxes. Transfer songs batwesn
difforent 2aquencsrs. Get the best out of General MiD).

Urdarstand MIDI implemantation charts. Ko MIDI
theary.
104 pages Tampocarily out of print

PRACTICAL ELECTRONIC MUSICAL«

EFFECTS UNITS

R A Penfold

This book provides ‘prlgtn:ai circuits far 2 number of
tectronie musical effects units. All can be built &t reta-

nvely fow cost, and use standard, rezdity availshlz com-

nents. The p:uf—cu covered include: Waa\WWas Units;

istortian Units; Pheser; Guitar Envelopz Sha é.m:

Compressai; Tremolo Unit; Metal Effscis Unit

ang Treble Boosters; Graphic Equalisess Parametric

Equaliser. The projects ogvor 8 range of complexities,

but mast #re wall within the capabililies of the average

electronlcs hobbyist Mone of them require the wse of

test equipment and several are suitable for near

baginnars.

02 pagas

Orifér cooe BPIbE £4.95

‘LOUDSPEAKERS FOR MUSICIANS

Vivan Cepel
'This book contains al! that s working musician needs to
know sbount loudspeakers; the different types, how they
vwork, the most suitabis for ditferent instruments, for
cabaret work, and for vocals. li-gives tips on comstruct-
ing cabinets, witing up, when and where to usa vad-
dirg. and when not 1o, whai finings are availlsblz, finish-
ing, how to ensure they travel vell, how to connect
muiti-speaker arrays and much more.

Ten practical anclosure designs with plans and com-
meznts are given In the last chapter, but by the time
you've réad that-far you should be aklzs 10 design your

ownl
Ovdes code BP2GT £4.99
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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
tearning both easier and more enjoyable than pure texthook or
magazine study. They have proved particularly useful in schools,
colleges, training departments and electronics clubs as well as to
general hebbyists and those following distance leatning courses ete

BASICS

V7201 to VT206 is a basic electronlcs course
and Is designed to be used as a complete
series, H required.

VT201 54 minutes, Part One; D.C. Clrcults,
This video is an absolute must for the begin-
ner. Serles circults, parallel circuits, Ohms
law, how to use the digital multimeter and
much more. Order Code VT201
VT202 62 minutes. Part Two; A.C. Circuits.
This is your next step in understanding the
basics of electronics, You will learn about how
coils, transformers, capacitors, etc are used in
common circuits. Order Code VT202

VT203 57 minutes. Part Three; Semlcon-
ductors. Gives you an exciting look inte the
world of semlconductors. With basic semicen-
ductor theory. Plus 15 different semiconduc-
tor devices explained.

Order Code VT203

VT204 56 minutes. Part Four: Power
Supplies. Guides you step-by-step through
different sections of a power supply.

i Order Code VT204
VI205 57 minutes. Part Five; Amplifiers.
Shows you how amplifiers work as you have
never seen them before. Class A, class B,

class C, op.amps. etc.  Order Code VF205
VT206 54 minutes. Part Six; Osdillators.
Oscillators are found in both linear and digi-
tal circults. Gives a good basic background in
oscillator circujts. Order Code VT206

———

—

P each
inc. VAT & postage

: Order 8 or more get one extra FREE |
Order 16 get iwo extra FREE
S e

e e ——

VCR MAINTENANCE
VT102 84 minutes: Introduciion to VCR
Repair. Warning, not for the beginner.
Through the use of block diagrams this
video will take you tlirough the various
circuits found in the NTSC VHS system.
You will follow the signal from the input to
the audio'video heads then from the
heads back to the output. :

Order Code VT102
VT103 33 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belts in most VHS VCR's. The viewer
will also become familiar with the various
parts found In the tape path.

Order Code VT103

DIGITAL

Now for the digital series of six videos. This
series is designed to provide a good 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 circuit, 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, ete. Order Code VT302
VT303 54 minutes. Digital Three; Registers
and Displays is your next step in obtaining a
50lid understanding of the basic circuits
found in foday’s digital designs. Gets into
mulliplexers, registers. display devices, etc.

Order Code VT303
VT304 39 minutes. Digital Four; DAC and
ADC shows you how the computer is able to
communicate with the real world. You will
learn about digital-to-analogue and ana:
logue-to-digital converter circuits,

Order Code VT304
VT305 56 minutes, Digital Five: Memory
Devices introduces you lo the technology
used Tn many of today’s memory devices. You
will learn all about ROM devices and then
proceed into PROM, EPROM, EEPROM.
SRAM, DRAM; and MBM devices.

Order Code VT305
VI306 56 minutes. Digital Six; The CPU
gives vou a thorougl understanding in the
basics of the central processing unit and the
input/outpul circuits used 10 make the system
work. Order Code VF306

|

H ORDERING: Price includes postage to anywhere in the world. i

OVERSEAS ORDERS: We use the VAT portion of the dprice to pay for airmail postage
and packing, wherever you live in the world. Just sen
in £ sterling enly (send cheque or money order drawn on a UK bank).

Visa and Mastercard orders accepted — please give card number, card expiry date:and
cardholder’s address if different from the delivery address,

Orders are normally-sent within seven days but please allow a maximum of 28 days,
lenger for overseas orders.

Send your order to: Direct Book Service, 33 Grave! Hill, Merley, Wimborne, Dorset
BH21 1RW (Mail Order Only)

Direct Book Service is a division of Wimborne Publishing Lid., Publishers of EPE
Tel: 01202 881749. Fax: 01202 B41692 I
Due to the cost we cannot reply to overseas orders or queries byiFax: |
E-matll: editorfal@epemag.wimborne.co.uk

J
£34.95 per tape. All payments '
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RADIO

VT401 61 minutes. A.M. Radlo Theory. Tha
most complete video ever produced on a.m.
radio. Begins with the basics of a.m. trans-
mission and proceeds to the five major stages
of a.m. reception. Learn how the Yignal Is
detected, converted and reproduced. Also
covers the Motorola C-QUAM am. stereo
em. - Order Code VT401
VT402 58 minutes. F.M. Radlo Part 1. FM.
basics including the functional blocks oi-a
-receiver. Plus rf. amplifier, mixer csciliator,
‘i.f. amplifier, limiter and £.m. decoder stages
«of a tupical f.m. recelver. Order Code VT402

VT403 58 minutes. F.M. Radlo Part 2. A con-
tinuation of f.m. technology from Part 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 dlgital data encoding
and decoding. Order Code VT403

MISCELLANEOUS
VT501 58 minutes. Fibre Optics. From the
fundamentals of flbre optic technology
through cable manufacture 1o connectors,
transmitters and receivers.

Order Code VT501
VT502 57 minutes. Laser Technology A basic
introduction covering some of the cormmon
uses of laser devices, plus the aperation of the
Ruby Red laser, HeNe laser, CO, gas laser
and semiconductor faser devices. Also covers
the basics of CD and bar code scanning.
Order Code VT502

ach video uses a mixture of animated current
flow In circuits plus texd, plus cartoon instruc-
tion eie.. and a very full commaentary (o get the
polnts across. The tapes are imported by us and
originate from VCR Educatidnal Products Co,
an Amertican supplier. \We are the worldwide
distributors of the PAL and SECAM versions of
these tapes. (All videos are to the UK PAL stan-
dard en VHS tapes unless you specifically
request SECAM versions.)

