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ECG MACHINES7/6v 10AH BATTSR24V 8A TX &2
gttt BCG madhnes! Messues EOXERIZ0 T o the
ol 2 oonrets for £020 Soadn soan dXfay sian Toce kacs o
Sornectons on i rear sckxdng viceo ot 22 Onthe frore pansfars
T D3N societs or e bogy sersos o Sensors n
Fioaoed, nede 2 x By 103 caxag kead At e (Goneral, aol i
oo constion |, pol's and 2 B2 24v ioernpa! angdnemar (mans =)
ST 25 seen May fane Gk - Tau biowEn locts ats dus o poot
soraga £1599 wf V2

HYDROPONICS DO YOU GROWYOUR OWN?
Wz haveafull colaur hpdropanics catalogua availabla containing
nutrients, pumps, fmings, crvitomental controt. fight firtings,
plants. test equipment etc fing for your fres copy.

PC COMBINED UPS AND PSU tre unt res 2 to=
sowerdd 257 wets, sandarg mohes board eornectons and 12 perohes!
oM 12355 & oves &0 *rs_xsels:‘ 12/ 7 23M sCaGS lazd amo
btenes Backuptme s Bmngat full ced or X0 mirs at kaficad Wase
mine b oy Magaum 110cr 2400 acnpeg +Sva3ss Siat A -1y
A eS L12v 3 SA pumEs YTOOSH I 0m few 2 borsd £79 87

o PCUPSZ
WINDOWS 95 CD s supounst wm Hanct Packarg PO sThese
CEF5 have 32 he wiiow e o0 them 300 were FZenasd 1D 0a vied 1o
reslore weodows on 3 BC afier 3 crasn o0 £15 REF 08

ALTERNATIVE ENERGY CD, PACKED WITH
HUNDREDS OF ALTERNATIVE ENERGY
RELATED ARTICLES.PLANS AND

INFORMATION ETC £14.50 REF CD56

aerial photography Kit iss rocet comes win stz o
cETeral R fhes up o 500 ot (156 M) turms over. and 13es an aarna
prEnzEDn o the giound t=iow  Thg resica than renans 2%y witi as fim
vatshullincranse Favesstandand 110Hn Sunped cormtsweh
Sverinng ATy 3 IBunch ped and 3 metars (no fim) 22003 =
ESan]

SATELLITEMODULATOR MODULES pricesfrom
Just Sp Syrlace mowrt moduators hd o comrones Focdwithan
Ty Conrectsr Zra & wrd fyDe corveine Pack of 100G 2% &5 ref SS20
PROJECT BOXES anctret bargainfor you ar= hese smant
A5S groesr boups. M e CENS SCTBW (006 Cate MESsrng
= 65X conpels with panel mowties LED Lnsade you wel fixd
Gacs of free bits. tage neacs. mators chos resshys benssiors el
Facx of 20 £19 &5 red WE2
REMOTE HEATING CONTROLLERS witH 304
HAINS RELAY froem pret D90 Thise s weze desagoe 10 be phoyged
mtn 3 Eephone socnet You then ceieg the ohone =d sTmE gw
frned ine hartng on Each bar cortans iots of oS moimag =2 mans
HoArEFy pack of AE00 ref S5
PIR CAMERA=.: « cCTv camea (compesz odmd) IR
= gt PR detemy aro pamery hgsw sy Dosionst 1o ‘e s’
pxtures Oown the thore e bl worla wed =5 2 stzncdaone Wt
Zargen pooe £39 F3rel 55811 These unds are trand row mooLes
Jesgred In feke pohaes” of inbrudors ard then tansm? the pctirec
Your the teecnore Ing The PIR aetects tha riruder, fras tre ehobe
LR Ues et 3 pErfect potule even I ot dasicness The pacture
5 §TTNY ) MemOry Inso The moduie 38 IR serd by modem {nat
rhiad] Goat the teitenone ne The whils 350 an e 3 ncad hattery
TTh oohaced prevumatly (o madstan coarston i thE everl ofmans
powe f3dure Outout from tre camers & stahdard b comooste
FIhZ40 preeis witn 3 SOMES egree fieid of viw, Ine patie quasty 5
araren? Exth PIR 250 Gridrs 8 vildo BT B0 CoTessoh
e The afra rew sroge 1135 @ r2nce of 35m The pr has a revge of
12m Power BGEENCMS 6 12V SI0TA Poae” Supples 3vaiatic
2t 5 et SEE The unes T8 et £ Wl ConmR s GRa S ST DA WE
40 Mot have amy SEOMmAlGn G LSng L Complesson 8nd cadute .
or wtartaong to moderms 67 Tha unds co nave operabong PiRs,
TS 2] CATRESS (CITA § 12WE 3 Ghss o standate
PN 1V IVGED) oW L 3T INESE (0 WCIIDES TG S £y
U 10 youiRetad prce for (e tevts was o sxcess of £500 eech sais
e £35 5 et 5551 Cower supples £3 red 5550
TELEPHONES asteiinswes s armpeseiney oisathones
25 TFEd DEw 30T DIet Two [ace CoNnSmuchon vith Ing tomng
ashres- lapmrates kypad. tone of pese (sevichabs) reos redal
ad acse hgiow 3nd O rnger Swach and Gud 'ty SONEINCLon
frsred in 2 sad of whie coiosr and @ suscied with a'slandarg
~onatonat 953 (saTe 25 LS oo mosems B yDd wEN o haveE & HT
i e 10 corvern he phores these 3ra Ao meslae MR 55
‘23 ref BTLX Phones £E4.99 sach ref PH2 10 off £30 ref SS2
3HP MAINS MOTORS snoe trave 3200 beass 1w 2
ol 30w ZESC n bk sylomEos wSs ovsed o
tentor, bEyed shad (500 1Bmm)N st by Lesson £55 each ref LE=Y
BUILD YOU OWN WINDFARM FROM SCRAP
oz pLERCation grves sten by sap guads ip buldrg wersd genasston: ang
Lot Ared with thes putooaton and @ Good ooa! somp yad
COT MR yous £ sulTent i elctnoly| £12 1ef LOTET
CHIEFTANTANK DOUBLE LASERSSWATT+3
WATT+LASER OPTICS rovine aser=dr tmarbstpnsy
\org rirpe communsators 2= Doudie beermimts cesohad in i the
Fberel of 2 i each Ul has tad serms eoncucter asers and mlss
e DU o SgreTent 7rnh'='c-_ rD creut dagams G
WMOD, rea proe £500007 57 L1 Each vl hss two gatam
Arsuds mecicn 3Sers ¥ x 9 walt ¥ x 3 watl SO0 wavelerin
v GURT mdse freguenoy The wiEls 350 CoEd I GRctalic
fesene’ [o detect refiecied sgrasRem tzrpas £159 ReTLOT2
MAGNETIC CREDIT CARD READERS anD
EMCODING MANUAL £9.95 Czsea weh Syicass desorsd to
TEa3 standa cract cardst wno«etemw- extrones FUB et
TR COVERIG £SO RNG YOuU S0t I wER 10 SN0 bl aTStatmigEn
At ragrEte: Shp o yow ol st £9 25 e BAREL
Hipower 12v xenon strobe varare e fasner mogues
= s DRUsEl 13v PLB 5500 won ool elactroncs a°d a
powerfy Xeran og! st 2nssy 12v DG B ims v o the hune e
fazh Onino bodre 3 smad putestadaled whch o3 b usst o vy
7z Pagh ralf POE meaeiss wa Tie TOmm &0 0ol 52 oo

0 any steEstng proects! S5 el FLST Pack & W0 s T2 Al FLED

Hydrogen fuel
cells now in stock

Our tiew Hydrogen fual cells are 1v at up 1 1A outpul
Hydtogen inpulL easily deiven from a small electroiosis
assembly or from a hydiogen source, auf deimo medzl
uses a solar panel with the oulput leads in a glass of salt
water toproduce the hydrogentEach cellis desmgnedto be
completelytaken apart, pulback together and expanded to
what ever capacily you like, (up 10 10wans and 12v per
assembly. Cells cos1 €79 ref HFC11

We get over 8,000
hits a day.....

check us out!
http://mwww.bullnet.co.uk

PHILIPS VP448 LASER DISC PLAYERS,
SCART OUTPUT, RS232 CONTROLLED
£24.95 REFVP406

SMOKE ALARMS wac poacric, mace by the Smous
Certoompany, easy Sirax oightBings, noser port. Pack oA 5215
e 5523 padk o 12 £24 i 5524 )

4AHD SIZENICADS pack of 4£10 ref AAHPK
ELECTRIC FENCE KIT sveryrang you resgta b a-

12vds efenine feoe compEts with 2Wm ol fEnceE wire TASEPARD
SENDER KIT Cortzrs 33 componerss tateska 2 24 rensmater
coiete wih case £33 ref VEXOC

10 WATT SOLAR PANEL Arpocus s pemei kg
¥ 3 FosTed dumtvam T3Te  Fans msesuass 3 by Vwih scew
tarmenan for gasy coroacton 3'x 1°salar pansl E55 ref MAGAS
Unframed 4 pack (3'x1") £58.99 ref SOLX

12V SOLAR POWERED WATER PUMP pees
oy 2y 0G . h&mﬁrm'mmmw
Smal and compact ye! posvertid worics dvect Fom u1ums¢3
panz i bngE sun Masta 7 ftiisxFov = Bipm Y Ea Raf ACE,
£13 88

SOLAR ENERGY BANK KIT s0x6"x12"6v solar
panels{amorphous)+50 diodes £99 ref EF112
PINHOLE CAMERA MODULE WITH AUDIO!
Soooem boam camerd with on boad seendt eira smad gs) 20mm
SqJTE (nchang maonoes) Ca oy oot smesEnce Canee
hedden msade s thng | S0 2 rathoa! Compiigle wen 13 mete
catia peu and beiver coresectons £45.355 ref OCGJ

SOLAR MOTORS Tiny retoes whizh nn cste Rapgdy e
voitmoes fromd. 420 Works on our S amarchees 8 pangls and
FOu ZaN LM e frm tne sud 336vh 68 Shrm bl £1 S8 esch
'WALKIE TALKIES 1 MiLE RANGE £37/PAIR REF MAGY)
LIQUID CRYSTAL DISPLAYS Bargain prices,
20 character 2 line. B3x13mm £3 .93 ref SMC2024A4

16 character 3 line, 62:25mm £5 95 ref SMC1G40A

40 character 1 line 154x16mm £5.00 ref SMC4011A

YOUR HOME COULD BE SELF SUFFICENT

IN ELECTRICITY compenensas pans wen wzocding
on dESgE) SYETTE. paEEES, corardl Esroes =Io £F i Bl
LOWCOSTCORDLESS MiC 5 range 55 10579
1159, 1933 26 x 3min, D2 PR3 balecy requded 217 rel NAGISPY
AUTO SUNCHARGER 155:c00mmsuar paostwth soss
I 3 melrg 233 frog with & g2 plog kv 2wl E1289 RET
AUZ1DPR

SOLAR POWER LAB SPECIAL zexs & 130ma
cels 4 LS wre buzrer, merch - | reisy o motor E7.598 ASF
SATF

SOLAR NICAD CHARGERS & v a: sz= vozz et
EP3TE 23 C e e FO DS ot BPUTT

5.25" FLOPPY DISKS. sck of 503 o-exs £25 ref FI

REGISTER FOR OUR
ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

BULL ELECTRICAL

250 PORTLAND ROAD, HOVE, SUSSEX.
BN3 SQT.(ESTABLISHED 50 YEARS).

MATL ORDER TERMS: CASH, PO OR CHEQUE

WITH ORDER PLUS £4.08 P&P PLUS VAT.

24 HOURSERVICE £6.50 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50
(ACCESS. VISA. SWITCH. AMERICAN EXPRESS)

phone orders : 01273 203500

FAX D1273 323477

Sales@bull-electrical.com

30WATTS OF SOLAR POWER forjust£69,4
panels eachone 3'x1"and preducing 8w, 13v.
PACK OF FOUR £69 ref SOLX

200 WATT INVERTERS raugs steg meo yorice

CGEToE DEIREr SITWE 2K S R2ed win 8 134 S0CREt 50 YOU £3A uD
youE M3 eoeraled davices from yous g2t batery, €43 55 ref 5556
THE TRUTH MACHINE e 4 screcra s yng oy mzra
FEmGTS BNeevoCe SENEG DoEAlnd WOk 1) QRS ST ersaton
ang on the ‘phone 2na TV a2 wedl 24242 2! TD3

INFRA RED FILM & souzre rwce o farzn rarea i mz
Wit Dy 30w R B thveagn. Perfast for comening oo ey IDThes.
Igtts teemighis =t omira e muput only verg stardam boht beios
;h-rc:msmc» o sduara 215 ref AFY

2fsrg ot ontie o i |y mouring Ex.hrfa;-'-etmmﬂm_w
4 magnets poted (o a pils Wil i &n incrediole 137 kéos! EiS
MASE

HYDROGEN FUEL CELL PLANS Loxss efnsstmatan
T QDG SOFAGE Sh oduTon Pravice pans bk Byoogen
£ ool (D001 wonahon fackhes reqTed) LS set B v CF1
STIRLING ENGINE PLANS irterestrg mimmer onpack

sovewd = psperss of Sbng ergres petoes of nomR maas

- £ mes mids Bl 30 ASlistl £5% M On B carkdl £12 ref STIR?

ENERGY SAVER PLUGS saves upto 15% siostncey
whon esed oth nizes avdors oo 2A fght builes saidermgronseln
£5 &3 rel LOTY Y 10 pix £EE9 r2f LOTT2

12V OPERATED SMOKE BOMBS v,p2352 t2v

e ard J soke carrRdtess, BEC ooesey Wil BB 2 rmsETnin avEy

“shont soace of et £94 99 ref SBE Type 2 s 20 Sraer carmsters

{sirtatée for STRGIEG equpmend fres S1c) &0 1 iTgget Modus 10
220 ref 532 Type 1 53 Y2v trgger 3nd 20 barps cannsars £43 1ef
<31

HIPOWERZENONVARIABLE STROBES usest
12 PLB Sord with i power SNDhe 0 =0 oo sectores
speed cordrol polenbometes Porient for witstestig peoects €3
TOESmm I2vee eperRron £5 a3 red FLST, pack of 10823 ref FLER.
NEW LASER POINTERS z5mw, 73 metrs rarce tana
T U IUNS ON B0 AA Eifters (Supged) 670 £23 ref DECAA
HOWTOPRODUCE 35BOTTLES OF WHISKY

FROM A SACK OF POTATOES Corarehersie 272
e book covers 21 atpects of Spae pocucTon from svenyday
mEEnEs Inelesss coraTruchan oo s o sanpe suls S0 red MEE
NEW HIGH POWER MiINI BUG\‘.‘Lnaraﬂxﬁ-:-’lssis
SO0 metes 273 3 3 a3 usa Tom 3 FP3 Ues S ol o sshing bl
lessihan 17 square aril 2 tmvose poless 13nge £28 RefLOT102
IR LAMP KIT Sisrmtee e cotv camess, eomtiss the sames

16 be ued I toedas carnese! £6 ref £T133

INFRA RED POWERB EAM Harcresa s=tery poseres
e, 4 mch rEiactsr, gves ot poweiul prse drared gl perect By
CCIV u=e ngitsgids eln £2G ref PR
SUPERWIDEBANDRADARDETECTORetcs
soinraas andiaser . AK and KA banas sceodoameras 2rdad inown
spzed detechon syslems 368 degisc cowesags, [fonif!
esrwaveades 112 T4 £ &3 on vaor or dosn S48
LOPTX Maca ny Samsung e coiour TV £3 g20n re! 5532
LAPTOP LCD SCREENS 2403 75mm. 112 = 5551
WANT TO MAKE SOME MONEY? STUCK
FOR AN IDEA? /2 hzie comed 140 pusress manuan rat
T you cHorTaba R SEttny WD Gt husTesen. yOu e
these 31 Yo7 (oEre usng I ne la edroe cnynur PL Also inciudad s
e CEMTCAE enabing Yo 10 MeQmowce (B0 565) Ihe PEnuss 25
sk as you le £1d e £974

HIGH POWER DC MOTORS, PERMANENT

MAGNET 17 - 24v coaration promshey somz U2 r3e pove
boty meEeirEs 100 X 7SMm with 3 S0 k 57 et shat wih 2
mazsed et on & Furg % 5=752s vsey the tau thvearied bolis pro-
musng from tne frora €22 md MOT2

INFRA RED REMOTE CONTROLS mas= 1 Tvs

b&rravr:se cma'-.sessa.x(d 103 EW red IRTM

Online

= — - bull-electrical.com
ELECTRONIC SPEED CONTROLLER KIT eor

tra 2bwe mitor 5 £35 1 WAGT S3ue £5 7 yoey bury e botn
ogermer § Moy s SHEED OGTNer s 221, ofier proe S35 et
wOTEA

SONY STEREQO TV CHASSIS assemtieccomrrsing
cargste TV PLE exchatngivoe =na scan ooss Nameas0 mams
S, Anoearin be erused lul 554 25 seen VWOl pratatiy be good
&5 spares i o 3 recam sterea TW sound receswr 7 smptder
Far ]WPRE 1L aret K235 TUTBRESD) PO na's 168522712
155550644 17112001 E20 el STV

RCB UNITS Inline IEC lead with fitted .RT
breaker. Installed in seconds.

Pack of 3 £9.98 ref LOTSA

RADIO CONTROLLED CARS etc rio remates ot

oo strmoers for sengs mtors and recenverfs Soid s norcturTs,

rued ypes £3 each f RCCT

VOICE CHANGERS raii o of trese urts o o4
TOrE TN BE0E 35 ) TU T RS YT VKR usrg ihe cotirais on
4 et Sattary coeraiad £15 e O3
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’P;ﬂo ects and Clrcults

LOOP AERIAL SW RECEIVER by Robert Penfold i 636
Discover the thrill of making your own radio with this simple Starier Project!
VARIABLE DUAL POWER SUPPLY by Tony Sercombe 646
Fully variable from =3V to = 15V up to 500mA, and short-circuit proof*

CHILD GUARD by Tom Webb 662

Helping to protect your loved ohes,.an-audible warning sourids if children
{or others) approach a fire

INGENUITY UNLIMITED hosted by Alan Winstanley 663
Theatrical Cue Ligiht; Morse Practice Oscillator; Keypad Code Coniroller;
Intercom/Baby Listener; TV Test pattern Generator

8-CHANNEL ANALOGUE DATA LOGGER -~ 2 by John Becker 688
Howv to use this highly versatile PIC16F877 micro-controiled design

Sevies and < Features

NEW TECHNOLOGY UPDATE by lan Pocle 640
Optical phase-shifting helps photolithoaraphy reduce chip sizes

POWER GENERATION FROM PIPELINES TO PYLONS - 2

by Alan Winstanley 652
Concluding our en-site tour of elecirical povver generation and delivary
PRACTICALLY SPEAKING by Robert Penicld: 660

A novice's guide to capacitor types and choices
PRACTICAL OSCILLATOR DESIGNS - 3. Armstrong, Meissner,

Franklin and Butler, plus R.F. probes by Raymond Haigh 678
Worked examples and circuit info for hands-on constructors
CIRCUIT SURGERY by Alan Winstanley and lan Bell 693

Transducer User; Photo-sensor; R.M.S. — Stand by for the.Maths;
Powerless to Heip

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 699
Desoldering Guide; Zosm through the Hayes; Big-Footad E-mail for Life;
Virus Updates :

Zegaiamr and Sevvices

EDITORIAL 635
NEWS - Barry Fox highlights technology’s leading edge 643
Plus everyday news from the world of electronics

READOUT John Becker addresses general points arising 649
SHOPTALK with David Barrington 672
The essentiaf guide 1o-component buying for EPE projects

ELECTRONICS VIDEOS Our range of educational videos 675
CD-ROMS FOR ELECTRONICS : 676

Parts Gallery + Electronic Circuits and Components: Digital Electronics;
Analogue Electronics; pfus PICwtor, plus Modular Cireuit Design;
see also Direct Book Servics pages

BACK ISSUES Did you miss these? 686
DIRECT BOOK SERVICE - - 896
A wide range of technical books availabie by mail-order, plus more CD-ROMs
PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 700
PCBs for EPE projects — some at “knockdown” prices! Plus £PE softWare
ADVYERTISERS INDEX 704

Our October 99 Issue will be published on Friday,
3 September 1999. See page 627 for defails.

Readers Services o Editorial and Advertisement Departments 635

Everyday Praciical Electronics/ETI, Septéntber 1999 625

o
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THE AMAZING TELEBOX

Converts your colour moaltor inlo 2 QUALITY COLOUR TV

TVSOUND &
VIDEO TUNER

| CABLE COMPATIBLE "

The TELEBOX © an Evadre Uiy cased mains powend usl. corterey al
eEctons rsdxdy 10 prug 1o 3 oS of Vo Monkars oF AV EQUEEnerd whah
e ed Wit a conpests wiio of SCART input. Tha composts vides cutpt
Wl a0 Frug Cracty N Mot vk meomars, alowng reoaton of TV chane
ety ot normaity recahabls on mest iekrdsion recehvers (TELESDOX
K8 Push Duoon eoreols on e iont pand atow racsoton of B A8y bncabes
‘aﬂ_rufmbx'eﬁsmm X M8 oorvers viiuady al tees-
5100 FEQuEnons Mamusmmgmmmamnuwny
nosT cable TV opevators. ksa) or deskdon wideo systams & P
(pere n picors) saups. For compiate campatheity - evers B montees waad
S - 30 reagE 4 wal audo ETpiher & w level K R auin crne we
proaded 25 siandad e now - bty guarantasd.
TELESOX ST for composiie vidas inpul type moniors
TELEBOX STL as ST but futag with ntegral speaker £€39.50
TELESBOX MB Multband VHFMHE‘CahIeII—hpe;band tunar £63.83
For oversaae PAL varsions state 5.5 or 6 miHz sgund specification,
“For cable / hyperband signal r2capton Telebaor M8 should be con-
nected (0 2 cabie type sanvce. Shipping on as Telsbox's, code (B}

State of the art PAL (UK spac) UHF TV tuner module
Pwith composita 1V o video & NICAM hu §i siered sourd
“Outputs. Miero elactronies alf on one small PCB onty 73 x 182
% 52 mm enate bl tuning control via a simple 3 wire link 10 an
180 p: type computer. Sumpied completa with simpte working pro-
gram and docymentalich. Bagquites =12V & - 5V DC lo cperata,
BAAND NEW - Ocder as MY0D, Only £49.95  coc: {B)
Sez www.distolco.uk/data_myR0.htm foc plciure + fulf dotails

FLOPPY DISK DRIVES 22" - 8"

AR unis (unless stated) are BRAND NEW ot temoved from oflen
brand row equipment and are tully lesled, abignéd and shippad to
you with a Iyl 90 day guatantee. Czll ot sse our web silg
waw. dfstaloo uk tor evet 2003 yunkgled drives for spares ¢ epal

S\

3W* Mitsubishl AF3550-L 1.2 Mea Laginps onty £25.95(8)
3%" Mitsubish] MF355C-D. 1.4 eg Non lagiop £18.958)
5%° Teac FO-55GFR 12408 (hl’ W pcs) RFE £18.958)
5%° Teac FD-55F-03-U 720K 4080 (lor BBC's etc) RFE  £29.95(8;

5% BRAKD HEW Mitsubishi MF3018 356K £22 95(
Tasls top case with intagra! F5U for HH SW* Flopoy 1 HD £29.95(8

8" Shugart 80/201 8" 55 ralurbished & lested £210.00E
£” Shugart 810 8" S5 HH Brang MNew £195.00(E}
87 Shugart 851 5° dmt,as-d—ﬁrehmcshodhesm: !:25000{
47 Mitsublsht M2894-53 doutis siden NEV 245 .80(E
§° Mitsubishi M2356-63-02U DS simiins NEW £245. wEi
Dual 8° cased dmres with integral power supply 2 Wb £459

HARD DISK DRIVES 21" - 14"

HIBA ?.'thDE}LAV 1.1Gb tzptop{12 5 mm H) New £79.85

235 TOSHIBA MKZ2 10THAN 2.16 Gb [aptop (19 mm M) Mew £59.50
2% TOSHIB A MKASTIMAT 4 3G taptop (B2 mm H) New £105.00
2y:* TOSHIB AMKA4QIMAY 6.1Gb laptop (12 7 mm H) New£150.00
2% to AW convarona kit 1o Pe's, eomplate weh connactors €1 ‘3:
3% FUJl FK 3.59—% 20mb MFY UF RFE

3% CONNER CP3024 29 mb IDE UF (of equiv.) RFE

317 COMNER CP3348 £ mb 1DE UF {or equiv.) RFE.

3% QUANTUM $0S Prodsl ve 42mt SCSI UF, New RFE

5% MINISCRIBE 3425 20mb MEM UF for equiv.) RFE

S%° SEAGATE ST-238R 30 mb ALY UF Returb

S%° COC 9420551 40mb HH MFM UF RFE tested
SU* HP 97548 850 Mb SCS1 RFE fasted

5%" HP C3010 2 Gbyte SCS! diffarential RFE 125134

B' HNEC D2245 BS WMo SMD intarfase. Naw
87 FUJITSU M2322K 150Mb S'4D UF RFE tested £155.02
6" FUJITSU M233ZK 2 Gb SMD UF RFE tezted £345.00

Many other drivas In stock - Shipping on ail deives Is codz (C1)

MITS. Ju FAZ#SETRL 147 Industnial spec SVGA monams
FARMELL 0-80V DG @ 50 Amps, bench Power Suppdes

£245

£995
FARNELL AP3080 0-30V DC @ BO Amps, banch Suopy €1850
W 10 SOT hW - 400 H: J phass power 3ources - ax ook £PDA

I8M 8230 Typs 1, Tokan ring base urvt divar
Wayne Ker RAZOO Audio Irequency raspense anal

IBM 53F5501 Token Aing ICS 20 pant lopa medulss

1BM MAU Token ring gesirzulion panet 8228-23-50500
AIM 501 Low drsionmn Osclator 9H2 to 330Khe, IEEE
ALLGON 8360, 11805-T620 MHz hybrid power compiners
Trerat DSA 275 Dala An e with G703(2M) &4 Vo
Karconl €310 &1 abls 219 22 GHz sweep gensraid
Matconi 2022C 10KH: IGHz RAF s:gnal ganerator £
tarcond 2030 opt 93 10KHz-1.3 GHz signal gensrator New
HP18508 Analyser 3

£760

HP3761A Pailem generator 4 HPITA2A Errer Devactor

HPE621 A Dual Programmatsa GEIB PSU G-7 V 1680 wans  £1800
HPE2564 Rach mount varahle 0-20V @ 20A matered PSU £675
HP54121A DC to 22 GHz four channeci lest 58! EPOA
HPE1I0A opl 020 205 MH2 pulce geraraloe, GPIB aic £7300
HP A1, AD B pen HPGL high spsed dne piotteds - lrom £550
HP DRAFI'MACTER 1 8 pert high spead ploiter £7:0
£6+G Srookoeal $5035C Pression lock o1 amp 1600
View Eng. kod 1200 compuatensed mspection system FPOA
Sony DXC-30G0A Hagh quakly CCD colows TV camara £335

Heithley 580 CV capacdor f voltage analyser

Racal ICAA0 gual 20 channs! voicy recorder systam
Fiskers 45KVA 3 ph On Line UPS - New batterias
Emerson AP130 2 SHVA ndustral spec UPS

Mann Tally MT645 High steed ina prioter
tniel SBC 456/1335E Munibus 225 systemn, 860 Ram
Sizmens K4400 62Kb to 140D demux analyses

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - B
10,000,000 items EX STOCK
fee MAJOR savinGs
CALL OR SEE OUR WEB SITE www.distel.co.uk

!ﬂﬁ- MONITOR spscm
e hignest specifica

neo
* monitors you will ever see
At this price - Don’t miss it!!

Misubishi FAZ4I1SETKL 147 SVGA Muttisync eolax moniid with
ARCHIMEDES and APPLE. f'-'r katums Blchad

Dzsootmmn:em:newuﬂad 1&«:41?:& A
]iaaectaamsmrga-aLDw DIATION MPR
sedfcaton Fuly guaaniesd © "‘«FE_LE'JT e

Lsad comdt o

Tet& Swivel Base E475 Only £119 g 0%
VGA eabie for IBM PC nciudad. y B Svaa

Extamal cabkes far othar lypas of computers availabla - CALL

a rost o comput
EMPC‘anCA. ch- VGA & SV3EA
Choing Amiga 120G),

‘Ex demo 17° 0.28 SVGA Mitsubishi Diemond Pro
monitors, Full mullisync ete.
Full 90 day guarantee. Only £199.00 (£}

1o mast calour cameras. High

Surplus always
wanted for cash!

19" RACK CABINETS
Superb quality 6 foot 40
Virtually New, Ultra Smart

Less than Half Price!

Top guaity 19° rack cabenets made n UK by
Optima Enclosures Ltd. Unifs teature
defigre:, smoked aofyie fockatis front door,
tul height lockatle half louvered back door
and louvered emovable side panels. Fully
adustabla miemnal fing stuls, ready purched
fer any configuration of squipméent mounting
Bus rezdy mounted negfal 12 way 13 amp
sockat switchaed mans istrduton stop make
thace racks soms of tha most versalile we
havo ever scld. Racks may be stzchad side by side and iheretsce
TEQUIE Only IwG sidd panels to s:and ty Of 30 mulipie bays

Overalldmensons are: 7% Hx 26 Bx 2' W Order as:

OPT Rack 1 Comgieie wen removable side panels.  £345.00 (G)
OPT Rack 2 Rack, Less side Ganels £245.00 (C)

Over 1000 racks, shelves, accessories
19" 22" & 24" wide 3 to 46 U high.
Available from stock !l

32U - High Quality - All steel RakCab |

Cd

RN
ORI I, |

T ECEERCIEREL NI RIE,

»;

Jusl In - Microvilec 20° VGA (500 x £00 res.) colour monitars.
Goed SH condition - from £299 - CALL for Inlo

PHILIPS HCS35 (samea sty'a as CMBBE33) strractively ztyled 147
coiour moaltor with poth AGB and standard composite 15.625
Khz video Inputs via SCART socka! and separate phont jacks.
integral audo powser a:;nf and spezkar for all audio visual usss,
Wil connect Grsct 1o Amiga 2nd Atarl BBC computers. 13zallor ak
video manilaring / security spphications with diras! connection
with many f=aiures such as
ko;l’ concas «ad‘:llap cone.tjrc’ . YCR corrsction button sit. Good
usad congticn 1258 ranteed

Démensions: W 214124. xgllfss Only £99. 00

PHILIPS HCS31 Uttra compact & colour viden monitor wih stan—
dard composite 15.625 Kh2 video miput via SCART cockeat Ideal
d=r all mondt ! securty appicalions. Hich guzalty, ex-equpment
luy 12staa & guarantaed (passible minor screen bums). i alua&
tiva sguare black plastic case measurng Wi10' x H10® x 13%°

240 V AC mans powered omy £79.00 (D)
KME 10° 150110073 high dafinition’ colour moniors with 0.28° 80t
pitch. Superb clarity and madatn siyling. .
GCparates frem ag 15625 kh: sync RGB vidzo®
sgurce, with RGHB analog ana composite sync
such as Atari, Commodore Amiga, Acorn
A::hmede: & BBC. Measures only 13%° x 127 x

L Geadused conlilen.  Only €125 (g

20" 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid siate colour monitcss,
complete with compasie Adea & optional scund input. Atlractive
teak style case. Perlsct for Schools, Shops, Disco, Clubs, etcln
EXCELLENT ktite used condition with full 90 day guarantes.

20"...£135 22"....B155 26"...£185F,

Wa probably have the largest range of videa monitors In
Europe, All sizes and {ypes from 4° 10 42° call for Inla.

DC POWER SUPPLIES
Vlrrually every type o power

supply you can imagine.Over _
10,000 Power Supplies Ex Stock
Call or see our web site.

HPEQI0A 0-200V DC G 17 Amps banch power Supaly,
Intel SBC 486/125C08 Enhanced Multius (MSA) New
Kikon HFX-11 (Ephiphat) exmosura control unit £1450
PHILIPS PM5518 pro. TV signal genaralor £1250
Mgtorola VME Bus Boards & Companents List, SAE/CALL £P0A
Trlo ¢-18 vdz bnear, matared 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM high speed band peinter €1550
Fujltsy JA3341D 600 LPM prnte: with natweX imafacs €1250
Perkin Elmar 2898 Inirares spectrophotomater

Perkin Elmer 557 Infrared spectrophotomater

VG Etaclronics 1035 TELETEXT Decoding Marign Matar 250
UgntBand 60 cutput high spac 2u rack mount Vidas VDA'S £495
Sakonlc SD 150H 16 channel digital Hytid chan racocder  £1955

£1950
€1150

B&K 2£33 Moroptons e amp £300
Tayler Hobson Taitysurd ampidier / recarter £750
ADC 55200 Carton dioada gas delecter / monior £1450
83C AM20/ PPLL Mister {Ermast Tumad) # ditve eiectronucs £75
ANRITSU 95544 Opiical DC-2 SG/h waverlorm mosedy £5650
ANRITSU MSSO0181 8.6-1_7 v ofical spectrum =n.a'ISBI £ROA
AMRITSU MALS3A aplical powar majer £590
ANRITSU Fixz oplic charactavistic 1ast sat tPOA
LS FTDZ Dual sound unit £650
ALS SBUF-EY Vision modutates £775
WILTRON 66308 12 & f 20GH: RE sweep ganerator €£5750
TEK 2445 150 MHz 2 trace asciloscoge £1230
TEK 2465 300 Mhz 302 MHz oscaiascope fask mouni £1835
TEK TDS60 2000z degral izaliime » disk derve, FFT etc £2900

TEK TDS522A 5000z diginal reatima « colour osplay e £5100
HP35E3A Opt 907 20HZ o 40 Mnz spactiym ang!
PHILIPS PW1730/10 50KV XRAY genarator & actessonies T
CLAUDE LYONS 12A 240V sing'e phase avic voll. regs
CLAUDE LYONS 1D0A 240/215V 3 phase auts woif. regs

Made by Eurccrait Enclosures Lid (o th2 highest possible spec,
rxck fealureg all steel constructicn with removabis

sids, front and back doors Front and back 4oots a8 o
hinged for easy access and ab arz lockabie wih <r/' \
frva sacuta 5 loves barra! locks Tha ot goo: \c/‘{{;{;

is constructeg of double wallea stee! with ar
deslgnu styfe! smaked acrylie frant panel 1o
enabia status indicators to be sea2n duwough tha &
Fa L y&l remain unobtrusive Intemally m-a ratk §
gatures lully slotted reintorced ventical fixing
mambers to take tha heavlest of 19" rack
equipment. Tha two meovabia vencal foing stiuts }
(emas av*--tal:le) are pre punched for standard
‘eage nuis’. A mains distribution panel internal-
ty mouniad 1o the bottom rear, piorndes 8 x fEC 3
g1 Eurd sockets 2nd 1 £ 13 amp 3 pin switched
utllity sccket. Owverall venidation is provwded by
iuvered back doce and coubla skained 10p sacton
top and sida louvres Tha tog panel may b2 removad for ﬁtng
of Inlegral fans to the sub plate ele Othar faztures incluse: figed
casioss and floce levelzrs, prapunched utility panel at tower tear for
cabla [ cennactor access eic. Supphad in excellant, stignily used
condition with kzys, Colour, Royal blus. Extsinz] dimensions
mm=15625H x 6350 x 603 W. (64 H x 25° 0 x 2334 W }

Sold at LESS than a third of makers prica [l

A superb buy at only £245.00 ©
421 version of the above.only £345 - CALL

12V BATTERY SCOOP - 60% off !!