‘Everyday PracticalElectronics!ETI, Noveniber 1999



SURFING THE INTERNET ==

NET WORK

ALAN WINSTANLEY =

HAPRY KRBIZ-MAS

T;rﬁ,wnnn Happy‘)‘).exe is the most-reported virus in Europe,
according to virus detection specialists Symantec (www.syman-
tec.com/uvcenter) — discussions of worms, Trojan Horses and
viruses (or viri/virii!) took place in earlier editions of Ner Work.

A new Windows virus called W32.Kriz.3863 (and varianis) is
siarting io appear, Symaniec says, and this particularly nasty virus
can damage critical Windows system files. Furthermors, on
December 23th it will deliver a payload by flashing the BIOS of the
host computer. Damage to a PC's BIOS (Basic Input/Output
Opecrating System) chip is disastrous. because this PROM chip con-
tains all the system configuration which is interrogated when the PC
slarts up.

A faulty BIOS can eripple a PC system completely: I'discovered
this for myseli when I installed a Philips 646 USB webcam. and
found that my PC would no longer boot up when the camera was
plugged in. Considering that USB is a hot-swappable technology, 1
was not impressed. However it became apparent that the BIOS
required flashing to update the USB handling, and after a quick-visi
to the Dell web site, all was well.

Symantec have once again posied information on the latesi virus-
es on their own web site, and as if Y2K worries aren’t enough, this
Chemnobyl-like virus is one to guard-against if your Chnsimas on
the Net is 1o be a happy one.

I-SEEK-YOU 2

Ar nearly 750,000 hits per week, [CQ (I-Seek-You) must raie as
one of the world’s most popular-programs (followed by WinZip) if
the siats at download.com are 1o be believed. 1CQ is a very useful
and customijsable “chat’ and messaging program which has a num-
ber of cute tricks up its sleeve. It is a neat and thoroughly sorted pro-
gram, and best of all — it's free! :

An ICQ user is allocated a unique digital ID number (this is the
*1CQ #23501233 " that you often see in a user’s signature) and users
can then compile a list of other ICQ users with whom they wish to
communicate.

When ICQ is started up (e.g- by dialling into the Intemet), this
Togs the usar into the ICQ network, a process which can happen
instantaneously when the system isn’t busy. After successfully log-
ging in, the network upkates your ICQ list o show you who else on
your list is also on-line at that time. Similarly those users are also
alerted by ICQ that you have gone on-line.

At this point several options become available. You can simply
fire off a quick message to any user on your list. If they are logged
on they may receive it within a few secends, and you might get a
reply say & minute or so after thay; however if they are not current-
ly connecied 10 1CQ, then the message can be delivered when they
naxt log on,

It is also possible to forward any web URLs which you think may
be of interest to other users, which is a good way of sharing web
resources. There gre also plenty of web sites which are specially
provided tc enable a sentiment {e.g. a poem or humour) to be
mailed to other users. ICQ lets you casily iransfer files (e.g. word-
processing documents or other files) to other users on your list
when they are on line. An E-mail service is also provided by 1CQ,
and you can send voice greetings when on-line too. Handy “To Do™
lists and Windows deskiop reminder notes are built in for the bene-
fit of those who run ICQ at their desks. and almost everything you
see is customisable. A reasonable ICQ search enginefacilitaies con-
venient web searches.

There’s more fun still with the ICQ Chat facility; seasoned users
will probably have used IRC (Intemet Relay Chat) but ICQ Chai adds
many amusing features. Messages can be typed in by one user which
appear in real time in the corresponding user’s window. They reply
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ithe.same way. and a conversation ¢an carry on all -night! There are
several Chat enhancements included: sound effects can be played on
the other user’'s computer, such as an attention-grabbing klaxon,
Sounds {e.g. gigpling or coughing effects) can be associated with
typed messages 100. Chai sessions can also be stored and played back
later, and like watching those pianos that play themselves, seeing the
chat unfold is quite an cerie feeling!

The versatility of ICQ doesn't’end there, however. I have some-
‘times envied a number of my American ICQ friends who leave their
ICQ connection live all day (or night). Remember that American
users can eénjoy a full-time dialled-in conneciion by paying a stan-
dard flat rate per month. If they decide to go out, they can stil! leave
their system hooked up to the ICQ network, and they can notify that
they are away by changing their on-line ICQ status - such as
“Exiended Away" or *Not Available.” If they actually need to do
some work, they can leave ICQ running and display -a “'‘Do Not
Disturb" or ' Occupied ™ message,

ca IN PRIVATE

A number of privacy features are available. You can make your-
self “invisible" to certain other users so that they are unaware of
your presence on ICQ. You therefore call the shots and can then
decide whether or not to contact them. To prevent your ICQ num-
ber from finding its way onto the lists of countless other users, you
c¢an set an oplion whereby permission must be sought first: scldom
will 1 give mine, before you ask! Hence your individual 1CQ list
develops into & selected list of friends and contacts and there is no
worry about being pestered by other users (unless you choose a
“rundom char™ session with a complete stranger).

The use of ICQ for conversing with others has its share of.dan-
gers though. There is the ever-present risk that a careless choice

.of words could be misinterpreted by the recipient, so if you wish

10 avoid any upsets or disappointments due care shouid be exer-
cised, especially with real-time ICQ Chat. Make liberal use of
-emoticons (smileys) at appropriate limes just 0 be sure. Also,
there can be delivery delays with ICQ messages sent lo ofi-line
users, so this system should not necessarily be relied upon for
important communications.

It is best to tailor ICQ 1o fit your own work patiern, and don’t feel
guilty if you simply cannot spare the time to engage in a discussion
at that moment. Everyone else on your list gets busy too, and a pat-
iemn 'of sending quick 1CQ messages usually emerges. Don't burden
yourself with a burgeoning list of users either: some occasional
housekeeping is useful in keeping the list down to manageable lev-
els. Life on ICQ can be rapid-fire and brief, or it can take up an
entire evening if desired. It's a sure way of making new friends, or
staying in touch with:existinig ones, and some users just can’t live
without it.

‘How 1o install ICQ: it is easiest tovisil www.download.com and
search for the file. There have been rumours of virus-infected ver-
sions being distributed from unofficial sites, so be sure to feich only
from trusted sources. You should also visir www.icq.com.

LINKS

Ever since Net Work started over three years ago, I have provid-
ed links for readers to check when surfing the Net In practice,
because so many web sites are now available it is proving difTicult
1o provide a constantly updated link resource in the form of the Nes
Work A-Z Index. Some links go down as quickly as they appear,
especiatly amongst hobbyist pages: users are sometimes keen lo
apnounce new sites but less eager 10 say when they are deleted. I
feel that | have gathered sufficient links together to provide a rea-
sonable resource which [ am trying to refine further. Readers’ feed-
back is welcomed by E-mail 1o alan@epemag.demon.co.uk.
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I BABANI BOOKS M

We now supply alf the books published by Bernard Banani (Publishing) Ltd.
We have ahvays supplied a selected list of Babani books and you will find
many of them described on the Direct Bock Service pages or the next two
issues of fveryday Practica! Electronics (all books vith a BP prafix-to the order
code are Bahani books). Many readars have asked us to also supply varous

Our customers tall us they appreciate our speedy servica and low postags
charge and they would lke to be abla to purchase all the books from us and
thus keep the postags charge to an absolute minimum (1.50p for UK p&p no
mattar how many books you buy). We are pleased to be able to respond;
we are now able to meet all your requirements for Babani books - if it'sin

other Babani books, which have a reputation for value for money. print we can supply it. -,
Coda  Title Prize Cods  Tide 3 e ICods Thia Prize
B8P3 50 Crewits Using Germanium, S8icoa and Zenzr . SP32  Anlntroguction io Sstefie Coqumunicstions £595 87338  Sage Instsnt Acconnting Eaplaned 1545
Dindes i1.55 8P327 DOS One Step 31 a Tims (covers Yersion 6.21 459 BPI®  Vindows ‘95 One Stap a3 Tema 45
BP3] 50 Projects using Relsys. SCRs ara TRIACS 255 EP328  Sage Explined £5.55 BPI0I  Ths incarmat and Warkd Wida Web Explainedl {565
BPed 0355 Projecss £293 £7523  Hectrone Musx Learneng Froect £4.55 BR85S How 10 Creals Fapes for tha Web Using HTML €599
BPIZS 25 Scmple Ammteur Bard Azrsls £1.55 BPX31 A Begrners Guide to MDY 1495 BRAOS  MS Warks for Viindoiws 55 expiined o
£P132 IS Shrmie SW Brosdast Band Asrgls £1,95° BPII Mg Electronss Projects y £4.95 P06 MSWord 55 Expizned E 599
£Pi¢4  Further Practicel Elestronics Caiculetons BP337 A Concisa Users Guide 1o Lotys 13-3 BP40?  Eape 55 Explaied e
& Formuian £4.55 for Windows £5.95 BRecR x & - On T =0
BP1S 25 Simple Tropicel and MW Bard Asriss £1.75 2P341  MS-DOS Expiained foovess VE.2) 599 bl ASTE 2o 0na S L aTele
BPIR2  MIDX Projects f255 EP3f5 Germting Started in Practieal Elactronics 1409 U ARG IEN T o e
EP4ES  An introduction to 65000 Assembdy Language  £295 BP34S Frogramming in Vil BASIC for Wirdows £5.95 BPE1D 35 Opeo Displey Termanal Block Proects 489
57192 Mkore Agvanted Power Supply Prossces £295 8P312  Practica! Opto-Elactroniz Projacss £4.55 BP212 & Practical Approach 1o Excal foc Windows 55 (499
57258 tsamning 1 Programin © £498 87350 Hsctron Sesrd Garmes £455 BP4TS  Using Netscaps on the Internat (6.5
BPZS3 A Concise Intrndiction 1o UNIX £445 8P352  Excsd 5 Explained E5.95 BPAIG  Practical Alerm Projects LI 5
BPIE1 A Corxste Introdhuction to Lotus 1-2.3 BPIS5 A Guads 10 the World's Radio Stanons BPLTT  Explaining Micrrsoft Pubiicher for Windows 95 £5.99
{Rervised Edision) 0 (19558 Edwon} £5.5% BPI18  Voeo 95 Assisam £5.93
8PZ62 A Concia letroduction o Werdpariast BF352  Access Cor Steg st a Time £3.85 8P419  ismg Nicroach Explorer on the Internat £5.599
{Ravised Edision] £395 EP353 Practicat Bectronic Music Prejacts Ques BP420 E-Mail onthe Intemst 6.5
BPY3  Practcal Bectroric Sensors 2465 ‘BPSST  Elecuronic Proiects for the Garden .9 BRI Windows U5 Asssras: 1695
iIPQ?S Sargre 9‘!‘ Wrree Recaiver RustiQ £395 ‘EVSH! T Su‘whq Rato Mandbook £4.55. £P422 Ementiaty of Computer Security S
SPZB1  An Irtroduction 1o UHFVHF for Rado Arateurs £4.99 8P373  Anlntroducticn to Networks for PC snd e BP424  Microsoh Exchangs for Businzse il Home Ust (859
Erzmt Pogramming in QuielASIC rmsed aditcn)  £5.55. B Bl B85 3ms Merobok intemes Explorer Assistant s
BP292  Publxc Adtress Loudspestor Systemes 493 87375 Tie Hovics Redio A Txamanation BP426  MS Offce 57 Explained 9
LPE3  An latroduttion to Radio YWave Propssstion £3.85 Herdbook 455 BPE2]  Netscape Intsrmet Navightor Asssstant =05
BPX1  Artannas for VHF and UNE 1395 BP3E)  Advanced Propzets For Tha Blectric Gutsr £4.99 pias e A 3 . 6’
BFHS  Presmpiifier nd Forar Ciecuits £499  BOIE) UndermandingthsMsthemsics of Shecuonies gRes D00 M3 Word 57 Expuined 53
82311 An invotketon W Scanners end Seanining £489  BPE? Vindows Ooe Stapats Time 455 DRAT S Exrei 37, Expaad 5
BP312 An ndroduction to Microwaves £195 BP353 vy Mot Personsiss Your PC £4.99 BPA30  MS Actess 97 Oz Step et 3 Timg T )
835 ank 110 = Bl i Wave.  £495 £P389  Power Point for Windows Expleinad £5.55 ER32 Simple Seasar Terminst Block Projscis B4
87315 Precuca! Eiscronic Design Dats £595 57350 An Introduction to the Waed \Wida WWab BP231 PCHardwere Asssant i6.9%
87317 Practcal Bactronic Timing £495 for PC and Mt Usars 559 82435 .Programmingin C ¢ 4 4852
BF320 Bactronic Projects for Your P 355
BPI24  The Ant of Soidering £3.99 == m—— - - i —
87225 A Concise Users Guide 10 Windows 318 £4.55 IF NO PRICE 1S SHOWN THE BOOK'IS‘OUT OF PRINT {0.0.P)