A spacial buk ?urm_sa kom = cancelled export order tkings you
the musi amazing savings on thess vira high sgog 12v DC 12 A
rechargasbis batieries. Made by Hawker Enzrgy {1d, typs SBS15
I=aturing pure lead pistes which offer a far supano: she & guaran-

tacd 15 year service Ma Fully BT & BS6290 approved Suppied
BRAND HEW and boxsa. sions 200 wida, 137 tigh, 77 ds

ME bolt terminals, Fulty guarantzad, Curerst makers price umni:e}%
E‘w’d.')ur Price £35 each « or 4 for £99 5

RELAYS - 200,000 FROM STOCK |

£E's by choosng your next reiay from our A lassive Stocks
covanng Hpes such as Mi2ary, Octal Crecie. Hammeticaly Sealeq,
Conibnantal Costacizs. Teng Dalay, Soeo, Mercury WWelted, Soix
Stats, Printed Crouit Mounling ete. . CALL or se2 our web site
www.distel.co.uk for mare nlommation Many shsolste hypes froin
stock Save £E7%s i

Undoubt

2 miracle of modern technology &
our speciat

g pawer | A qualily product fsa-

tuiing = fully cases COLOUR CCD camera 2l &
geve away pace | Unt teatures hull autolicght sanzing foe

WW@
A

use in fow (Ight & high light
applications. A 10 mm fued focus
wize zngle lens gives excellent focus
and resolution from dozs up to jong
rangs The composlie video output will
connact (o any composite momior of TV
(via SCART sacksat) andg mosl video
réccrders. Unt suns lrom 12V OC s0
#d2al o1 secunty & poriable applica-
. tions whara mans power ot ava s
Dvarall drmensions 656 mm wide x 117 deos x 43 figh  Suppied
BRAND NEW & fully guarantesd with user data. 1005 of applica.
tian includeig Sacurty, Home Video, Wab TV, \Web Tams ste, ele

Webret=1633 ONLY £99.00 or 2 for £180.00 5

SOFTWARE SPECIALS
NT4 WorkStation, complete vath service pack 3
and licence - OEM packaged ONLY £89.00 &)
ENCARTA 95 - COROM, Hot tha [atest - bul al this price ! £7.95
DOS 5.0 oo 3% disks with concise boows ofw CBasc £14.55
Yindows (o Woskgicups 3.11+ Dos §.22 on 3.5° disks  £55.00
Wordpearfect 6 tos [0S supphed on 3% disks with manual £24.55

shlpgyng chargas for sofiware s code B

DISTEL on the web ! - @ver 16,000,000 items from stock www,distel.co.uk

ARG

2 ALL MAIL TO
Depl PE, 28/35 Osbarne Rd
Thomion Heath

_ Susrey CRY 8PD
Open Mon - Fri 9.00 - 5:30

of Sae sd uriess sizad guaretead for m*,s.ﬁd%zm
w200k Disooures ko volume, Top CASH prices pasd

LONDON SHOP

Open Mon - Sat 9:00 - 5:30
pe 215 5 Yihitehotse Lane
Sdauth Horwood
Dn 224 Bus Rsute

He Thomtca Haath &
Sathurst Park SK Aad sulons

emall =

Al s T Un Mérara Un csomees add 175% VAT o TOTAL o amcant Minmen oder €10 Bona Fini: acoouns oroars a00aeres) 1om Govemmant, S

Urererstes @0 Local Aulonties - T accousy o £50. Cheouss ow £100 e subioat o 10 working days dowerce: Canoge charges (A)£300, (AN=E4 00
{B1=£5 50, (C)=£8.50 (C1)£1250. (Dpa!SCO.iEEE!EOl(F}-{IEQ GECALL Alow apore § days b shopng - s CALL Mg:ﬁismmw&rm'dcu’d:
on 2 ARun 1o hasebats Al rghts reserved B chage prices WERILL pYieY
Suphss poacs Al ladomanks, FedenaTes st adkrowtedged £ Depay Feaonces 1993 EL Q& 07739

Visit our web sile
www.distel.co.uk
admind distel.co.yk

ENQUIRIES

0208 653 3333

FAX 0208 653 8888

=

ons

pites | scecfestons ngtee. Croers abed




NEXT MONTH

PIC16F87x MINI TUTORIAL

As we explained in the 8-Channel Analogue Data Logger of Aug/Sept ‘99, the PIC16FB7x
family of microcontrollers are much more powerful than the familiar '84 devices: up lo
eight channels of ADC; serial communications /O at controliable baud rates; enlarged
program and on-chip EEPROM memories; 20MHz maximum clock rate; external serial

¥ data memory read/wrile. -

In this Mini Tutorial we take a closer look at how the PIC16F87x family can be pro-
grammed to implement the type of functions offered by the Data Logger. Knowledge of
“how and why these routines are written will greatly assist you in writing similar func- .

tions for other applications. The discussions have the emphasis placed on the
PIC16F877 device, but in principle they equally apply to the PIC16F873, '874 and '876
devices as well. z
Some of the author's investigations were clouded by ambiguities in the PIC16F87x data
shee! and took considerable experimental research to understand how to implement
some functions. By reading this article, you could be saved much time and heart-ache
when aftempting to use the funclions in your own designs.

THE QWL LOUDSPEAKER MAINS CABLE
The design and construction of a Quarter D E TE C To R

Wave Loaded loudspeaker system. Probably most do-it-yourself enthusiasls are

This article was written opg:{laﬂy in 1988 for aware of the dangers of driliing into the walls of
ETI, and & modified version is presented practically any building, and use some form of
describing the incorporation of improved drivers pipe/cable detector lo check that it is safe prior
and a maiching crossover, It is hoped that the to doing any work of this 1ype. Such precautions
deasign will appeal to existing owners of the QWL should ensure that there are no nasty surprises,
in terms of an upgrade, as well as to new con- bui some types of cable can be difficult to
structors looking for 2 wide frequency range detect. Most pipe and cable locators are actually
loudspeaker occupying a rezsonable floor metal locators that are oplimised for this 2ppli-
'space. o . cation. They are quile good at finding things like
The choice of loudspeaker is oiten a very per- nails in doors and plasterwork, locating metal
sonal decision and this design is the result of pipes, and finding cabies in metal conduils. They
hours of measurement and ilstening. Qver the tend to be less effective at finding electric cables
years friends have bzen invited to audition these that zre in plastic conduits. The problem seems
speakers and, as their performance received fo be that there is simply not that much metal in
very favourable comments by even the most an electric cable, especially a lighting type that
candid listener, it is feit that the mafority of read- is only designed to carry modest currents. This
ars will not be disappoinied with the results of makes such cables difficult to detect unless they
“this project. ‘ 3 ) are close to the surface of a well.

These loudspeakers are relatively cheap for the The project featured here uses an allernative
.performance oblained (as a useful rule of thumb approach lo finding cables, vehich is fo pick up
they compare very favourably with commercial the 50-heriz mains "hum” signal produced by
designs costing in the order of three times the the cable. This signal is relatively easy'lo locate
cos!t of the speaker units and crossovers in this even with a small cable that is buried deep in
design) and are fairly simple fo build. They a.wall '

'occugy very little ﬂoovf' spac?. are easily moved

to a desired position for serlous listening, and 8

are of the right height to preclude the nged for L > L’u =¥

stands. The overall design has been carefully ALL THE

selected on the basis of a combination of good :

measured frequency response, stereo imaging; = EG ULAR

sound quality and efficiency. FEATURES

1T BETTER

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

TRONICS

ETERRATIONAL Demand is bound to be high

|

OCTOBER ISSUE ON SALE FRIDAY, SEPTEMBER 3
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Computer Controlled Robotics

m @ Moblle Arm

Telephone for our cotalogue or
visit our web site for further detoils
40 Wellington Road, Orpington, Kent BRS 4AQ S9N
Telephone - (01689) 8768380
Web Site - hitp://www.technologyindex.com
Prices exclude VAT and £5.00 next day carrisge

Chiltern Road
Prestbury
Chelteneham
GL52 5]Q

PLASTIC BOXES

ENCLOSURES

Contact us for your free catalogue

S.LM. (Model) Ergineers Lt

& [

“Telephone 01242 525488
Fax 01242 220288
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SURVE

PROFESSIONAL QUALITY KITS

1 for Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions,

circuit diagrams, assembly details and all high quality com

nents including fibreglass PCB. Unless othervise stated all

transmitlers are tuneable and can be received on an ordinary VHF FM radio.
Genuine SUMA kits available only direct from Suma Designs: Beware inferior imitations!

UTX Ultra-miniature Room Transmitter

Smatest room transmitter kit in ths wend! Incredls 10mm x 20mm nludng mic,

3V-12V operation. SOGM ramge. e e eterene 51545

MTX Micro-miniature Room Transmitier

Bagtselng micra-mavatwe Room Transmitter. Just 17mm x 17mm iacleding mic.

3V-12V aperation. 1000m range. e e o £13.43

STX High-performance Room Transmitter

Hgh periormance lransmilier with 2 buffzred cutput stage for greater stabsity and

range. Measyres 22mm x 22m, including mic. 6V-12V operabion, 15C0m range. £15.45

VT500 High-power Room Transmitter

Povarhd 250m\ output providing 2iceken] mnge and performance.

Siz= 20mm x 40mm. 3V-12V operation. 3000m range. e i £16.35

VXT Volce-Activated Transmitier

Tiiggess only when sounds are detected. Very fow standy curenl. Vanabe sensiivity

and delay weth LED inchcator. Size 20mm x 87men. 8V gperation. 1000m rangs. £19.45

HVX400 Mains Powered Room Transmitter

Connacls directly to 240V AC. supply lor long-term montonng,

Size 30men x 35mm. 500m range.

SCRX Subcarrier Scrambled Room Transmitter

| Scrzmbizd output from this ransminer carnot bs monRored without the SCOM decoder
connected to the receiver. Size 20mim x 67mim. 8V cperatan. 1000m range..... £22.95

SCLX Subcarrier Telephone Transmitter

Connects o telephons Bne anywhere, requites no batteres. Culpul scrambisd so

requirss SCDM connecied to recetver. Size 32mm x 37mm. 1606m rang=. ... £23.95

SCDM Subcarrier Decoder Unit for SCRX

Cornedds to receer eaphone socket and powdss decedfid 2udo oulput to

headphones. Size 32mm x 70mm. 9V-12V oparabon. ... el =, Wil ) 3

ATR2 Micro-Size Telephone Recording Interface

Conrects between talephone e (2nywhere) and casseiie recorder. Switches taps

aulomaticaly 2z phons s used. AN conversalions recorded. Size 16mim X 32mm

Powered from ne

£19.45

s £13.45

P s

*hk §
'DLTX/DLRAX Radlo Control Switch

Remole control anything around youwr homa or garden, outsida Eghts,
alarms, paging system elc. System consisls of a smail VRF transmitter with

pecials * k%

of altarnate, 8-way dEL switches on bo
secuifty code. TX size 45mm x 45mm. AX size I5mmx S0mm. Both 9V
tion. Range up to 200m.
ta Syslem (2 ki sl
Individual Transmitier DLTX
Individual Recetver DLRX
-tMBX-1 HI-Fi Micro Broadcaster
Hot tachnically a survelliance device bul a great ldeal Connacts lo the
headphone of your Hi-Fi, tape or CD and transmils Hi-Fi quality fo a
nearby radle. Listen to your farvourita muslc anywhere around the house,
den, in the bath or in the garage and you don'l havs to put up with the
"s-choice and boring walfla_ : =
Size 27mm x 60mm. §¥ operation. 250m range.. vorvivis COOES |

£50.85

£3795

e

digital encoder and recelver unit with decoder and relay outpul; momentary |
th boards sel your own unique

£19.95 |

DEePT. EE

SUMA
DESIGNS
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THE WoRKsHOPs: 95 MAiN ROAD,
BAXTERLEY, INEAR ATHERSTONE,
WarwicKsHIRE €V9 ZLE
VISITORS STRICTLY BY APROINTMENT ONLY

UTLX Ultra-miniature Telephone Transmitter

Smates! telephons tranatmitter Kit avalable. IncredBis size of 10om x 20mm!
Connecis o in= [anywhere) and swiches on and off with phone use.

All conversation fransmitted. Powered from Ene. 500mrange— ... £15.95

TLX 700 Micro-miniature Telephone Transmitter

Bost-seling telzphone trensmitisr. Bsing 20mm x 20mm /5 easier o assemila
than UTLX. Connecis to Ene (anywiare) and swithes on and off with phone uss.
Al conversabions transmitted. Powered from B2 1000mrange. .. 1345

STLX High-performance Telephone Transmitter
High periimarse frarsmitter wilh butlered output stage providing exceldent stablty

‘znd perdormance. Connests 1o ine {anywhers) and swiches on and off with phone

use. All conversations transmilled. Fowered from ing,
Size 22mm 1 22r:m. 1500m range .. -
TKX900 Signalling Tracking Transmitter
Transmas a continucus stream of avdio pulses vath vasabis ton2 and rate. ideal for
signalkng of trecking purpeses. High powsr outpul giving range up to 3000m. y
Size 25mm x 63mm_ 9V pperabon. s gl e S B106
CD400 Pocket Bug DetectorfLocator

LED and piazo bisepsr pufss siowly, ralz of pulse and peich of tone inCrease :astyou

_£30.85

i et £16,45

Approzch Signal. Gam control abows pinpainting of source,

Siza 45mm x S4mim. GV oparabion.
CD600 Professional Bug Detector/Locator

Multicolour readoul of signal strengin with vanable rzte bisapsr and vanabls sensitvity
used 1o Cziect 2ad localz hidden ransmitiers. Switch fo AUDIO CONFORM mode o
distinguish batween ‘ocalised bug ransmission and nommal legiimate signate such as
pagers, cefutar, laxs eto. S2e 70mm x 100mm. 9V operation ... .. £50.95
QTX180 Crystal Contralled Room Transmitter

Nargws bard FM fransmittes for the ufimale in privacy. Creraies on 180MHz and
requires the use of a scanner receiver or our QRX18D i (a2 catzioqus].

Size 20mm x 87mum. 9V cperztion. 1000m range.
QLX180 Crystal Conirolled Telephone Transmitier

As par QTX180 byt connacts to {elephane Ene 1o monitor both sides of coaversalions,
20mm x §7mm, 9V ¢peration. 1000m rargs. £40.95
QSX180 Line Powered Crystal Controlled Phone Transmitter

As per QLX180 but draws power requiraments rom ine. No battenes required.
Size 32mm x 37mm. Rangz 500m e iy " £3585
QRX 180 Crystal Conirclled FM Recelver

For monineng any of the 'Q° rangs transmitlers. High sensith
suppled as pre-bufl 2nd aligned module ready [0 Connedt on
sziting up. Oulpu! to headphones. 60mm x 75mm. SV cperation...

Abuild-up service is available on all our kits if required.

UK custorers please send cheques, POs or registered cash. Plzase add
£2.00 per orger for PAP. Goods despatthed ASAP aliowing for cheque
clearance. Overseas customers send Slerding Bank Draft and add £5.00
per order for shipment. Credit card orders welcomed on 01627 714476,

OUR LATEST CATALOGUE CONTAINING MANY MORE
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO

FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS.

_ Tel/Fax:
0182% 714476

£40.95
*

uniL AR RF saction
270 S0 no difficult
SO (K

629



£9 BARGAIN PACKS

VIBRATING REED FREOQUENCY METER, 55-65Hz
Ocdlzr Ref: 9PE. .

BUMP 1l GO SPACESHIP KIT, Order Rei: 8P9.

10 TDK AUDIO TAPES. Order Rel: 5712,

2-TONE HORM KIT. Onfer Ret: 3P15

TV REMOTE CONTROL, made by Phips, this «ill con-
trod aimgst gvery TV receiver or video. Crdar Raf: 9P20.

£10 BARGAIN PACKS

100A TIME SWITCH, ex-elsciricity board. reconditioned.
Oriter Rat 10P14.

MAXIMUI DEMAND INDICATOR, 233V AC. Ovder Ra®
10P15. -
TANGENTIAL BLOWER FAN, 28#. iaog fan with molos
in midde. Ocdar Rel: 10P16.

POVER STATION TYFE VOLTMETER in 6in. damaier
metal case. Crder Ret: 10P25.

ALUMINIUN CASE. 137128, very good condiion.
Order Ret: 10P40. g

POWERFUL V/ATER PUMP, operated by heavy culy
mams metor. Ordar Rel 15P76

COUSLE BLOWER, mains sperated, suft graenhousa o
workshop Crder Hef 10PE4, 2
FLUORESCENT CONVERTER by Phigs for hin
fubes. Qrder R=f; 10P83

COMPUTER BRIVER, LI5-D05 4 01, Ocdar Sal; 10PS5
KROTORISED DISPLAY, 12x10A micro mains swiches.,
deiven by mains mator. Order Rl 10P1IO1

CRT ref, SE5MH, Bin, Crder Rel 10P104

HOT WIRE PANEL METER, Sin. Order Rai: 107105,
DATA RECORDER, Shamp rel. iT400. Orger Hak
10P110. \

AMSTRAD MODEM SM2200, may need zusntion. Order
Ral: 0P 11

SOLENOID WATER VALVE, Danfcss, 12V DC or 24V
AGC. Ordaer Raf: 16F 118,

POWER RELAY, <x10A changeover contacts. Order
Ref: 10P136.

10A AMMETER for AS. Ostinr Red 10P122

BENCH SOLDERING IROM on base, Bn'e storage sboed.
Crder Azl 105145,

PRECISION VOLTAGE PANEL METER fo¢ exact resd-
ing tetveen 100 and 125V AC. Order Raf. 10P148.
SHARP DiSK DRIVE M21F11. Order Rel- 10PL147
FULLY ENCLOSED CROMPTON PARKINSON MAINS
WOTOR, 1:6 h.p. 875 r.p.m Order Ref. 10P149.

12 COPPER CLAD BOARDS, vanous sizes from 6x3 to
12x12. Crdar Rafl, 102150,

ALARM FOR HOUSE OR CAR, ultrasonic, neatly casod,
rezdy-1o-usa when baltery fittad, Order Hef: 10P155.

EVEN BIGGER BARGAINS

8in. MONITOR by Phips, new, mzds 1o work with OPD
computar, £15. Crdar PeE 13P1.

METAL CASE ior Sin. mordor, suppied as 2 fiat pack,
€12, Order Roi: 12P3,

Sin. TUBE by Pnips. a5 used in our monitor, £12 Order
Rai. 12P7.

BIG AMPLIFIER BOX, 258x178x120mm. £12 Orcsr
Raf: 12930

AMSTRAD 3in. DISK DRIVES, 2 with differing fauls,
shouid e poszdia 10 make oaw geod one, £15. Crder
Raf- 15P45.

ULTRASOHNIC ALARM for house o car. complate with
exzmal hom spasker and 12V powet supply, S128. Order
Ret: 18P3.

100 ASSORTED COMPUTER GAMES, no mare than 5
o aré ong 4ype, ideal for remaidng, £20. Order Raf
Z0F1

MULLARD t4in. COLOUR TUBE, ref. AQ37590X. £15.

Crder Rat 15P76.

MAINS STEP DOWH TO 115V TRANSFORMER, this is

1000V &s aum bul has a separate winding 10 giva 500V

115V solared, €25, Order Ral: 25P18.

3in, DISK DRIVE, £29. Crdsr Ael: 26P6.

SUPER 8 CINE PROJECTOR withoul sound. Ordar Rt

I8P,

SUPER 8 CINE PROJECTOR with sourd, £48. Order

Rsl: 4971,

PSU CASE, size 235x115x210mm. hiack case with

tabesed siver from and fated carymg handies. Sman kit

raferance 5055 or 5007, £12, Order Refr 12P20.

8fL FLUQRESCENT TUBES, brard new, in makesrs
gs, box of 12, £12, tul you musst coect. Crder

Ael. 12811,

DIGITAL PANEL METER, comes compieia with dalals

of kow to use it 1o disptay amps or volts, £11.50. Osder

Aet: 11.5P2.

250m TWIM 5A EXTENSION LEAD, this s ideal for most

garcarng 1001s, rubber bul trezted so thyt f can’t parizh

Theough sunfight, etc., £20. Crder Rel: 20P35.

EMERGENCY LIGHTING UNIT with perspex cover, con-

tains rechargaable batteries and an invertsr unll to porwer

the inizmal fucrescant tube. regular price over €20, cur

prce £15, Ordar Raf 15P32. o g

SOIL HEATER, 100W transformer and wee, £12. Ordar

Agt: 12P33. o

SPEED CONTROLLER for 12¥ DC molersup it (6

h.p., ki of paris £12. Crder Ret: 12P34; or made up £20,

Order Ref: 20733,

SOLAR PANEL, 15V so will trickle charge car batery,

£15. Order Rek 15P72.

CAMCORDER BATTERY CHARGER, suizs mast cam-

covdars, £35. Ordar Ral: 15P73,

SPECIAL 12V RECHARGEABLE BATTERY. This
is the J=2n made Yuasa. it is sealad 5o ¢an bo ussd
in gny posifion. £3.50 sz2ch or 5 for £15. Order Ral:
3.5P11. Tha baiteries hava z capacily of 2-3AH
which may t= 2 ba low for some jobs but remem-
ber you can foin them in parailel to give a high

amperzge.
RECHARGEABLE NICAD AA BATTERIES. Ycu
can have thess & a bargan price of 30p each, but
you hiave o buy = pack of 10 which vrould give you a
12V rechargsabia baltary. However, #f iz qute easy to
divide Into 2 x 6V rechargeables or 10 x 1:2V
rechargeables. Ordar Rel: 3P287. Mada by Varta.
CHARGER FOR YUASA BATTERY. This bansry
chargat plugs into 2 13A sockei, charges al approxi-
mately VeA 50 it veould charge it 21 the comect rate.
Cemplete wath croc ciips, ready te-go. £5. Order Ref:
5p2es.

FOR QUICK HOOKX-UPS.
You canl tes! leads with a
crac ¢fip each end. You can
have a sst of 10 pads. 2
each of 5 zssoned colours
with insulates crocodie clips
on each end. Lead lenginh 35cm, £2 per set Ordar
Ref; 2P459,

BIG 12Y TRANSFORMER. 1t is 553VA s0 ovar 4A.
Beautifly made and well insutaied. Live parts are in
& plastic frame so camnct be accidentaly toushed,
£3 50, Order Rel: 35P20.

TWIN 13A SWITCHED SOCKET. Good Briish
maka, white, quit stardard size so suitable for flush
mounting of in 2 sudace box £1.50. Order Raf:
1.5P61.

TmA PANEL METER. Approximately 80mm x 50mm,
front engraved 0-100, price £1.50. Crder Rek 1/16R2

BUY ONE GET ONE FREE
ULTRASONIC MOVEMENRT DETECTOR. Nicely
Cased, free S1andng, has infarnal alarm vhich can
be silenced. Also nas connections for sxtsmal
spaawer grlight. Price €10, Order Ref; 10P 154,

VERY POWERFUL BATTERY MOTOR. Intand=d to
eperals ponable screwdriver. it i 2240, Jorsy and 1%an.
diameter. Has a good length spncle. WA cparate win
considerable power off any voltage between 6V ard
12V d ¢, Price €2 Order Bat: 2P236.

0.C. MOTOR WITH GEARBOX. Siz2 &80mm long,
30mm diameter. Very powerful, oosrates off any de.
valizge between 5V and 24V. Spesd a1 8V is 200
pm but highar with highe: voliagzs of course, Price
£3. Order R<l: 32108

MOTOR SPEED CONTROLLER. For d.c. motors up
10 23V and any poveer up to 1/6 hp. They reducs by
inermitent full voltags pulses so there should ke no
loss ol pows:. In kit form £12. Oscar Relr 12P34.-Or
mzga up and tested, £20. Order Ref: 20P39.

VERY THIN DRILLS. 12 assotted sizes vary be-
tegen 0-Gmm and 1-6mm, price £1. Order Rl 128,
EVEH THINNER DRILLS. 12 that vary between (-1
ard 0-5mim, price £1. Ordsr Retf 129

BT TELEPHOHE EXTENSION WIRE. This is proper
heavy-Outy cable lor running around the skiting
board when you wanmi 0 make = parmanent sxien-
son. 4 cowes propefly colour coded, 25m lengih, only
£1. Order Rel: 1067

A MUCH LARGER PROJECT BOX. Sue
238mm x 120mm = 85mm with d and 4 scraws. This
is =n ABS bax which normally retais a1 around €8. Al
brand new, price £2.50. Crder Rek: 2 5728

LARGE TYPE MICROSWITCH with 2in. jever
changasver contzcts rated at 154 at 250V, 2 for €1.
Orcar Rel: 1/21R7,

BALANCE ASSEMBLY KITS. Japznese made,
when zssembied ideal for chémucal expariments,
compietn with twoszars and 6 weights 05 to 5
grarns. Price £2 Order Rzl 2Pagds

CYCLE LAMP BARGAIN. You can have 100 6V
0-3A h'ES bulbs for just £2.50 ov 1,000 for £20. They
are beautiully mads, sightly larger than ths standard
83V piot bulb so they would bta idoal tor making
dizpiays for might lights and similar appiications.
DOORBELL PSU. This has a¢. voltags Oulput so is
ezl for cperating mos! doorbells. The umit 15 totafly
erclased so perectly safe and it plugs into 2 13A
socke!. Pnce only £1. Order Rel: ¥/30R1,

FLASHING BEACON. keal for mdiing on a var, a
tractor or any vehicle thal should always ba seen
Uses & Xenon twbe and has an amber colour dome.
Separate fixing pass is included so unit can be put
away if desbred. Price £5, Order Ral: 5P257.

MOST USEFUL POWER SUPPLY. Rated al 8V 1A,
thés phugs into 2 13A sockel Is really nicely boxed,
€2. Order Ref 2P733.
1.56Y MOTOR VATH
GEARBOX. Motor is

moior icrques. Comes
with fll mnstuctions for
changng gaars  and

caiculatng speeds, £7. Order Reh 7P26.

' EVEN BIGGER BARGAINS

200/ WOOFER by Challenger, 8n. 4 chm, 18,
Order Raf- 16F9.

250W WOOFER by Chalerger, this Is 10in., £28.
Crdsr Ret: 2077

365-DAY TIME SWITCH, has two 18A channels,
€35. Orcar Reh 35P7.

FIELD TELEPHONE, ex-GPQ, just nzeds a pair or
wizes 10 join together, £16 each. Order Rel 15P8.
1,080 CYCLE LAMP BULBS, 6V 0-3A. £20. Crdar
Psf: 20P38.

‘SOUND SWITCH, can- b2 operated by capping

hands, shouting or aimest any other neise. Comas
complete with instructions, assamb’sd and ready 1o
woik. but nesds casing. Prce only £3 Orar Rel:
P46, o

LIGHT ALARM, could be used 1o wam wien a cup-
board deer is cpened, lght shining on the unit makss
thg bell ing, completely bult and neatly cased, re-
qulres only a battery, £3. Ordar Ref- 3P 155,

WATER LEVEL ALARM, be it Gath, sink, celar,
sump or any cthar thing that could flcod, this device
will telt you when the watsr has nsen to the preset
level, admsteble ever quile a uselul rarpe. Asally
casad for wall mounting, ready to work when battery
fited, £3. Oroer Rel: 3P158.

BIKE RADIO, in fact. it's maee than a radio, it's an
aamm 2nd 2 spatbghl. the radio is baltery operated. of
coursa, and nasds 3 AA cews, only one band bul this
is_the FM band so vil receive Rate 1 and 2, comes

compiete with handiebar fixing dips. pricz €4. Crder

Ref: 4P72.

ULTRA VIOLETVIEWING UNIT, this Is a VEry nsat
maztal anciosyre aboot tha size of a 6in. cube, the
fzmp and controi gsar are in the lop compartment
arel an open space with a platform belew alicws you
to inspect paper or Gier objects under the UV bght,
intended for 230V mains cperation, price £12. Order
Rzt 12R35

4-SOCKET MAINS ADAPTOR, we would say that
this is ig2al for the handyman, bul ne doub? many of
you will szy its zlso for the handyweman] Will take
up to & lozd of 13A and 4 unis can be used at one
timz, has a neon indicator to show the power ks on,
prce £4. Ordar Ral: 4p102.

HMODERN TELEPHOMNE HANDSET, idez! homa er
office extension, £2. Ordar Asl; 2834,

CASED POWER SUPPLY FOR MODELS, mains
cperated, gixes vanabla voitage from 6V 0 12V and
teversibla, idaal model trains. ste., €12, Order Rek
2P3

INSULATION TESTED WATH MULTIMETER, in-
tsrnelly gonarales vollages which enabis you ta read
insulation drectly in megohms, the muliimstar has
four ranges, AC:DC volts, 3 ranges DO miliamps, 3
ranges resistance and 5 amp rang2, thése instu-
ments =r2 ex-Britsh Talecom but in very good
condition, tesi=d and guaranleed OK, probabdy cost
at lsast €30 each, yours for ondy £7.50 with leads
carrying case £2 extra. Order Rei: 7.584.
REPAIRABLE METERS, we have soma of the
apove issters but slightly fauity, not working on all
ranges, should b= repairabla, we supply dizgram, £3.
Order Rel: IP176.

SUPERIOR 12V PSU. This is specal in thai tne cur-
put is regulated 12V DC =t 60CmA_ It is in a normal
type plastic container with_prangs o go o a 13A
sotkel has an indicalot onvofl Eght. Prce £22,50
Order Relt 22 5P25,

SOLAR EDUCATIONAL KIT, 2 ki compising
400mA  solar module. sun power DC mator,
connecting lead, fan impeier and sslection of
turtalis discs. Supplied complsls with booddat
axpiaining ths and appscations ol sofar
enargy. This kit Is 2n idéal educational introguction ta
solar power, price €5. Order Rel: 5P §60.
EQUIPMENT COOQLING BLOWER, nezr endugh
5in. square and (3. thick, but a realty good mavar,
mang cpetated, prce £4. Order Ref: 7150
SOLDERING IRON, super mains powerad with fong-
fla ceramic slement, heavy duty 40W for tha ox-
tra special job, compzle with platad wire stand and
245mm lead, £2, Order Rat: 3F221.

SOLAR POWERED NICAD CHARGER. 4 Ngad
batleries AA (HP7) Ia abaut 10 hours o 2 i only <
hours, 1 In about 2 hours_ i1 is a complata boxed Bnit
which you can easly Carmy abeut, price £6 Order
Ref: 6P3. i

MM BLOW HEATER, kW, idea! & under desk or
airing cupboard, eic,, nssds enly & simple mounting
frame, pnce £5. Grder Ref. 5P23

| * M= TERMS
Send cash, PO, cheque or quaia credit card numbar
—orders under €25 add £3.50 sanvice charga

Pilgrim Works (Dept. E.E.)

Stairbridge Lane, Balney;
Sussex RH17 5PA
Telephone: Gli444'881965
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Transform your PC.... Into an
oscilloscope, spectrum amalyseq
and multimeter...

Setmegs ; Pt -

Lieesy

The ADC-200 range of PC based oscilloscopes offer| ;.
: Shetalaial

4

performance only previously available on the most expensive | ; ‘

“benchtop' scopes. By intergrating several instruments into |+~~~ — -~ =
5 d 5 B - 3 3 [ ox o o m #ou o ou A

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

Connection to a PC gives the ADC-200 the edge over traditional
oscilloscopes: the ability to print and save waveforms is justone example.

;jlalt w8 3
.

Units are supplied with PicoScope for Windows whichis powerful, yet SF = is g= w8 ==
simple {a use, with comprehensive on fine he]p. :
Applications Features
¥ Video ¥ A fraction of the.cost of comparable benchtop
¥ Automotive oscilloscopes
V¥ Electronics design ¥ Up to 100 MS/s sampling o T
¥ Production line tests V¥ Advanced tigger modes- capture e 3
¥ Faultfinding one off events. Bleg
¥ Education W Up to 50 MHz spectrum analyser AP
T ¥ Large buffer memory it OO
All units are supphéd with )’4@6‘200/,00 £499 b
software, cables and power ‘ : Y
supply. Prices exclude VAT, HADE-200/50 £399 = "
ADE-200/20 £299
A scope at your fingerii
s werehe o e € ey 0
And s B e B | ODINE " a5]) :"‘, o t
0 . SCAICE ONgEe e d abo i Mo : i
o D an 1 nithat 3.0 0

‘ A - 4
B —) ,

;5:?
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GENT

ESIIENG]E T R INSE &S

Tel 01283 565435 Fax 546932
http://www.magenta2000.co.uk
E-mail: sales@magenta2000.co.ul

L TED

EE205 135 Hunter Street, Burton-on-TrértdStaffs DE14 :2ST

All Prices include V.A.T. Add £3.00 per order pap. £6.99 next day

&5 ==

MAIL ORDER ONLY e CALLERS BY APPOINTMENT

LI W]

EPE MICROCONTROLLER!
Pl. TREASURE HUNTER!
! The iatest MAGENTA DESIGN ~ highly |
stable & sensitive — with 1.C. control
I of all timing functions and advanced |
I pulse separation technigues.
I & New circuit design 1994
High stabiljty
drift cancelling:
Easy to build
B use
No ground
eff=ct, works
in seawaler

r=-=

-—
-]

® Detzcts goid,
silver, ferrous &
non-ierrous
metals
Efficient quartz controlled
microcontroller pulse generation.
Full kit with headphones & all
hardware

o ] T W

LXr

PORTABLE ULTRASONIC
PEsT SCARER

A powerful 23kHz ultrasound E
a compact hand-held case. MO

neraior in
FET putput

es a special szsled transducer with In-
tense pulses via a special mned transformar.
Sweeping frequency output s desigred to
give maximum outpul without any special
satting up.

KIT 842

SUPER ACOUSTIC PROBE

Qur very popular project — waith probe
components and diecast box. Picks up
vibrations ampiifies, and drives headphones.
Scunds fram sngines, waiches, and speach
through walls ean ba heard cleatiy. Useful for
mechanics, insttumant engineers and nosay
parkersl A very useful piece of kit

KIT 865

DC Motor/Gearboxes

Our Popular and Versatile DC
motar/Gearhox sats.

ldeal for Modzls, Robots,
Buggies etc. 15 to &5V
Multi ratio geerbox

givas wide ranges of spseds.

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

Stepping Motors

MD38...Mini 48 step..£8.65 [ =5,
MD35...5td 48 step...£9.99

[@‘l
MD200...200 step...£12.99 /

WD24.. Large 200 step.,.£22,95

j

PIC PIPE DESCALER

o SIMPLE TO BUILD ® SWEPT
o HIGH POWER QUTPUT FREQUENCY |
® AUDIO & VISUAL MONITORING

An affordahble circuit which sweeps
the incoming water supply with
vaniabls frequency zlectromagnetic
signals. May reduce scale formation
dissolve existing scale and i improve
lathering ahility b{;ilznng the way
salts in 1ha watsr behave
Kitincludes case, RC.3, coupling
coil and all components. |
High coil current ensurés maximum
eftzet. {.E.D. monitor

KIT 868 £22.95 POWER UNIT.........

£3.99

L N I

: SPACEWRITER =

An innovalive and exciting
prm. Wayve tha wand thvsugh
- the= a&ir and your messsge a'ppear&
Progtammatie 1o hold 2oy messag
up to 18 digits lana. Comes pra- Ioaded
with “MERRY XMAS”™. Kit includas

| FCB. all components & tube plue =9
] mstmcnonsra of message loading. ¥
K.I;I' 849; ..................... f; 12.5_3_9_

12V EPROM ERASEH

A safe low cost eraser for up o $ EPROMS ar a tima
in $255 than 20 minutes. Operst=s from & 12V supnly

{400mA). Usad extensively for mobis work - up-
dating equipmant in the field etc. m educs:
tianal situations wiere maiis suppliee Bre not ab

lowixd. Safety nteriock prevenis contsot véth Uy

KIT 790 ............................

MICRO PEsT
SCARER

Our lal=s! design ~ The ultimaie
scarer fof the garden. Uses

special micrechip to giva randem
deiay and pulse time. Easy to

buiid refiable circult. Kezps pels/
pests away from newly sewn arezs,
play areas, etc. Uses power source
from 9 to 24 volis.

o RANDOM PULSES

o HIGH POWER

o DUAL OPTION.

Plug-in power supply £4.99

O8I — TS T T -.£19.99
KIT+ SLAVYE UNIT. .o counvnie vunn £32.50

WINDICATOR

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

...£28.00

KIT 856 a0, 5l Sabinn

DUAL OUTPUT TENS UNIT
As featured in March ‘97 issue.

Magenta have prepared a FULL KIT for this
excellent new project. All components, PCB,
hardware and electrodes are included.
Designed for simple assembly and testing and
providing high leve! dual output drive.

KIT 866.... fFull kit including four efectrodes £32.890

1000V & 500V INSULATION
TESTER

Superb new design. Regulated
output, efficient circuit. Dual-
scale meter, compact cass.
Reads up 1o 200 Megohms.