SEE DIRECT BOOK SERVICE PAGES FOR FULL ORDERING DETAILS

¥ - PROQUECT TITLE Order Coda Cost
Stereo “Cordless “ Headphones DEC'95!
Transmitter 481 £8.04
3 Recsiver 862 £7.66
1 *ZPE Met Office — Sansoc/RainfallVane 963965 £11.33
Spiral ransparency free with above p.eb.
‘Pririted circuil boards for cartain EPE constrictional projects are-availabie fom the | ®EFE Met Office — 3
PCH Senvice, ses Fst. These ara fabricatad in gkissp%re‘ ang are fully dried and Camputer Interface {couble-sided) 964 £7.69
rolsq tinned. AN prices include VAT and postage and packing. Add €1 per board | Audic Signal Generatar : 962 £6.58
for aimmail cutsids of Europe. Remittances should ba s=ni 1o The PCB Service, | Aulomatic Camera Panning {Teach-in '96) 972 £6.63
Eve?fd?r Praclicai Electronics, Allen House, East Borough, Viimbome, Dorset  §_Printer. Sharer 873 £9.93
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply lo [ Vari-Speed Dice (Teach-In '85) 974 £5.69
orders or querles by Fax); E-mall: orders@epemag.wimbome.co.uk . Cheques Mzins Signalling Unit — 2 12V Capacilive 7oL 975 £6.07
should b2 crossed and made pavable lo Evenday Practical Ekectroaics (Payment Multi-Purpose Minl Ampiitiar TMARIOHT 476 £6.12
in £ sterling only}. High Current Stabilised Power Supply a7 £6.62
NOTE: W/hila 95% of our, boards are held in stock and are dispatched within | Mind Machine Wi (1l - Scund-and Lights 980 £7.39
seven days of recelpt-of order, please allow a maximum of 28 days for |} Infra-Zapper TransmittarReceiver (Teach-in 95
delivery — overseas readars allow extra it ordered by surface mail. Bat Band CenverledB.F.0O. APRIGE gg4ah €5.80
Back numbers or photostals of articles are avallable it required - see the Hearing Tester 985 £5.87
Back issues page for detalls. ) Event Counter (Teach-In ‘98] 986 £8.39
Please check price and availability in the iatest issue. 8 F.0. and Ba! Band Converter o8tat €580
Boards can only be suppjjed on a payment with order basis. Verzatite PIR Cetector Alam : 988 £6.76
Mind maching Mk (I — Tape Controfizr 989 £5.70
= e Midi Anaiysar 992 £6.74
' aly ] Sarah's Light [FIUNES6)] 996 £7.17
SpeCIaI KNOCK DOWN SALE of PCBS, Hame Telzphone Link 987 (pr) £10.72
A *PulStar 598 £6.60
We have a few p.cb.s I=ft from past projects these are being VU Display and Alarm =~~~ — 999 £7.02
offered at the knock down price of £2.00 each— Uhira-Fast Frequency Generalor
no matter what size they are (some of these and Counter — OscillatofC.D. Driver 994/935 {pr) £12.72
boards are worth over £15.00 each) whiie Timeg NiCad Chargar 100 £6.99
stocks last. This price includes VAT and UK Single-Station Raglo 4 Tuner 101 £7.02
posl — overseas orders please add 50p postage Twin-Bzam Infra-Red Alamm —Transmitter/Receiver | 102/103 (pr) 210.58
(or £1 per board for airmail postage). PSR Cci_’:‘pe“d'“"‘ = ) 104 LT
Print Timer, 874, Sterso HiFi Contraller — Power - MO"TG Cord ._ss;Hea_dphone; | AUGS6 | 990/991 010,16
Supply, 886 — Man Board, 887 — Expansion/Display Boards, ir} 888; G;rdmnlfg:":En paceT e 106 {pr) £6.07
Power Caontroller, 905; Active Guitar Tone Contral, €07; T Off-ar {pair), Hob'eﬂM . ST 107 £6.36
90/309; Video Modules — 1 Simpie Fader, 910; Video Enhancer, 912; 12 || potie Miser 106 e
3A5W PA Ampiifier, 930; *Nationa) Latlery Predictor, 235 MIDI Pedal, 938; el ] 3 - - :
Club Vote Totaliser, 939; Ramp Generator — Logic Board (double-sided *PIC-Tock Pendulum Clock 109 £6.31
.Lh.j, 844 - Analogue board, 945; Microcontrailed 3-Digt Timer, 933; || Power Check 110 £6.42
ov-Hange Ohmmeter Adaplor, 926; Vandala — Bool Conirol Unil, 953 — || Analogue Delay/Fianger 111 £7.85
Display Unit, 954; Capacitor Check, 855. et 1t LTl ite s
Any of the ahove for just £2 each inc. VAT and p&p. R CLLHTIEE == : ]
Bgdc numbers of photosl!ais of articles are avatiable se-epthép gﬁgg gﬁgg‘%ﬁ m Rapeer ”; g?gg
= = o [ -
GECE ST Baoe fOr Ctsiad Vehicia Alert 1"r £6.55
— = - = —— 10MHz Function Generator— Main Board 118 £7.33
: g - ey -PSU 119 £5.39
PROJECT TITLE " s Tuneable Sceatch Fiter il HOV'&6_| 115 £7.63
F _OJE > : rcenCods o *Central Heating Controlier 120 £7.85
Digital De!alllane V85 958 £8.04 1| D.C.to D.C. Converters — Nagative Supply Generator | 122 £5.96
50Hz Fied Meter 958 €832 ~ Steb-Down Reguialor 23 £4.01
Temperature Waming Alarm (Teach-in '28) 980 ML | ey — Step-Up Regulator 124 £6.12
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PROJECT TITLE Order Code | Cost PHOJ%?? TLE T Ozfggf Coda gfsgo
;tPIC chnal %naéogmdue Tachome{er [uEQRod e’ b g::d%eiglFunction Generator = 213 £4.00
S * 3 .
Sgowaci-ﬁsa 128 £7.94 *Fading Christmas Lights 215 £5.16
Record: - 129 £9.04 PhizzyB 1’0 Board (4-section) - 216 £3.95
*Eanh He:snvny Me;er Twinkle Twinkle Reaction Game JANGY 210 £7.55
Current Gan. — Amp/Rec 1317132 (pr) £12.70 *EPE Mind PICKer 214 £6.30
Theremin MIDLCY Inieﬂace {couble-sided p.1.h.) 130 (set) £40.00 PhizzyB VO Board (4-sectiofl) 216 £395
Mains fﬁ"“’“ Warmning — lgg §g.77 Altemative Courjesy Light Contml:=r : 217 £5.72
Pacific Wavas | FEBS7 | i £9.00 LUight Alarm | FEB'39 REEE £6.76
PsiGom Experimental Controlie 137 £6.78 *\Wireless Monitoring System — Transmitler 219+a £9.92