Kit includes wound coil, cut-out
casa, meter scale, PCB & All
components.

KIT-848..............:....

e

™

MOSFET MkIl VARIABLE BENCH

SUPER BAT
DETECTOR

T WATT O/F, BUILT IN
SPEAKER, COMPACT CASE
20kHz-140kHz
NEW DESIGN WITH 40kHz MIC.

A new circuit using a ‘full bridge® audio
amplifier i.c., internal g ;
spezker, and head- "
phonetape socket. The
lztest sensitive transducer,
and ‘double balanced mixar’
give = stablg, high peformancs
superheterogyne design. )

KT BB vt e i DA

ALSO AVAILABLE Built b Tested ....£39.99

E.E. TREASURE HUNTER
Pl METAL DETECTOR
MKI

Magenta's highly
developed &
acclaimed design.
Quartz crystal
controlled circuit
MOSFET coll drive.
D.C. coupled
amplification.
Full kit includes

SRR o KITINC.
search cail. HEADPHONES
o EFFICIENT
CMOS DESIGN
© POWERFUL.COIL
DRIVE

o DETECTS FERROUS AND
!ON-FERRQUS METAL — GOLD
SILVER, COPPER £TC.

¢ 190mm SEARCH COIL
® NO ‘GROUND .EFFECT'
KITEB15..... 5., e ....E4E

EPE I  ULTRA

SONIC PEsT SCARER

POWER SUPPLY 0-25V 2-5A,

Bassd on our Mk1 design
and preserving all the
features, but now with
switching pre-regulator for
much higher efficiency. Panel
meters indicate Volts and
Amps. Fully variable down to
zero. Torcidal mains trans-
former. Kit includes punched
and printed case and all

a Kesp petaipests away irom
PROJECT

‘newly sown areas, fruit,
vegetable ‘and flower beds,

PICs
NOW £5.90

children's play areas, patios
etc. This project produces
' Programmed PiCs for
all* EPE Projects

intense pulses of ultrascund
‘which deter visiting animals,
e KIT INCLUDES ALL
COMPONENTS. PCB & CASE
3 L o EFFICIENT 100V
Now one price TRANSDUCER OUTPUT o UP TO 4 METRES

parts. As featured in April £5.90 each o COMPLETELY INAUDIBLE RANGE
1994 FPE An essential pizce (‘'semeprofeciszre | TO HUMANS © LOW CURRENT DRAIN
of equipment. ..f84.95 ! copyright) KIT G250 Serici & N Rt £14.81
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' SIMPLE PIC PROGRAMMER
INCREDIBLE LOW Kit 857 £12.99

PRICE!
INCLUDES 1-PIC16F84 CHIP Power Supply £3.99
SOFTWARE DISK, LEAD
= s EXTRA CHIPS:
CONNECTOR, PROFESSIONAL.
PIC 16F84 £4.84

PC BOARD & INSTRUCTIONS

Based on the design in February ‘98 EPE aniicle, Magenta
have made a proper PCB and kit for this project. PCB has
‘reset’ swiich, Program switch, 5% regulator and test L.E.D.s.
Thete are also extra connection points for access 10 all A and
B port pins.

D DISPLAY DRIVER
Kit 860 £19.99

Power Supply £3.99

FULL PROGRAM SQURCE
CODE SUPPLIED —DEVELOP
YOUR OWN APPLICATIONI

r Hh( 34

INCLUDES 1-PIC16F84

WITH DEMO PROGRAM

SOFTWARE DISK, PCB,

INSTRUCTIONS AND

24-CHARACTER 2-LINE
LCD DISPLAY

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

% Chip is pre-programmed with demo display #

PIC16C84 MAINS POWER 4-CHANNEL |

CONTROLLER & LIGHT CHASER

o WITH PROGRAMMED 16F84 AND DISK WITH
SOURCE CODE IN MPASM
ZERO VOLT SWITCHING -
10 CHASE PATTERNS
CPTO ISOLATED

4 X 3 KEYPAD CONTROL
SPEED CONTROL POT.
HARD FIRED TRIACS

4 CHANNELS @5 AMPS

Klt 855 £39 95

Phizzv ALL PARTS FOR SERIES INCLUDING
-

PCBs, PROGRAMMED CHIP. CD-ROM
MAIN BOARD - FULL KIT ... £131.95

Now features full 3-chapnel
chaser sofvwans on DISK
and pre-programmsad
PIC16FB4 chip. Easily
re-pregrammed for your
awn applications. Softwara
source code is fully
‘commented’ so thatit can
ba followed easily.

R BN

LOTS OF OTHER APPLICATIONS

AND DISPLAYS
BUILT ... £149.95
1fO PORT oo, KIT£16.99 BULT ... £24 .99
HopMo=s) 1 ;
8-2IT SWITCH/LATCH ....£7.95

EPE PIC Tutorial

At Last!

Real, Practical, Hands-
3-Part Series — Startin a

e Learn Programming from scratch

e Uses Re-Programmable PIC16F84 Chip
e Start by lighting an l.e.d. and work up through,

over 30 tutorials to Sound Generation, Data
Display, and a Security System

o PIC TUTOR Board has Input Switches; Output
l.e.d.s, and on board programmer

PIC TUTOR BOARD KIT

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

.. £42.95

KIT 870 ...... £27.95, Built & Tested ....

Optional: Power Supply - £3.99, ZiF Socket - £9.99

LCD Display - With Software and Connéction details .....£7.99
LED Display - Including Software.......coiecimmiveiesnnnionnens £6.99

DEVELOPMENT AND K
68000 TRAINING KIT e -_IS‘T 621
- ", £99.95
8 MHz 68000 16-8iT BUS
MANUAL AND SOFTWARE
2 SERIAL PORTS, PIT, ; PSU £6.99
AND IfO PORTS SERIAL LEAD £3.99

R |
3

PIC TOOLKIT

o PROGRAMS PIC16C84 and 16F84

o ACCEPTS TASM AND MPASM CODE
Full kit includes PIC16F84 chip, top quality p.c.b. printed with com-
ponent layout, turned pin PIC sacket, all components and software®
*Needs QBASIC or QUICKBASIC

KIT 871 ... £13.99. Built and tested £21 99

SUPER PIC PROGRAMMER

READS, PROGRAMS, AND VERIFIES
WINDOWS® SOFTWARE

PIC16C6X, 7X, AND 8X

USES ANY PC PARALLEL PORT

USES STANDARD MICROCHIP e HEX FILES
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
PCB, LEAD, ALL COMPONENTS, TURNED PIN
SOCKETS FOR 18, 28, AND 40 PIN ICs.

Kit 862 £29.99

‘GQ.S@O

o SEND FOR DETAILED

INFORMATION - A

SUPERB PRODUCT AT AN Power Supply £3.99

UNBEATABLE LOW PRICE, | DISASSEMBLER
SOFTWARE  £11.75
- Ar OTOR DR R

Mini-Lab & Micro Lab
Electronics Teach In '7

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

are supplied by Magenta.
Teach-In 7 is £3.95 from us or

EPE

Full Mini Lab Kit - £119.95 -
Power supply extra — £22.55 8
Full Micro Lab Kit - £155.95
Built Micro Lab - £189.95

INCLUDES: PCB,
PICi6F84 WITH
DEMO PROGRAM,
SOFTWARE DISK,
INSTRUCTIONS
AND MOTOR,

Kit 863 £18.99

FULL SOURCE CODE SUPPLIED.
ALSO USE FOR DRIVING OQTHER
POWER DEVICES e.g. SOLENOIDS.

Another NEW Magenta FIC project Drives any 4-phass unipolagmiator —up

| 1o 24V and 1A, Kitincludes all components and 48 siep mgtar Chip is

pre-programmzd with demo software, then write your own, and re-program
the same ehipl Circuit accepts inputs from switches ete and drives mator.in
response. Also runs standard demo séquance frum mernory.

GENT

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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FUDGE

The mains supply in the UK, as everyone now knows (don™t they?), is 230V a.c., changed
some years ago to fall inte line with the rest of Europe. Why? Who knows! However, if you
measure it you will find that it is actuslly 240V plus or minus a few per cent, carefully con-
troiled by the generating companies.

Most of the time it does not worry -us editorially, we quote 230V because someone in
authority somewhere says that is the standard; we know it’s actually 240V but when you are
part of Europe you get to a point where you let these things wash over you. This month,
however, we have had to make il clear that 230V and 240V are actually the same thing!

In Alan Winstanley's excellent Pipelines To Pylons feature, Alan explains how the mains
is derived and how we get to 240V (oops. sorry, 230V) from the 400kV that is originally
wransmitted. OF course, if we call the mains voitage 230V none of the explanations in Alan's
article make any sense, So, please forgive us Mr. EU, we have had io tell the trugh this month
and let readers know that 230V is just a fudge — what we in the UK actually get is a very
good, highly reliable, 240V a.c. S0Hz niains supply. Bul, of course, in future we will do as
we are told and call it 230V, unless of course at some-other time in the future we have to tell
the truth (o make the maths work.

Perhaps someone somewhere can give us a reasen why we need to standardise with the
rest of Europe and eall 240V 230V. It's not as if we have actuaily changed anything except
what we call it. We siill exchange power with France across the English Channel and appli-
-ances still work happily in any country in Europe. And, as Alan said to us in an E-mail
*“gither value is still enough to give you a frizzy hairdo” {or much worse)

DANGER

On a more serious note, Alan's article covers all the points readers have been querying
over the past months about earthing of the supply. eic. Although I know the basics of sup-
ply irom my training back in the distant pasi, the anicle has clarified a number of points for
me and made me realise how complex power generation now is.

It also underlines some of the dangers, particularly of high vohiage insallations and | must
adrmit that [ did not realise how far power could jump at these voliages. Such insallations
are feaced off for good reason — the méssage is to stay well away. Don't ever think that you
will be safe simply because you won't rouch anvthing; at the high voliages concernad you

don’t need 10 touch anything to be killed.

AVAILABILITY SUBSCRIPTIONS
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anywhere in the world {sse righl), from all UK
rvszgents (dstr Seymour) and from the
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Starter Project =

LOOP AERIAL
SW RECEIVER

ROBERT PENFOLD

You don’t have to surf-the-net to
capture the world., Just build this
low-budget recerver and be amazed!

for just about everything imaginable

published in recent years. but a
simple shortwave (SW) receiver is still one
of the most inieresting electronic devices
that you can build.

Commercial shortwave sels are now
highly sophisticated picces of electronics.
and it is probably not feasible for the home
constructor 1o compeic  with  these.
However, at the other end of the scale it is
possible to produce simple and inexpensive
receivers that are fun to build and will pick
up numerous stations from around the
waorld.

I RANGE

The design featured here is intended for
broadeast band reception at frequencies
from about 4-3MHz 10 14MHz. This pro-
‘vides coverage of the popular 49, 41, 31.
25. and 22 metre bands. li does not require
an elaborate acrial or an earth connection.
and the aerial is a form of loop antenna.

The term “loop™ is perhaps not entitely
approprisic in this case, because the aerial
is actually about 2-5m of 300 ohm imped-
ance ribbon feeder. This form of loop
antenna has the advantage of being eusy to
accommaodate, and it seems: 10 provide
quite strong oulput signals,

The loop is. in fact, about 1wo or three
metres on one dimension and only about
10mm on the other, rather than a circle of
around two metres in diameter, but this
does not seem to have a drustic cffect on
performance. The ouiput of the set is ade-
quate to drive either a crystai earphone or a
pair of medium impedance headphones.

This is a very simple design using just
three transistors. There are no unusual coils
to wind or buy because the loop aerial also
acts as the wning coil, so it is very casy lo
build.

TUNED CIRCUIT

The block diagram of Fig.l shows the
'simple arrangement used in this SW
Receiver. Conventionally. the aerial is a
long piece of wire which has one end con-
hected 1o the receiver and the other end lelt
unconnected. The aerial provides signals
over a wide range of frequencies and a filier
must remove all except those signals thal

THERE have been electronic projects
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are close
frequency.

A sophisticated receiver has complex
circuits to provide this filtering. but a sim-
ple receiver such as the one featured here
has to rely on one simple filter. This is
invariably a paraliel tuned circuit. which is
merely a capacitor connected in parallel
with an inductor.

1o the ‘Ttequired receptiod

3

This very simple form of receiver has
two main shoricomings, which are a lack of
sensitivity and inadequate selecrivity. A
receiver's selectivity i it ability {(or lack of
it) to pick out just one transmission from
several smtions on similar frequencies.
Without some help a single tuned circuit
does not provide adequate selectiviiy.

POSITIVE FEEDBACK
This help is in the form of positive feed-

back from the output of the ampiifier 1o the

tuned circuit at the input. As orfe wouid

LEOOP AZPIAL REGENTRATION
] VVY I '; HEADPHONES l

i " ' ? P N
TUNING :” A B aF AL Y
CacACTOR suprma ) ofachinsToR P wevred =) @

Fig.1. Biock diagram for the simple Laop.Aerial SW Receiver.

At a certain frequency, called the “reso-
nant frequency™. this type of circuil has
infinite impedance. Away from the resonant
frequency the impedance falls away rapid-
i¥ 1o a low level. In effect, signals at or
close to the resonant frequency are allowed
10 pass through to the subsequent Singe
while signals at other frequencies are short-
circuited to earth.

In this design the aerial and the inductor
in the tuned circuit are one and the same.
The aerial is a large single-turmn inductor,
and the size of the scrial determines is
inductance. The ¢apacitor in the tuned cir-
cuit is a vanable type, and this permits the
reception frequency 1o be varied over a
wide frequency range. The aerial only
operares efficiently at is resonant frequen-
cy and at nearby frequencies, and this gives
much the same result as using a separate
long-wire aerial and tuned circuit.

The output from the aerial feeds a two-
stage amplifier that has a buffer siage 10
provide a high input impedance. This is
essential, as loading on the tuned circuit
would otherwise reduce its efficieney to the
point where it would not give adequate
bandpass ftliering. The second stage of the
amplifier provides a substantial amount of
voltage amplification.

expect. this recveling of sonwe of the signal
provides an cffective boost in gain, and
improved sensitivity.

Less obviously. it also provides'a great
improvenent in selectivity. This is due fo
the fact that there is more feedback at the
cenire of the passband than there is away
{rom resonance where the receiver operates
less efficiently. This feedback. or “regen-
cration' as it is normally called in this con-
text, therefore provides a much higher
boost in sensitivity at the centre of the pass-
band. narrowing the passband in the
process.

There is a definite limit to the amount of
-feedback that can be used, and exceeding

-this limit results in the circuit breaking into

-oscillation. Optimum results are obiained
with the regeneration contro! set just below
the poin: gt which oscillation occurs.

The output from the amplifier is fed 10,2
conventional a.m. demodulator that recov-
ers the audio signal from the received r.f,
(radio frequency) carrier wave. Even on
‘strong signals the output level from the
demodulator will be quire low. and an
audio amplificr is therefore used to boost
this signal 10 a more usable level. Good
volume is obtained from a crystal carphone
or medium impedance headphones.

iEvervdgyi\Practical Electronics!ETI . September 1999



CIRCUIT OPERATION

The complete circuit diagram for the
Loop Aerial SW Receiver is shown in
Fig.2. L1 is the loop aerial itself, and VC1
is the wning capacitor. TR is a junction
gate field effect transistor (j.f.e.t.} which is-
used here in the common source mode.
Unlike an ordinary bipolar transistor. a
j.fe.l. requires a reverse bias in order to
provide linear amplification.

Resistor R2 results in the source(s) of
TR1 being taken to about 0:5 volts or so
positive, while aeria coil L1 biases the gate
(g) input to the OV rail and provides the
small reverse bias. Bypass capacitor C2
removes the negative feedback that would
otherwise be introduced by R2.

Transistor TR! provides a cértain
amount of voliage gain. but its main pur-
pose is 1o provide a high load impedance
for the tuned circuit. A high input imped-
ance is a natural characteristic of a j.fet
and other field effect devices.

GAIN

Most of the voltage gain‘is provided b?
pnp iansistor TR2, which operates as a
simple common emitter amplifier.
Regeneration control VR1 enables a con-
trotled amount of feedback o be provided
over the entire amplifier via capacitor Cx.
The value of Cx is extremely low, and it is
not actually a “proper” capacitor. It is
simply two short pieces of insulated wire
twisted together.

Capacitor C3-couples the output of TR2
to a conventional diode demodulaior,
which has DI and C4 10 respectively pro-
vide the reciification and the smoothing.
The amplitude of the carrier wave is pro-
portional to the audio signal voltage.

On the face of it. simply using some low-
pass filtering will give an output signal that
is equal to the average signal level. and
therefore provides the required audio out-
put signal. In -practice this would not
happen because the camer wave i$ an a.c.
signal. and the positive half cycles balance
the negative half cycles 10 give an average
ouiput vollage of zero. Removing one set
of hal cycles etiminates this balancing, and
gives the required demodulation.

Potentiometer VR2 is the “load resistor™
for the demodulator and is also the volume
control. Froin here the signal is coupled,
via C5. 10 a common emitter amplifier
bused on transisior TR3. The output power
available from TR3 is not very great, but it
is sufficient to drive a crystal carphone. It
will also drive medium impedance head-
phones if the phomes are comnecled in
series. Other 1ypes of headphone and ear-
phone are unlikely to provide acceptable
results.

The current consumption of the circuit is
around 12mA or so. A good quality PP3
size baunery is adequate 1o power the set,
but if it is likely to receive a greai deal of
use it would be more economic to use six
AA-size cells in a holder.

Resistors
R1
R2
A3
R4
R5
R6

VR1
VR2

Capacitors
CTLCS
C2,C4
C5
ce, C7
vCi

Cx.

D1

TRY
TR2

TR3

51
Bi

SK1,§K2
5K3
PL1, PL2

5|

COMPONENTS

n, S
ok SHOP
e TALK
22 page

All 0:25W 5% carbon film

Potentiomelers

=-twisted lead, see text

Semiconductors

Miscelianeous

‘Wetal instrument case, see text; 0-1 inch
pitch stripboard, size 31 holes x 20 copper
strips; contra! knob (3 off); crystal ear-
phone or hezdphones (see text); battery
connector; wire; solder pins; so'der, elc.

Approx,, Cast
Guldance Only
excl. batt, & variable cap

1k roiary carbon, [in
4Kk7 totary carbon, log

1n Mylar (2 off)
10n ceramic (2 off)
1u radiat elect. 50V
100u radial elect. 10V
(2 off) 2
365p variable
{see Shoplalk)

QAQ1 germianium

~ signzl diode

BF244A nchaanel jfet

BC559 pnp silicon
{ransistor

BC548 npn silican
transistor

5.p.5.1. min toggle switch

9V (PF3) battery,
sec lext

2mim or 4mm socket
(2 off)

3-5mm jack socket

_ (see text)

2mm or 4mm piug, to
‘match sockets SKi1,
SK2 (2 off}

300 ohm ribbon feeder
(approx 2-5m) for zerial
loop (see text)

£11

Fig.2. Complete circuit diagram for the Loop Aerial SW Receiver. The loop aerial is a single ‘loop” of about 2.5m of 300 ohm
feeder cable and full datails can be found in Fig.3
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CONSTRUCTION

This simple receiver circuit is built up on
stripboard and the component fayout and
wiring. together with the underside view
showing breaks in the copper tracks, ane
shown in Figd4. The board measures 31
holes by 20 copper sirips. but it i3 not sold
in this size.

Commence censtruction by cutting a
larger piece of board 10 size using a hack-
saw, curting along the rows of holes. This
produces some rough edges but they are
easily filed 10 a neat finish.

Next the two 3mm diaineter mounting
holes are drilled in the board and the three
breaks in the copper strips are made. A spe-
cial tool for cutting copper strips is avail-
able, but a handheld twist dnill of about
Smm in diameter does the job quite well.
Whatever tool you use, make sure that the
strips are broken across their full width.

The board is now ready for the compo-
nents to be fitted. Fit the resistors and

orientation. Use single-sided solder pins at
the points where connections to the sockets,
controls. and battery clip will be made.
Finally. hit 1he semiconductors. making
sure they have the correct orentation.
Diode D1 is a germanium device, which is
more easily damaged by heat than the usual
silicon devices such as TRI to TR3. It
should not be necessary to usc a Heaishunt
when connecting this component, but make
sure that the soldered joints are completed
quickly. Having connected one lead. allow
a few seconds for the component to cool
down before connecting the other lead.

CASING-UP

Shortwave receivers are traditionaliy
built into metal cascs. but this design does
noi rely on the case to camy any connec-
lions and it can be housed in a plastic case
if preferred. It is impomant to keep the
wiring reasonably shaort. and it is probably
best not to depart o far from the general

VARIAELES

It is advisable o use a large control knob
on tuning control VCI because this makes
accusute tuning easier, but it will necessitate
the use of a fairly wll case. Ideally. VCI
would be a high quality air-spaced variable
capucitor such as a 363pF Jackson type "O™.

Untortunately. componenis of this type
wnd to be very expensive, and some of the
solid dielectric types (as used en the proio-
tvpe) are not much betier in this respect.
Probably the best tow-cost option. if you can
find one. is 1o use a good quality “surplus™
air-spaced component. Any maxinum value
from about 230pF 10 300pt will do.

Another alternative s 10 use a low cost
solid-dielectric component. such as used in
“transistor radios”. These usually have two
“a.m."” sections, which are used in parallel
{i.e. wire the wo non-earth terminals
togetlier). Any low valye “Tm." sections
can be wired in paratlel with the “am.”
sections or just leTl unused.

capacitors first, making sure that the three layout used for the protolype (séb Some variable capacitors require the
clectrolytic capacitors have the correct pholographs). usual 10mm diameter mounting hole, but
PLT
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Fig.3. Stripboard component layout, off-board interwining and board underside shawing breaks in copper tracks. “Loop" aérial
details are shown at the lop and the completed board above.
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most are fixed tothe front panel using two

‘or three short screws that fit into threaded
‘holes in their front plates. With this second

type it is often easier to glue them in place
using a good quality adhesive such as an
epoxy type. If longer fixing screws are
used, make sure they do not penetrate so far
into the front plate that they damage or foul
the vanes.

SOCKETS

Sockets SK |1 @and SK2 are mounted on
the rear pane! of the case, and they must be
quite close together (a gap af 153mm is
about night). If the set will be used with a
crysial earphone SK3 must be a 3-35mm
jack sockel. which matches the plugs nor-
mally fitted to this type of earphone. The
switch contact fitted to open style sockels
of this type is not required in this case. and
one tag is therefore left unused.

A 3-5mm sterco socket is required for
medium impedance headphones of the type
sold as replacements for wuse with
“Walkman"' style umits. These sockels are
available in several styles, and the retailer’s
literature should include connection infor-
mation. The "phenes are used in series,
which means that the common earnth tag is
left unconnected and the board is wired to
the other two tags.

The circuit board is-mounted on the base
pancl of the case using metric M2-3 screws.
Inciude spacers about 6mm long between
the board and the case.

The wiring is perfectly straightforward,
see Fig.3, apart from capacitor Cx. Ideally
this would be made from two pieces of sin-
gle-strand insulated wire, but ordinary
multi-care connecting wire will do. Simply
twist the ends of the wises 1ogether so that
they are entwined over a length of aboug
30mm. If you use mullicore wire it 1s
advisable 1o wrap some tape around the
wires to ensure that everything stays in
place.

AERIAL

Details of the acrial are also provided in
Fig.d. A 2.5 metre length of 300 ohm
ribbon feeder provides the approximate fre-
guency coverage specified previousty.
Alternatively. you can use two aerals of
dilferent lengths to give the receiver two
bands, and broaden its frequency coverage.

Band changing is then schieved by
unplugging one aerial and connecting the
other instead. This is a rather crude way of
doing things, but is essentially the same as
the plug-in coil nethod that has traditionalfy
been used for simple shonwave receivers.

Realistically, the receiver is unlikely to
perform well at very high frequencies. and
there are refatively few a.m. broadcast sta-
tions 10 be found on e low frequency
bands. One aerial about I-3 metres long
and one about 3-5 metres in length will pro-
vide coverage of the broadcast bands from
60 metres 0 13 metres, Using 300 ohm
ribbon feeder is not particularly expensive:
so you might like 1o experiment with
aerials of various lengths 10 see what. if
anything, can be received at higher and
lower frequencies.

It is very easy ro make the aerial. Stan by
removing abouw 23mm of the plastic “nb-
bon™ at each end of the cable using a sharp
modeiling kaife, taking due care not to cut
either yoursetf of the wires in the cable.

Suggested component layout and wiring inside the prolotype metal case. The aerial
and h=adphons sockeis are mounted on the rear panel. Space mus} be aliowed for
a 6-cell AA-size battery pack if the receiver is to be used regularly.

Using ordinary wire strippers remove a
few millimetres of insulalion from each end
of both wires. and *1in" the exposed ends
with solder. At one end of the cable solder
the two wires together 1o close the loop. At
the other end of the cable it two 2mm or
4mm plugs to match the 1ype of socket used
for SK1 and SK2.

IN USE

Afier a final check of the wiring it is time
to connectling everything together and test
the receiver. The aerial will not work well if
it is feft in a crumpled heap. but on the
other hand it does not have to be kept per-
fectly straight. The prototype worked well
with the aerial a1 about 30 degrees 1o the
horizomal with the far end fixed 10 a cup-
board with a piece of Bostik Biu-Tack.

With Regeneration conirol VRI1 fully
backed-off in a counter clockwise direction
and Volume conirol VR2 well advanced it
will probably be possibie to receive a lew
stations, but not very weil. Accurate adjust-
ment of the Regenerution control is crucial if
good results are to be obtained. Advancing
this control should give much improved
resulls with belter sensitivity and selectivity.

However. as explained previously,
advancing the Regen-
eration conirol too far
results in the set break-
ing into oscillation:
This will be heard as
increased noise in the
headphones, and a tone
of varying pitch as the
set is tuned across a

station.
Optimum resulis-are
obtained wilh the

Regeneration  conirol

Evervday Practical Electronics/ETI, September 1999

backed off just far enough to bring the set
out of oscillation. Any large changes in the
setting of wning control VC1 will probably
require some readjustment of ke
Regeneration vontrol in order ro mainiain
good resulis.

RECEPTION

The main shorrwave broadcast bands will
provide a range of interesting stations at
practically any time of the day. Bear in mind
though. that reception is at the mercy of the
upper atmosphere. and is affected by factors
such as the weather, sunspol activiiy, and the

time of year. At times reception may be

exceptionally good, while at other times the
bands might provide few signals at ali.

Normally. in the UK, it will be possible
10 receive stations from all over Ewrope;
plus perhaps a few siations in North Africa,
the Middle East. eic. When conditions are
favourable it is possible 10 receive stations
from much further alield.

You do not have to be a linguist to follow

some af the progrumes. as many ¢ountries

put out programmes in English. For example,
one of the first transmissions heard when
testing the prototype was an English
language broadcast from Tigksy. B
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HE semiconductor industry has been

predicting the demise of photolithogra-
phy for almost as long as the technique has
been in existence. Photolithography is the
process that defines the details on the sur-
face of the semiconducior using masks and
phoiaresistive solutions enabling arcas of
the surface to be protected or left exposed
for diffusion or eiching. By repeating the
processes many times it is possible 10 build
up the different structures within the semi-
conducior circuit.

As the sizes of the different features in
the i.c.s have been reduced over the years,
5o the requirements placed on the pho-
tolithography process have increased. Over
a period of ten years the featuré sizes have
fallen dramatically. Now manufacturers
have 10 suppont sub-micron sizes for all
their new products. Sizes of 0-1 microns
are being talked about for produciion
although the procedures for achigving this
are not ensily available at the momen.

Not only does this push the manufactur-
ing wolerances right 1o the limir, but it also
means that the photolithographic process
requires further development. To achieve
this the process needs 10 be optimised to
cnable it to cope with the minute sizes that
are required, and a greaier problem is that
the sizcs are now below the wavelength of
light itself and this places a physical limit
on the ultimate performance of the
technique.

Problems Unmasked

Despite these problems the sizes have
continued to shrink. New methods of over-
coming probicms have now been found
although a few years ago they appeared to
be insurmouniable. This has enabled
loday’s i.c.s to become a reality. Furthet
developments are now required if the sizes
are 10 fall even fusther.

Whilst photolithography is a techrology

that has been used for very many vears, it

is ome thai is likély to remain for some time
vel. With the huge invesiments required to
enable new technologies 1o be introduced,
and the enormously competitive nature of
the industry, it is essential that manufactur-
ers quickly see a return for their money.

This has given the impression that com-
panies may appear to be very conscrvative
when it comes to revolutionary new tech-
nologies that require completely new lines
10 be installed. As a result methods of sig=
nificantly improving techniques based on
Tithography have continued to surface.

As fearure sizes started to shrink towards
the limits of conventional light, ulira-violet
with its shorter wavelengths was uséd:
This approach is now used in the
production of many of 1he Lics being
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lan Poole investigates the problems facing the
photolithography process of producing todays i.c.s and
finds that new (dess and techniques need to be explored.

manufactured today. However, to be able
to achieve the feature sizes that are
required for the new designs being devel-
oped it is necessary 1o progress further and
iniroduce new ideas 10 be able to meet the
required performance in manufuciuring.

Phase Shifting

One way in which the required defini-
tion can be obtained is by the use of a
technique  called “phase-shifting™.
Although the technique has been known
for many years it is only now that it has
been developed to a stage that it can be
used commercially by a company named
Numerical Technologies based in Santa
Clara, California, HUSA.
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Fig.1. Phase shifting technique.

The new patented approach basically
uses a sofiware puckage to generate
masks to phase-modulate the light in a
two pass process. As shown in Fig. 1.
phase shifting selectively modulates the
phase of light as it passes through the
photomask. The high-quality image pro-
duced by this process greatly improves
resolution and depih of focus so that the
tiny features in designs can “print” accu-
rately on a wafer.

One of the advaniages of the new system
is that it is compatible with existing indus-
try standards. The software package takes
inputs from industry standard i.c. lavout
files and then automatically configures
them for phase-shifting photomasks. The
phase-shifiing masks will print polygate
lengths as small as 0-09 microns, about
half the length in today’s leading-edsge
i.c.s, using the standard 248nm wavelength
light. ’

The new system is being well received in
the market. Early this year Motorola indi-
cated they are to deploy the system in their
praduction to-2nable them to manufacture
PowerPC processors with increased speed
for communication applications. This was
undertaken as a joint venure berween
NumeriTech and Motorola and will allow
them to shrink the gate lengths to 0-10
micron with the existing manufacturing
processes.
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Outical Correction

In addition 10 using a phase-shifling mask
it is possible to further enhance the images
by using a process named optical proximity
comection (OPC). The process. it is cfaimed,
resolves the distortion that resulis from a
variety of factors including optical proximi-
ty as well as diffusion and the effects
associated with etching and the resist itself.

Iy is found that as the shapes progress
from the original design througb the reduc-
tion to the fmal mask and ihen into the
manufaciure of the silicon. they become
less well defined. This is witnessed by
effects such as the rounding of corners or
the shoriening of lines.

There are a variéty of iechniques that arc
used 10 achieve improvements. The outside
comers can be enhanced by the addition of
small squares. The inside corners can be
timmed so that excessive rounding or line
shoriening is reduced or prevented.

The corrections also make the finul wafer
image maich the designer’s layowr more
closely. preventing short and open circuits.
It also means that the final chip more
accurately muiches the oniginal simulations.

Alternatives

As might be expected phase-shifting.and
optical comrection are not the only iech-
niques that are being developed. Other
techniques have their place as well.

One. known as electron beam lithogra-
phy. uses the same basic iechniques as
phaotolithography. but instead of using light
10 expose the photo-resist. it utilises an
electron beam. Naturally a different photo-
resist must be used — one that is sensitive 1o
an electron beam.

As these beams have a much shorter
wavelength it is possible to achieve higher
degrees of definition. The system effec-
tively wnies directly_onto the wafer. and
the performance is highly dependemt upon
the beam forming optics.

One of the main drawbacks of this-sys-
iem is that because it uses an eleciron
beam. rather than light, this process must
take place in an evacuaied chamber. This
makes throukhput much lower and thisis a
critical aspect of any semiconductor manu-
facturing process these days.

Whatever techniques are used, it can be
seen that there are silll plenty of vptions 1o
reduce the feawre sizes within integrated
circuits still further. However. a point will
eventually come when it is not possible 1o
use photolithographical methods. Even
now research is being invesied in possible
mcthods of overcoming these problems,
and it will be interesting to-see what arises
in the coming vears.
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It's not hard to see why Quickroute is so easy to use! We've integrated mixéd mode
simulation, schematic capture, PCB design-with autorouling and CAD-CAM support into
one inlegrated environment. Best of all, prices start &t just £99.88 inclusive” for the
complele system with support for 300 pins - less than the price of some simulators alone!

‘Quickroute 4.0 features a modern user interface with active-bultons and dockable lool
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manufacture (we even include a Gerber viewer for checking).
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88-1 98MH: FM stereo
Radio Transmitters
- cm kits

FM radio transmitter kits from as little a
£13.95 professionally built systems
from only £19.95

Powerful systems: kits up to
35-Watts power professional 8%
systems up to 220-Watts
power

Full range of aerials
and accessories
available

Professional
link systems avanlable :

RSL USERS!
VeronicaFM V35 RSL systems
are cheaper than renting! High quallty.
powerful RSL specific systems at g "‘m"‘ $
unbelievable prices: from just £375 .‘,;'
RDSsystems also available, as an add-on to an
existing transmitter, or as part of a complete system

we are now on the internef!
You can view and buy
. all our products online!

(|Buy a NEWPLL Pro il

l transmitter kit and
i YOU Will receive the

i ALL NEW Pro Ii
S Stereo encoder

9|

(pictured above)

B“NIﬁBT Ils Nuw for more information
»and a free brochure
E-mail: info@ veronicaufm.«co».'uk

Hemnlcag l} WGE;GIE s&et ee&sﬂ%m?ﬁgnv(:gaﬁgn:l%fm
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A roundup o the latest/Everyday

News from the world of

! electronics

PHONE-LESS INTERACTIVE TV

Irish viewers will soon be able to participate in TV programs while at home,
and without a phone-link. Barry Fox reports.

OUTHERN Ireland will.pioneer the use of

a new digital TV system that lets viewers
interact with the broadcaster, without need-
ing a phone, cellphone or cable connection.
The service will be launched nexi year by
Digico. a private company now being spun
off from staie broadcasier RTE. Radio
Telefis Eireann. Digico will offer teleshop-
ping and let millions of viewers vote on quiz
questions or political issues without over-
loading the country’s phone system.
~ Digico will compele head on with
Ireland’s Cablclink cable system, bought
recently by NTL, and with Rupen
Murdoch’'s Sky saiellite service which
already transmits digital services into Eire
but needs a phone line for interaction.

WINDS in the Rigging

RTE is developing the technology. cailed
WINDS or Wireless Interactive Nerwork
for Digital Services, with EU funds.
Digital terrestrial TV signals are broadeast
in the usual way, using Europe’s Digital
Video Broadcasiing standard. But the
home receiver alsc works as a low power
transmitier, sending data signals back to
Digico's masts from an existing UHF roof-
top or set-top aerial.

The Irish government has allocated
1MHz slices of the UHF spectrum 1o camry
the return path signats. Each slice is split
into 1000 very narrow channels and the
receiver can hop between channels uniil it
finds one in its area that is clear.

WINDS borrows from GSM digital cell-
phone 1echnology 10 keep tramsmission
powers al a minimum, and so let the systemn
resuse the same frequencies in closely
neighbouring areas. The receiver transmiis
and receives test signals, and automatically
optimises its transmission strength. Urban
arcas will have more 1MHz slices and use
reluy stations 10 let the receivers transmif at
very low power, in very small cell zones,

Wide Range Coverage

Because Ireland has spare UHF frequen-
cies and is a long way from other coun-
tries’ transmitters. 30 masts will be able 10
transmit digital TV programmes at high
power and reach 98 per cent of homes. Up
to 20,000 receivers can tragsmit back w
one broadcast mast at the same lime.

The retum path bit rate changes depend-
ing on what data has to be transmitted, and
the data is packaged like a TCAP Imemet
signal to make it error-resistant. Recent
tests with CCETT, the Centre Commun
d'Etudes de Telediffusion et Telecom-
munications, at Rennes in France. have
shown that 2 home receiver can refurn a
data signal 30 kilomeires with transmis-
sion powers of well under the one wai
ticensed by the Irish government.
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Although Digico will only have airspace
for six broadcast channels. camying less
than 40 programmes, the company plans 1o
launch in September 2000 with a receiver
that houses a 25 gigabyte hard disk. This
will fet the viewer store up 1o 10 movies

Says Peter Branagan, Director of Digital
Plannisg at RTE, “Interactivity is the new
paradigm. WINDS can provide a wireless
return path that is fiee to use and adds less
than 30 Euros to the cost of the rsceiver.
And viewers will be able 10 interict even

for later viewing. when their teenagers are on the phone™

"HEADBAND MAGNIFIER

sl - g o]
|

APART from z good selection oi test equipment and a wealth of enthusiasm, the infrepid
electronics enthusiast needs one olher vita! workshop aid, good eyesight. Sadly, good
vision is not necessarily an attribute abways readily available and the miniature size of so
many of today’s componsnts can make a fair number of enthusiasts fee! inadequately
equipped! Where funds permit, some enthusiasts faced with this problem emulate pro-
fessional workshop £ngineers and have a large bench-mounted angle-poise magnifisr
complete with its own light source. Such things are not cheap, however.

Readars who would like 1o inexpansively improve their ability to view fine detail might
care to consider Sheshto's new versatile Headband Magnifier Kit. It really is an astonish-
ingly simple yet ingenious approach 1o the problem. Ii comprises an adjustable heaa-
band, four interchangeable pairs of lenses, and a spotight!

Sheslo say that it providss the complete answer for achieving the best resulis when
doing close-up work and cifers the fdeal way to work on any craft, hobby or DIY projett,
leaving your hands free to gei on with the [ob. We salute our irons to that baliefl

The four precision-ground optical lenses are designed to cover zll focal lengihs need-
ed from semi-close-up to very close-up and are easily changed over with the simple clip-
in stois on the headband. The lenses can be pushed up out of the line of vision when not
reguired. The magnifications and working dislances are: 1-2x 520-620mm {20-24in}, 1-8x
230-320mm {3-12in), 2-5x (150-25mm (5-10in), 3-5x 80-120mm (3-5in).

As can be szan in the photo, tha battery operated adjustable spotlignt is very neatly
incorporated on the top of the headband. It can be switched on for those extra dslicale
closa-up jobs. Those of us whose eyasight is no donger 20-20 will knaw thal just increas-
ing thz illumination on a subject can on its own help tha eyes to tocus belter. ,

The price of £34.95 plus £3.00 p&p is a very smali outlay for something that could well
enhance your ability lo 1ake a closer view of the world, and especially your hobby.

Shesto state that for S0 years they have specialised in tools, supplies ard equipment
for technicizns and craitsmen. They say that their Essential Tool and Reference Guide is
'packed with useful information znd fealures over 2000 hard to find tools and references:
Is price £5.

For more information, contact Sresto Lid., Dept EPE, Unit 2, Sapcote Trading Centre,
374 High Road, Willesden, London NW10 2DH. Tal: 0181 451 6188. Fax: 0181 451 5450.
{No web sits or E-mail quoted.)
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HEAR, HEAR!
Barry Fox, with ear to the ground, hears
whispers about a new amplifying system.

TECHNOLOGY is now available 10 help
Jjudges hear people who are nervous in
court, and let the world hear MPs who
mumble in Parliament. After developing a
system to help audiences hear what was
going on in a local children’'s theatre.
Philips of the Netherlands is using iis
Profecta Acoustic Feedback Suppressor to
let a public address system sound four
times louder than is usually possible with-
out “howlround® feedback.

Audio systems howl because the micro-
phenes pick up sray sound from the loud-
speakers, and feed it to the amplifier and
back 10 the loudspeakers. So the sound
goes round in circles, genting louder all the
time and finally resonating like an organ
pipe at whatever frequency the system is
most efficient at reproducing.

Early feedback suppressors worked by
filtering out the resonant frequency. This
kills the how!l but makes the reproduced
sound very unnatural.

More modern sysiems de-correlate the
input and output sound by shifting the fre-
quency of all the sound from the speakers
by around SHz. Se the microphones do not
reinforce the same frequencices in a vicious
circle. This limits fecedback but adds a
myriad of faint echoes to the sound, all
with slightly different pitch, like an
acoustic hall of mirrors. So a single voice
starts to sound like a choir.

If a de-correlation system adds more
than 3dB gain over the level at which feed-
back would normally start, the echo effect
becomes offensive and ‘makes speech

unintelligible. As the human ear needs an
increase of 10dB 10 register a subjective
doubling of loudness, a 3dB improvement
is hurdly noticeable.

Philips Communication and Security
Systems division has now programmed
digital signal processing chips to shift the
frequency of the sound while predicting
what the added echoes will be like.
Profecta AF'S then generates signals which
exactly match the predicted echoes in
pitch and level, and subiracis them from
thc microphone input. So the shified
sounds coming from the speakers never
reach the amplifier. -

This lets the amplifier add around 20dB
morc gain than would normally causé
feedback howl. and without a choir effect.

Philips first tried Profecta AFS at a chil-
dren’s theatre called de Schalm near its
laboratory at Eindhoven in the
Netherlands. The theatre had to sling the
stage microphones high 10 siop the chil-
dren hitting their heads when they skipped
and jumped around the stage. The high
microphones were then unable to pick up
the performers’ voices without teedback.
Since AFS was installed the audience has
for the first time been able (o hear what is
being said and sung.

Philips then packaged AFS in a rack
mount for sale 10 PA firms, at around
£2500. Units have already been installed
irt the Dutch and Spanish Parliaments, and
were recently demonstrated to the UK's
Houses of Parliament and Royal Courts of
Justice.

DIGITAL TV COLLEGE

WE were exiremely interested to learn that the College of North West London has start-
ed courses on servicing digital TV equipment. Their press release comments that bridg-
ing the gap beiween old and new technology is the challenge that iaces all iraining
eslablishments. Whilst digital TV was launched last year to a mixed reaction, it is now tak-
ing off in a big way and tha College says that it is sireets ahead of the ficld in offering the
latest state-of-the-art servicing facilities.

The College has invested £20,000 on installing 20 digital TV workstations, fully
equipped wilh digital storage oscilloscopes, spectrum analysers and legic probes, to
allow students to lest and fauit-find using digita! TV receivers, both sateliite and temes-
trial. It has a selection of digita! set-top deceders from various major manufacturers,
including Philips, Nokia and Pacs, and trains students to service all of them.

It is still the only FE celiege in the UK to provide digital TV training courses, because
the technology is so new. This means that il altracts lecturers and engineers from
employers all over Britain, including the BBC, 1BM, the Comet chain and other FE
colleges.

Deputy Head of Depariment John Raynard says that “Our intention is to bridge the gap
between analogue/digital technology and microprocessor-based Systems. We offar one-
day courses for the servicing indusiry, either on college pramises or on site. They can be
either off-the-shelf or customised far service enginzers who nesd a specific updating or
upgrading programme.”

The College offers three current one-day courses, held appreximately ofice a manth,
leading to coliege certificates, which are: Digital TV Broadcasting and Recepfion,
Servicing Digital TV Decoders, Microprocessors for TV Sarvice Enginzers.

Additionally, the College has received accreditation to offer the City & Guilds course on
Digital TV at Level 3 of the Electronic Servicing 2254 from Septembar ‘88, The College
will sef the exams, but students who pass will get a C&G certificate — the first college-
devised unit of this type in the UK.

For further information contact Kay Sheliey, Callege of North West London, Dudden
Hill Lans, London NW10 2XD. Tel: 0181 208 51958. Fax: 0181 208 5151. Web:
woww.cnwl.ac.uk. {Say that £PE has told you about the Collegz.)
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GREENWELD
RE-LIVES!

IT'S always heart-warming 1o be able 16
report good news about a situation that had
previously seemed depressing. In our July
issue we reported thar Greenweld
Electronics had ceased trading, bur that a
purchaser for-the business was being
sought. We are delighted o0 repont thut a
purchaser has indeed been found and 1hat
the name Greenweld will soon reappear.

The name and assets of this renowned
electrical and mechanical surplus
company have just been bought by a new
company run by two Ubrothers with a
science background. =

By the time you read this, the company
will have started operations from their new
base in_ Essex-and a camlogue will be
mailed out at the beginning of September
to all those on the dmabase. The new com-
pany will.continue to supply the same
range of-goods which it hopes 10 supple-
ment with additional items of a general
scientific and technical nature.

We have received this information just
as we go to press with this issue and do not
yet know details of what is happening with
the previous Greenweld silc al
Southampton, nor do we know details of
the new location in Essex. We hope 10 pub-
lish information on both maners in the
nextissue. Hopefully we shall also be able
to tell you a bit more about the company
which has resurrected Greanweld.

All too often over the vears we have seen

‘the demise of enterprising electronics

businesses. It is really pood to know that
Greenweld has been saved and wish the
VERIre every success..

Until we can provide more details, you
can conact Greenweld as follows: E-mail:
greenweld@aol.com. Fax: 01992 613020,
Web: www greenweld.co.uk. (Phones had

‘not been installed at the time of writing.)

Hi-Fi Show ’99

THE Hi-Fi Show, Europe's biggest hi-fi
and home entertainment exhibition, will
be staged at the newly refurbished Novotel
Hotel, Hammersmith. London on 23-26

-September '99. This huge show has out-

grown its previous venue and the city-cen-
tre move will provide further expansion
with more_rooms. exhibitors and products
to be launched.

The Hi-Fi Show *99 will be a pivotal event
in the history of home ententainment, As the
final show of the Millennium, it will be a
celebrution of familiar and traditional tech-
nologies and a reception for the formals that
wiil shape our listening and viewing plea-
sure in the furure. Over 200 of the world’s
léading hi-fi companies will démonstrate
and launch their latest equipmeni.

Exclusively at the show, the BBC will
provide hands-on demonstrations of the
new Digital Radio Broadcast (DAB). This

‘will take over from FM, giving improved

quality and reception.

Tickets for the Hi-Fi Show 39 are avail
able from the ticket liot-line 0181 774
0790. Adult admisston is £4 in advance, £5
on the day. Under 14's go free. The show
is open 10am 10 6pm.
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NET MUSIC PROTECTION

Barry Fox reports on the initiative for tighter copy-
right protection for Net-sourced music and games.

fE music and electronic industries’

Sectire Digital Music Inifiative has now
agreed the frmmework for copytight cantrol
on portable players that can download music
from the Intemect (see SDMI's website
www.sdmiorg). Leonurdo Chiariglione. the
SDMI's Executive Director, is not bothered
that some companies. including Thomson
amd subsidiary RCA. have jumped the gun
by launching proprietary systems.

“They are ail downstairs helping 1o write
the siandard " he said during a 3-day meet-
ing of 200 representatives from 150 mem-
ber companies in London. “Sometimes
different people inside the same company
have differcnt strategies. Niche products
will not succeed because consumers need
the assurance that they are not tied to a
proprietary source of mustc. People must.
be able to get what they want from any-
where that has it"".

The SDMI was formed last December
when the music industry failed 1o block the
sale of Diamend Multimedia's Rie solid
state portable. Chiariglione, who heads the

TV Technologies division at Telecom liatia
has for the past 11 years chaired the com-
mittees which set the MPEG digital video
compression standards.

SDMI builds on technology used in the
MPEG-2 standard for digital video dise
and TV, and MPEG-4 for video on the
Internet. The bitstream carries keys
which can be used, with extra kevs in the
player, to unlock encrypted content.
When an SDMIi-compliant PC down-
loads music from the Internet, or copies
it from a CD. i1 will encrypt the music 5o
that it can only be used in one poriable
player which is ¢lectronically locked to
the PC.

By 31 March 2000 the SDMI will extend
this proteciion framework to cover the
entire delivery chain, whether the Internes
or broadcast airwaves:

Says Chiariglione “SDivil will then protect
movies, games and TV. It's a fundamemal
step which lets the seller and buyer agrees on
a contruct. This opens the way for an infinite
number of new business modzls”.

RAE COURSE

THE Hilderstone Radio Amateurs
Examinarion Course commences on 23 Sepf
'99 in the Sandwich area of East Keni {exact
{ocation not yer advised). Tuior Ken Smith
G3JIX advises that this is the usual course
Jor the Amateur Radio lLicence Fxam, but
also much of the conten! covers a very good
grounding for general electronics interesis
{including some of the history as well).

This course has been run at iniervals for
ey years, wirh eminent success. Ken says
thar we have exciiing times ahead for
Amateur Radio and that “wireless” methods
are growing amazingly throughout the pro-
fessional  and  commercial  warld.
Furthermore, Amateur Radio continues (o by
central 10 a stimulating, fun-based and enter-
taining introduction 1o modern technolpgy.

1 is”, yays Ken, “one of those pastiniés
that increases your circle of friendships
greatly — and on & world-wide basis. All
interesied people, whatever their age eic.,
are most welcome 1o explore with us this
remarkable technology with a very human
face: and the Exam does not have 16 be
sat, of course!”

For more information coniact Ken Smith
via G3JTX, or tel: 01304 813175, or via
ken_smith@saqnel co k.

LOW ENERGY FOOD

NO. we are not about to advocate ver
another slimmiag dict, but to compliment
Sainsbury’s for the energv saving con-
ccpts being embedied into their new store
at the Millennium site in London.

The refrigeration system. for example,
will be panly cooled by the lower lying
ground water tha remains at a coastant
10°C throughout the year. The heat ourput
by this system will be used to heat the store.
Earth banks around the building will help
insulate against temperature changes, while
the minforced concrete walls act as a giant
storage heater, absorbing heat in the day and
releasing it at night. Wind turbines and solar
cells generate power which is stored in bat-
teries and used to light the building at night.
There will also be free recharge points for
customess’ clectrically powered cars. It all
seems very forward looking.

The store will open in" Sepiember:

CIRKIT JOINS
DELTRON

iF yeu use coils in your electronics
designs, the chances ure that Cirkit
Distribution will be one of the companies
who come to mind when you are thinking
about which supplier to use. You will
prabably use Cirkit for other electronic
components as well. Tt will. therefore. be
of interest 10 you to know that Circuit
Distribution has been acquired by Deliron
Electronics.

Cirkit has been trading since 1984 and
has been part of the Bulgin Group since its
creation. Deltron is a growing public com-
pany primarily focussed on disiribuiion
activities in the UK and abroad. The busi-
ness of Cirkit will operate as pant of the
Roxburgh Elecironics subsidiary of
Detltron.

FASTER PHONE LINES

BETWEEN now and next spring, BT
will be installing equipment that will
transform ordinary phone lines into dig-
ital channels which operate up to ten
times faster. Imitiaily, 400 exchanges
around the UK. covering ncarly six mil-
lion houscholds and businesses, will be
upgraded.

The ADSL (Asymmetric BDigial
Subscriber Line) technology can boost
existing local copper networks by using
sophisticated electronics at the exchange
and in customers’ premises, without dig-

ging up streets and pavemenis.

ADSL works by transmiiting and
receiving digital signal§ across the cop-

per pair of wires connecting each cus-
tomer to the exchange. I1 operates on a
frequency band higher than that used by
the voice line operating in the same cop-
per pair, so that the two services do not
interfere with each other.

At the customer’s end the equipment
consists of two principal items. A filter, or
“splitter””, provides separate physical
sockers for the digital service and the
voice scrvice. A normal telephone plugs
into the phone socket on the splitter. An
ADSL modem plugs inte the digitat pon
on the splitter and is then plugged ino
appropriate digital consumer equipment;
e.g. a PC or digital TV.

LISTEN TO THE ECLIPSE

By Barry Fox

The Rutherford Appleton Laboratory at Chilton in Oxfordshire.has a plan to let pao-
ple reséarch tha solar eclipse on August 11, without travelling to. Cornwall, France,
Ge:rmany or BRomania. All they need is a simple Medium Wave radio to log the recep-
tion oi distant stations.

Radio waves usually travel in siraight lines, and cannol reach past the harlzon.
They also reflect off the upper (E and F) layers of ihe ionosphere, soms 300km up,
to “skip” long distances. But during the day, the lower (D} leve! of the ionosphere, at
around 100km, absorbs radio waves, So dislant radic stations can be heard at night |
but not in the day. .

RAL wants to use this effect to track what happens to the ionosphere whan the
eclipse effectively turns off the sun's ionising radiation and the lower feve! decays
after a few seconds.

The last time the UK saw a total eclipse was in 1927, when radios were a luxury
and ionospheric science was a navelly. Now virtually everyone has an MW radio and
a lape deck to record reception.

RAL has checked all suitzble frequencizs and found two MW stations, Radio La
Coruna in Spain on 63%kHz and Radio Marseilles on 675kHz, which are ideal for
the test. Both can normally be heard only at night in the UIC if they can be heard
on the morning of the eclipsé it signifies a dramatic change in the lower level of the
ionosphere which is letting waves through for reflection instead of absorbing them.

Anyong interested should tune to the siation on a night before the eclipse, leave the
radio set to that frequency and tell RAL their post code and what they heard or did
not hear during the eclipsa. RAL will then log the effect over the whole country.

Further delails are available from RALSs wzb site at wnarwrdnrlac.uk,

—
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Constructional Project —

VARIABLE DUAL
POWER SUPPLY

TONY SERCOMBE

Fully variable from =3V to =15V,
thns 500mA workshop tool 1s short-
circurt proof, and highly userul!

OME time ago the author urgentty
Sneeded asplit level power supply and
tor quickness copied a previously
published circuit. It worked well, with one
exception, that it had no protection against
accidental short circuits.
in the author's case, these could happen.
with the negative oujput, mainly due to the
fact that on most of his printed circuit
boards the negative and carth lines were in
close proximity. The slightest contact
beiween the two would cause instust
destruction of the negative feed transistor.
So, on the last occasion this occurred, it
was decided to revisit the circuit, and the
design described here is the result of that
investigation.

CIRCUIT DESCRIPTION

As can be seen from the circuit diagram
in Fig.t. a centre-tapped wransformer (T1)
is used so that both positive and negative
voltages may be obtained from the bridge
rectifier (RECI1). Capacitors C1 and C2
smootl the rectified voltage. Resistors R1
and R2 provide  discharge path when the
power supply is swiiched off,

Two LM30! op.amps are used as the
controlling elemenis. the negative con-
trotler {IC2) being slaved from the positive
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controller (IC1), the latter acting as the
master in conjunction with pofentiometer
VR, which sets the output voliages.

A veference supply voliage for the

op.amps is obtained from Zener diodes DJ

and D2. which set it at £18V. Variable d.c.
feedback is applied to pin 2 of ICl via
VRI. Thus, as the fecdback is increased the
output drops. and when decreased it rises.
1C2 is comroited by the output of ICI and
thus adjusts the negative line accordingly.

The cutputs of each of the op.amps feed
the bases of Darlington transistors TR I and
TR3, via resistors R12 and R9 respectively.
The outputs from the transistors are then
fed via Iow value (19) resistors to the
power output sockets. Capacitors C7 10
C10 help to smooth any high-frequency
spikes or noise at the output sockels.
Resistors R15 and R16 provide a discharge
path when the unit is switched off.

CURRENT LIMITING

The purposc of mransistors TR2 and TR4
is to limit the current that can be drawn
should an excessive load be presented to
the unit’s outpuls. As more current is
drawn, an increasing voltage drop occurs
across resistors R13 and Ri4. so driving
the base of TR2 more positive than its emir-
ter. and the base of TR+ more negative.

These transisiors now start 1o tur on, 0
shuniing the bases of TR} and TR3. huving
the effect of tuming them off in extreme
cases. The current drawn by TR2 and TR4
is restricted 10 a safe maximum limit by
resistors R12 and Ri0 in series with the
outputs of the op.amps. The resistors also
serve lo prevent the op.amp outputs being
sunk almost to ground in the event of a
complete short circuit.

The power supply will stand-a total short
Circuit at its ourputs. with no damage being
caused to them. or 1© the transformer or
rectifier. G

It should be noted that resisiors R10 ardd
R11 across the output and feedback connec-
tions of the op.amps should be maiched to at
Teast one per cent 1o maintain sensible tracking.
between the two outpuis. It may well be worth
measuring several samples with a niulumeter
10 get identically matching values.
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A wirewound potentionieier is recom-
mended for VR since the resolution is
likely 10 be better in this applicatjon.

CONSTRUCTION

Sinee this unit is niains powered, greaf
care should be exercised in its construc-
tion. If in any doubt about constructing
it, consult a qualified electrician. Mains
vollages can be teth: if abused.

ctails of ihe printed circuit board com-
ponent positions and track layout are
shown in Fig.2. This board is available
from the EPE PCB Service, code 242.

It is a wise precaution to use sockets for
e op.amps as they ‘would otherwise be
very difficult 1o remove without
damaging the p.c.b.. should this become
necessary.

Although not used in the prototype. a OV
10 20V moving coil meter could be wired
across the outputs, with a changeover
swilch Lo select which output is monitored.
However. these are quite expensive and the
prototype used a calibrated scale drawn
arcund the knob for potentiometer VR 1. T
‘done with care, this methad can have a very
neat appearance, and is probably accurate
enough for most purposes. Otherwise, the
putput may be monitored with a
mullimeter.

A meral case should be used to house the
;power supply, and this should be connected
10 the mains supply earth via the power
cable. The mains fuse can be of the car-
‘tridge type mounted on the back panel. A
cable clamp must be used for the mains
inpul cable.

For the prototype. 4mm single sockels
were used as the d.c. power output connec-
+tors. Other types of socket may be used 1o
sutt individual requirements,

TESTING

Once the p.c.b. has been assembled, fully
check for any misiakes. and for the good
quality of 1he soldering. On the proiotype,
the mains transformer was pop-riveted
‘close 10 the edge of the long side of the
case. and the p.c.b. was secured to the base
with  self-adhesive p.c.b. supporis.
However, it is best not to fully fix the p.c.b.
until testing is complete. )
A piece of insulating plastic sheet should
be cut to just under the size of the p.c.b. and
placed between it and the case floor. These
sheets are readily obiainublz from mode!
‘shops.
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EDMPENENMS

QUTPUTS

8K
—o

%ZT Resistors
R1, R2 100k {2 off)

R3, R4, R7 10k (3 off) SHOP

A5 R6 1300 2 off
| o TALK
AAA 3 R9. R12 1kt20ff) page

R10, Rt 33K 1% (see text) (2 off)

Ri13.R14 1Q 0-6W (2 ofi)

R15, B16  4K7 (2 oif)
All 0.25W 5% carbon fitm unless stated.

E__—- Potentiometer
: VR1 10k wirewound
Capacitors
mE
=
1

cfol
100 =5

1|
R
awy

1
=
(On

4

5t

Rig
19

G1,C2 ‘4700u radial slect. 35V
iy (2 off)
C3,C4 470 radlal elect. 25V
{2 off)
C5, Ga 47p ceramic (2 off)
C7..C9 10u radial elect 25V

0 —

Z 12 off)
C8.C10  100n ceramic (2 off)

| Semicondyctors

wt
g TR1 . TIP142 apn Darlingttn
& | ransistos
¥ > TR2 BC338 npn transistor
= TR3 TiP147 pnp Darlington
HEn _ transistor
= TR4 :BC328 pnp iransistor
4 55 \— iC1.1C2  LM301 op.amp (2ofi)
- l ; Miscellaneous
FSt 250mA iuse, anti-surge,
LPT Z.Omm ed n fam
= AA A —— rg- mains rated neon lamp;
o ‘ e o panel mounting
2 5 phal \ RECG1 bridge rectifier, 50V14
et | L = {in-ine pins) '
g 5 , "S1 s.p.s.t. mains rated toggle
R H = 5 - _J:K \ ~ swilch
TR SE | SKi1 to SK3 4mm single socket
-5 B {s22 text) {3 off}
= L{llr ; . m mains transformer,

- 15V-0-15V sec, 500mA

Printed circuit board, available from the
EFPE PCB Service, code 242; metal case,
size 1o suit; cable clamp; 20mm pana|
mounting fuseholder; knob; orinted circult
board supporis, self-adhesive (4 off);
plastic insulating sheel {see fext); con-
necting wire; scider, elc. |

[Approx. Cost £3 1
‘Guidance Only iy
excluding case
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. 2 s oo s g

Fig.1. Complete circuit diagram for the
Variable Dual -Power Supply.

When all the connecfions to the board
from the control panel have been complet-
ed and checked, and the mains cable Etied,
the unit is ready for testing. Connect a volt-
meéter, sct (o a range of about 20V dc,,
across the positive output and OV. and
switch on the power supply.
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Fig-2. Component layoul and full size copper foil master track pattern, plus off-board connaciion details.

The minimum seiting (fully counter-
clockwise) of potentiometer VR1 should
result in reading of abow 3V (2.8V in the
proiotype). If about 15V is indicaied,
reverse the outer connecling leads at each
end of the potentiometrer track.

Now check the negative voliage output.
This should (inversely) match the positive
output within a few millivolts. Component
tolerances will inevitably have some effect
here, but the outputs should rack together
sensibly. Should this not happen, the actual
values of resistors R10 and R11 should be
ré-examined.
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If atl is well. and assuming that a built-in
panel meter is not being used. the Voliage
scale for VR1 may now be marked. Use as
large a knob as possible with a pointer
‘printed on. so that an easily readable scale
-may be drawn. Set the control a1l minimum
roiation and, using a water-based pen. mark
a reference dot.

Using vour multimeter across the posi
tive outpul. notate this voliage at the mini-
mum scale setting. Do similarly at 1V
intervals around the arc of movement of the
control. The maximum end will get a bit
cramped and for this reason perhaps only

the “standard’” voltages need 10 be annofat-
ed with Bgures. at 3V, 6V, 9V, 12V and 13V
positions.

A spirit-based pen can now be used 10
druw small freehand lines 10 indicate all
points at IV intervals. Next remove ihie knob
and the potentiometer. and gently rb the
water-based dots away with a moist ¢loth.

Now apply wub-down figures, bumish
and lacquer. The contro! potentiometer can
then be refitted. setting tie knob to the start
mark. with the conirol fully counter-clock
wise. The power supply is now ready for
use, |
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READOUT

John Becker addresses somes
aof ths general points readers
have ralsad. Have you anything
Intereating to say?

Drop us a line!

WIN A DIGITAL
MULTIMETER

The DMT-1010 is a 31/, digit pocket-
sized Lc.d. multimeter which measures
3.c. and d.c. valtage, d.c. current and
resistance. It can also test dides and
bipolar transistors.

Every month we will give a DMT-1010
Digital Multimeter to the author of the
‘best Readout letter. 2

OUT OF AFRICA

Dear EPE,

T have been an avid follower of vour rimgs--
Zine for many years under its various ttles.
Unfortunately, coming from the Third World
country of Zimbabwe | could not always get it,
what with impont restictions and cumrency
devaluations. Whenever 1 could get my hands
on a eopy {oid or new) I read it from cover to.
cover, absorbing all the informanve articles
and drooling over the supplics svgilable from
your advertisers.

However, now that | am resident i,
Englend, a subscription 10 your magazine was
top of my binhday wishes list, and thanks to
nty wonderful wife,! am now 3 proud sub-
scriber to EPE; ‘

Unfortunaiely I missed outon a large chunk
of your publication-and am therefore not up-
to-date with the new technology which fea-
tres prominently in EPE these days. My main
concern §s for PIC technology, what does PIC

stand for? Programming  is  obviously
involved, is this through a PC? If so what pro-
‘grams and hardware are needed?

Thanks to EPE, | have buile and fitted two:
car alarms 10 my wife’s vehicle and.mir# in
‘Zimbabwe, They were invaluable there as car
theft is rife and nol once did we have a prob-
lem. T also built an amplificr for my nipther-in-
law who.is rather deaf and could not hear the
TV without it-bemg wmed up so lond us 1o
annoy everyone around. The amplifier
plugsed into the A.V. audio output on the TV
and fed a pair of headphanes, All this being
achieved with a lot of paticrce and only ap
“analogue multimeter for testing,

Thank you for an excvellent magezine. BY

| the way, novelty circuils such as your Musica’
Sundial (June "99) are always welcome.
PS. What did the resistor sing when it Jell
onto the multimeter’s dial? an ehm, ohm on
| ile ranget

* LETTER OF THE MONTH %

Brian Cornisi, Ringwoo%-[*{gqls

We are defighted toshear from you andavel-
‘come you as @full-time reader!

The word PIC in this context is a propri-
.etary term owned by Arizona Microchip and
used lo describe their range of niicrocon-
troliers. It probably stands for Programmable
In-Circuit microcoptroller. although we can-
not confirm this. Note thai theré are other
devices which have the prefix PIC as pari of
‘their identity coding, but these should noi‘be,
confused with the Microchip PICs.

Your best low-cost initiol npe into under=
standing PIC microcontrollers is thrvigh my
PIC Tutotial series uf March to May 1998, We
have run oat of back issues for this, but photo-
_capies of the three parts are available, as stai- -
ed on our Back Issue page. If funds permit; o
“fnore sophisticuted approach can be taken via
aur PICutor €D-ROM -sce our CD-ROMs for
Electronics pages.

We are surprised that you experienced
import restrictions over EPE. We have a num-
ber of readers in Zimbabwe who suhscrite and
regularly renew their subscription. Currency
wluationwe ‘have no control over, but in UK
terms taking out a subscription i€an economi-
cally vigble way of ensuring you receive EPE
ench month {and icre begins the “Sponsor's
Message”). Subscription details are always |
printed on the Ediorial page, and order forms
are published from time-to-time {but you do not
need (o use a form — any sheet of paper il do,
or use any other of the multitude of ways in |
which.you can communicate with us;)

Another way.in which-you can obain EPE.
of course, is through our'Internet EPE Online
Site ai http:lhwww.epemag.com. (Commercial
Break naw.over?) |

Briun, we can't think of anything to com- |
ment on vour ‘ohmly joke, ler alone cap it, so
We won's ! We wuh you coniinued success
with your designing (and Aotherdn-Law)f -
Hope you find your mullimeter-reward a good

additlon 1o your tools range.

OU AGAIN

Dear EPE,

Can 1 add 10 your answer o Matthew Stuart re
TV programs about electronics. The BBC2 pro-
grammes (not programs by the way!) post-mid-
night are called The Learning Zone and although
much is, not all the content is produced by the
OU (Open Universily), for example Science in
Action.

Many years ago I asked an OU presenter why
they didn’t give more publicity to their outpuf as
this might encourage more people 1o think about
taking an OU course. His reply was that the pro-
grammes weren't desicned for the casual viewer
and the OU wasnt in the entenainment business!
1 would hope this attitude has changed but don’t
bother to contact QU because there's a far easier
way.

If Maithew gets in touch with BBC Education
Information he can register, as 1 did 2 couple of
years ago, to recehe a fiee quarterly guide listing

every programifié under separate categories e.g.
Compuring, Maths and Number, Music, History
ete. along with VIDEOPlus+ numbegs. Contact
info: Tel 08700 100222. CEEFAX: Pages 630-
636, Web: www.bbe.co.ukfeducationflzone.

Hope this helps Maithew find what he wanis.
By the way, there is an OU maths programme
called Aodelling Turkeys which. if it is ever re-
shown, is 8 wonderful demo using a logarithmic
scale 10 produce a linear graph of turkey weight
vs, cooking time. This is followad by more serni-
ous applications of the principles which { have
made use of {rom ume 1o (ime as an electronics
hebbyist.

‘Barry Taylor vii the Net

Thank youBarrv. yes the Learning Zone is TV
well-worrh watching and carers for many inter
ests. Yau do need (usuaily) to get up a bit early
or stay up lute to warch them (1 still don™t trust
preset video recarding iimers!)
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RACEY WIRELESS MONITOR

-Dear EPE,

Hello from New Zealand. ['m involved in dint
track Stock Car racing, and we have been having
problems lap scoring 23+ cars roung the track.
Then seeing your Feb "99 issue on the Wireféss
Monitoring Svstem } have a few guestions:

1. Cay the transmitters send up to 300 differ-
ent identity codes continuously and for how
long? i.c. one per car that comes 2ach race night;
and up to five hours before recharging.

2. Can # receiver pick up 23+ different LD,
codes in order. which will pass by at

100k svhour, to allow the PC to display 1he cars”
order over the finish line. 1st2ndf3rd/eie?

3. How many recéivers can a PC monitor? i.e.
i£an we place 10+ around so we can plot the cars”
grogress around the track?

" Frank:Korver, New Zealand. via the Net

We passed Frank's E-mail on to the deslgner,
James Hunphris, for his conunents. He replies:

1. The wansmitters presenty are limited io 255
different identifying codes i.. encodad by an 8-bi:
binary word. However, with an alteration to the
source and destination software, this could b2
‘Increased 10 16 bits fairly vasily {i.e. 65335 codes).

2. ‘This is the tricky one! Firsily each receiver
can only pick up a transmission from a single
transmitter af once. This is because all transmitiers
.operate on (he same frequeacy and as such any
simultaneous transmissions are ignored (fully
explained in the anticle). This being the case, let's
assume that under the conditions of opeeation, a
useful. range of 10m ean be achieved, Let's also
assume that the cars pass the wransmitter half-way
so we have an effective range of 20m. Lai's also
'assume that the transmission begins as soon as the
.car enters this usefn! range.

Each transmission from each transmilter takes
330ms. so cach car nweds to be in the effective
range for at least this fime. 100knyh equaes
100.000m/3600s = 27-Tm/fs, or approximately
28m/s. So. in 330ms, the car would travel 28 x
0-33 = 9-24m. Considering these constrainls, the-
oretically it would be possible 1o register cars
passing the finishing line as long as they were sep-
arated by at least 10m, otherwise all information
would be lost. The othet point is, you would have
1o ensure that all iransmissions began at a specific
point. [ don’t know how you would achieve this.

The mansmitter-to-receiver link has only ever

_been mwsted in a fairly static environment. ie.

walking pace only. so the effect of 100kwvh
motion has not been investigaicd. Possibly a bet-
rer idea would be to pul receivers in the cars, and

"a single transmitter continucusly transmitting.

However, the accuracy of this idea would have 1o
be investigated.

The other point is that most modemn maier
cars are fully EMI compliant, and | don’t know
if stock cars would be as such. What | mean is
that the RFI from the ignition system may well
interfere wilk the r.f. between transmitler and
receiver. Have you considered an optical system
instead? This could be far more accurate.

3. The receiver cun monitor an infinite number
of-differsnt trnsmitters as long as all tansmis-
sions are independzni in time (explained in the
anigle),

Janmies Humphris, wia the Net
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PIC TOOLKIT V2.2

Last month in Readow, [ answered .a leiter
Jrom Dave Buck whose PIC pmgrammmg prob-
lem had been caused by his “illegally” using the
TAB key when writing .ASM code for use with
PIC Toolkit MK2. We kad thought it was general
knowledge that when writing in TASM grammar,
text formatting control keys were not allowed 1o
be used. It is a point very strongly emphasised in
our PIC Tutorial (Mar-May '98), and on the
PiCutor CD-ROM. Erroneousiy. | had believed
DOS EDIT {whick is my preferredisuggested texi
editor) 1o be free of text formatiing control com-
mands, and overlooked the potential threut of the
TAR key being used.

As it happens, Duve was nof the only one who
used the TAB key instead of spaces. a few other
readers reported assembly problems which turned
out o be catsed by inclusion of the TAB control
character (ASCI! 9). From Toolkit's point of view,
it was looking for space characiers (ASCH 32)
Jrom which to make decisions about which
columns the program code siatements should
belong — Labels in colinn 1, action commands
colurnn 2, sourceldesiination column 3. elc.
\Whereas on-screen TABbed commands look like
spaces, Toolkil was seeing ASCH @ instead of 32.
and so overlooking the desired coliwmn splits. The
result was chaos! Virtually every single command
ling could 1hus cause an error simation because
things were not where they should be!

However, whilst { could have been hard-hearr-
ed and simply left it that texi formar commands
are not allowed with Toolkil, and thar this
restriction included ASCI 9 from: DOS EDIT. [
succumbed 1o ye: another challenge — 1o allow
Toolkit M2 10 accept TABs. This it now does
and the revised software version, PIC Tooikit
M2 V22, has become the versian on aur
Interner FT. P site and on the Toolkit disk avail-
able from the Editorial office {as de:ailed on ihe
EPE PCB Service page).

The files have the same names as the original
V2.0 versians, and should be copied 10 your
direciories 1o replace the existing files of the
Same narne. Readers loading the Toolkit soft-
ware for the first rime need not concern them-
seives with this matter. the original V2.0 jfiles
have been repluced by V2.2 on the disk and FTP
site.