Ol Check Reminder |- MAR'ST ] 125 £7.16 Recealver 230123 €855
Vioparanemva el e £8.75 | | *PICMID! Sustai Pedal _Software oniy - = =
Dual Output TENS Unit (plus Fre TENS info.) 139 £7.20 *""Emliss Moo System 2 MAR 09 s 1103
~%PIC-Agoras — Whaelie Mater 131 T6.50 F.M. Trans/Rec Adaptors o R =
418MHz Remote Controt - ;mnemmpr }:g %g.as :Jl"';"éuaﬂd Dﬂfﬁg'"afﬂmf 222; il
- Receiver ! pboard -
Bw Puddle Probe 145 £6.10 Smake Absorber = 223 £5.04
MID] Matrix ~ PSU 147 £5.42 Troning Board Saver 224 £5.15
~Inerface 148 £5.91 Voice Record/Piayback Modula 225 £5.12
Quask-Bell Door Alér [TIAAYST | 133 £6.59 Mechanical Radio (pait) 236A%8 | £7.40pr
ih; t,(::‘.’;‘f\ ?e{fgw&: :23 g;gg % Versalite Evant Counter 207 £6.82
e MG v o i} HAY 7 g
Window Cleser — Triggsr |g>0 5‘3?‘ :.fJEFTﬁh;;;:leemclé«mnml ge  ERLEE
: Gl L LSS Transmitter 228 £3.00
Cmi-%j_ Minder Protecbon Zone j. JUNST? | = a Recaivar 928 £3.20
RTaer 123 fos *Musical Sundial = 231 5551
Pyratechnic Controller 155 £6.93 PC Audio Frequency Meter o 232 £8.79
*PIC Digilogue Clock 156 £7.39 *EPE Mood PiCker j JuLyag 233 £6.78
Narrow Hange Thermomater 158 £6.37 12V Battery Tester 234 £6.72
Hicropower PIR Datecior —- 1 JULYH7 152 £5.69 Intruder Deterrant ¥ 235 £7.10
Infra-Red Hemale Caontrol Repeater LE.D. Strobozcope 932 £3.00
{Mult-project P.C.B.) 932 £3.00 (Multi-proiect PCB) )
Karaoke Echo Unil — Echo Board 159 £6.40
— Mixst Board 160 6.75 | | Ultrasenic Punciure Finder 236 £5.00
Camputer Dua) User Interface 161 £6.70 *8-Channe! Anaiogue Data Logger 237 £6.98
*PEsT Scarar 182 £6.60 Butfer Amgiifier (Oscillatars PE2) 238 £6.96
Vanabie Bench Power Ssupply IVl 932 300 Mzgnetic Field Datective 239 86.77
Unive:sal Input Amplifier 1456 £8.55 Sound Activated Switch 240 £6.53
!;hé:{oc.pgfar PIR Delector — 2 Controller 1.23 §§g§ Freezer Alarm (Multi-project PC8) 832 £3.00
N i
i Child Guard 241 £7.51
S I SN [T | | Varbi DuatPover usmy w0 S
; PIC NougrglsR&DCmsses C;m 165 £7.82 M?"ﬁm?&%%; 932 £3.00
icrocawer elector — 1
Alarm DisamvRese! Switch 166 £€5.72 Micro Powat Supply 243 £3.50
lroning Safety Device ik W 167 £5.12 *intenior Lamp Calay . 244 £7.88
Remote Control Finder HOGIe7- 168 £5.32 Vibralarm 230 £6.93
Rechargeabls Handlamp 169 £6.23 Damister One-Shot | 245 £6.78
*PIC Vialer Dascaler ; 170 £6.90 *Ginormous Stogwatlch — Pan 1 246 £7 82
* PE Time Machine NOVIO7 171 THI] || pe— - —
Auto-Dim Bed Ii?.> 172 £6.65 EPE SO A
Port1ab'e 12V PSUIChargar !;3 E?g{\)
7 1 o A 3 i
&?{em"ggﬁﬁg {Security Bleepel) D_E_G. 173 £7.32 Software programs for £PE projects marked with an asterisk * are avail-
Suface Thermometer 174 7764 able on 3.5 inch PC-compatible disks or e from our Intemet site. Five
.Disco Lights Flasher : 178 £8.30 disks are zvailable: PIC Tutorlal {(Mar-May 98 issues); PIC Toolkit #k2
Waa-Waa Pedal (Mufli pra,ect PLB} FEB'S8 932 £3.00 {*4ay-Jun *89 issues); PIC Disk 1 {Apr '95-Dec 98 issues), EPE Disk 2
- *Virual “00 — DigRat Boarg 176 £14.49 {Jan '99 issue to curment cover date); EPE Teach-n 2000. The cisks are
*ﬁ?ﬂm ard (per board) }Zg ??/'g; obiainable from the EPE PCB Service st £2.75 each {UK) ta cover our
ol B ‘ 181 €767 admin cosis (the software fiself is /7es). Overseas (each): £3.35 surlace
*EPE FIC Tutonal 162 77.59 mzil, £4.35 each aimail. All files can bz downloaded free from our Intemet
The Handy Thing (Double-Sided) 183 £5.58 FTF site: tip:/ittp.epamag.wimborne.co.uk.
hiti Remindar 184 £5.60 N ik G B G R M B G WS BN o o G ) Ao A am B ae M dmi Mo Maa
*Augio Systzm Remote Cantrolier = PSU 185 s7os | I
‘ s =211 EPE PRINTED CIRCUIT i
Simple Metal Datector APR'98 |
(Multi-project PCB) 932 300 | | 8 {
Sm ie o Dual-Tracking Powsr Supply 187 £720 1 | B@ A H i S EH V E C E 1
Meter 188 £7.86 § | i i
g?;uegf DArlIJé Cuntml plus 20W Stereo Am’ I!! o = i Order.Code Project Quarnitit Pr]ce’ 1
Tane Control 190 e778 | 1 L ol ' y 1
20W Amplifier 191 £8.58 i l
*Dica Lot 192 £8.05 § s e e o o PREE i
EFE Mood Gh I | 198 £7.75 ]
*ATSQCZﬂSiIaﬁl Programmés 1 Name.«..... e A B e ol S e [y 1
Tes! Boarg o8 faes | ! '
ES ar =] .0
*FAcaction Timer  Software only s o IV B ATAresSEEias .t e e e e e I Oy ey BN
% PIC16x84 Tookit JULY 98 N BREE £6.596 | 1 I
*géeerg;%uosemCompuzer e T J s R sl i O T O L Ty T e e & |
nirot Boal X
PSU Board 198 £8.10 | 1 2 I
Fioat Charer 155 55 ] 1 1 enciose payment of £....ccoooeriencveerne....{ChequePOLIN € s!er!ing only) to: '
Lightbul® Savar 202 £3.00 i I
PeMrsonat Slereo Am Ter 932 £2.00 " | -Everyday i
i : -
wEysarhouss fade Link 200 £8.32 | § Practical Electronics g
XPIC Rimeer LI gg; isis | | MasterCard or Visa No. ,
ofte Frocessor || OCT:88 ; AIMUN i .
% Digisery RIG Expander o sves | 4 Minimum order for credit cards £5 I
IR Remote Control i |
Transmitter 205 £3.00
Recever s 206 £350 | | 1
*PIC Tape Meaasure [ NOVISE || 207 fs82] 1 i
lg}cgunlc Thermasta 3 3 i i
Phi taBl s £1::gg | SnamIre ... i it B e ...Card Exp. Data... 1]
: f B-CD-ROM C—Prog Microcontroller Bae (A)(B)(C) each | |  Piease supply name and address of camhuld-euf ditferent from tha adares:. shown |
15 sﬁ&"m"’ L 211 e300 | 1 NOTE: You can order p.c.b.s via our Intemnet site on a secure server:
15-Way Rec/Decoder 212 £4.00 L httpidiwvar.epemag.wimborne.co.uk 1