Interestingly, Dave’s original .ASM file thay
he had sent, also showed wp a few other matiers
which ! had not anticipated, He was inserting a
space immediately following the comma in bir-
related command statememis. Tooikit lools far
commas in this sitwation and reats them as
another column separaior, but because it also
uses the spaces as colwnn delinegiors, the
infended bit sourceidestination thar follovwed the
comma was being overlooked. Version V2.2 now
allows a single space (but no more than one
space otherwise you'll kave an assembly prab-
lem) followirg the comma in bit-related com-
mands. Ifevever, you do not nieed to use a space.
the bit statement can immediately follow the
conuna.

Additionally, another matter not expected was
Dave’s occasional use of hexadecimal values ro
indicate bit values. Toolkir V2.0 was seeing a
non-decimal value (in this case a statewnent pre-
ceded by a § sign) and vwas thus thinking that i
should now look for an equated (.EQU | value of
the sume form as listed with the other specified
equates ~ and not finding one, reporting this an
error siluation_ This has been rectified in V2.2,
and hex values may now be used o specify bir
values.

As a point of my own making. when exiensive-
Iy using the Send Message 10 EEPROM routine
in connection with another design being worked
on, ! regretted not having allowed comments to
be added on the same line os the message data.
The Message routine has now been amended in
V2.2 to allow this 10 be done (preceded by a
semicolon, of course),

Dave’s just E-mailed “Thanks for the revised
program files, I've got them up and working and
i's 100%™
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PERPETUAL CALENDAR

Dear EPE.

Re the leuer from Lloyd Kitk in Readoit of
August ‘99, using my Sinclair microdrive car-
tridge Calendar program provides evidence that
the calendar of 1972 is the same as that for the
year 2000.

R.L.A. Lathani, Weeping Cross, Stafford

Many thanks Mr Latham for kindly sending
-printouis which prove the truth of Liavd Kirk's
suggestion. The calendars included on my sever-
al PCs also confirm this and, moreover, thai
1972 = 2000 = 2028 = 1056 = 2084 = ...? On
this shart iimescale. it seems that tke ealendar
repeats every 28 years. However. on a much
greater timescale does anvone know if this con-
tnues ad infinitum. or do extra leap days al
strategic intervals upset the cyclic uniformity?

As a spin-off from this question. ! have found
that while my computers are supposed to be
Millennium Cowpliant (as confirmed by a mes-
sage box on start-up). they are not Millennium
2.1 Complians! That is, the calendar baidks at
going bevond 2099, and reverts back 10 1970!

So swhar?. some of you might exclaim, believ-
ing that it won't affect vou or mosi of us ground
now. Ah. but wasn't similar thinking in carlier
years partly responsible for us having a
Millennium Bug problem now? Shalf our descen-
dents intierent a Y2K 1 Bug from us?

DIY PCB PRINTS

Dear EPE,

1 have been a very keen follower of Practical
Llectronics, Everyday Electronics and Everyday
FPractical Efectronics for 1ic past 30-odd vears
or so, going back o the carly 1960s and have
built many of your projects over the years. By
studying vour projects, and in particular the cir-
cuits of Ingenuiry Unlimited. 1 have been
inspired to investigate and build all sorts of novel
and useful devices. | have derived much pleasure
in trying many differem ways of producing my
own po.bs, they have nonnally been successful
although I have not always been totally satisfied
with the result.

In the past few years, ! have obtained several
incxpensive computers. gradually working my
way up 0 2 PC. In each case | have aitempied to
produce (with the aid of a drawing pmgmm)
printed circuils resembling pmfessionzd quality.
Receniiy, with the use of the PC and a decent
printer, | felt | could be getting elose 0 reaching
my final goal, but when 1 come to print out the
resulls of my waork on acetate film to produce a
negative, I find that the ink seems to refuse o dry
and is very pale, could you suggest a special ink
for this purpose?

Another ides | might suggest is, would it not
be possible to print out a circuit design onto a
backing sheet with some special etch resistani
ink, so as 1o be able 10 ivon the image directly
onto plain copper laminated board. therefore
doing away with the nead for expensive resisi-
coated board amd afso the produclion of am
inter-negative, similar to the produetion of T-
shin motifs. Awaiting with interest any
comments you may make in a lorthcoming
magazing.

N. Dyson, Glossop;.Derbys SK13 8EP

Even in the days when J was professionaliv
manufacturing p.cbs, | used positive resist-
coated material for prototypes, and continue to
do so. However, I never did jully solve the prob-
lem of achieving 100 per cent quality when using
a dot-mairix printer (with inked ribbon) as the
image producer.

Since acquiring an ink-jet printer however, i
now obtain perfect images when printing onto
acetate drafting film (10 the “coarser’” side).
These images are suitable for use directly with
phatoresist board and a UV expasure unit.

Yes, there is an fron-on material available
Jrom some major component suppliers. It's
called Press-n-Peel, but | have never ased it and
canro! conyment on ils cifectveness.

WELL WEATHERED

Dear EPE,

Referring to Readau: of August '99 dnd yous
question zbout other reader’s projects from past
vears, | wish to share my experience with Iwo
EPE projects that | have constructed.

After reading the Weather Station of Feb-Apr
"90, 1 started constructing it and finished all the
‘gircuits in August “90 and installed it on my roof
‘that same menth. From then on. it has worked
continuously with accurate readings and has
‘spen wind strengihs of Force 9, and still it goas
well.

‘The other is the Digiial Car Tachometer of
June "91. After L had prepared the circuit and a
smetal box for it. | removed the dashboard of
‘my Fias 127 car. to place the l.e.d.s and the 8-
digit display near the speedomecter. | fitied

everyihing in place and it is s1ill working fine
Qiso it survived a head-on collision that [ had
awith another car five years age. | rearranged
the components and the metal  box and after a
ahile it was working as new on my repaired
car.

1 am very proud-of the above projecis. As a
result | always refer your magazine to other peo-
ple as it is gives me what | want, and the know-
‘how 1o continue in the hobby.,

‘Would it #e possible for the author of the
‘Weatl:ier project to design additional circuits
‘thal can be added to it so that { can connect the
data signals 10 a computer for logging
the parameters, showing the readout out on
the menitor, while stll wsing the original
display? This idea has been in my mind for
years now, but | have not mastered dungn
1wchniques vel.

1 want this extra facility so that I.can utilise
my old 8086 or 386 computer. Also, | wish 10
have an audible signal from the anemometer,
adjustable to sourd a buzzer when Force 3 or
Force 3 is in effect, using a switch to select the
wind force alarm.

Joseph Vella, Pieta, Malia

Ve are no langer in contact with the author
of the Weather Station and so canno! affer addi-
tional interface circuits specifically designed
Jor it. However, you might consider the Data
Logger of AugiSept '99 for monitoring the data
11 can input up to eight simultaneous analogue
signals, and store them as digital values for
subsequent outpur and display on a computer
screen.

Taking a quick look at the original Wind
Speed eircuit (Fig.8 Feb '90). it seems that you
might he able 1o tap the rotation pulse signal at
the onipur of IC} and feed it into an AND or
NAND gate additionally controlied by the sig-
nal line connecred 1o one of the bargraph
Le.d.s. The output from the gate could then be
fed via a sui:able resistor and capacitor to the
input of any ordinary amplifier of any size, even
a simple amplifier module such as are sold by
various of vur advertisers. You could use a
switch to select which bargraph output is the
gaiing source.

Grear ro know of the “Dapaci”
Tachometer kas iad with you!

PIC ROUTINES

Dear EPE, ’

Over the past year or two [ have become very
familiar with'the use of the PICI6CR4 and have
designed several projects around it. However, T
feel a series which discusses programming tech-
niques on an algorithmic level would be very
useful. I am sure that most people find awling:
through someone else’s source code cxtremely
edious.

A series on subjects such as encoding
decoding, pulse width measurement, serial dai
transfer ei¢., would be beneficial and a logical
-follow-up 1o your PIC Tutorial serias.

Richard Cox, via the Net

thar the

A very useful suggestion Richard, which we
are investigating.
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Special Feature

ALAN WINSTANLEY ==

Supported by the expertise of the international power generation company National Power
plc, Alan describes some of the high technology involved in generating power — from a gas
pipeline to the turbines and generators and then to the electricity pylon and beyond!

CONCLUDE our in-depth look at power

generation by examining some of the

techniques related 1o the provision of a 230V
a.c. supply to our housing and industry.

Power to the People

Let us return to the process of elecrical
power generation and examine it in greater
detail. Previously it was mentioned that
each of the three gas turbines in our adopt=
ed power station drives an a.c. generalor; a
steam turbine drives a fourih.

A power generator consists of an electro-
magnel (reror) which is rowted directly by
the wrbine shaft. Each revolution of the tur-
bine turns over the generator once. The
rotor is surrounded by stator coils in which
the moving rotor induces a voliage that will
ultimately be delivered 1o the consumer.

Power Spin
if n simple two-pole rotor is used, this
could be likenad io a simple electromagnet

- Part Two

having a Nonth and a South Pole. The spin-
ning electrromagnet induces a voliage in the
stator coils cach iime it passes by, and the
stator voltage will therefore reverse polarity
with every half-revolution of the rowr. The
voliage level gencrated in the swator coil
depends on how far the rotor has travelled
during ane revolution (its rolational anele).

How a sinewave is generated with this
setup is depicted in Fig.9. Because it deliv-
ers altemating voltage, this generaior is
more comectly called an alternator, (A
dynamo produces a d.c. voliage instead.)

To get the most owt of cach revolution of
the rotor. several stater coils are deployed
so that multiple sine wave voltages are gen-
érated per revolution. In fact, three coils are
spaced at 120 degrees apan (s2e Fig. 10)
and the coils are designated by a colous
code which will be familiar 10 every elec-
trician: they are Red, Yellow and Blue. The
gencrator  windings produce 15-75kV
Between tie phases.]

Fig.10 {right). A
three-phase
- generator has
-7 three fixed stater
/ \ windings, placed
1BG 7’ ']
Ne ol

rotor, which itseif

120 degrees apart
around a spinning

The overall result can be plotted as a
three-phase voltage, see Fig. 11. [t can be
seen that the voltage in the red phase is 120
degrees behind the yellow phase. which
lngs 120 degrees behind the blue phase.

By increasing the rotor’s speed. the fre-
quency can be increased, although the three
phases will always be '120 degrees apart.
This simplified approach assumes that
there is only one pair of magnetic poles on
the spinning rotor as shown, and this is nor-
mally the case in practice.

IF the rotor spins once per second. then
the ac. vollage generated in each phase
will have a frequeney of one Heriz (iz).

1 For reasons which will be clarified later. it is usual
in the power indusery o 1alk of “Ime vollages™ as
phase-io-phace voliges, rather than the voltage which
is generated In a single-phace cincuit with respezt o a
“eommon” o7 “earth” reference. In a threc-phase gens
erator. the voltage which is generated in an individual
phase is 9-1kV. which is 13-75LVA'3. This produces
15-75LV butween phases, ARW.

az0 -
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Fig.9. A sinewave is produced in the stafor coil by the
spinning rotor. The voltage level depends on the rotor's
angle of rotatien, and it reverses polarity every 180 -degrees.
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Fig.11. Three-phase electricity generated by the altéinator
of Fig.10. The three phases are 120 degrees apart.
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changing polarity every half second. The
frequency of the generated voliage is calcu-
lated by:

frequency =
no. of pairs of poles x revs. per minute
———W@—P"——-——Gﬂ :

From the above formuia, a generalor
with one pair of poles as illustrated must
rotate at 3,000r.p.m. 10 produce electricity
at 50 Henz, which is the declarad system
frequency. The statutory limits defined in
the Electricity Supply Regulations of 1937
are S0Hz. + 1% (i.e. 495 — 30-3Hz)
aithough the National Grid (NGC) strives
for a variation of no more than 0-1% as best
practice. The turbines operate at this speed,
24 hours a day for months on 2ad.

In the mid 1920's before electrical power
generation was standardised, several fre-
‘quencies could be used — anything from
what was probably a migraine-inducing
23Hz and must have been murder to read
by, all the way up 10 80Hz. The Electricity
Supply Act of 1926 resulied in a standardi-
sation of supply frequency across Great
Britain. a1 50Hz, although in the USA and
some other counirics the supply has been
«set at 60Hz.

In fact most generators tend 10 have two
poles although certain types e.g. hydro-clec-
tric generators may have four or more poles.
This allows for a slower rotor speed of 1,500
r.p.m for a four-pole machine which is more
appropriate for the medium involved, whilst
stil generating a 50z sinewave.

Frequency Controf

The actnal method of controlling the
supply frequency uliimately boils down to
speeding up or slowing down all the gener=
ators on the sysiem, by increasing or
decreasing their load.

Great efiort is made 1o maintain this
value and o eliminate cumulative errors in
the consumer’s supply. which might other-
wise affect electric clocks, time switches,
audio equipment etc. Any minor change in
frequency is compensaied for later on, in
order 1o enable frequency-sensitive equip-
ment to catch up (or slow down).

All power plants interconnected by the
National Grid can be considered as pan of
an enorinous ““poal”™ of clectricity hooked
togetner on an “infinite busbar”, which
runs a1 a set frequency.

A circuit breaker unit.connected to'the-gas turbine. Notice the colour coding “spots”.

Every power station thus connected oper-
aies at this frequency. If at this time a small
isolated power station was nor connected to
the busbar, bur was then hooked in later, the
frequency of the existing “'pool™ would eas-
ilv dominate the generator of the newly-con-
nected power plant, The net result is thai alf
parts of an interconnecied system operaie G
the same frequency:

The operating frequency of the rest of
the grid is thus physically applicd o an
individusl generator, in what is effec-
tively a contest of wills. Since & genera-
tor’s stator is synchronised to its rotor
(and turbine shaft), 4t is necessary -10
ensure that a gas turbine runs at a speed
which enables the generator’s frequency
10 be maiched to the rest of the grid.
Hence. the challenge is to supply just
enough fuel to the turbiges so that the
generator runs at the prevailing system
frequency adopted by the rest of the grid.

Any increase in the fuel suppty will nar
necessarily cause the turbing 1o nin any
fasier, because the generator is already syn-
chronised or locked 10 the frequency of the
grid: instead the turbine will simply b
“loaded", which is undesirable. The sysiem
{requency can be best controlled by ensur-
ing that the generator’s MW auiput con-
stantly matches the consumer MW
{megawatts) demand.

Test Run

The besr analogy of this is to consider a
car which is being driven al a fixed spead.
If the car encounters a hill it will slow

down. making it neeessary to open the
throtile 10 mainiain engine speed.df the hill
levels out, the throttle can be closed again.
Yf it goes downhill. the engine can be used
as a brake 1o slow the car.

The other key parameter is. of course.
volldge. For consumers. the siawtory limis
on sheir 230V supply is + 6%. Unlike the
system frequency. the vollage levels can
vary in different paris of the transmission
system. The voliage output of a generator is
directly related to the rotor voltage — the
excitation voluage, which is controlled by a
complex auwtomatic voltage regulation
(AVR) systert. Every aspect of the genera-
tor and the turbine’s performance is con-
stantly monitored by the power plant’s fully
computerised canirol roont.

Down-the-Line

“The next part of the electricity generd-
tion process relaies o the way in which the
power zenerated in the siator coiis is trans-
mitted 10 the user. Tvpically, the genertor
outputs 13-75kV and is rated for more than
1wo hundred megawatts (MW).

The three phases — red. vellow ani bluc
— are carried outdoors from the generalor
‘by cables using large ducts which resem-
ble pipelines. These pipes are pressurised
in order to prevenl cOMosion of water
ingress. The ducts are also colour coded
to idesitify the phascs, and this same
theme is used all the way through 1o the
.end-user's premises. r

One major problem is. fiow 10 aciually
swich such high magnitudes of voliage?

Leaps and Volts

All of the high voltage areas al Nafional Power's Killinghalme “A%
station - just like every other high voltage installation — are sur-
rounded by a perimater fence or wall. Such areas are padiocked and
it is strictly forbidden 1o enter the area — even 1o pick a weed —
withcut tha relevant safety permit.

Although much of the equipment is safely earthed, many high ten-
sion wires a2nd terminals are of necessity uninsulated. High voltages
can flash over and sirike a human being with dezdly effsct if they
stray foo close to high voltage power lings, transformers or other
electrical equipment.

For high voltage operatioris, the industry-standard minimum saie
working distances are:

400KV 3-1 melres 66XV 1-0-metres
275kV  2-4 matres 33kV 08 meires
132kV  1-4 malres

Remembar that the human body is a walking 3 kilohm resistor and is
effectively grounded at one end. If a person uriwitlingly encroaches
within the safe working distance then there is a very serious risk of arc-
ing arxl flashing over. That person may sufler devastaling electrical

_never zttempl to retrieve, say. a losi ball from within a fenced-off

burns as'well as risking death. There miay also be an expiosion and fire.

It would be impossible for anyong 10 rescue 2 psrson from such
a dlre predicament because of the same risks they would face from
arcing by the same high valiages. so any attempt o mouni a rescue
naar to high voltages would be highly dangerous.

If you should see z person nexl lc high voltage power lines or
equipment whom you suspect may have suffered electrocution or
burns, thefe is notning you can do except slay 2 sal2 disiance away
and call for help. All rescue attiempts must be left to the experts who
will insist on mzking the arez safe before entering &. (The separate
box-out “Heartlelt Shock” is a timsly reminder of emergency first aid
procedure which can be undertaksn for persons who may have
received a shock from the domestic 230V supply.)

Every year many peoplz lose their lives by electrocution purely
through carslessness and ignosance. Children must never be per-
mitted 10 play anywhere near an electricity substation, and must

substation compound.

Playing near overhead power lines (including -@lectric train over-
head wires) should also be strongly discouraged. so the flying of
kites and mode! aircraft in these areas is axcaedingly dangerous.
The dangers of death caused by flashing over are very real-and
are ignorad lilerally at one’s peril.
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Sirice these extremely high potential vols:
dges can are across considerable distances
(see the box out entitled “leaps and
Volts”), one can image the nightmarish
problems which exist in the power plamt
when trying 1o swilch thousands of volts.
The switchgear concemned must be able
0 withstand not only their fuil loads but
six-fold overloads which occur when
motors are starting. They must also be
capable of carrying or interrupting fault
currents and musl also cope with 17,500
volts peak across the coniaci rerminals.

Evidemtly, we are not talking 6mm {1/yin.) .

loggle switches here!

The solution lies in the use of special
gas-filled circuit breakers. These are
spring-loaded and motor driven and are
designed to quench the high tension arc
which develops between opening coniacts.
The compound sulphur hexafluoride (SFg)
is used and this is six times less conductive
than air. Earlier types used oil-filled con-
Laets or compressed air 1o snuff out the arc.

The 15-75kV (phase-to-phase) genermor
voltages are stepped up to 400kV by an exter-
nal transformer — one per generator — for
onwards transmission to the National Grid.

Stay Cool

Many readers will be aware that large
iransformers are oil-cooled in order to aid
heat dissipation. With the largest rypes, the
oil will be circulated by pumps and heat
will be exchanged with a water-fillad
coolant circuit. ) ,

In the evemt of a transformer internal
failure (e.g. winding shorts, or contacts
starting to bumm out), hydrogen is one of the

first gases (0 be produd?d. so By testing for
this gas any trends can be spotted carly. A
device known as a Bucholz rélay is used as
an automalic swiich that responds to
increasing levels of gas build-up in the oil.

More accurate tests of oil samples are
also undertaken by National Power and
other pases such as acetylene can be mea-
sured over, say, a month and 4 good esti-
mate made of the nature of an internal faull.
Ultimaiely the oil can be drained and theri
the fault can be repaired.

Also worthy of mention is a small digital
counier near to the transfurmer’s perimeter
steel fence. It displayed “20™: when this
was queried, the author was cheerfully told
that this meant the ranstormer had been hit
by lightning twenty times . . . Er. quite.

Quite a Buzz

A compound area called the “banking
compound” adjacent to the main power
transformers contains an array of insulators
and busbar isolating switches. Usually,
when Killingholme “A™ is in full swing. the
crackle of high tension voltages fills the air
around this bus-bar area. The same com-
pound contains current transformers which
monitors the station’s output.

From there, the 400kV supply is fed
underground 10 4 nearby sub-station, before
finding its way on 10 & transmission lower,
the very {irst in a series of many hundreds
which will be used 1o distribute the power
around the countrysidg.

Super Grid! '
The enormous 400kV supply — known
as the Super Grid (275kV in certain

By

TS, T

3

Four 400KV transformers connected o
;the outputs of the four géneraiors.

A gas—ﬁllé& circuil brezsker, rated at
17-5kV 10,0004, connected to the gas

turbine generaior,

A-Bucholz, safety swilch, relay is fitted
on oil-cooled transformers and detects

any build-up of gases in the oil,

Pylon on the Power

The electricity pylon — more correctly called
4 Suspensicn of lransmission tower — carries
overhead thres-phase electricity between
substations in all weathers. Terminal towers.
are located al each end of the route, whilst
deviation towers enable the wire route fo be
realigned.

These "aftice” towers are significantly more
economical to construct and repair than
attempting to bury high wvoliage insulated
cables underground, and the ambient air also
acts as a natural ceoling system 1o help with
heal dissipation on the wires. Larger towers
provide a grealer span, needing fewer lowers
to suspend cables aver a distance, bul varia-
tions in design are used depending on local
conditions (e.g. aircraft or nawral landscape
considerations).

The largest Super Grid lowers suppon
wires operating at 400,000V. Fibre optical
cables are wrapped around many cables to
cany Intemet teaffic: the light signals are unat-
scied by the high voltages. The smaller low-
€S sean in the counryside or near lovns and
viliages are usually owned by the Regional
Blectricity Companies (RECs) rather than the
Naticnal Grid.

Power cables are uninsulated and usual-
ty made of aluminium alioy, which is Jighter
than comparable conductors so that slim-
mer, smaller towers can be used. The tow-
ers are inherently earthed, and an individual
earth conduclor wire can often be seen
connecling the tops of towers together,

To ensure that the high voltage cable
and the earthed lower are separated from
each other, chains of porcelain or tough-
ened glass Insulators are used. A 132kV
wirg might use just nine insulators, whilst 2

400kV Super Grid power line may demand
iwin chains of 24 insulalors. Atmospheric
pollution is another iacior which deter-
mines how many insulators are necded,
because fall-out from Industry and salts in
the atmosphere can degrade the insulating
effect.

Each insulator is actually a capacitor hav-
ing metal end caps scparated by the dielec:
tric material of the insulator. This produces

Porcelain or toughened glass insula-
lors are used in chains o prevent con-
tact with the earthed transmission
tower. The voitage on the power line is
distributed across all insulators as
shown; which have metal taps -and
therefore form capacitors.

& series of air-spaced capacilors between
the melal caps and the lower, resulling in an
uneven distribution of voftages across the
insulators. Hence the power line voltage will
be unevenly dropped acrcss the capaci-
tances, but the one nearest the power cable

could operale near its maximum voliage

breakdown limit.
The addition of a .guard ring heips
relleve the stress on the insulsier

a

P

Aadbriim it

Typical pylon insulator set-up carrying
400KV supplies. Note the guard ring
nearest the cable.

diclectrics nearest the power cable by
shunting their capacitance, and it also
ensures that any possible flashover is
diverted away from the insulator surfaces
lo prevent damage, seé diagram.
Insulators have a undulzling cross section
10 increase their surface zrez, useful in
wet weather.

634
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National Grid enginsers installing glass
insulators on an overhead cable.

regions) will be found hanging off the
largest of pylons (as a general rule, the
larger the pylon, and the bigger the insula-
tors. then the higher the voliage being car-
ried). The same pylons also carmy Super
Grid voliages generated by neighbouring
power smations.

If ever one wondered why there are three
arms 1o each side oI a pylon, the answer is
suddenly blindingly obvious: therc is one
wire per phiase. with each lower usually
carrying two circuits. Sometimes. wires
may be paralleled, which will be witnessed
‘by two wires running nexi-1e each other

‘share the load. (See the separate box out,,

“Pvlon on the Power™.)

These exiremely high voltages are trans-
miited over considerable distances to region-
al sub-stations, where they are progressively
stepped down by transformers (auto trans-
formers are usually used on the Super Grid).

Outline structure of the electrieity distribu-

trion system is shown in Fig.12.

~ The Super Grid is first reduced to a
132kV grid sysiem and then to 33kV for
use by industrial estates and heavy indus-
tries. Light indusiries may require an
11kV supply which is provided by a sub-
station. The final reduction occurs in

3 PHASE
r—‘ TRAMEFORMER

23V

tesidential areas. where the FIKV is
stepped down 10 thiee- phase 415V from
which single phase 230V u.c. is produced,
as we shall see later.

{Officially. UK domestic supplies’ have
been “harmonised ™ a1 230V a.c. for reasons
best understood by the European Union. In
reality. UK supplics are 240V ac. just as
they always have been, evidenced by Laking
a quick measurement of 243V!).

In many cases. the customer (sny, a
‘farm in a remote locality) will have his
own 11kV-10-415V step-down truns-
former and these are a common site in the
English countryside, perched on top of a
wooden pole. It is the job of the Regional
Electricity Bourds 1o disiribute power 10
commercial and residential properties,
and sub-stations with suitable step-down
transformers will be used as appropriaie.
‘From Fig.!2 it can be seen how the Super
iGrid voliage is syalemaucallv stepped-
down as the end users®
approached.

More on Three-Phase

The red, yellow and blue colour code of
‘the 3-phuse system applies from the gener-
.ator outputs of Kiliingholme “A” all the
way through to the 413V ransformer found
by residential properties. One could be for-
given for thinking that the use of threc very
targe stator coils to generate three-phase
power would demand six wires to conduct
the curreni, as shown in Fig. 134, noting the
direction of each winding (or the start/end
of the coil) is denated with a spot symbol.
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locality is

A typical 3-phasé transiormer, moun-
ted on a woodszn pole. It has an 11kVY

primary and a 415V secondary, from
which 230V a.c. is produced.

Affer all, a singlc-phase load requires 1wo
supply wires to power it: normally known
as Live (or “hot) and Neutral, lhough the
live is more correctly called the Line
vaoltage.

However, a three-phase system is uble
to transmit three times the power of a sin-
gle phase design without the need for six
wires. simply by arranging the windings
as shown in Tig. 13b. The stan of one
winding is connecied to the end of anoth-
er. and the three connections are brought
out as shown. Because of its shape. this
“triangular” configurstion is known as a
delta {or mesh) connection. Three wires
can be used to transmit a three-phase
supply in this way.

The asliemative arrangement of windings
shown in Fig. 14a is called a star connec-
tion {or ¥ connection). and the ceniral con:
nection is called the “star poim™ {or the

IV
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#seutral point). This is used universally by
National Power con the output of all of its
generators.

By commoning the “starts™ of é€ach
phase together as shown, a four wire-sys—
tem (three “line”" voliages or phases. and a
neutral conductor) can be created. The net
current flowing into or out of the siar point
is zero because each phase uses the other
two for its return path. The net voliage s
also zero at the star point:

The principles of delta and star circuits
are relevant throughout the power transmis-
sion network, all the way down 1o the 230V

a.c. supply delivered 10 a home. In the-case -

of a three-phase 415V supply. see Fig.14b,
a step-down iransformer is used (not
shown) which has a 11kV delia primary
and a star-wired 415V seccondary.

Therefore. 413V is supplied between
any two lines as shown. A voliage of
413V/V3 = 240V will be developed across
a “load™ placed between the star point
and a single phase. This is precisely how
a domestic 230V is derived -- cannected
1o the star/neutral point and any of the
{nominally) 415V phases. (Note that cur
*230V" supply is in reality 240V - see
previous page.)

On Meutral Ground

Having outlined the overall process of
power generation, let’s explore in more
depth further aspects of power distribution
which will be familiar to us all: the need for
a neutral wire. and also the requirement for
earthing.

In order 10 provide a 230V domestic sup-
ply from a 413V three-phase supply. the
“live” 230V wire is 1aken from one of the
transformer’s 415V phases and the neurral
is taken from the star point. The star or neu-
tral point is also physically connecied 1o the
carth at the transformer. as depicted by the
earth symbol in Fig. 14b, for reasons which
will become apparent later.

In a typical residentiul installation, the
three 230V supplies which are provided by a
415V three-phase transformer are evenly dis-
tributed 1o balance the load on the trans-
former. This is achiaved by, say. connecting
every third house 10 the same phase, A whole
street of small 2 10 3 bedroom houses may
have one phase whilst a small development
of much larger houses — which will demand
more power — might use a different phuse to
try to halance the loading, and so on.

A significant side effect of this arrange-
ment is that neighbouring premises, whilst
each enjoving a 230V supply, may endurca
potential of 413V between their respective
live supplies: it can be seen in Fig. 14b how
415V exists between any (wo phases or
tines. For this reason, the 230V “live™ of
one residence should mever be used in
neighbouring installations because they
might noi share the same phase.

Each house drawn in Fig. 15 is connect-
ed 1o one of the 3-phase *lines”. and the
diagram shows how all three houses have
their neutral wires commoned together to
the smas/neutral point of the 413V supply
transformer. That same star point is also
connected 1o the earth.

Quite how an individual house will bz
connected in practice depends on several
factors, bul assuming that an underground
supply is taken to the property. then usually
a 230V supply will be routed there using an
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Fig.13a. Three separate phases re-
quire a lotal of six connsclions.
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Fig.14a. A star {or *Y") conneclion vith
the star being the neutral point.

armoured cable, sce Fig. 16. The steel
armour is wired as a “protective earth” and
connecis the house earth sysiem tw the

earihed star/neuiral point of the local 415V

transformer.

This compleies a good quality metal
earthing connection between the domestic
carth system and the starfneutral point of the
415V tmnsformer. All exposed domestic

gl
=
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How all exposed stes! framework is
soundly interconnected with copper
bars and alsp earthed.
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FIg. 13b. A delta or "mesh"” connection
for a 3-phase supply dispenses with
the need for six wires. The net sum of
voliages around the della configuration
is zero.
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Fig.14b. A 415V 3-phase vollage
produces 240V across each “load”
connected to the star point. Since the
net voitage is zero in the 3-phase sys-
tem, the siar point is neutral, or zero
voits. It is connecled to the ground.

copper waler pipes and other metal work
which could possibly become live through a
fauli, are hardwircd together by “equipoten-
tial bonding™. which ensures that no indi-
vidual route 10 earth will be more resistant to
a fuuit current than any other.

Incidentally, the consumer’s neutral may
also be directly connecied o an carth stake
at their incoming supply. but usually this
only oceurs if the exisling earth connection
path is found to be inadequate. or.if ne

A lypical armoured-cable terminalor,
nofe the steel armour which is the
‘protective earth”.

e o e

The “neutral resistor™ is designed :fo
limit fault currents in the generator. It
connects batweesn the star point and’
earth.
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'ﬁg. 15. How a 415V 3-phase system is ulilised io distribute
230V to the end user. Each “house” uses one phass in arder
to batance the loading on the substation (ref. Fig. 145}

carth has been provided at all by the elec-
tricity supply authority. There are other
variations on house wiring as defined in the

ly become “live”
should an internal

work can accidental-
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Fig.16. How an sarth connection is routed through lo a con-
sumer installation. The steel armoured cable ensures a good
earth continuity between the installation and the transformer
starineutral earth. it is connected via a brass cable gland

JEE Regulations with which a competent
cleemrician will be familiar, and who should
be consulted if individual doubts exist. In
the case of overiead domestic supplies. the
earth terminal of the property might only
be connected to earth but ot 10 neuiral.

Getting Down to Earth

We have now shown how a 230V ac.
supply is derived from a 3-phase 415V
transformer. noting also that a consumer’s
neutral wire connects to the transiormer’s
starfneutral poinl. A separate “protective™
earth (the stee] armour of the underground
cable) runs berween the consumer’s earth
terminal and the (earthed) star poim of the
transformer as well. What is the point of all
this “earthing™*?

It is widely understood that the need for
‘zarthing™  (or “‘grounding™ in the
USA/Canada) is a safety measure designed
to prevent electric shock due to wiring
faults or insslation breakdowns. More
accurately. earthing is used as a method of
ensuring that no open or exposed metal-

insulation fault arise.
This aspect is now
examined in greater
detail. and it’s useful to start (courtesy of
National Power) by séeing what happens in
our adopted power slation, Killingholme
“A”, before we look at the siwation in a
domestic residence.

In the field of electricity generation any
voltages expressed are always understood
10 be between phases rither than with
respect (o earth or “ground”. A 413V three-
phase supply hus 415V betweeen pliases. not
between a phase and ground (between
which, 230V a.c. cxists). Recall how a
9-1kV generator coil produces |3-73kV
between phases. and it is this later voltage
which everyone tatks about.

However, the ground or earth plays u
fundamental safety-related role. Remem-
bering that the power generaior's ouiput
iakes the form of a star connection, the star
point has a net veltage and current of zero.
In practice. the gencrator’s star point is
conneeted 10 2arth via a “neutral” resistor.

which terminates the ¢able.

In the case of the generalars used at
Killingholme "A", this resistor fills a metal
cabinet (see photo). but in alder plants the
resistor can actually be in liguid fom,
made from a 1ankful of potash and capable
of handling kilo-amps of current. However,
it should be realised that the only currents
which ever flow o earift are Taull currents.

All exposed metal waork, instrument
racking, chassis. cabinets and even the
meial girders of the power station’s build-
ings are heavily interconnected with straps
and bonding wires and also physically
connected 1o the earth. This “ring of steel”
ties all of the open metalwork together to

Torm the 2scape rowte down which faull

currents can flow. |t means also that ali

2arthed parts are at the same potential -

zero or very nearly so.

if any fault develops in the génerutor —
such as a failure in insulation ~ then if dny
part of the exposed metal work becomes
“live”” there will be an immediate short to

Heartfelt Shock and First Aid

£ HuMaN-BODY is @ walerfilled resisior of approximately 3 kil-
chms value, and is a good conductor of electricity. Since one
side of the mains power supply Is grounded. then it is possible to
receive lalal electric shocks if your body comes into contact with
high voltages — the body will camplete a circuit and current will flow
through the body back to earth.

The human heart is a muscle which happens to be most suscep-
tible to stimulation at a frequency oi 50Hz. Perversely, this is also
the frequency of the UK mains supply.

The effects of shock depend on the lavel of current which flows
from a device (and where it flows through the body). Once & cerlain
threshold is reached, you will have no control over the actions of
muscles, which means thal you may be unable o release your grip
on a device and may suffer electrocution.

A list of effects which would arise if you grasped- a “live™appara-
s or wire is as follows: )

1mA Tingling

a9mA Probably still able to-release the: device
18mA Borderline on ability to release the device
20mA Unable lo release the device

16mA to 50mA Pain, possible unconsciousness. Hear! and

respiratory furictions probably continue.

Heart remor, asphyxia due to raspiratory

paralysis. Severe shock and burns. Possible death.
Burns are caused when current passss through the skin tlissus,

and because of their penetrating action, electric burns can be much

> 100mA

‘o. Remove any items of a consrictive nature (rings, wajchstraps,

deeper than their size right suggest. Extremély serious burns can
resull from contact with high voltage power linss.

First Aid )

In the event of a person reseiving a suspacted electric shock from,
the domestic mains supply, you should act quickly and calmly to
help the victim, withou! exposing yourseli 1o the same risk of
electrocution.

e Avoid touching the victim if he or she may still be in contact with
lhe mains. Switch off and unplug, or use an insulating wocden
pole of wooden chair 1o push the victim clear of the supply.

o If the victim has siopped breathing, you should apply artificial
respiration immediately. i

o Then treal burns immediatzly. Relisve pain and reduce tissue
dzmage by cooling the affecled area wilh plenty of clean coid
running water, or apply ice. frozen produce elc.

bracelets) before swelling starns
o Apply a stenle dressing for protection from infection. Do not
apply lotions, creams or ointments nor prick blisters.
e Seek medical anention. T e
No attempt should be made to help viclims of high voltage
electrocution unless it is certified that the power source has been
complately isolated. See the seclion “Leaps and Velts™ for more
mfcrmation.
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earth, because the siar point is connected 10
earth as well. The neutral resistor will limit
the current and prevent a serious failure.

Although a fault current will now flow, this
will be detected by earth fault relays, current
transformers, circuit breakers or pther
devices, In the case of a major generator fauli,
the neutral resisior is cupable of withstanding
many tens of amperes for five seconds, at a
potential of seme 10kV or more.

Ground Force

In the simple example of Fig.17, a gen-
eritor phase has shoned to an imaginary
steel girder. one end of which is connected
to earth, It will be seen that the neutral lim-
iting resistor now forms the load for the
windine and a fault current will flow down
e earth and through the resistor, which
limits the current.

In his several days on-site at
Killingholme “A”, the author saw countless
examples of all kinds of earth straps and
leads which are designed to ensure high
tension fault currents find their way direct-
ly 10 carth. It clearly makes a great deal of
sense 10 make it easy for fault currents o
flow through a massive conductor — the
grotund — and trip a circuit breaker in the
iprocess to disconnect the supply. A similar
form of protection is used in the home.

Remembering that the power station also.

uses clectricity iself for its own svstéms it
is interesting 1o note that even if the worst
happened and power was lost entirely. the
power station has a Battery Room contain-
ing several very laree bunks of lead-acid
accumulators which offer 48V, 110V and
220V d.c., sufficient to power ausiliary
equipment for many hours. Safety regula=
tions (danger caused by sparks) prevented
any photography in this area.

Greetings, Earth Links

We can draw parallels with the preceding:
principles 10 examine the need for earthing
al a domestic or commercial installation.
The “reutral” wire of a 230V ac. supply is
provided by the star/neutral point of the
transformer and:is therefore always close 1o
zero volis with respect to the incoming
“live”. The star/neutral point is also
earthed as shown in Fig.14b and Fig.13. A
separale good quality metal earih connec-
tion usually runs between the installation’s
earth circuit back to the ransformer (e.g.
its meial body, which is also earthed).

The arrangement for domestic/com-
mercial installations is virtually identical
lo that used by the power station genera-
tors 1o 1solate failures in the insutation.or
other faults. If every

then it will be very casy for “escaping”
fault current 10 flow to carth as well; it
will strive to complete the circuit back to
the earthed star point of the 415V trans-
former. In so doing. & massive current will
flow which will melt an in-line fuse or
operale & circuil breaker. (A separate box
out “Fuses — The Race (o Proiect” pives
a little more background 1o domestic cir-
cuit breakers and fuses.)

Meated Exchange

Taking the example of an ordinary elec-
tric heater (see Fig.18). its metal casing is
connected to the canth terminal of the
mains plug. Alternating currem fiows
beiween the live and neutral wires when the
heater functions normally.

If a live wire should ecome adrift within
the heater and touch the metal cabinet;
‘then a heavy current will flow to earth
which will melt the fuse in the mains
plug, thereby disconnecting the supply.
Sich action prevents the user from being
able o toucli a “live” metal cabinet and
acquire a potential, because lie or she
could be faially injured by the fauli cur-
rent flowing through the humun body én-
route to earth.

piece of exposed non-
live metal is earthed,

Fuses - The Race To Protect

Fuses are the “last gasp” and sometimés the only protection
found in most domestic electric appliances as well as alectronic
circuits. A fuse is primarily used in 2 mains plug-lop to oversze
the mains cable (power cord) and will *melt” if the cable is severed
or damaged, when an excessive current could flow. The fuse is
also intended to disconnect the mains supply should an insulation
faull, such as a short to earth, zrise within the apparalus.

Fuses are the most rudimentary type of aver-current proteclion
and rely on & wire melling to interrupt the supply. They offer iittle
prolection to human beings in preventing electric shack, other
than to disconnect the supply if an overload condition (2.g. 2 short
1o earth) occurs.

Old open-type fuses found in some fuseboards conlain bare
wire which will melt if the rated current is exceeded. However, fuse
wire can eventually start to oxidise which may cause premalure
faflure. An HRG (High Rupture Capacity) fuse uses a sanc-filled
caramic cariridge o prevent oxidation and also to extinguish the
arc. These are typically found in UK mains plugs but larger ver-
sions are used in industry. Continsntal {useboards use such
ceramic cartridge fuses as well.

Electronic equipment aiten utilises = varisty of glass-bodied car-

kidge fuses: 20mm = 5mm for up to 10A curizni, whilst larger
32mm (11/4in.) types are produced with ralings exceeding 25A.
Some types are anli-surge, meaning that they will not “nuisance
trip” when equipment surges during first powered up. It is always
very important that fuses zre replaced with the same type, size
and rating. Failure to do so may causs beth a fire and zn electro-
cution hazard.
. The mimature circuit breaker {or MCB) is a reseftable form of
fuse or “trip switch™ which widll act to open the circuit whan an
excessive current is drawn by the load. The best form of pratection
lhough is Residual Current Device or RCD, also known as an
earth leakage circuit breaksr (ELCB) or Ground Fault Circuit
Interrupter (GFCI) in the United States.

These devices “look for” an imbalance between the currenls
flowing in the live and the neutral wires. If any diffefence arises:
any losses must be due To current leaking to earth. and an RCD
will typically trip within 40ms of delecting an earth lzakage current
of 30mA.

Not o be:conlused with an MCB, a Residual Current Davice
offers the besl personal protection against electrocution and is a |
wise investment when using outdoor power tools. Most RCDs now |
offer *double-pole” protection which disconnacts toth the Live and
the Neutral wires fo ensure total isolation, and featurs a test but-
ton. Fuseboards fitted with RCDs ‘are now quite common.

el neuma
LRaTe.S
RESSTOR

i'-_ig. 17. A “neutral” resistor connects the generalor star point tb
the earth to fimit.any fault currents. Here, the Red phase has
shorted to earth, via a sleel girder in thiz simple example.
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Fig.18. How earthing ensurés that any insulation breakdowns
will cause a fuse to mell, thereby disconnecting the supply. A
{arge fault current flosws to earth, when z locse wire shoris the
230V live viré (o.earth, via the earthed metalvork.
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PRAG

IGALLY SPEAKING

Robert Penfold looks at the Techniques of Actually Doing It!

CAF’ACITORS must rank as just aboui
the simplest form of electronic com-
ponent, and a capacitor is basically just
two metal plates with & layer of insula-
lion in-between. The insulating layer is
called the dielectric.

Practical compenents are usually in
the form of two strips of thin metal foil
interleaved with two strips of plastic foil.
The strips are rolied or folded up 1o pro-
duce small componenis thal have a
large plate area. This enables high val-
ues of capacitance i0 be condensed
into small physical volumes.

Although capacitors are fundamen-
lally quite simple, they seem to cause
more coniusion than all other types of
component combined. Supposedly, the
reason for this is that there are so many
different types avzilable. If you look in
one of the larger component cata-
logues for a 1nF capacilor you will
probably have about 15 10 20 compo-
nents of this value to choose from! So
how do you select the right one?

Square Pegs Into . ...

When dealing with capacitors you
have to take into account the physical
characteristics of the components as
well as thelr elecirical  ralings.
Capacitors come in a variety of shapes
and sizes, and it might be impassible to
fit a component into the availabls space
on the circuit board if you do not
choose carefully. Taking a 1nF capaci-
tor as an example, they are raadily
available in printed circuit mounting
versions with various lead spacings,

axial versions, and even leadlsss
surface mount versions,
Prinied circuit mounting (pcm)

capacitors are usually box-shaped
componenis, but they are sometimes
disc-like, cylindrical, or even globular in
appearance. Whatever the shapsz, they
have what are usually very short lead-
out wires emanating from the same
side of the component. This makes it
easy to fit the capacitor onto a printed
circuit board, but only if the spacing of
the leads maiches that of the corre-
sponding holes in the circuit board.
With the early printed circuit mount-
ing capacitors any atlempt i0 manoceu-
vre them into a layout having the wrong
lead spacing usually resulted in one of
the leads breaking off. Modarn capaci-
lors of this type are much tougher, but
it still pays fo be very carefui when
dealing with the open consiruction
type. Due care needs to be exercised
when soldering them in place, since the
heat from the iron tends to weaken the
joints that hold the ieads in position.
The types that are encased in plastic
are much tougher, and can usually be
manipulated into place withoutl too
much difficulty. However. this is only
likely lo work if you are moving up or
down by 2-5mm (0-1n.). Using compo-
nents having the wrong spacing gives
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physically weaker résulls .and could
compromise reliability.

Axial capacitors are tube-shapad com-
ponents with a leadoul wire at each end,
like ordinary resistors. It is somatimes
possible to fit an axial component in
place of a printed circuit mounting type,
but it may be necessary to mount it verti-
-cally. This again gives a physically weak
construction and is best avoided.

Printed circuit mounling capacitors
are unlikely to it into a layout intended
for axial components. It can sometimes
‘be achieved with the aid of solderad-on
extension leads, but this typz of thing
gives scrappy looking resulls and very

‘poor reliability. This is all right 2s a stop-

Qap solution to get a project “up and
running” unli! the propsr component
can be obtained. but it is not viable as
a normal construction mathod.

Modern componerit layouts {end to
be quite compact, and the amount of
'space available for each component is
usually very limited. The fact that a
capacitor has the right lsad spacing or
the required axial case style does not
necessarily mean that it will fit into thé
layoul. Particularly with axial compo-
nents and the higher value printed
circuit mounting types, there arg
enormous variations in size.

Some capaciiors have an overall
length that is about the same as the
lead spzcing, while with others the
overhang at each end is so great that
they are about 50 par cent longer than
the lead spacing. If space on the circuit
board is limited it is advisable to check
the maximum dimensions of the capac-
itors in the component catalogue, and
10 make some measurements o check
that they will fit into the layout.

Foiled Again
Having found a capacitor that will fit

having a plastic foil such as polyester
or Mylar are generally more accurate
and stable, but do not work efficiently at
very high frequencizs. Silvered mica
(also known as just plain “mica”)
capacitors are used where the ulfimate
in stability i$ required, but these are
‘only available at low values of up fo
‘about 1nF.

Letiers from readers having prob-
lems with projects sometimes point out
that certain capacitors thay are using
are not the correct type, and query
whether this could be the cause of the
problem. Using capacitors of the wrong
type is definitely not 2 good idea, but it
is uniikely to preveni a project from
working at all.

If a filter requires expensive plastic
foil capacitors having a lolerance rating
of 5 per cent, but you use lower quality
plastic foil or ceramic components, it
will still work after a fashion. However,
the filter irequency could be weil away
from the required figure and there
could te other anomalies in the ire-
quency response cbtained.

Ii plastic foil capacitors are used
instead of ceramic types the circuit
could operate ineiiiciently, and in some
cases there is a risk of it becoming
unstable. If a radio design requires
mica capacitors but inexpensive cerams-
ic plate capacitors are used instead,
the frequency coverage could be incor-
rect, and the tuning could drift.

fn many circuits the exact type of
capaciltor used is not critical, but unless
you know exactly what you are doing it
is best to use only thz specified type. It
an unusuail capacitor is required the
‘components list should make this clear,
-and there will probably an explanatory
nole somewhere in the ariicle as well.

For exampie, most capacilors can
work safely at potentials of 100V or

into the layaut correctiy, how
do you know whether or not
it is suitable electrically?
The components list should
give some basic guidance,
and for any out of the ordi-
nary capzcitors it should be
specific.

In components lists and
catalogues you will narmaily
find capacitors referred to as
something like “ceramic”,
“Mylar”, or "polyester”. This
is the matenal used as the
dielectric. The best dielectric
depands on the application
for the capacitor.

Ceramic capacilors
operate well at high fre- /
quencies, but their toler- |
ance ratings are usually
quite high and thsir values

can change Aquite drama-

tically with changes in Eight varied types of capacitor of 1~ or 5o in value.

temperature and the pas-

The disc ceramic one (bottom right) is physically the

sage of time. Capacitars Smallest, but has the highest value.
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AND PODA
DESULATION

FALLT CURFENTS FLOW BACK
TONELITRAL VA EAATH o)

Fig.19. A “floating” (unearthad) supply can still give rise 1o
electrocution risks caused by stray capacitance or poor o
insulation completing a path back to neutral. (Adapted from
Guide 1o IEE Wiring Regulations (15th Edition) — J. F. Whitfield.)

There is a counter-argument which stites
that if no curth were installed. then even if
a human being did accidemally touch a live
terminal, no ill effects could arise because
there would be no reason for current 1o
flow through the body to earth. The body
would merely be “floating™ at the live volt-
age but no potential difference would exist
across him or her, and no harm would be
done.

Anyone who has suffered at the hands of
a very cheap open-type mains transformer
will know that standards of clectrical insu-
lation arc sometimes less than 100 per cent.
and leakage currents can occur. This means
that the earth (or. say. the chassis of an
apparatus) could still nret be compleiely
isolated from the supply even if the supply
has no apparent direct connection 1o earnh
and is supposed 1o be “floating™. Poor
insulation allows a leakage current to flow
given a suitable opporiunity.

Electricity Group al www. yeg.
amount, of materlal which will
public, teachers and youngstars. ¢

AT I e s L e

uk contains a considerhjes
cg.e of general interest o the

There are other ways in which the earth
<an {orm a retumn path for fault currents. even
if the supply is supposed to be “floating”. As
1EE guidelines state, electrical insulation can
itsell be thought of as a capaciior dielectric.
with the live wiring forming ane “plate™ and
the carth forming the other.

This stray capacitance coutd form an
adequate route for an a.c. fault eurrent 10
pass, should a human body accidentally
contact a live wire (see Fig.19). There is
thus the prospect of receiving an electric
shock from earth fault currents even if it is
thought that the mains supply is {loating
dnd supposedly unearthed.

In Shock

Still on the subject of accidental elec-
frocution. the human body. being full of
water. is the walking equivalent of a 3
kilohm resistor and it only takes a current
of 20mA 10 pass through a muscie 1o

:..P:'

cause uncontrollable spasms and render
the body unable to release a live wire, A

‘separate box oul eniitled “lHeartfelt

Shock™ explains some things about the
human body und its reaction to electfic
shock. and there is also sonte useful first
aid advice to halp with cases of suspected
electrocution.

There are various earthing configura-
tons permiited wnder the UK Institute of
Electrical Engineers” Wiring Regulations.

ibut how earthing is achieved in an installa-
.tion depends on whather the incoming sup-

ply is via undergrouod cables or from an
overhead supply. Due consideration is also
paid by instaliers 10 the method by which
carthing has been implemented in the local=
ity by the supply authoritics.

It should be again emphasised that the
domestic electricity supply shouid
NEVER be interfered-with except under
expert guidance.

— =
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mare, whereas most circuits operate at
15V or less. Consequently, maximum
operaling volltages are not aiways
specified in component lists because
they are irrelevant. If a circuil requires a
high voltage capaciter then the operat-
ing voltage will be specified, and there
will probably be a warning nole in the
text of the article as well.

High Values

Ordinary capacitors are only -avail-
able in values of up lo about 1uF or so.
Higher values tend 1o be rather bulky

and expansive to manufacture. Many .

circuits do actually require higher val-
ues though, and these values are avail-
able in the form of polarised capacitors.

By far the most common form of
polarised capacitor is the electrolytic
type. Internally an electrolytic capacitor
is not much different to a plastic foil
type, and it mainly differs in that the
dielectric is in the form of a paper like
materlal impregnated with an elec-
trolyte. This enables small components
having values of hundreds or even
thousands of microfarads 1o bhe
preduced at low cost.

Unlike ordinary capacitors, the elec-
trolytic variety only works properly
when supplied with a d.c. potential of
the correct polarity. You thereiore have
to be careful to connect them the right
way round. If an electrolytic capacitor is
connected with the wrong polarity the
circuit will probably fail to work and in
many cases there will be-a real danger

From left to right, radfal electroiytic,
axial electrolytic and tantalum capaci-
tors. Although it has a value of 22uf,
the tantalum has a maximum diamster
of just 3mrm.

of a high curréent flowing dnd the
capacitor literally expleding.

Always be careful to fit electrolytic
capacitors with the correct polarity, espe-
cially when dealing with high value com-
ponents, The polarity is indicated by “+°
and (or) “—" marks on the components
themselves, and on the layout diagrams:
With the axial versions there is also an

indentation around the end of the body’

that has the posilive leadout wire.

As pointed out previously, maximum
operating voltage is not normally a
consideration when dealing with capac-
itors. The situation is different with
electrolytic capacitors though, as they
often have quite low maximum voliage
ratings. Component lisis. thereiore,
usually indicate a suitable “working”
vollage rating for each electrolylic
capacitor.

From the electrical point oi view
there is no problem in using a compa-
nent having a higher voltage rating than
the one specified. Physical size is again
an issue here though, and higher volt-
age raling normally franslates into
increased bulk. An electrolytic capaci-
tor having a grossly excessive vollage
rating is likely to be far too big to fit into
the available space on the circuit board.

Making the Grade

There are alternatives 1o electrolytic
capacitors, but the only common cne is
the tantalum variely. Thesa are also
known as “tantalum beads’, due 1o
thetr round and bead-like appearance.

Electrolytic capacitors pravide high
values in small physical volumes, but
they tend to have high tolerances, high
leakage currenis, poor high frequency
performance, and poor stabilily.
Tantalum capacitors, on the othear
hand, offer much better performance,
but at what is usually a much higher
cost,

Like electrolytics, the tantalum vari-
ety is polarised and must be connected

the right way round. Tantalum capaci-

iors are very intolerant of polarising
voltages of the wrong polarity, so be
very careiul to fit them the rignt way
round.

Most component

‘Variable Capacitors

Variable capacitors are litile wused
outside the realm of radio where they
acl as the tuning controls for radio
receivers, signal generators, and so on.
Strictly speaking a variable capacilor
has two values, which are its maximum
and minimum values. In praclice it
tends 1o be only the maximum value
that is specified. The values available
are quite low, and 300pF is the highest
value you are likely to encounter.

There are hwo main types, which are
the air-spaced and solid dielectric vari-
efies. Air-spaced variable capacitors are

‘the most expensive, and use air as the

dielectric. There are two ssts of metal
vanes, one fixed and one that can be
rotated via the spindle. Moving the rotating
vanes into the fixed ones increases the
capacitance of the component, and sepa-
rating them reduces the capacitance.

it is essential to use the "kid glove'
approach with air-spaced capacitors.
since the slightest distortion of any
vane is likely to cause a short circuit at
some sellings of the component. Some
careiul straightening will usually
redeem the componeni, but could
signiticantly change its value.

Solid dielectric capacilors are much
the same as air-spaced components;
but have thin sheets of plaslic to ensure

catalogues now list
some superior grade
electrolylic capaci-
tors that give

improved perfor-
mance over “bog
standard® compo-

nents. i a compo-
nent list specifies a
tantalum component
or an “improved”
eleclrolytic type it is

gssential to use a
high quality compo-
nent here.

The fixed and moving vanes can be clearly seen on the air-
spaced component (lefl). The variable capacitor on the right

Sometimes an Is alarge solid-dielectric type.

ordinary electrolytic

capacitor will not work in ptace of a
superior grade component or a tanta-
lum capacitor. A timing circuit may fail
to time-oul, or a low frecuency oscilla-
tor might fail to oscillate. In a less
extreme case operation may be erratic,
with a timing circuit producing elongat-
ed and variable delay times.

If a superior grade eleclrolytic is
needed for a swilch-mode povéer sup-
ply there is a risk of the circuit coming
to expensive grief if a cheap electroiyt-
ic is used instead. !f a high guality
capacitor is specified in a companent
list, it has been specified for a reason.

-Some polystyrene capacitors look as
though they are polarised, because
they have one end of the body tinted
red {(sometimes yellow). In some high
frequency circuits it is better if the com-
ponent is connected ons way round or
the other, and this is whera it would not
be a good idea 10 have the outer plate
of the capacitor connected to a sensi-
tive part of the circuit. These capacitors
are not polarised though, and in most
circuits they can beé connecied either
way round.

Evervday Practical.E lectronjcs/ETT, Seprémber 1999

that the wwo sets of vanes cannotl shori-
circuit. This makes it possible 10
produce smaller and cheaper compo-
nents, but with reduced stability. It is
tempting to use a cheap solid dielectric
variable in place of an air-spaced type;
but results -are likely to be poor.

Read the “fine print” before buying
one of the very cheap solid dielectric
variable capscitors. Some of these
have very short spindles of a non-stan-
dard diameter.

There are preset versions of variable
capacitors, or “trimmers” as they are
often called. Some are basically just
scaled down versions of variable types.

Compression trimmers are a form of
solid dielectric variable capacitor,
where the vares are made from a
springy metal. By adjusting a screw the
vanes can be forced closer together to
give increased capacitance.

Trimmers vary greatly in size and
shape, and it will usually be necessary
1o seek out the exact compongant spec-
ified in the component list. Cthenvise
physical considerations may make the
component unusable.
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Constructional Project =

CHILD
GUARD

TOM WEBB -

Provides an audible warning if

children (and others) approach a fire.

HiLD Guard is 4 design intended to
help prevent young children from
burning themselves. It does so by
means of an audible waming it the child
appreaches a hot fire. The circuit may be
used with any equipment designed to pro-
duce hear, e.e. electric. gas or coal fira.
The design produces a coded infra-red
beam which detecis the proximity

The HT12B allows for a binary code of
between 0 and 255 to be set via its pins AQ
to A7. The pins are iniemally biased high
but any may be taken to the OV line 1o set a
different code. In this application. only pins
AQ and Al are connected to the OV line,

The Doy pin provides the coded ourput
superimposed on a 38kHz carrier signal.

»

the same pins on |C3 are also conngcied to
ov.

When 1C35 receives a correctly coded sig-
nal. its pin 17 (VT goes high. This causcs
transistor TR2 to conduct. which wms on
the reed relay (RLA) and Le.d. D4. The high
output from IC5 pin 17 also causes capacitor
C3 10 charge up. 10 provide a delay before
TR2 turns off again following the end of the
signal from IC5. This ensures that the relay
does not go on and ofi 100 guickly.

of a persan by bouncing infra-red

oft them as they approach, yet
without being confused by other

NFRARZD

infra-red sources. A separate sen-

WERA-RED
ERCODER AND RECEWVER AND
TRANSITIER PECLUTH |

ai [ ASTABLE

sor detects the random infra-red
radiation being emitted from a

TEMFERATURE SENE0H

hot fire. If anyone approaches the

PFRARED ["

AND MPLFIER

fire, u warning buzzer sounds.

DSCRLATOR

Diode D2 prevents C3 discharging
| imo the VT pin.

Resistor R10 sets the oscilla-
tion frequency tor TC3 io the
required raté of I30kHz. The
value s chosen to suit a power
supply of between 4-5V und 5V,

The l.e.d. D4 is used 10 indicate

The block diagram in Fig.l
shows how the circuit is split up
iNi0 separate sections.

INFRA-RED CODING

A system based on a confinuons infra-
red signal would not work in this applica-
tion, since the receiving circuit would be
heavily influenced by stray backsround
infra-red emission from lights eic. A
coded infra-red signal is beuer sinee the
Teceiver can be set up 1o respond 1o a spe-
cific code.

There are a number of encoding and
decoding devices availabie but two from
Holtek are used for this circuit. An HT12B
transmitter encodes the signal and adds a
38kHz carrier signal for greater reliability.
A separate demodulating sensor deiects the
coded signal and provides a clean outpist
waveform wilk the 38kHz carrier removed.
An HT12D receiver then decodes the signal
1o give a steady output.

The HTI2B and HTI2D dJevices were
discussed in detail in the Reliable Infra-
Red Remote Control article in £PE October
'98. 1o which readers are referred for more
detailed information.

CIRCUIT DIAGRAM

The complete circuit diagram for the
Child Guard is shown in Fig.2. A

The circuit around transmitter 1C6 is
designed to produce the coded infra-red
beam. The 455kHz oscillation frequency
required by IC6 is generated across pins 15
and 16 by the ceramie resonator X1, in con-
Junction with resistor R15 and capacitors
C6 and C7.
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Fig. 1. Block diagram for the Child Guard.
This drives the infra-red diode D3 via
Dartington transistor TR3.

Potentiometer VR3 is in series with D3,
allowing the transmission power to be vac-
ied. Ballast resistor R16 prevenis a power
supply short circuit through D5 and TR3
when VR3 is set 10 minimum resistance.

Infra-red detector IC4 only responds 1o
infra-red signals that are modulated by a
38kHz carrier signal. When it detects a sig-
nal having this frequency. it outpws il to
transistor TRI, via resistor R8. which
inverts and supplics it 10 the decoder IC3,

The code 10 which IC5 responds is set by
ifs pins AD 10 A7_ Smcee pins AD and Al on
the transmitier (1C6) are connected o OV,

that the circuil has received the
stunal.

HEAT/FIRE SENSOR

When the reed relay is turned on, power
is now supplied to the temperature sensor
circuit through the relay contacts RLAIL
Power is conserved by keeping this circuit
switched off when a coded infru-red signal
1s not being received.

Two heat sensors are used in this circui,
IC1 and 1C7. They are TSL&) devices,
chosen becausc they are sensitive @ fower
Irequency infra-red. in the spectral range of
350nm to 1030nm. such as that radiated
from hot fires. The intention of allowing for
two heat sensors is in case there are two
heat sources 10 be watched.

)

Completed Child Guard with hwo heat sensors.
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The heat sensor outputs are jointly fed to
the op.amp comparaior stage formed
around 1C2a and 1C2b. The bias vollage at
the non-inverting input of IC2b is con-
trolled by preset VRI, which is used to
compensate for differences in d.c. output
from ihe sensors. Preset VR2 adjusts the
cp.amp’s gain. 3

The outpwt from IC2b feeds imio IC2a,
which acts as an inverting comparator.
When the voltage at pin 2 reaches the
threshold voitage set on its pin 3 by resis-
tors R3 and R4, ihe outpui from pin 1
swirches from almost +3V 10 almost OV.
This 1riggers the astable 1C3. which now
starts oscillating. causing warning beeps to
be output from the buzzer, WD1.

The output frequency of IC3 is set-by the

comiponents on its pins 2 and 6. Capacitor
Ct charges up through a small value resis-
tor, R3, and then discharges through a larg-
er value resistor, R6. Diode D1 allows the
.capacitor to charge up quickly. bypassing
R6, but discharge slowly via R6. This caus-
es an uneven mark-space ratio so the
buzzer (an “active” type) generates a short
beep with a big pausg, 1o reduce irritation
1o the user.

The beep lengih is calculated .as
0-7x100k02x4-74F=0-329 seconds. The
pause length is calculated as 0-7x
TMOx4-7u=3-29 seconds.

ALTERNATIVE PIR
OPTION

The use of a passive infra-red sensor

(PIR) is another option if you want the
device to be triggered more easily. detect-
ing the motion of someone moving hear lo
1. The PIR’s own normally-closed internal
relay contacts are wired to transistor TR2
via resistor R11. When the PIR detects
motion TR2 is turmed on, activating relay
RLA and its contacts.

Note that R11 js only required if a PIR
detector is fited —if a PIR is not included
it is essential to omit R11. It is assumed
that the PIR contacts are normally-closad,
hence TR2 is normally swiiched off. When
the proximity of somcone is detected, the
contacts open and TR2 is switched on, due
to the current flowing via resistors R11 and

RI12.

If a PIR is used, IC5 is not'required (nor

R2
2 ; g,
Ri
Yoo J i
IC1 curf=
51250
GHD
3
2328
Yoo 10k
IC7 our B
TSL280
SND
, L:l
YR
o

B

A7
i
'
3 < 1 ]
] |
1 ALA I |
3 1 |
fr= B3
1 . e :
IC4 curPAAAS i
FIC2EOLISM 1
@D TR1 |7, .
" BCIB4E c
2 = TBZ i
+ = TRz
o 3| ) o] | '
H:q.aT i TPz
) 5] 7 w
i { + * x‘
7 e SEE TEXT
] *
1 el x2
B Bif
I_. SENSOA
ov
1 . 1 1 1 A l
5V

| P w[ﬁi

Fig.2. Complete circuit diagram for the Child Guard. The optional PIR sensor'is shown in-circuit and is: designated X2.
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can it be used). i.e. the PIR is an alfernative
to the other infra-red detection circuitry.
Consequently, 1C4, IC5S and IC6 and all
their associate components should be omii-
ted in this application.

POWER SUPPLY

Power to the Child Guard is iniended 10

be from a 12V bauery. This is suited 1o
powering the PIR sensor if used. The bat-
tery supply is regulated down 1o +5V by
1C8 to suit the rest of the circuit.

Since the standby current is 10mA and
the “on™ cument is 50m4A, a battery pack

coniaining eight AA-size 1.5V cells could -

be used. A 12V d.c. mains adapior is a suit-
able alternative. Typically, the latter can
supply 300mA.

~ COMPONENTS
_ ¥ bt Y,
Resistors
R1, R3, R4, ~ See
_R9, R17 10k (5 off)
R5 100k TALK
R7, R16 10042 (2 oif)
A8, R10 47k (2 of))
R11 1k (see text)
R12, R14  4k7 (2 off)
R13 33002
_Ri15 10M
All 0-25W 5% carbon film.
| Potentiometers
| VA1 47k min, presel, vertical
I VR2 100k min. preset, vertical
VR3 4700 min. prese!, vertical

Capacitors
Ci 4u7 radial elect., 16V

G2 100n ceramic disc =~ _
C3 1000« radial elect., 16V
C4 100u radial elect., 16V
Cch 10u radial elect., 16V
C6, C7 100p ceramic disc (2 off)
‘Semiconductors
D1, D2 1N4148 signal diode:
. (2 off)
D3 1N4001 rectifier diode
D4 5mm red l.e.g.
D5 infra-red diode
TR1 BC184L npn transistor
TR2, TR3 TIP122 or TIP121 npn
Darlington transisior
(2 off)
IC1, IG7 TSL260 heal'sensor
(2 off)
Ic2 LM358N dual op.amp
1C3 555 timer
| IC4 PIC26043SM (R receiver
, IC5 HT12D decoder
1C8 HT12B encoder
IC8 78L05 =5V 100mA
regulator

[
" Miscellaneous

RLAY 5V SIL r=ed relay )

WD1 3V 1o 24V active buzzer

X1 455kHz ceramic
resonator

X2 PIR motion sensor

Printed circuit board, available from the
EPE PCB Service, code 241; plastic
case, size 130mm x 64mm x 42mm, {s=2
lext); single-hole insulated power socket-
connecting wire; solder, elc.

if a PIR is not used, a lower voliage sup-
ply source may be used, such as a 9V bat*
tery. Allernatively. a d.c. power supply of
3V (4-3V) could be used by inserting a wire
link in the place of IC8.

Note that IC5 and 1C6 must not be sup-
plied with a voltage greater than +5V.

€2 and C3 are decoupling capacilors 1o
help smoath the supply lines.:

CONSTRUCTION

Apart from the two temiperature sensors,
all the components aré contained on a sin-
gle printed circuit board (p.c.b.). The
topside component layeut and full size
underside copper foil track master are
shown in Fig.3. This board is available
from the EPE PCR Service, code 241,

Begin construction by soldering in the
resistors and wire links, noting that one link
is under the socket for 1C2 and another
under the buzzer WDI1. Ensure that the
electrolytic capacitars (Cl1, C3, C4, C5),
transistors, diodes and the buzzer are con-
nected the righi way around. Note that on
the IR diode (D5} the long leg may be the
cathodz (k) — check with your component
supplier’s catalogue. Do not insert the dual-
in-line i.c.s until construction has been
completed and fully checked.

If a PIR sensor is not being used then
R11 must be omiitled. If a PIR is being used
then be sure to connect its power pins to the
+12V supply rather than the +3V regulated
supply. Four-core wire can connect the PIR
sensor 1o the circuil.

b Ics

Fig.3. Printed circuit board component layout and full size underside copper foil
track masier patiern.

Components mounted on the protolype circuit board.
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The IR receiver 1C4 has a “dome" o its
sensitive side. this faces ourwards from the
p-cb.

Ultimately. if it is found that the beam
from the IR transmiuer, D5, is being detect-
ed by the IR receiver. 1G4, through stray
reflection inside the case. the transmitier
and receiver devices could be partially sur-
rounded by Blu-Tack. or even a small tube-
could be used.

CASING

A metal box should be used if the device
is 10 be positianed very close to the heat
source, but otherwise a plastic case is suit-
able. If using a metal case, the p.c.b. should
be mounted so that it cannot ¢ome inio
contact with it. which could cause a shon
circuit across the copper trucks.

Drill holes in the case to suit the posi-
tions of the IR rcceiver and IR diode.
Suitable holes are also needed for the
power supply input, and the cables to the
heat sensors. Additionaily, three holes in
the case are required to allow adjustment
access to the three presel polenliometers,
uging a small screwdriver.

e e

B)

SENSOR FOLDED

rfﬁ%/]“ aARGIEe

Fig.5. Suggested assembly technique
for the heat sensors.

It is advisable to use an input socket for
the power supply: plus a switch. although the
latter was not used on the prolotype. Suitable
holes for these should also be drilled. All
holes should be drilled accurately te come-
spond with their respective components.

Position the p.c.b. so that the IR receiver
and diode are as close as possible to their
case holes, as shown in Fig.4, to prevent
any loss in runge.

You can either have the heat sensors
mounted on the outside of the box or in a
separate box altached to 4-core wire. This
enables two separate ‘heat sources to be
detected.

The heat Sensors are cach mounted on
small pieces of stripboard, as shown in
Fig.5a. Since they could receive interfer-
ence from surrounding lights, causing the
circuit io be active all the time, they need to
be partially enclosed. One option is (o sur-
round them by a melal tube, otherwise a
piece of plastic tube may be used if it is

ToerH  —11]

o
| =oVE SUFPLY

coMTACTS —<LtL | | > 1 ‘
‘ -':i - - L i
IC1 L — =
3

o \C7
1 S
‘el VI SUFALY
‘ = SUTPUT
VR R
VR3 \ DIODE

@ T T

Fig.4. Child Guard p.c.b. and its:connections viithin the case.

covered by some white insulating rape.

The stripboard shoutd be cut to the right
size 10 fit into the tube: Construction of the
sensor tubes is shown in Fig.53b. Use small-
dizmeter 3-core cabie io attach the sensors
to the circuit {or use 4-core cable and trim
off the fourth wire at each end).

TESTING

‘The first check is 1o make surc voliage
regulator 1C8 is the correct way round.
Connect the circuit to the batiery and then
chack that +3V is present on the output pin
of IC8. If it is. disconnect the power and
then insert the remaining chips, correctly
orientated.

Testing of the infra-red modules presents
a problem as if one does not work then the
‘other will scem not to be working as well.
If in doubt use a volimeter or oscitloscope
as follows:

Test the vohiage on the VT pin (pin 17) on
ICS (receiver). It should be nommally at OV
but change to about 5V when a signal is
received. If the VT test fails then check that
1IC4 is fitted the right way round, with its
*dome”" facing the outside edge of the p.c.b.

Now check three voliages on the pins of
IC4. Pin 3 should be +5V and pin 2 a1 OV.
When a signal is not received, pin | (the
outpui pin} should be at just undgr 4V.
When a signal is received this voltage
should fall by about I'V.

Note that as the signal is oscillating, a
volimeier provides a rather approximale
‘guide to voltagé. If an oscilloscope is avail-

= —y

-able it should be possible w0 view the

encoded signal, in which case the trace will

fse and fall between 4V and OV.

I this test fails then try sending a signal
from a TV remote contro! unit. The signal

'will not_be decoded. but you will at leasi

know if the receiver device is working, and
hence determine if the fault lies in the
ransmitieg or the receiver, or both.

If the output from IC4 is working, test
the signal at the Data In (pin 14) of IC5. I
should be at about OV when no signal is
receivad, rising to sbout 1-3V on a voli-
meter when a signal is being received. An
oscilloscope will show that the signal
actually pulses to about 5V.

If the VT pin on the receiver is working
then simple voltmeter tests should establish
the position of any other faults.

While iesting thé temperature sensing
pan of the circuit, connect the +5V supply
to test point TP1, as this will give that parn
of the circuit a constant +3V supply. rather
than being cut off by the reed relay when-
ever vou move out of the rangc of the infra-
red beam, Use a torch to provide a source
of infra-red 10 the sensors.

SETTING-UP

All the presets can be adjusted to suit the
user’s own particular needs. The following
is a summary of their functions:

VYRI is in a potential divider circiit
which sets the voltage al which the com-
parator (IC2a) is triggered. Reducing the

resisjance lowers fje voltage being looked

-

mpleted Child Guard showing the heat sensors-and power socket wired to-the p.c.b.
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Finished Child Guard fogether with a miniature PIR Serisor. The heat sensors- are

“Windows”,

for, which increases the sensitivity. Note
that if the resistance is lowered 100 much.
the circuit will pick up background IR
radiation.