[EVERYDBAY |
PRACTICAL

ELECTRONICS |

CLASSIFIED

Everyday-Practicat Electronics/ETI reaches twice as!
.many UK readers as any other independent monthly’
hobby electronics magazine, our audited sales
figures prove it. We have been the leading
Independent monthly magazine in this.market for the
last fourteen years.

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display
o

q_ﬁges offer the best value. The prepaid rate
e prepaid rate for classified adverts is 30p (+VAT) per wor

minimum 12 words).

r semi—displﬂr(space is £8 (+VAT) per single column centimetre (minimum 2-5¢my.

All cheques, postat orders, elc., to be made payable to Everyday Practical Electronics. VAT must be added.'Advarti'seniems, together
with remittance, should be sent to Everyday Practical Electronics/ET| Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex

CO16 OED, Phone/Fax (01255) 861161."

For rates and information on display and classified advertising please contact.our Advertissment Manager, Peter Mew as above.
s

RCS YAAIABLE YOLTAGE D.C. BENCH POWER SUPPLY
Up to 20 woits d.c. a1 1 amp conbnucus, 15 BMDs pealk.
fisty vanabie from 1 10 20 voits. Tl

Voiage and - £45 %
Curent meters ]
¢ sasy read- . Posi &
out. 240 volt .. B ;

input. Fully smoathed, siza 23cma)4cmasem,

RADIO COMPONENT SPECIALISTS

337 WHITEHORSE ROAD, CROYDON ~ "he™
SURREY, CRO 2H8, Tal: 0181634 1665 =
L3 of raewirmen, hich vt Cape, (VEL DU TIPSO, TOFRIL T ERCL

Phg:ﬂp;gtnhh’uh

Also:Rabot Arms
Mobile Arms
Micromice
Rovers
Cybugs '

— ' Robot Books

lwww. technologyIndex.¢om)

—

Universal VCR Controller
Comnects to any normally open or
normally closed 12V sensor relay lo add
event dniven zuto recording to Momestic
CCTV systems.
£25 inc. vat +£2.50 p&p
The BlackBoxCamera™ Conpany Lid
8 Unit U7, Lenton Boulevard,
Notlingharn NG7 2BY. 0700-2522526
WWW BLACKBOXCAMERA COM

NOW AVAILABLE WITH |
128K AND 512K — 024

ALSO SPECTRUM

AND QL PARTS

W. N. RICHARDSON & CO.
- PHONBFAX 01404 713188
FRAVEMNSMEAD, CHALFONT ST PETER,
BUCKS, SLa oN3

=88

X-10® Home Automation

We piif you in control ™

Why tolerate when you can automate?
An extensive range of 230V X-10 products
and starater kits avatlable.

Uses prove Power Line Carrier.technology,
no wires required.
Products Catalogue svailable Online.
Worldwide delivery.

Laser Business Systems Ltd.
E-Mail: info@laser.com

-~ hup/fwww.lasercom ~ VISA |
o~ Tel: (0181) 441 9788 :
Fax: (0181) 449 0430 3
~ BTEC ELECTRONICS

TECHNISIANITRAINING

- GNVQ ADVANCED ENGINEERING
(ELECTRONIC) - PART-TIME
HND ELECTRONICS — FULL-TIME
B.Eng FOUNDATION — FULL-TIME
Next course commences
Monday 10th January 2000
FULL PROSPECTUS FROM

[.ONDON ELEGTRONIC

_{DeptE ,L‘o PENYWERNROAD

EARLS COURT, LONDONSW5 9SU
TEL: 0171-373 8721

THE BRITISH AMATEUR |
ELECTRONICS CLUB

exisis to help electronics enthusiasis by
persanal comact and thraugh 2 quarterly
Newslatier.
“For membership detalls, write t0.the
Secretary:
Mr. M. P. Moses,
5'Park Vlew, Cwmaman,
Aberdare CF44 6PP
] Space donated by
Everyday Practical Electronics

Miscellaneous

UNIQUE DIY PLANS for wind, solar,
petrol, steam and water powered generators.
Plus loads of hard-to-find books on energy.
Tesla. electric vehicles. Sterling engines. eig,
Send 2 x lst class stamps for cawlogue.
Jemmet: Engincering, & Hallam Gardens,
Pinner, Middiesex HAS 4PR.

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Production. Ariwork
maised from magarines or dmaft designs at low
cost. PCBs also designed from schematics.
Production assembly also undertaken. For
details send w P. Agar, Unit 5, East Belfast
Enterprise Park, 308 Albenibridge Road, Belfast,
BT3 4GX, or phone/fax 01232 738897.
VALVE ENTHUSIASTS: Capacitoss and other
parts in stock. For free adviceflists please ring,
Geoff Davies (Radia), Tel. 01788 574774.
PROTOTYPLE PRINTED CIRCUIT
BOARDS one oifs and quantities, for details
send s.a:e. to B. M. Ansbro, 38 Poynings Drive,
Hove, Sussex BN3 8GR. or phone ‘Brighton
883871, fax 01273 706670,

i

G.C.S.E. ELECTRONIC KITS, at pocket
money prices. S.A.E. for FREE catalogue. SIR-
KIT Electronics, 52 Severn Road. Clacton,
CQO13 3RB. 2
P.C.B.  MANUFACTURING SERVICE:
Prototype printed circuis, produciion from art-
work gt of magszines or CAD designs. Single
or double-sided, small and large, quantitics and
one-pfis, at low cost For more details phone
Mr. Belt on 01673 842338.

SAMPLE 20 ASSORTED COMPGNENTS!!
+ 12 projecis to build, + bargain audio list
Enclose 26p s.a.e. K.LA,, | Regent Road, likley
[.S29 SEA.

PICI6F877-04, £6.00 each. s.z.e. plus cheque
to R. Boardman, 4 Chapel Close. Ellesmere
Port. South Wirral. CH65 2HP. Tel. 0151 336
4588.

SECOND USER TEST EQUIPMENT for
sale: Scopes, generators, dmms, etc. H.P,
Tektronix, Datron, Hameg. Marconi, Fluke, etc.
Low prices. Also some non-working equipment
for pans, experiments, eie. Ring or E-mail for
list. 07930 144803 or bford@mitecielcom.com.

PIC-project source code files: /jpub/PICS

EPE text files: /pub/docs
Basic Soldering Guide: sclder.txt |

UK Sources FAQ: uksource.zip
V' Writing for EPE advice: viritedus.txt

EPE NET ADDR

EPE FTP site: ftp://ftp.epemag.wimborne.co,uk

Access the FTP site by typing the above into your web browser, or by setling up an FTP
session using appropriate FTP software, then go into quoled sub-directorias:

PIC projects each have their own folder; navigate 10 the correct folder and apen i, then
feich all the files contained within. Do no! try to download the lolder itsalf!

EPE TENS Unit user advice: tens:doc and tens.ixt
ingenuity Unlimited submission guidance: ing_unit.txt
New readers and subscribers info: epe_info.txt
Newsgroups or Usznet users zdvice: usenet.ixt
Ni-Cad discussion: nicadfaq.zip and nicad2.zip

— ends in .zZip needs unzip-

r I
Ensure you set your FTP
software ta ASCI| transier
when fstching text files, or
they may be unreadable.
Note that any file which

F

|
L g

On-line readers! Try the new EPE Chat Zone - a
virtually real-time Internat “discussion board” in
a simple to use web-based forum!
http Jiwwyvi.epemag.wimborne.co.uk/vvivwboard

Or buy EPE Online: www.epemag.com

| ping before use. Unzip utili-
ties can be downloaded
from:
hitp/iwww.winzip.com or
hitp:/iwvive,pkware.com

1
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Professional 88-108MHz FM Broadcasting Kits

Detalied inslructions with Schematics
High Quality Screen Printed RCBs
Hégh Guatity Companents

o Pradlc( Rangs Inclicies

Transmitters from 0-05\Y to 35\
FM Stereo Coders

Audio Compressor Limiters
Antennas

RF Power
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Visit our Website al hitpyiwww.veronica.co.uk
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Cantact Us How For A-Free Brocrues
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DIGITAL
TEST METER

ldeal for TEACH-IN 2000

Built-in tranststor test socke!
and dicde tes! posiion.
DC volts 200mV io 1000V.
AC volts 200V o 750V.
DC current 200mA o 10A.
Resistance 200 ohms fo
2000K ohms.

épecial offer-to EPE readers

£5-99 incl. VAT
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AKERS 1 *PRICES INCLUDE V.A.T.#PROMPT DELIVERIES
DS 0 R *L ARGE [A4] S.AE. 60p STAMPED FOR CATALOGUE

e T
p FLIGHTCASED A new range of quality loudspeakars, dasigned to teke
LOUDSPEAKERS advantags of tha latest lsudspeaker technology and
: : gnclosure dasigns. All modals utilize high quality studio
cast aluminium laudspeaksrs with factory litted grilles, wide dispersion constant
diroctivity horns, exiruded aluminfum cornar_proteclion and steel ball cornars,
complimented with heavy duty black covering. The anclosutes are littad as standard
wilh top hals lor optional loudspeaker stands. The FC15-300 incorporates a large
16 X 6 inch horn. All cabinets are {itted with the latast Spaakon“connectors
for-your conveniance and salety. Five modals-to choosa from.
= e T R —

THE RENOWED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 { 100W + 100W ) MXF400 (200W + 200W)

MXEG00 (300W + 300W) MXF300 (450W + 450%) — g

ALL POWER RATINGS ARE RS, INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN | PLEASE NOTE= POWER RATINGS

FEATURES: + Independent power suppios with two toro:dal transtormars » Twin LED Vo Malats g»l\J(‘:JrIIED?DIAVF:EJ':LV?IJI?J:TMS koA
« Level controts » Bluminated orio!l swilch » Jack /XL inpuls « Speaxon awputs « Standard 775V § o) ) ENCLOSURES ARE 8 OHu

puts » Open and short orawl prood & Lalest Mos-Fets tor simse Irce power debivery nlo virtuaBy any 15215 inch speaker
1530 « High slew ralz o Verykaw dislortion « Alumifium cases + MXFECO & MXFS00 fan cocled with D.C E P

DOA=ZQE MOOME

loSdipeartriand lhennatpinicelon ; s ibl FG15-300 \J:;}zgn;::zapg;:e 35Hz:20KHz, Sens 101dB, Size HE85 W502 DA 15mm
USED THE WORLD OVER N CLUBS, PUBS, CINEMAS, DISCOSETC : ) PRICE:- £299.00 par pair
MXF200 W19 D1" H3:™ (2U0) ibl FG12-300 WATTS Freq Range 45Hz-20KHz..Sens 96dB, Size HE00 W405 U300mm
i MXF400 W19° Di2”  H5%" (3U) 3 i i e S RHIGE S aod ot et pelc
SIZES:- MXFE00 Wis*© Dia" H N (3U) thi FC12-200 WATTS Freq Rang: 40Hz-20KHz, Sens 97dB, Size HEO0 w405 D300mm
i . & . PRICE:- £198.00 psr.p
MXFQ00 W19 Di43° H5:" (3U) ibl FG12-10D WATTS Freq Range 45Hz-20KHz. Sens 10008, HSli(z:E H546 W380 D30dmm
i y ' ) ) .00 per pair
RENGES: Hi;ggg gg%%% :i;;gg gﬁg?g ; FB1 Vis412-200 WATTS Freq Range 40Hz.20KHz, Sens 97c8, Size H418 WE00 0395mm
5 5 3 - .00
SPECIALIST CARRIER DEL. £12.50 EACH | SPECIALIST CARRIER DEL:- £12.50 per peir, Wedga Manitor £7.00 each
Optjons Matal Stands PRICE:- £49.00 psr psir Dalivery:- £6.00
= . - iy . VERY HIGH POWER LOUDSPEAKERS
h s ~r . o e o THE COLO5SUS RANGE OF LOUDSPEAKERS
) ) ) # ARE DESIGNED FOR USE IN SUPERIOR HIGH
< 15 A 1 POWER OUTPUT SYSTEMS. ALL MODELS ARE 8 OFN
COLOSSUS 12MB:-# 12 INGH # 450WATT R.M.S,
: 3 * 900 WATTS PEAK » Sens 98 dB.* Res Froq.55 Hz
Sanssx min XFor ..:/ BASS/MID X. TOF\V AAassX miniTop e M Frequency Range 40 Hz-3.5KHzPRICE £129.00
FEAL;_(:JN;I;;HED 3 WAY 2°WAY BASS/MID COMBINED 2 WAY WID/TOP COMBINED C%%Sﬁf%ésﬁﬁk* 12 INCgl-; ;Bau%WA';TS ?s'ﬁuf
. - - ns * 3 .
Mr.;;:ed :'-;'j-'ay s:ia A:uvigms?-bi% [switcrahle th-;o way), housad i 3 19 1 W case Eazh mnlr;:! * Frequency Range 30 IE-iza-LGKHz PH?EE’;%SB.OO
Eas Pwee levai contn cags, 3 . The remavatde tront lascia akows sciess 10 tha programmad 3
swiiches o 3dpst tha :::ss-mra-r Ire:&ency. Bass-Md 125!253515‘;}!-&_ wa-Tep 1813-5(-!:.??3 zzcspﬂ‘r COLOSSUS IBXB:-i ,'B INCH * BQOWATTS RM.S.
sctave Tra 213 way selettor snilchas are lso aocessed by remaving the front fascia Eacn sieren chanral + 1200 WATTS PEAK +Sens 100dB.+ Ras Freq.30 Hz.
can be canliguad reparately. Bass inwert Swilches are incorporated oa exch channel | Nomanal 775mV = Frequency Range 27 Hz-1.0Kz PHICE £183.00
emtloutput Futy compatitée with OMP Rack Ampafier ara Modubss ALL MODELS ARE DELIVERED CARRIAGE FREE(UK ONLY)
PRICE:- £117.44 + £5.00 P&P 7 - -

: _ : OWER AMPLIFIER MO | BUILT ARD JESTED
r ] A : » by . P 3- These madsfes row £y 3 wosld-wda Izputation o quaity, relizbity snd parfermance 2t a rezkste price. Fouw
- o midels are avadabic to st uem:ﬁsdﬂanﬂemalardm.wuhn. Intkustry_ | emsure, s trumentad and
The 12 and 16 Channel SPM Series Of Studio Quality Mixers | !¥71elc ¥isacemparngsnces OTE thal almodels pde torodal powss ity piegia tostari s e

PGB and orred orouits 10 powes 3 compathie Yumeler. ALmodets afe open and $hit erou pmat.