VR2 sets the feedback resistance for

op.amp [C2b, thus setting its gain. If the

resistance is increased, the gain is
increased, along with the sensitivity. If the
teistance is increased too much, the circuil
will pick up background radiation.

V¥R3 adjusts the range of the infra-red
beam by decreasing or increasing the
power going through IR diode Ds3.

encased in tubes. Note the holes for sefting the presets and the transmilter/receiver

Reducing the resistance extends the rangs.

COMMON PROBLEMS

Typical construction mistakes include
dry joints and bridged pads i.e. adjacent
pads accidentally joined together with sol-
der. Other potential problems might
include failure to insert wire links, espe-

cially the one under IC2 and the buzzer.

Also check that the components are cor-
rectly placed, and the correct way round.
Note again that some IR t.c.d.s are unusval
in that the longer lead denotes the cathode.

Ifthe PIR sensor is not working, then check
that you have connected it to the 12V
supply.

IN USE

The system can be used in many ways.
but the main intention is (o give a parent a
warning if their child approaches a hent
source, such as a firg. It is especially useful
if they have inquisitive babies who are
beginning to walk.

Another use could be to wam blind or
pariially sighted pedpie if they are about 10
touch something dangerously hot, suchas a
slove.

The Child Guard could be placed above

‘the heat source (c.g. fire) 10 be monitored,

with both scnsors facing it, and the IR
diode or PIR detector facing into the room.
Another location could be above a stove,
this time with the heat sensors pointing
towards the hobs.

CITY & GUIL

I'RAINING!!!!.

DS 7261 QUALIFICATION

Electronics & Computing systems
Certificate or Diploma levels
Young or old, Employ&d or Unemployed these courses are
designed to suit all v _
2 days per week for 30 weeks, or 4 days If on a New Deal

program

Training rooms in the following areas:
Birmingham; 0121 200 2646
Chelmsford; 01245 345 218
Gravesend; 01474 535034
South London; 0171 274 4106
Other couirses are available:
Telephone your nearest centre for more information

We are an Equal Opportunities organisation

Derby; 01332 202828

East London; 0181 507 1377
West London; 0181 566 5252

Start To Turn a hobby into a career

Bridgwater; 01278 445 210

rrrry

Training
and
Businass
Group
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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 9600 baud. In-line assembler and Call support
(call your assembly routines). Supports PIC12C67x,
PIC14Cxxx, PIC16C55x, 6xX, 7xX, 84, 92x and PIC16F8x
microcantrollers. Use in DOS or Windows Compatible
with most PICmicro programmers.

The low-cost PicBasic Compiler (PBC) makes it easy to
write programs for the fast Microchip PICmicros. PBC con-
verls these programs into hex or binary files that can be
programmed directly into a PICmicro micracontroller. The
easy-to-use BASIC language makes PICmicro programming
avallable to everyone with its English-like instruction set. No
more scary assembly language!

The PicBasic Pro Compiler runs on PC compatibles.
It can create programs for the PIC12C67x, PIC12CE67x,
PIC14Cxxx, PIC16C55x, 6xx, 7xx. 84, 9xx, PIC16CE6G2x
and PIC16F8x microconirollers. The PicBasic Pro Compiler
instruction set is upward compatible with the BASIC Stamp
it and Pro uses BS2 syntax. Programs can be compiled

nesd for a BASIC Stamp module. These programs execuie
much faster than their Stamp equivalents. They may also be
| protegted so no one can copy your code!
Pic Basic — £49.95

Pic Basic Pro - £149.95

‘Supplied with full documentation
Free PIC MACRO comgiler
and
sample basic programs

and programmed directly into a PICmicro, clliminating the

HN 0D HYUMOLD MMM/ OHY
sweiboid sjdwes yiim 18s uoidonsul DISYgDId 1N 84l projumoeg

-6 ZIF adapters available for 8/18- and 40/28-pin

¢ Available assembled and tested or

elowv cost programmer for PIC12Cxxx
PIC12CExxx, PIC14Cxxx, PIC16C505, 55x,

Bxx, 7xx, 84, 9xx, PIC16CE62x and PIC16F8xx
microcontrollers

%l 8': 18' and 28_prn w- M-pin _M_Q_EE
and 44- and 68-pin PLCC PICmicros ;

o Runs off two 9-volt batteries or optional AC
adapter ¢

e Connecis to PC parallel printer port |

o Software uparadeable for future PICmicros

® [ncludes “8051" style PICmicro macro
assembler

as bare board with disketle

~ THHNMOHD W0} 3|qB|[EAY,
X2809101d M3N AHL S1HOddNS

or £35 if purchased with
PIC BASIC or Pro
25-pin cable £5.95
PIC16F84 £1.90

Join the world wide PIC Basic mail

PIC16F84/04P £1.90 each

PIC12C508/509 £0.65 each
24LC16 £0.75 each
24LCG5 £1.50 each
PIC16C620 £1.95 each
PIC160621 £2.25 each
PIC16C622 £2.50 each
LCD DISPLAYS

Various types available from
£7.50 (2x16 line)

Ideal for use with PIC Basic.

Example:

L i iy ——

ode supplied
== with every unit

Serial LCB Display
- Drivers (PIC16FB4)
SLS £2.00

AMAZING LOW PRICES

Tel: 01353 666709

www.crownhill.co.uk

Alll plus £5 P&P and 17-5% VAT

E-mail: majordomo@qunos.net with “subscribe picbasic-1" in the message

Crownhill Associates Limited
The Old Bakery, New Barns Road, Ely, Cambridge, CB7 4PW.

list and access the PIC Basic Knowledge Base via FTP

PIC PROGRAMMER KIT

Programs the Popular PIC 16084, 16F84, 24xx series serisl memory devices. Connecls lo' the
serial port 0f a PC-and requires NO EXTERNAL power supply. The kil includes Instuctions for
assembly, clreuit diagram and component layout.

This handy fitlz programmer is easy to build, 1aking no more
than 30 minutes to assemble and tesk. Tra Professional quakty
PCB is double-sided, through-plaisd with solder resst and
sore=n prining to aid efficiant azsembly. it s suppBeo with dhaver
softerar2 to sun in DOS on 3 286 PC upwards and under
Vindows 95 on 488 or Pentium ard a Disk ful of interesting
-projects, tips and data sheets for PIC devicss. including FREE
| Assembier znd S.imulator.

Only £15.00 including Delivery and VAT

(vm\g’reéc G-pin O-typ2 to 9-pin O-yp= cable to connéet to'senat

|:pott ot PO} . |
|'CABLE £5 INC VAT AND DELIVERY
i

; - -
| PIC Micro CD ROM racked vith 550Mb of information, all current data sheets,
Programs and Dizgrams, Application notes, PDF Viewsr, includes FING-PONG and TETRIS
| with video and sound out of & PiG'84 BASIC ianguage ASSEMBLY routinest
£10 inc P&P & VAT

L 1

Fax:01353 666710

E-mail; sales@crownhill.co.uk
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INGENUITY
UNLIMITED

Our regular round-up of readers' own circuils. We pay
between £10 and £50 for all material published, depending
on length and technical merit. We're looking for novel
applications.and circuil tips, not simply mechanical or
electrical ideas. |deas must be the reader’s own work and

not have been submitted for publication elsewhere. o 503 !SPéODSQ(l;t%ngconiEdr

The circuits shown have NOT been proven by us. Ingenuity — g5ei s u?rumﬂz Si;)fagu Kscope
Unlimited is opento ALL abilities, but items for ol Jﬁrﬁmteﬁcﬁ i yﬁazer
consideration in this column should preferably be typed or ¢ Signal G&ﬁe{&lﬁ Ency e

word-processed, with a brief circuit description (between
100 and 500 words maximum) and full circuit diagram
showing all relevant component values. Please draw-all
circuit schematics as clearly as possible.

Send your circuit ideas to: Alan Winstantey, Ingenurty

‘Unlimited, Wimborne Publishing Ltd., Allen House, East
Barough, Wimborne, Dorset BS21 1PF.
They could earn you some real cash and a ptize!

Theatrical Cue Light - Im the Spotlight

iE CIRCUTT diagram presented in Fig. L

will provide a simple but effective means:
of communication between a theatre stage
manager and lighting operator so that the
stage manager can “‘cue™ lighting changes.
The stage manager controls the “Master
Siation” and the lighting operator has a
“Slave Station”. Both stations have a red and
green Led. and & pushswitch and are linked
by three-core cable.

Communication is initiated when the stage
manager presses the “Call™ or “Master”
pushswitch S2. The red le.d.s on both units
flash, waming the fighting operator that a
lighting change is pending. This “Standby™
call must be acknowledged - the operator

i
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WIN A PICO PC BASED

If you have a rove! circuil idea which would be-
of use to other readers then a Pico Technology
PG based oscilloscope coukd be yours.

Every six months, Pico Technotogy vall be
awarding an ADC200-50 digital storage  °
osciiloscope for the best I submission. In
addition, two single channgl ADC-40s will be
presented to the runners-up.

presses the “Slave™ pushswitch S3;:and the

-ted l.e.d.s become steady.

An unacknowledged call may be cancelled
by a further press on the “Call”’ switch. When
the lighting change is required, the stage.
manager presses the “Call” switch again.
Both red led.s extinguish and the green
L.e.d.s light to give a “Go" cue.

To reset the system ready for further cues,
the “Slave™ switch is pressed; however, a
timer has been incorporated to perform the
resct approximately three seconds after the
"Go cue™ has been issued.

The main circuit is. essentially. a suate
machine; each state is determined by the two
JK flip-flops within IC1. Table | explains

-cach state; the order shown depicts normal
use with alternage presses of the Master (S2)
and Slave (83) switches. If the Master switch
.is pressed during state 2, the sysitem will
return to state 1.

Flip-fiops ICla and ICIb are clocked by
‘the Master and Slave Station switches respec-
tively. The former is debounced by capacitor
C2 and resistors R4 and R5. The Slave switch
S3 simply shorts the "B and "C’ interconnec-
tions; when closed, transistor TR1 will con-
duct providing a high clock pulse for IC1b.
Capacitor Cl removes unwanted spikes whem
the red le.d.s are flashing.

The flip-flops are connected so that their
state preceding a clock pulse depends upon
the state of their pariner. When IC1b is reset,
ICla works in 1agzle mode, changing state

|5] sl E% b3
¥ro L 2 Yoo A2
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7y o ] . A 1200y STATICH
o "G, WHANN—
3 1a
& 10 l ASTy @
.Y Ql 12 : RST, 1
2 r
st % IC2 - .
ke = 2 s, TS A M s
s SiATCel
] cuTe >
RS 5]
* Ici az mé “xs?é oz ¥
N T a7 S, -'—uc GREEN
3
E ov, f2-
= s i N [
== x OV, e i |
ALt |
@ thataa 33K (136
i
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Fig.1. Circuit diagram for a Théatrical Cué Light.
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wiih every ¢lock pufse. When ICIb is sal,
ICta will reset when clocked. IC1b is config-
ured 1o act as a D-type flip-flop. adopting The
state of ICla after a clock pulse.

The 1imer circuit 1s based around the resct
pio of IC1b {pin 12). When the green Led.s
Light, the inverted output of ICla (pin 2) will
¢o high. and capacitor C3 charges via resis-
tors RS and R7. Aficr about three seconds
1C1b will reset, so the system reverts to state
1. Diode D1 ensures a speedy discharge path
for C3. as soon as the inverted output ICla
goes low.

The Le.d.s are driven by the dval vimer 1C2.
Which Le.d. is lit depends an which of IC2’s
outputs is high. When they are both low,
neither Led. is lit. 1C2b is connected in an
astable mode which flashes the red led.s.
The reset input {pin 10) is connecied to the
output of ICla which when low, forces thie
timer’s output low. With a high output from
IClb, transistor TR2 will prevent eapacitor
C4 from charging. which inhibits IC2b. This
will result in a steady +9V output.

The other half of 1C2 provides a push-pul!
drive, with the addition of a logic function.
The output {pin 5) is at OV at al! times except
when the reset (pin 4) is high and the ngger
and threshold imputs (pins 2 and 6) are low;
i.e. during state 4,

Both sers of |.c.d.s are connecied in series.
Each pair of l.e.d.s conld be replaced with a
single bi-coloured Le.d. and 1he circujr can-be
powered by-2 9V PP3 yype bartery.

Steve Teal
Witney, Oxon,

Morse Practice
Oscillator -
Get Reyed U

LMiouGH there 1s a vast amount of Morse
FAtutonng soltware available. a small Morsc
Praciice Oscillator is handy for occasions
where a litile spare time is on hand, and the
circuit of Fig.2 was produced for a simple
battery-operated device to assist with Morse
practice sessions.

The oscillator, centred around 1C1. is a
phase-shift type, the {requency of which is
determined by components Cl. C2. R4 and
R6. (The cquation 10 determine the actual
frequency is f=1/LTRC.) A split supply is
produced by the voltage divider resistiors
Rt and R2 and is decoupled by capacitor
C3. To make the outpui a sinewave the gain
of 1Cla has 10 be kept at around x3 and this
is accomplished by the feedback resistors
R3 and R5.

As the circuit was to be powéred by a bat-
tery and also drive a loudspeaker, a way 1o
minimise the cufrent consumption was
needed and the output stage centred around
IC1b was the result. Transistors TR1 and
TR2? are a complementary pair which has no
base bias; therefore when the key is not
pressed the stage consumes practically no
current.

Usually, operating a complementary pair
in this way would produce severe crossover
distortion but as the output is fed back 1o
ICIb inverting input, the heavy ncgative
feedbagk here almost complesely eliminates
distortion. None of the device types uare
critical and those shown could be readily
substituted.

Stephen Forsvih,
Garmauth,
Morayshire,

Keypad Code Controller - #ingertip Comirol
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Fig.3. Circuit diagram for the Keypad Code Controller.

THE circuit diagram shown in Fig.3 pro-
vides 4 CMOS active high signal at the
output following the correct entry of a four
digit code on a standard 10-dight keypad. It
may be used 1o control many different ciscuits
and devices.

Assuming that pushswitches S1 to 54 are
wired for a code of 1234 for example. the cir-
cait functions as follows: upon the piess of
17 the first flip-flop in IC1 is set and its QO
output (pin 2) goes high. Consequently this
sends one input of 1C3a high together with
one input of IC3a. wired as a d4-input AND
gale.

When swiich-pad 2 is pressed. the second
mput of 1C3a is brought high, generating a
high output and setting the second flip-flop of
ICI. This brings the second inpui of 1C5a
high and one input of IC3¢. When pad 3 is
pressed . pin 9 of 1C3c¢ goss high thus setting

the third flip-flop of 1C1. Cuipwt Q2 gocs
high, which brings ihe third input of IC3 and
one input of 1IC4a high.

Finally, when pad 4 is pressed this brings
the second input of IC4a high. setting Q3 of
IC1, and bringing the last input o 1C5 high.
This causes the circuit output to go high at
JC3¢ pin 10, which.can be used w0 contro!
exiemnal circuitry.

The vircuit is protected from incomect key-
presses because all unused keys (represented
by S5) are ticd 10 the Reset inputs of all the
flip-ilops. Also. in the example, if 4 is pressed
instead of 3. this brings the second input of
IC4D> high, hence its ouiput goes high. All
flip-flops will then reset. All other incorrect
keypresses will reset the circuil in the same
way.

Daniien Maguire,
Greystones, Ireland.

FREQUESY DETERMINED BY G1, €2 AND RL RS

&1

Fig.2. Morse Practice Oscillator circuit diagram.
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Intercom/Baby Listener - Baby Tallk
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Fig.4. Circuit diagram for an Intercom/Baby Listener unit,

-I-HE simple Intercomy/Baby Listencr circuit design shown in Fig4 is
based around the LM3R80, The intercom delivers good tone, and
arotmd SOUmW (/W) of power. It functions best when one speaks diteéi-
ly into the loudspeaker, but will reproduce sounds a few metres away.

Pushbution swich S2 switches the intercom from “Lisien™ tw
“Talk"™ mode by reversing the positive connections of the loudspeak-
ers, Therefore, the intercom is normally in listening mode and may be
used as a “"Baby Lisiener".

Only a wwin-core cable is required 16 connect the “remote station’’,
L82. The transformer T1 provides impedance matching between the
loudspeakers and the amplifier. (A small mains transformer was used,
as audio mranstormers were hard 10 come by locally). The intercom
draws around 10mA current on standby. and should, with a 9V PPY.
battery, give more than a fortnight's continuous service, alicrnatively
rechargeable battenies could be wtilised:

Rev. Thomas Scarborough,
Fresnaye, Cape Town, Republic of South Africa.

TV Test Pattern Generator —
Colour Bamds

LOW-COST solution 1o testing colour TVs and monitors without

having 1o resort 10 expensive kits or cuslom i.c.s is shown in cir-
cuit diagram Fig 5. It should satisfy the majority of repair and align-
ment tasks. The circuit consists of a sync generator. IC1. followed by
bufier amplifier transisiors TR2 to TR4 and a colour encoder IC2.

A teletest timing chain i.c. (IC1) is used 8s a sync generator a is
driven by a 6MHz master clock source from oscillator TR1. IC1 pro-
duces several outputs, including composite syne from pin 5 and field
rate signals from pins 19 10 23, which are used for the test patiems,

Unfortunately. these field rate signals mean that the bars are hori-
zomal instead of venical, but provided one remembers to trigger the
ostilloscope at field rate instead of line rate, no problems should occur.
Transistor TR3 is a logic inverter which is used 1o send pins 19 to 23
into a high impédance stafc during blanking, and for slightly longér
becausc of the teletext border. Switch S2 is the pattern selector.

The buffer amplifiers TR2 to TR4 match the high impedance outputs of
IC1 with the low impedance input rexquirements of IC2. and they also
reduce the 5V logic level outputs 1o standand 1V peak-to-peak video lev-
els. Presats VRI to VR3 can be adjusied with an oscilloscope for 1V p-p
al their outputs, or by using a TV or monitor for correct colours.

Crystal X2 is the colour subcarrier oscillator reference which can be
fine-tuned via timer capacitor VC1 to obtain colour lock on the TV or
monitor. The usual 4-433MHz bandpass filier and luminance delay line
were omitted to conserve space. The CVBS signal is output from pin 20
of [C2 and fed 10 the monitor via the video output of 1o a modulator such
as the UM 1233 via VR4, which is adjusted for correct contrast on the TV,

df eonstructing the circuit on siripboard. since the circuit operates at
r.f. frequencies. join all unused tracks to ground and no problems
should be found. An unregulated p.s.u. of 9V 10 12V d.c. at 100mA
can be used as a power source. The CXA1143P used for IC2 is avail=
able from CPC in Preston, r

Lee Archer, Ashton-in-Makerfield; Wigau:

INGENUITY UNLIMITED |
BE INTERACTIVE

1U is your forum where you can offer other readers the

benefit of your Ingenuity. Share those ideas, eam some
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with David Barrington

Child Guard

CQuite a lew items for the Child Guara propact toor some nurining down and cer-
tain parts will be hard to find amongstyour kocal supphers' stocks. This appiies
particutarly (o the “samiconducior devees, and possitiy the heal sensors.

Starting with the 3-pin infra-red receiver chip type PIC26043SM (o, itis nota
macroconioller), this is zvalable from Farnell (= 0713 263 6311), cooe 138-877.
Interestingly, the model was built using tha FIC12043 but on checkrg for suppliss
it was found to be obsoicte and we were atvised of the sugassied “subsliute”. If
you have any PIC12043s you can cartainly use these

In a previous article, the HT 120 decoder and HT12B encodsr Le.s ware called
for and vie highfighted FML Elctronics (= 01677 425840), wiho bought-in stocks
especialy. They stil have stocks and they cost £1.49 each, plus £1 p&p. The
TSL2ET heat senscr cama from Electsomail (o 01536 2043553), code 176-387.

Tha "active” buzzer (code 35-0030) and the singie in-ne (SIL) refay (code 60-
0350) wre both purchased from Rapid (s 01206 751166). Th= neat kte 2-1mm
power d.o. sockat can be purchased, for the inclusae sum of £1, from Harrogate
Electronic Services, 25 Regent Parade, Harrogate, N. Yorks, HG1 5AZ (&
01423 564353;, quote code DUS21R. They can also supply a matching mug.

The internal PIR motion detector, with cicsed retay contacts, caused z smai
probéam but you night find your tocal DIY store can belp harg. The ana with the
muxdel is a Mioomark (MMA4B5A) type, but they have fadad 1o come back o us
with a source. CPC of Preston (g 01772 654455) list a similar one and you could
contact tham for a prica and handing charge quots code SROCC30.

The printed croutt board is avallabie from the EPZ PCS Servios, code 241

Variable Dual Power Supply

Fast sighting of the parts isbng for the Venable Dual Fower Supply project
looked faitly strarghtiorward and we wete not expecling any supply problems, umi
w started looking-up the prelemed wirewound potenfiometer. This component
used io be wadaly stocked a2nd b2 reasonanty priced, not anymore! We found one
Tisted by Electromail (code 8512-B53) for pust over £7. So, it may ba wise to rethink
and revart o a carbon or conductive polymer track type lor about €1 10 €2 even
though thay are rated with a 20% tolerance.

Just in ime 1o get us oul of a fix came the welcome news that Greenweld
Electronics is to continug rading — see News page 644 They did =2y “qualty
surpius” components, inciidng wirewound pots, and it might pay 1o oontact them
by Fax on 01%92 613020 or £-mall: greenweld@aol.com. Other cnvmnanies you
could Iry 2ra: Bull Electsical (= 01273 203500, J&N Factors (o 01444 881965»
and WCH Supplies {= 01753 220322,

Tha mains transtormer u1 the prolotype orginally cams friem Cirkil, but this
company has now been atserbed by the- Beitron Group into their subsdiary

Radurgh, who do not run @ mail grder operation fo¢ small orders. We have nol
found a 15V-0V-15V S00mA type replacement, but advertisers should be ahie to
offer a suilable alternative rated al around 1A to 2A. Provided @ is chassis mount--
g, wii fit in the case and has Tiying™ leads ormmgzagzséorcomwcﬁcntolhe
pcb. it should do the jcb.

The same situalion applies to tha inline bridge raclifier. You will probably
bz offered a 1A to 2A at 100V to 200V version. Any of these will work in this
eiruit

The printed circult boart is avalatie from e EPE PCE Service tods 242
[s22 page 700). .

Loop Aerial SW Receiver

One of the major problems with selecting the components for the Loog Agna!
SV Revaiver projct will be tha final choice of the tuning capacior. The rice o
isrentials can be quile staggering, ranging from the kevel of €18 (pre 2ngi-
neered) down io about £2 50 for the Tansisior ragic™ lype. S0. it & wetmely @
case of shopping around for the “bastbuy.

Idealty, the tuiing capaoios woukd De a quaity 365pF singia-qang, as-spaced,
Jacksen type "0, Unfortunately, this one terds to be expensive (2oorox. £18) and
the solid-gislectric (Diiecon) typss. &S used in the medsal, do ot fair much better
at £13.50 approx.

A lgw-cost aplion in this case (if therg is ong) is lo purchase a quality “sur-
plus” air-spaced item. To this end, you could try contacting the fikes of
Greenweld, Bull Electrical and J&N Factors viha sometimes ofler these as

“bargain buys of the month” —sse Varable Dual Power Supply section ghova.
Any maximum value from 250pF to S00pF will do. Ancther option i5 10 go for
= minialure ‘transistor radio™ sold-diglectic type. This will only 321 you back
about £2.50. Dan't forgst to check me moyriting arfangement befare
purchase.

Finally, you will hava io purchase a larger than neaded piece of stripboard and
‘ol it down to size.

Data Logger-2

As promised, last month, the latest updated news on the supply of ‘spe-
clals” ior the Daia togger project is that stocks of the new 'F87x Bamily micro-
centrellers should now be appearing. In fact, an unprogrammed 40-pin
PIC16FA77, 4MHz version Is available now from Forest Elecironic
Developments for the sum of £0.50, nius £3 for p&p. Phane 01425 274058
or check théir web sil=-alt htip//dspace.dial.pipex.com robin.abbott/FED
for mors details.

Wa aiso undarstand Farnell (w 0113 263 6317) vil be recerang supples
and—k:gamanﬁha\-eq_mﬁduswdeam—zw”hwwhavemd
the 241.C255 senal EEPROM memory chip, coda 300-1696.

The latest nsws from Magenta Electronlecs (o 01283 565435 ar
htip:timagenta2000.co.uk) is that they are now producing a compzle kit,
inclusive of case, eight 24LC256 EEPROM memory chips and a ready-pro-
grammed FIC, for the zBin figure of £49.65. The price of €10 jor a prepro-
grammed PIC16F877 quoted iast month Is correct.

PIC 16F877 Chip — now in stock!
Microchip's fatest EEPROM device — 40-pin, 10-bit A/D converiers,
master/slave IIC bus, full duplex USART, 8K ROM, 352 bytes ﬂle
registers, 256 byies ‘intemal EEPROM, upwardl compauble with
16C74M6CT7, but instant erase and rewrits. gupponed by our
pfogrammers, PICDESIM and our new C Compiler.

The FED PIC
C Compiler

Supports all PIC16Cxx, 12C6xx devices

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

Ring/Write for details or visit our Web Site:
£100 CD-ROM, £120 with printed manuals

http://dspace.dial.pipekx.com/robin.abbott/FED

! New from FED, PIC 16F877 Chips and Support !!
PIC Programmers, Development Kit and C Compiler

PIC & AVR Programmers
PIC Serial — Handies senally programmad PIC devices in a 40-pin muliwidth 2F
sockel 16C55X. 16C6X, 16C7X, 16C8x, 16F8X, 120508, 120509, FiC 11000 o1
Also In-Clrcuit programming. Price: £45/kit, £50built & tested.
PIC Introductory — Frograms 8 & 18-pin devees © 60505, 18C55X, 16061
16C62X, 16C71, 18C71X, 16CBX. 18FBX, 12C508/9, 12067112 eic. £25KiL
AVR 1200, 2313, 4144, 8535 in ZIF. Price : £40 kit £45 bullt & tested.
Scenix — SXIZSX28 in 2 40-pn ZIF. Price : £40 kif £45 buill & tested.

Programmers oparate o0 PG sedalinteriace No hard 1o handle paratel cabia
swapping! Programmers suppiiad with instructions, - Windows 3. V/85S8/NT
sathware. Upgrade Programmers from aur weh sitel

AVR, PIC, Scenix - Windows Development
Assembler Simulator aliows davelopment of yout AVR, PIC or Scenix profects in
one Windaws program. Incorparate mulliple files, view haip e miormation
daectly fram code, edit within project. bulld/irack esrors directly in seurce, then !
sinrlatz. Many breakpoint types, foflow  eode in source, set breakpoints In source. |
Run, single siep, pretep over Logic Analyser Display?
input stimull includes clocks, direct valugss and seris! data.

Profigr — examing and time irequently caled roulines use (he information fa
opimse cul bottle necks. PIC Viersion Simulates up o 50 times faster than MPSIMI

Cost £20.00. Specify PICDESIM fincludes Scenix) or AYRDESIM version

PIC BASIC Products — See our web site for details |
16C74 version - 4 & 20MHz
‘£30.00 Kit, £35.00 Built & Tested
{Add £3.00 for 20MHz version)

Forest Electronic Developments

60 Walkford Road. Chrisichurch. Dorset, BH23 5QG
E-maif — "*robin abboti@dial.pipex.com "’
Weh Site - *http//dspace. dial.pipex.com/robin abbot/FED”

01425-274068 (Voice/Fax)

Prices are fully inclusive, Add £3.00 for
P&P and hardling to each order.
Chequey/POs payable 1o Forest Electronic
Developinents, o phope with credit card
detaile

EUROCARD
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Belt College of Technology
Almada Strest

Harmilton: ML3 0JB
Tel: 01698 283100 BE I ! : (‘ollc.gc
Fax: 01698 459790 B

In today's world you need gualifications to obtain and keep
employment. Cur opsn learning courses make abtaining those
qualifications as convenient as possibie.

Chicose from our dozens of SOA accredited units, gither
singly to update your skilis or as a group to obtain a Higher
Natlonal Certificate. >
* Learn at your own pace In your own home
»  Support from professional englneers via phone,

FAX and the internet = \

*  Courses from Introductory Bridging Modules
to HNC Electronics
‘a Unjts from Programmable Logle Controllers
to Englneering Computing
DONT DELAY - we are waliting to hear from you.
contact: Laura rurdoch, Onen Learning Co-ordinator
Tel: 01698 285100 Extension 214,
E-mall: . murdoch@bell.ac.uk
Weh: http:/sflot. bell.ac.uk/openlearning

Membuer of the Britlsh Association for Opan Learning
Preview Centre for Financlal Times Management
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SQUIRES

MODEL AND CRAFT TOOLS

A comprehensive range of Miniature Hand and Power Tools
and now an extensive range of

ELECTRONIC COMPONENTS

featured in a fully illustrated

336-page Mail Order Catalogue

1999 Issue

SAME DAY DESPATCH
FREE POST & PACKING

Cafalogue free of cha rge to addresses in United Kingdom.
For overseas sénd 6 International Reply Coupons (o:

Squires, 100 London Road,
Bognor Regis, West Sussex
PO21 1DD
Tel: 01243 842424
Fax: 01243 842525

- 7 T3 -]
SHOP NOW OPEN el
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SURVEILLANCE Ki

Sepia Technoiogles Ltd specialise in the production of top quality surveillance kits
designed to operate on either FM/Air band frequencies. All kits @re supplied with easy
fo follow instructions. Cifcuit diagrams and high quality components and pc.b.s

TRANSMITTING PEN KIT

PTX A breakthro{]gh. When

assembled this quality Sheater
pen appears just like any other
working pen, ye! concealed
tnside is a fully warking micro
miniature transmitter with its own
internal power supply (3 x button
cells). 1t will pick up the slightest
whisper and transmit over a range Qf up
to 500m.

ONLY £27.95 inc. P&P

‘All parts included except batteries.

ROOM MONITORING KITS

UMTX ULTRA MICRO ROOM TRANSMITTER
ONLY £14.95 inc. P&P

Without a doubt the smallest transmitter kit in the world —anly
10mm x 16mm, powsred by 3V-12V. Range up t¢ 1000m.

SMTX SUPER MICRO ROOM TRANSMITTER KIT
ONLY £12.95 inc. P&P

Micro-sized transmitter kit, only 20mm x 20mm — the most popular
by far. Range up to 1200m, powered by 3V-12V.

HPTX HIGH POWERED ROOM TRANSMITTER KIT
ONLY £14.95 inc. P&P

A high powered micro transmiiter kit, yet still only 24mm.x 24mm.
Range up to 1800m, powzred by 6V-12V.

UPTX ULTRA HI-POWER RCOM TRANSMITTER KIT
ONLY £17.95 inc. P&P

Ultra high power transmitter kit with 2 superb range 6f' 3000m, yst
still only measures 16mm x 38mm, powered by 9V-12V.

VTX VOICE-ACTIVATED ROOM TRANSMITTER KIT
ONLY £18.95 inc. P&P

A variable sensitivity controlled Vox circuit which aclivates jts own
transmitting circuil from the slightest whisper. Only 20mm x 85mm.
Range up o 1200m, powersd by 9v-12V.

MPTX MAINS POWERED ROOM TRANSMITTER
ONLY £18.95 inc. P&P

A powertful transmitter kit measuring only 30mm-x 40mm including
power supply circuit. Range up to 1000m. Can be cancsaled any-
wherelll 110V/240V.

COUNTER SURVEILLANCE KITS

RFD BUG DETECTOR

ONLY £29.95 inc. P&P

A ‘pocket-size kit only 40mm x 5¢mm-which viill locste all those
‘hidden bugs. L.E.D. and sounder with gain control to pinpoint
devices. 8V reguired.

RFD it BUG DETECTOR
ONLY £44.95 inc. P&P
A professional unit with multi L.E.D, readout, scunder and audio

HOW TO ORDER
By e
e
BY PHONE

%30 am to 9 pm — 7, daf

Wa accept all major credil. cands;
Immediale-despalch

| VISITORS BY APPOINTMENT ONLY"

eyl prdes (cash
cuslnmem‘bleas&ﬂﬂ £5.00 per order:
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%nge,up fo 1200m.

SEPIA TECHNOLOGIES LTD
2 DUKE STREET
SUTTON GOLDFIELD
WEST MIDLANDS
872 1R

BUG KIT
‘When assembled this appears
just like any other fully
functioning two-way mains
adaptor, yet concealed
inside is a poweriul mains
powered transmitter which
will pick up the slightest
whispel and transmit up to
1000m. Ideal bugging device -
just plug in and go.

oNLY £24.95 inc. P&P

Al paris required included.

confirm. Will also locate most telephofie deyices. 9V required. Only
60mm x 10Cmm.

TELEPHONE MONITORING KITS

MTTX MICRO TELEPHONE TRANSMITTER KIT
ONLY £14.95 inc. P&P

Smallest kit available - only 10mm x 18mm, powered by thetele- |
phone fine_ Transmits only when phane is in use. Range up lo
1000m.

ﬁ'll_"'_l'x MINIATURE TELEPHONE TRANSMITTER

ONLY £12.95 inc. P&P

Measures only 20mm x 15mm. Powerad by line. with arange up to
1500m. Transmits enly when phone is in use.

HTTX HI-POWER TELEPHONE TRANSMITTER KIT |
ONLY £15.95 inc. P&P

The mosl powerful avaitable, up to 3000m — yet still only 20mm x
30mm. Transmits only when phore is in use. Line powered.

ATS TELEPHONE RECORDING INTERFACE KIT
ONLY £12.95 inc. P&P

Connects between telephane:ling and cassette recorder.
Automalically switchzs on iape when phone is usad. Powered by
ling. Only 15mm x 25mm.

TRACKING TRANSMITTER KIT

TTX Il TRACKING TRANSMITTER KIT

ONLY £19.95 inc. P&P

Idea! for tracking applications, gives oul a continuous signal - fully
variable. Range up to 3000m, yet only 25mm x 55mm. 8V-12V
power. Complele with details of haw to adapt a receiver to
locateftrace.

ROOM/TELEPHONE TRANSMITTER KIT

RTTX ROOM AND TELEPHONE TRANSMITTER KIT
ONLY £24.95 inc. P&P |

A breakthrough — this ling-powered unit will ransmit all tetephone
conversations when phone is in use, then when the call ends it will
monitor and transmit all room convérsations. 35mm x 35mm.

WEL 0121 362 1862
— FAX 0121/ 362 1881
E-MAIL: sepiatek@aol.com

WE EXPORT WORLDWIDE

Evervday Practical ElecironicslETI, Seprember 1999



VIDEOS ON
ELECTRONICS

A range of videos selected by EPE and designed to provide instruc-
tion on electronics theory. Each video gives a sound introduction
and grounding In a specialised area of the subject. The tapes make
learning both easier and more enjoyable than pure textbook or
magazine study. They have proved pariicularly useful in schools.
colleges, training departments and electronics clubs as well as to
general hobbyists and those following distance learning courses etc

VT201 to VT206 is a basic electrenlcs course
and Is designed to be used as a complete
series, if required.

VT201 54 minutes. Part One; D.C. Circuits.
This video is an absolute must for the begin-
ner. Series circuits, paraliel clrcuits, Ohms
law, how to use the digital multimeter and
much more. Order Cade VT201
VT202 62 minutes. Part Two; A.C. Circults.
This is vour next stép in understanding the
basics of elecironics. You will learn about how
coils, transformers. capacitors, etc are used in
common circuits. Order Code VT202
VT203 57 minutes. Part Three; Semicon-
ductars. Glues vou an exciting look Into the
world of semiconductors. With basic semicon-
ductor theorv. Plus 15 different semiconduc-

tor devices explained. ) !
Order Code VT203

f{a)]
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VT204 56 minutes. Part Four; Power
Supplles. Guides you step-by-step through
different sections of a power supply.

i Order Code VT204
VT205 37 minutes. Part Five; Amplifiers.
Shows vou how amplifiers work as vou have
never seen them before. Class A, class B,
class C, op.amps. etc.  Order Code VT205
VI206 54 minutes. Part Six; Osdllators.
Oscillators are found in both linear and cligi-
tal circuits. Gives a good basic background in
oscillator circuits. Order Code VT206

Order 8 or more get one exira FREE
Order 16 gel wo extra FREE

v v [ |

VT102 84 minutes: Introduction to VCR
Repair. Waming. not for the beginner.
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow the signal from the input 1o
the audio/video heads then from the
heads back to the output.