Are |deal For Fixed Installation Stage

* 48v PHANTOM POWER

* BUILT IN POWER SUPPLY
#-230V AC/50Hz

* PEAK INPUT LEVEL LEDS
* PRE FADE LISTEN (PFL)
* SUB MASTER OUTPUT
+ COMBINED XLR/% JACK
+ 80mm FADERS * CHMUTE
+ 2 STEREQ AUX.SEND/AETURNS
* CONSTANT PAN CONTROL

* 3 BAND EQ WITH MID SWEEP
+ HEADPHONE/GONTROL ROOM O/P
+ CD/TAPE INPUTS & OUTPUTS TR
* BALANCED INPUTS & OUTFUTS

+'BUS ASSIGN SWITCH

+MONITOR SEND __ . SPMI202 4MONO MICILINE.4STEREQ INPUTS £293.00 FREE
““$pMIE02 SUONO MIC/LINE 4STEREO INPUTS £398.00 UK PEP

[EGHO # SOUND EFFECTS |

+ 4 STEREO INPUT

And Mobile Use: THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
ik g . ; : = OMP/MF 100 Mos-Fot Outpyt power 10 walls
AM S imo 4 ohms, trequency responseo Hz - 00KH2
3d8, Damping Factor >300, Siew Rate 45V/uS, THD
typical 0.002%. Inpul Sersitivily 500mV, SNR. -
11308, Size 300 x 123 x 60mm

PRICE:- £42.85 + £4.00 P&P
OMPIMF 200 Mos-Fat Outpul power 200 walls
H)45. into 4 ohms. frequency response Hz - HOKHz
-368, Damping Faclor >300, Slaw Rale 50V/uS, THD.
typical 0.0013, Input Sensitivity 500mV, SN.A 11048 |

Size 300 x 155 x 100mm.

PRICE:- £86.35 + £4.00 P&P

OMP/MF 300 Mos-Fel Output power 300 walls
RM.S.inio 4 ohms, Irequency response Hz - 100KHz
308, Damping Factor >300, Stew Rate 60V/uS, THD.
lypical 0.001%5, Input Sensitivity 500mV, SNR. -110d8:
Size 330 x 1775 x Omm.

PRICE:- £83.75 + £5.00 P&P

3
o

.-
bk
4 B

LTk

o -

CHANNELS OMP/UF 450 Mos-Fal Oulpul power 450 watis
- 2 DJ MIG INPUT R}AS.into 4 ohms, requency response $Hz - V0KHZ
CHANNELS T?{t_jﬂB, Damping Factor >300, Siew Rate JSVIUS.
# 2%7 BAND GRAPHIC HDO._typical 0.001%, Input Sensitivily S00mVY, SNR.
EOUALIS%HS -110¢B, Fan Cooled, D.C. Loudspaaker Protection, 2

Sacond Ant-Thump Delay. Size 385 x 210 x 105mm.
PRICE:- £135.85 +§;6.00 PAP

% ASSIGHABLE OMP/MF 1000 Mos-Fal Oulpul power 1000 walts
-CROSSFADE S - RIS into 2 ohms, 725 watls AMS. inte 4 ohms,
- + DIGITALECHO . frequency response Hz - 100KHz -3dB, Damping
STEREQ DISCO MIXER WITH:-+2X7 GRAPHIC EQUALISERS 42 MONO MIC INFUTS «DJ MIC - - = Factor >300, Stew Rate 75VIuS. THD. typical
WITH FADER, TALKOVER AND VOICE CHANGER #4 STERED CHANNELS WITH  INDIVIDUAL : 0.602% Inpu; Sensitivily 500mV SNA. -10dB, Fan
FADERS AND ASSIGMABLE CROSSFADE «CHANNELS SWITCHASBLE, TURNTABLE {MAG Coo!ed' DC. Loudspeaker Pm;aclicn- 2 Se'cond-
CARTRIDGE}, CD, UNE, TAPE. ETC. ~ECHO WIiTH BALANCE REPEAT AND DELAY 'Ant'-Th'um- ﬁe!a §126 '22!"00!125!‘;1111. -
< HEADPHONE HONITOR WiTH PREFADE LISTEN #CHOICE OF 6 SOUND EFFECTS =STERED J P Y- ¥ L
WONRO SWITCH »2 X LED VUMETERS + MASTERFADER A QUTPUT 775mV 5
«S17E-. 482X 240X 15mm +POWER- 230V AC so/60Hz PRICE:- £169.00 + £5.00 P&P

S]JE1eT 15 CYBERWAVE FMM 1000 -
= IDEAL FOR:- LIVE BANDS, PUBLIC ADDRESS & KARAOKE ETC.

+ OM/STANDBY/OFF SWiTCK UOUNTED ON WIC BARREL FOR EASE OF USE = I ™4 NiTa

+ 100 HOURS BATTERY RUNNING TIME. 1 PP3 (NOT SUPPLIED) K ELECTRONICS

* 31NGLE GHANNEL RF MICROPHONE 174.23 OR 174.56MHz 41

# UAINS ADAPTOR FOR RECEIVER SUPPLIED # FM LOCK IHDICATOR | C -ON-

8.VOL CONTRO! ON RECEIVER. PRICE:- £118.98 FREE UK P&P UNITRT GOEMSESTE)V:A;!éas(;ggHEND ON:SEA.
: g 8

\ COUNTER CREDIT CARD OBERS ACCEPTED BY POST FHQNE OA FAX Wab:- htip://www. bkelec.com E-mail;- Salesebkelec.com
= e X S : L

+ HEADPHONE
MOMN!TOR WITH PFL

PRICE:- £281.00 + £12.00 P&P |

NOTE: WOS-FET MODULES ARE AVAILABLE IM TWD VERSIONS:
STAMOARD - INPUT SENS 5002V, BAND WIDITK tedFHe, OR

FEC (PROFESSIQNAL EQUIPMENT COMPATIBLE) - INPUT SERS
775=V, BAKD WIDTH 50XHe DRDEA STAMDARD'OR PEC
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