Order Cade VT102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belis in most VHS VCR's. The viewer
will also become familiar with the various
parts found in the tape path.

Order Code VT103

Now for the dlgitaj series of six videos. This
series is designed {o provide a good ground-

ing in digtal and computer technology.

VT301 54 minutes. Digitai 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 V'T301

VT302 55 minutes. Digital Two; Flip Flops
will further enhance your knowledge of digital
basics. You will learn about Octal and
Hexadecimal notalion groups. flip-llops,
counters, etc. Order Code VT302
VT303 54 minutes. Digital Three; Registers
and Displays 1s your next step In obtaining a
solid understanding of the basic circuits
found in today's digital designs. Gets into
multiplexers. registers, display devices. etc.

Order Code VT303
VT304 59 minutes. Digital Four; DAC and
ADC shows you how the computer is able to
communicate with the real world. You will
learn aboul digiial-to-analogue @nd ana-
logue-to-digital converter circuits.

Order Code VT304

‘VT305 56 minutes. Digilal Five; Memory

Devices introduces vou to the technology
used in many of ioday's memory devices. You
will learn all about ROM devices .and then
proceed into PROM, EPROM. EEPROM.

‘SRAM. DRAM. and MBM devices.

Order Code VT305
VT306 56 minutes. Digital Six: The CPU

‘gives you a thorough understanding in the

basics of the central processing unit and the.
inpufoutput circuits used to make the system
work. Order Code VT306

i ORDERING: Price includes postage to anywhere in the world.
"OVERSFEAS ORDERS: We use the VAT portion of the price to pay for airmail postage
‘and packing, wherever you live In the world. Jost send £34.95 per tape. All payménis

in £ sterling only (send cheque or money order drawn on a UK bank).

Visa'and Mastercard orders accepted — please give card number, card expiry date and

cardholder’s address if different from the delivery address.
Orders are normally sent within seven days but please allow a maxirium of 28 dags, 1
longer for overseas orders.

Send your order t6:Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dofset |
BH21 1RW (Mait Order Only}

Diréct Book Setvice is a division of Wimborne Publishing Ltd., Publishers of EPE
Tel: 01202 881749. Fax: 01202 841692
l Due tothe cost we cannot reply 10 overseas orders or quéries by Fax.
| E-mail: editorial@epemag. wimborne.co.uk 1

L -z
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VT401 61 minutes. A.M. Radio Theory. The
most complete video ever produced on a.m.
radio. Begins with the basics of a.m. trans-
mission and proceeds to the five major stages
of a.m. reception. Learn how the signal is
detected, converted and reproduced. Also
covars the Motorola C-QUAM a.m. sterzo
systerm. Order Code VT401
VT402 58 minutes. F.M, Radio Part 1. EM
basics including the functional blocks of a
teceiver. Plus r.f. amplifier. mixer oscillator,
i.f. amplifier,dimiter and f.m. decoder stages
of a typical f.m.:receiver. Order Code VT402

VT403 58 minutes. F.M. Radio Part 2. A con-
itinuation of fL.m. technology from Pant 1.
‘Begins with the detector stage output, pro-
ceeds to the 19kHz amplifier. frequency dou-
‘bler, stereo demultiplexer and audio amplifier
stages. Also covers RDS digital data encoding

1and decoding. Order Code VT403

IVT501 58 minutes. Fibre Optics: From the
fundamentals of fibre optic technology
Athrough cable manufaciure 1o connectors,
Hransmifters and receivers,

o QOrder Code VT501
VT502 57 minutes. Laser Technology A basic
introduction covering some of the common
uses of [aser devices, plus the operation of the
Ruby Rod laser, HeNe laser. CO; gas laser
and semiconductor laser devices. Also covers
the basics of CD and bar code scauning.
Order Code VT502

- (All videos are to.the UK PAL stan:
dard on VHS tapes unless you specifically
request SECAM versions.)
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Everyday Practical Electronics are pleased to be able to offer all readers these

DIGITAL ELECT

" ANALOGUE ELECTRONICS |
{ by Mike Tooley

by Mike Tooley

Analogue Electronics is a complete learning resource for
this most difficult branch of electronics. The CD-ROM
includes a host of virtual laboratories, animations,
diagrams, photographs and text as well as a SPICE
electronic circuit simulator with over 50 pre-designed

virtual laboratories atlow use

ELECTRONICS CD-ROMS

RONICS

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

rs to operate many circuits on

circuits. screen.
Ehgfu%gge':l%alues on all - — = FUNDAMENTALS
on __Com - .
circuits can be ediied and the user e O andz_imenlals im_rud!.;;:es the b:f.suc,s
can use the simulation engine 10 T B}, of s*g"a' 3‘E°_“°EI"‘°5 mg:?mg bigaty
see haw the value of each s ey and hexadecimal numbering
component aftects circuit rermess systems, ASCII, basic legic gates
performance. You can, for instance, o and their opsralion, monostatle
alrz‘gr,f’re:quenq; and phqs;e ;ngle o e e | action and circuils, and bistables —
a it guiputs on a vir o= = : & i
oscilﬂ)scop;p or-show ioa; line a :_1:'_:‘;“:;:;":{1:;*"":"“ - Inluding i and LEype ig:fods
gruaha ok e ST (55 COMBINATIONAL
COVERAGE : : il e L —alreminls ] LOGIC A
Sections on the CD-ROM include: : i Tk 3 Multiple gate circuits, equivalent fogic
Fundamenials - Analogue Complimentary output stage. 'V"mm las gy~ Elp;EIope functions and specialised logic
Signa!s (5 sections). Transisiors (4 [e t[d Fibrrrx £ ,__,,,._:-‘.._"._1 u—ll.’ [Hgieal Syt functions such as maju(i[y
sections), Waveshaping Circults (6 3 4 T i 4 vote, parity checker, scrambler;
sections); Op.Amps — 17 sections =i ¥ e I3 half and full adders. Includes
S Sy o Sy g"' e gt
4] aboralories for
g{ﬂeregnal?lrfs Ar(tépllfle:rsn )Smgle 3 _g ‘ circuits.
age Ampiifiers (& sections),

Mulii-stage Amplifiers (3 sections); - i SEQU ENTIAL LOGIC
Filters — Passive Filters (10 v l._.-.a“.....".:'::.‘.‘.';",‘ a Introduces sequential logic
(::cior;g)a I;hiiiv Seh!r:fﬂulr;gryshl(gmoms 1| mrferieeed oty E lcrg:luclirr:g %lod(s acgcé :{liog( cxrcaulllry,

3 S| | v gt ity s A S 0 3] unte |nz2ry ecim
sections); Osclllators — 6 seclions .-.-_= = —~~—— S[sae|=j=4.| and shift registers.

from Positive Feadback to Crystal

Oscillzlors; Systéms — 12 sectiens

from Audio Pre-Amplifisrs to 8-Bit

ADC plus 2 gallery showing

representative p.c.b. photos:

® Includes SPICE clrcuit
simulator with over 50
clrcuits

@ Unigue virtual laboratories

@ Editable asslgnments

Vlrtual laboratory - Traffic Lights

DIGITAL SYSTEMS
A/D and D/A converters and
their parameters, traffic light
controllers, memaories and
microprocessors — architeciura,
bus systems and their afithmetic
logic units.

GALLERY

A catalogue of commanly used
IC schematios taken from the

[ ==
CHH X X E NN N N NN

@ Design parameters for clrcuits
included

® Completé-hi-fl amplifier case
sludy

I by gl L e .-m;f‘
P e | i‘iﬂﬂiv%-l‘

Gallery - Wideband Amplifier

- _;; -_—
Microprocessor
Hobbyist/Student........ oo Ea s i

Prices for each of the two CD-ROMs above are:

{UK and EU customers add VAT at 17.5% to *plus VAT" prices)

+ THE PARTS GALLERY by Mike

Electranic.Circuits & Components provides an introduction 1o the prnciples and apptication of the mo
electronic companants ard siows how they

circulls_Passive Components: resistors, czpzcitors, inductors, transformers.
Semiconductors: diodes, transistors, op.amps, logic gates. Passive Clrcuils . Active
Circuits

The Parts Galiery — many students have a good understanding of electronic theary but
still have difficulty in recognising the vast number of differert types of electronic
components and symbols.

The Parts Gallery helps cvercome ihis probiem; it will help studenis 10 recognise
comman electronic components and their corresponding symbels in circuit diagrams.
Se'ections an the disk include: Components, Componen s Quiz, Symbols, Symbols
Quiz, Circuit Technology

Hobbyist/Student .. ............. i S & LS £34 inc VAT
Institutional (Schools’HElFEfIndustry) ............... £89 plus VAT
Institutional 10 user {Network Licence) .............. £169 plus VAT

(UK and EU customers add VAT at 17.5% to “pius VAT" prices)

Virtual laboratory = sinusoids

Institutionat (Schools/HE/FE/Industry)
Institutional 10 user (Network Licence)

74xx and 40xx series. Also
includes photographs of
common digital integrated
circuits and circuit teChnolegy.

crerenrnenn£45 InC VAT
...... £99 plus VAT
€199 plus VAT

ELECTRONIC CIRCUITS & COMPONENTS

Tooley

st comman types of

 are used 1o Torm complete circuits. The virual laborataries, worked examples and
pre-designad circuits allow students to Iearn experiment and check thelr understanding as thay procesd through the sections on
the CD-ROM. Sections on the disk include: Fundamentals: units & multiples, electricity, electric dircuits, alternaling

afse oo
Circuit technology screen




Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker

Developed Irom John's EFE series, this highiy acclaimed CD-ROM, together vith the PlCtutor experimental
and development board, will teach you how to use PIC microcentrolieérs with special emphasis on the
PIC16x84 devices. The board will also act as 2 development :est bed and pragrammer for future projects as
your programming skills develop. This interactive presentalion uses the specially developeg Virtual PIC
Simulator to show exactly whal Is happening as you run, or step through, a program In this way the CD
provides the easiesl and best ever intreduction to the subject.

Nearly 40 Tutorials cover virtually every aspact of PIC pregramming in an ezasy to follow logical sequence.

HARDWARE

Whilst the CD-ROM can be used on its own, the phiysical demonstration provided by the PiCtutor
Development Klt, plus the ability to program and test your own PIC16x84s, really reinforces the lessons
learned. The hargware wiil also be an invaluable development and programming too! for future work once you
have mastered PIC software writing,

Two ltevels of PiCtutor hardware are available — Standard and Deluxe. The Standard unit comes with a baltery
holder, a reduced number of swilches and no disptays. This version will allow users o complete 25 of the 39
Tutorials.

The Deluxe Development Kit is supplied with a plug-top power supply {ihe Export Version has a batery
holder), all switches for both PIC ports plus l.c.d. and 4-digit 7-segment l.e.d. displays. It allows users to
program and control all functions and bath ports of the PIC and to follow the 32 Tulorials on the CO-ROM..
All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable
microconiroller.

PiCtutor CD-ROM

Hobbyist/Student .........coocoveviniinnrennnerinisinianes SRR £45 inc. VAT

Institutional (Schools/HE/FE Industry) ..ooonveeninene “£99 plus VAT

Institutional 10 user {Nehwork Licence)... .£199 plus VAT

2 HARDWARE

Standard PICtutor Development Kit ....c.cccvinennnns e £47 Inc. VAT

Deluxe PICtutor Development Kit ..... ...£99 plus VAT
. Deluxe Expori Version........ e R +..£96 plus VAT

‘Deluxe PICtutor Hardware (UK and EU customers add VAT at 17.5% lo “plus VAT™ prices)

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton designing your cl.’f.‘f“, At A s
Developed from Max Horsey's Teach-In series A Guide to Modular Circuit Design (EPE Nov ﬁ?ﬁ:}ﬂ;;m feﬁﬁﬁ?ﬁ
'95 to Aug '96). This highly acclaimed series presented a range of tried and tzsted analogue . '
and digital circuit modules, together with the knowledge to use and interiace them. Thus — bt
aliowing anyone with a basic understanding of circuit symbaols lo design and build their owrn @ E }f + ]
projects, Nh i ? . T & e
Essential information for anyone undertaking GGCSE or “A” level electronics or technology and lm$j* ' - o )
for hobbyists who want to get to grips with project design. Over seventy different Input, d Pk —‘:’-ﬁ
Processor and Quiput modules are lllustrated and fully described, together with detalled »asc i f |
information on construction, fault finding and components, including circuit symbols, pinquts, i . H 1
power supplies, decoupling elc. input proceiicr Sutput

Single User Version £19.95 inc: VAT
Multiple User Version £34 pius VAT !hundm!-‘;:?ﬂ d&anammws feip
{UK and EU customers add VAT at 17.5% to “plus VAT" prices) N e T e P (OB ey &

AWeb Browsar is required for Modular Circuit Design—one is provided on the EPE CD-AOM No 7 (sge below) bul most modem compuiers are supplied with ane.

Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM;
8MB hard d|sk space. Windows 3.1/95/98/NT, mouse, sound card (not required for PiCtutor or Modular Circuit Des:gn)

R e e e S s i e e S e e e e L e e Ll |
i CD-ROM ORDER FORM y
| Pléase send me: [0 Hobbyist/Student !
{0 Electronic Circuits & Components +The Parts Gallery O !Institutional J'
:[j Analogue Electronics O Institutional 10 user 1
1 [J Digital Electronics Note: The software cn each vession Is i
: O PIiClutor the same, only ths licence for use varies. .’:
- ;
:Lj PiCtutor Development Kit — Slandard . Note: The PIClutor CB-RON is niot ‘i
10 PiCtutor Development Kit— Deluxe . Deluxe Export ingluded In the Kil prices. i
I — q B : =
:D Modutar Circult Design — Single User : Institutional, Mulilple User and Deluxé
: D Modutar Clrcuit Design Muit]ple User !: Verslons — ovarseas read‘-:rs gdd £5 1o the dasic
] 1 price of each order for airmail postage (do not
; (R (RO TG PSR PN SRS, P A L Tt e RGBT e R O e i add VAT uniass you five in an EU country, thea
| Address: i1 add 17%% VAT or provide your offical VAT
: --------------------------------------------- D e s :é rEgESH’ELQﬂ l'lumbel').
Dt s s e s s e S g s s s PN iRzl Send your otder to:
" Dlrect Book Sarvice
[‘ - R L I I RS TR IR MUY LV 01 B PLE L8~ e L - e e - R-RSEr T )~ P A L e e A T T SR MY '
: : - :Post code: . J Tel-No g 33 Gravel Hlll, Merley, Wimborne
(SSONAIUIER B2 SUTEMIrE, S e, s bt bl n s e Bl e e e ) Dorset BH21 1RW
i . . ’ ] . ; {#tall Order Only})
1[] | enclosa cheque/PO in € steriing payable to' WIMBORNE PUBLISHING LTD for'€ ... ... o wes T ST Al S G
: [ Please charge my VisaMastercard: € . ... ........... Cardexpitydater . ................... : Publishing Lid. To order by phone ting
HEardiNGs wiidy= B o iy s S et sy s M gnarrl o Ll e AT AN 3 01\%02 883749. Fax: 01292 8;41392
¢ ; l

i- Please supply name and address of cardholder if different to the delivery address. : 'G:ansn:,: :.ﬁf""(al?fgf f:ifn?r'. ;fmvd:ys

_____________________________________________________________________ = ]

Demos {not Modular Circuit Design) available.on the EPE CD-AOM No. 1 (Free with the November ‘98 Issug) —send £2.ior this Cﬁ ROM if you require:the demas.
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Special Series =

RAYMOND HAIGH =

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

PART THREE - THE ARMSTRONG, MEISSNER, FRANKLIN AND BUTLER
OSCILLATORS, PLUS PROBES FOR R.F. VOLTAGE MEASUREMENTS.

ARLIER articles covered the Hartley and Colpins oscillators;

and their variants, in some detail. This month. circuits atrib-

uted 10 Armswong, Meissner, Franklin and Butler will be
considered.

With the Hartley circuit, feedback is applied 10 2 1apping in the
‘tuning inductor: with the Colpins, the tuning capacitor is apped.
Quite apart from questions of performance. these circuits are con-
venient because of the way they simplify coil design.

ARMSTRONG OSCILLATORS

Oscillators attributed to E. H. Armstrong, the great Americail
radio pioneer, involve more complicated inductor arrangements.
Two of his designs rely on a separaie winding to feed maintairing
enargy back to the mined circuit. Another has a pair of tuned circuits
with feedback via the anode/grid capacitance of a coupling valve.

Conceived during the decade following Lee De Forest's invention
of the triode, the circuits were of crucial importance to the emerg-
ing radio indusiry and, from 1917 10 1924, there was much acrimo-
fiious patent litigation between Dc Forest and Armstrong. The
American courts decided in De Forest’s favour on the basis of a
legal technicality. However, in Britain, the validity of Armstrong’s
patents, and of his claim to be the irue originator, has generally been
upheld.

GETTING IN TUNE

In their original form, with triodé valves as the maintaining devices,
the circuits became known as tuned grid, wned anode. and tuned
gridfiuned anode. Clearly, the circuits take their names from the way
the frequency determining components are connected (o the valve.

The runed grid circuit came 1o be adopted almost universally as
the local oscillator in valve superhet receivers. (The superhet
receiver was invented by Armstrong whilst he was a US Army
Signals Officer stationed in France during the First World War) No
doub the abitity to connect coil and capacitor to ground made it the
natural choice for this purpose.

With ke growing use of bipolar transistors during the 1960’s, the
valve mned grid circuit fell from use as it did not adapt well 1o the
new low-impedance devices, or 1o the Iype ol mixerfoscitlator
stages which became siandard in mass produced radios. [t was,
however. replaced by another very early oscillator circuit; the
Meissner; more on this later.

The subscquent development of field-effeci transistors, with their
more valve-like characteristics. saw ils fesurrection as the local
oscillator in simple, wide coverage communications receivers. A
typical application of the tuned gate oscillator stage of the radio
receiver-fronkend is shown in Fig. la. :
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OSCILLATORS IN SUPERHET
RECEIVERS

Superhet oscillators operate ai a higher frequency than that of the
incoming signals. This higher frequency is combined with the
incoming signal in a mixer (see Fig.1b), and the differcnce between
the 1wo, the intermediate frequency. or i.f., is selected by tuned cir-
cuits and amplified.

Domestic radios have an if. of between 455kHz and 470kHz.
Older, high-performance valve sets had an i.f. of 1.6MHz, and mod-
em comimunications receivers have multiple i.f.s which can include
40MHz, 10MHz, 455k Hz and lower frequencies.

Tuning of the signal frequency and oscillator stages is via a dual-
ganged tuning capacitor. and some provision musi be made, therc-
fore, for this frequency difference to be constanily maintained over
the twning capacitor swing. Taking the medium wave band as an
example, and assuming an i.f, of 460kHz, the signal frequency
wuned circuit will sweep from 1600kHz down to 530kHz, whilst the
oscillator must cover 2060kHz (1600+460) 10 990kHz (330+460).

The difierent coverage is achieved by making the oscillator coils
of lower inductance than the signal frequency or r.f. coils, and by
placing a capacitor in series with the oscillator gang of the tuning
¢apacitor in order to reduce its value when fully meshed. The series
capacitor is called a “padder”. By this means, the oscillaior circuits
can be made to track the signal frequency circuits almost periectly,
and the 460kHz difference is maintained over the full swing of the
variable tuning capacitor. {(Strictly speaking, absolutely perfec
tracking is achieved at three points on the dial.)

ARMSTRONG OSCILLATOR ~
Tuned Gate F.E.T. Version

We can now consider the functions of the various componznts of
the Armstrong oscillator stage (Fig..1a) in our receiver “front:cnd"™
circuit of Fig.1, where the wned circuit formed by L2 and variable
capacitor VCla determines the frequency of oscillation. The swing
reducing padder capacitor C2 is connected in series with the eoil L2

PLEASE NOTE
In the “Tuned Circuit Calcutations™ panel in Part 1 (July
'99 issue) page 522, the third and fourth equations for f
should be as:follows and not.as printed:

fu 5:033 _159:155 i
- WS OANTE '
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to simplify band switching (this has virtually the same effect as con-
necting it directly in series with VCla). Trimmer capacitor VC2
permits the precise matching of the minimum capacitance in the r.f.
and oscillator cireuits. and fixed capacitor C3 is required to opti-
mise tracking only on the longwave band.

Coupling or "reaction™ winding L.1 must be connected so that the
feedback is in-phase, and the correct arrangement is indicated on
the circuit diagram. Resistor R1, capacitors C1 and C7 decouple the
osciflator from the supply rail, and the wuned €ircuit is connected 10
the gate (g) of ransister TRL via capacitor C3. Gate resistor R3
ensures correct biasing.

Valve and f.e.1. versions of this circuit are prone to “squegging”,
i.c.. the transistor goes in and out of oscillation, ususlly at a low
radio frequency. Resistor R2 is inclided to inhibit this. If the prob-
lem is encountered despue the inclusion of R2, modify the time
constant of the gate input circuit by reducing the value of C3 andfor
R3. Increasing 1hc vajue of R1 may also effect a cure.

BIASING

Biasing has 10 be optimised or the circuit will not oscitlate over
the full swing of @ 363pF tuning capacitor on the highest shontwave
range (10MHz 1o 30MHz). The source bias resistor is, therefore,
made up of R4 and praset potentiometer VR 1. If such extensive cov-
erage is not required, a single fixed resistor of around 2-2 kilohms
can be subsiituted when 2N3819 transistors are used, or 47 kilohms
when J1310s are wired into circuit.

per cent and 30-per cent of the tums on the wned winding. It was
also recognised that the capacitance across the feedback winding
‘had 10 be kept 10 an absolute minimum in order 1o avoid “squeg-
ging " and other forms of erratic operation.

With the f.e.1. version of the circuit, a ratio of 10 per cent up to
2MHz, then progressively increasing to 50 per cent on the high-
est shortwave range, should ensure reliable oscillution. Wind
feedback windings over the “earthy” end of tuned windings, sep-
arauing the two by a layer of insulating tape: coupling must be
tight or oscillation may not be maintained over the full tuning
range.

MMOSFET MIXER

A well ried mixer circuit completes our receiver circuit and is
jllustrated in Fig.lb, where incoming signals, tuned by L4 and
VC1b, are applicd to gate 1 (gl) of the dual-gate MOSFET TR2.
The oscillator vohiage is fed o TR2 gate 2 (22).

For best resulis. mixers of this kind reguire an oscillator injection
of at least 1V. and preferably closc on 2V r.m.s. Clearly. therefore,
the output voltage of the tuned gate oscillator, and the high input
impedance of the MOSFET mixer. make this an effective comhina-
tion. The whole arrangement is reminiscent of the old triode-hexode
vilve frcqucncy changers, where the grid of the triode section was
extended into the electrode stream of the hexode mixer in order 1©
inject the local oscillation.

The output is taken from the “hot™ end of
the runing coil via a low value capacitor C4.

=4

Tt must be fed into a high impedance louad or
oscillation will be inhibited. Qutput voliage
is reasonably constant over the full swing of
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a 365pF variable capacilor. and the wave-
form is of excellent quality.

Connecting a diode from gare 1w
ground/0V (diode cathode (k) to ground) 1o
limit forward conduction of the jf.e.ts sate
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makes oscillation weak and erratic on the
highest shortwave range. and. for this rea-
son. it has been omitted. If extended high
frequency coverage is not required. connect-
ing a diode will limit oscillation amplitude
and prevent a slight flattening of the wave-
form which can occur at low frequencies. |

ARMISTRONG
INDUCTORS
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Thé feedback or reaction windidg L1
must be tightly coupled to the tuned winding
L2. The rule-of-thumb adopted for valve
versions of the circuit was to make the num-
ber of tums on the feadback coil between 30

ARMSTRONG’S
OSCILLATORS

Three early valve osclllators are
allributed to Edwin Howard Armstrong:
the tuned grid, the tuned anode and the
tunzd gridiuned anode. They were all
used in transmifters, and the tuned grid
circuit was adopted, almost universally,
as the local oscillater in superhet
receivers until bipolar transistors began
io taks the place of vaives.

When fisld-eifect transistors (f.e.l.s),
with their more valve-like characteristics,
were introduced, it zaw a revival in
receivers with some pretensions to high |
performance. A typical circuit is. given in |
Fig.1.

The Lel version of Armstrong’s cir-
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cuit oscillates readily from audio up to
50MHz or more. A near perfect sinewave
is produced, and output is reasonably
constant over the tuning capzacilor
swing. On the downside, a separate
feedback winding s required on the tun-

=

THE 2500+ LET.E PROCHRPCHITES 10, IE A 8 BT LF, |5 RECRARED): USE Am#mn T
RE O AND TUNE 1T WITH & S50 CARCITOR BASE BASE GCAPECTIOMS ARE THE SANE

TEED TRAWESS. €3 AND G2 ARS REDURED ONLY (8 THE LOACWAVE PANGE.
SEE TABLE 1 FOR G2 FADGER VAL UES

ing coil, and oulput impedance, with this
particular eircuit, is high.

Evervday Practical Electronics!ET1, September 1999

Fig.1. Radio receiver “front-end” using an fe.L version of an Armstrong oscillalor.
Suitable for receivers covering 150kHz to 30MHz. See Table 2 for details of tuning
coils and capacitors.
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_ Here the two circuits are coupled by means of capavitor C4.
Readers who have coil packs from old valve receivers wilt find that
they usually work well with this dual f.c.t. arrangement,

INPUT CIRCUIT

The aerial is coupled 1o the r.f. tuned cirewnt by means of coil L3
and potentiometer VR2 acts as a simple. but effective, input attepu-
ator to prevent strong signils causing cross modulation. Trimmer
capacitor VC3 matches the minimum capacitance in the r.f. tuned
circuit to that of the oscillator section. Capacitor C8 is required only
on the longwave band te ensure good oscillator tracking.

Source (s) bias for TR2 is provided by resistor R6. which is
bypassed by capacitor C9. Bias on TR2 gate 2 is fixed at around 1V
{the optimum level when MOSFETs are used as mixers) by con-
necting it to the source via resistor R5. If difficulty is encountered
in securing oscillation at the maximum (uning capacitor setting on
e highest shortwave range. iry increasing the value of this resistor
to about 220 kilohms.

Supply line decoupling is effected by R7 and C12, and the mixer
output is taken from the secondary of IFT1, at pin 4. The primary
of this r.[. transformer forms the dritin load of TR2 and is, of course.
tuned to the intermediate frequency. In practice, the seiting of the
adjustable core, within the coil former. is very broad.

MIXER/OSCILLATOR COMEINATION

Our receiver front-end, formed by combining the circuits in Fig. 1,
will significantly out-perform the bipolar or i.c. armingement adopied
in most domestic radios. Carrectly set up. it will display greater sen-
sitivity. reduced oscillator “pulling” (the shifting of the osciiltor fre-
quency by strang incoming signals). reduced noise and, if the acrial
input atienuator is used judiciously, lower cross-modulation.

Readers may wish 1o oy the circuit by coupling it to the i.f. strip
in a domeslic transistor radio, and Table 1 gives full details of Toko
inductors and trimming and padding capacitors for a full coverage
(150kH7 t0 30MHz) receiver.

The values quoied are for an i.f. of 450kHz to 470kHz.

ALTERNATIVE INTERMEDIATE
FREQUENCY

An i.f. of 1-6MHz is to be preferred. This reduces image inter-
ference (spurious responses spaced. in the main. at twice the i.f)
and it would permit the output to be injected into the acrial socket
of a car radio or domestic portable (o form a double superhet.

Unfortunately, the Toko range of inductors does notinclude all of the
double-winding ceils required for an Armstrong oscillator in a receiver
with a 1-6MHz i.f. The simpler inducior arrangement of the Franklin
oscillator does, however, permit the windings of standard Toko coils t¢
be series connecled to produce inductors of the required value.

A circuit suitable for receivers with a 1-6MHz i.f., based on the
Franklin oscillator, is given in Fig.3, and coil types and padder
capacitor values are scheduled in Table 3,

PADDER CAPACITOR

The padder capacitor is invariably connected into circuit im the
manner shown for C2 in Fig. 1a, as this simplifies range switching;
{Coil and capacitor are controlled by the same swiich bank.)

With this arrangementi, however, padder C2 and variable capaci-
tor VCla form a capacilive tapping across L2, which chinges with
the setting of the tuning control. thereby increasing the variation in
output valtage. Locating the padder in the position marked X on the
circuit diagram avoids this, and if single band operation.is all that is
retqquired, this is the preferred option.

With the padder connected as shown, oscillaior outpui on MW
varies between 2-5V and 3-6V r.m.s. With the padder located in the
aliemative position, output changes by only 0.1V from 3-5V 1o 3-6V.

ARMSTRONG AS SIGNAL
GENERATOR

The tuned gate Amstrong oscillafor. together with the buffer
stage described in Part 2 (Aug '99), would make an ¢xcellent signal
gencrator. Constructors wishing 1o use it in this way should substi-
iute-the coils listed for the r.f. stage, and delete the padder and trim-
mer capacitors (C2, C3. and VC2).

The botiom end of coil L2 should, of course, be connecied to
ground (OV line). This witl ensure continuous coverage from
around !30kHz to 30MHz if a 365pF vanable capacitor is used.
Ouriput coupling gapacitor, C4, will have 10 be kept very small, and
attenuation circuitry may have 1o be provided, in order to prevent
the overloading of the buffer stage,
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TABLE 1:
Tuned-Gate F.E.T. Version of Armstrong Oscillator
Tuned circuit components for rf. and oscillator stages of @
superhet receiver with 2 460kHz i.L. (See Fig.1)

R.F. Coil Oscillator Padder FRange

Band L3/L4 CoilL1/L2  C2(pF} -MHz
Fig.1b Fig.ta +  Fig.1a

LW CANIA350EK ~ RWR331208N2 150 0-14-03
MW RWR231208N2  YMRAS80046N 330 0-53-16
SWi  154FNSAB438EK 154AN7AB440EK 680 1-5-4
SW2 154FNBAB43SEK 154ANTAB441EK 1500 35-12
SW3  KXNK3767EK KXNK3766EK 2000 10-30

Notes:

(1) The gquoled tuning ranges are approximale: The tuning capacitor
‘should have a minimum capacitance of not much more than 10pF
and a maximum capacitance of at least 300pF. Ly

(2) To improve tracking on the LW banid only, a 56pF capqcitor is
conneacted across tha r.i. siage tuned winding, L4. {C8 in Fig.10).
{3) To improve tracking on the LW band only, a 150pF capacilor is
connected across the oscillator siags tuned winding, L2. (C3 in
Fig.1b).

{4) The coll reference numbers are for Toko inductors.

MEISSMER OSCILLATOR

Alexander Meissner's valve oscillator represented un early
attempt 1o increase the isolation of the wned circuit from the
maintaining device. In its original valve form, coil windings in the
anode and grid circuits provide the necessary feedback, and a sep-
arate tuned winding determines the frequency of oscillation.
Coupling beiween the valve and the tuned circuit is, therefore,
purely inductive.

High rf. voltages are developed across the runed circuit in the
ouipul stages of ransmitiers, and the elimination of a direct con-
nection with the valve reduces the risk of inter-electrode break
down. Despite 1his advaniage, the circuil fell out of use before the
end of the valve era.

Once again, the gradual shift from valves to ransisiors during
the 1960s saw the Te-introduction of Meissner’s circuit in the
local oscillator stage of radio receivers. It scems to have been
particularly suited to the then new. low impedance devices with
their modest gains. Single transisior miver/oscillators, using an
adaptation of Meissner’s feedback sysiem, became standard
world-wide.

MEISSNER OSCILLATOR -

Bipolar Transistor Version

Simple superhets invariably incorporute the front-end shown:in
Fig.2, where coils L3 and L4 couple transistor TR to the oscillator
tuned circuit formed by L3 and wning capacitor VC1b. Base bias
for TR1 is provided by resistors RI and R2; and resistor R3,
bypassed by C2, seis the hias voliage on the emiller (e). Signal
input, via L1, is tuned by the combination of L2 and VCla, and cou-
pled to the base of TR1 via a low impedance tapping w avoid exces*
sive damping on the resonant circuit.

Long aerials arc connected 10 the receiver via L1, again to min-
imise damping. (The input attenuator VR2 shown in Fig.1b could be
used 10 greal advantage here.) Short whip aerials present a high
impedance at frequencies up 1o 30MHz or so, and they are usually
¢onnected 1o the “hot™ end of L2, through socket SK2. Connections
to a ferrite rod aerial are shown in lnset A.

Signal mixing (suictly speaking combining) takes place within
TR1. and the required 460kHz output is selected by i.F. transformer
IFT1. The nmed printary of this transformer is 1apped 1o ensure a
reasonable maich with the cellector circuit. Resistor R4 and
capacitor C4 decouple the circuit from the supply line.

Trimmers, YC2 and VC3, enable the minimum capacilaiaces in
the r.f. and oscillator wned circuits 10 be maiched. and C3 s the
padder capacitor which modifies the frequency coverage of the
oscillator stage.

REWIND

Tn order to simplify coil production, the emitter of TR is some=
times connected to a tapping on the wned winding. Whilst this
arrangement compromises the best feature of Meissner’s oscillator,
the feedback paths are the same. Commercially produced threc
winding coils are no longer available to the home constructor, and
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readers who wish to experiment with this circuit wil] have 1o cither
wind their own coils or adopt the emiuer tapping modification so
that standard Toko induciors can be used.

Base connections for Toko coils are also given in Fig.2. and type
numbers and padder values are scheduled in Table 2. Readers who
wish to wind their own coils should give the collecior winding 10
per cent of the number of tums on the tuned winding up o 2MHz
or so. then gradwally increase the ratioto 23 per cent on the coils for
the highest shortwave range.

The emitter winding shou!d have between two and-three turns on
ail ranges. The three windings must be tightly coupted, and con-
nected as shown in Fig.2.

PERFORMANCE |

The circuit is effective in simple transistor radios where the
swing of the tuning capacitor VC] is vsually less than 300pF and
shortwave coverage does not extend much above 18MHz. However,
oscillation is not likely to be maintained on the shortwave ranges
when the tuning capacitor setting approaches 300pF. On the highest
tange (1(0MHz 10 30MHz), oscillation will probably fade when'the
wming capacitor is set above 150pl-.

To avoid these problems. the oscillator in some early mansistor
radios ran a1 half the normal frequency on the highest shoriwave
range; and the second harmonic was used for mixing purposes.

TABLE 2:

Bipolar Transistor Version of the Meissner Oscillator
Tuned circult components for r.i. and oscillalor stages of a simple
‘superhet receiver with a 480kHz i.f. (See Fig.2 with Inset B for
circuill dizgramy

Band R.F. Coil Osclillator ~ Padder Range
L2 Coil L3/LS C5 {pF) MHz

LW CAN1A350EK RWR331208N2 150 0-14-03
MW RWR331208N2 YMRSB80046N 330 053-16

| SWi BKANK3333R BKANK3426R 680 i-5-4
Sw2 BKANK3334R KANAK3337R 1500 3:5-12
SW3 BKXN3335R MKANK3428R 2000 10 - 30

Notes:

{1) The quoted tuning ranges are approximate. The tuning capacitor
should have a minimum capacitance of not much more than 10pF
-and a maximum capacitance of at least 300pF. A minialure poly-
thene dielectric capacitor would be appropriate for this circuit

{2) The coll reference numbers are for Toko induclors.

3

Even this modest level of performance may prove difficult 10
-achicve if TR1 emiiter resistor R3 is not selected 1o suit the tran-
sigtor used. In the modified emitler circuit given in Jnset B, thé
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| Fig.2. The “classic™ Mzissner circuit for a
transistor radio mixer/oscillator stage.
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| types) inset B.
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value of R3 has been reduced and a presei potentiometer, VRI,
has been added in serics with it so thar the biasing can be
optimised.

Only one low cost transistor is used. and it is probably this,-more
than anything else, that has made the circuit so popular with radio
manufacturers for almost 40 years. Readers who wish to experiment
with sinple superhets would be well advised to adopt the circuit
‘based on the Armmstrong oscillator, shown in Fig.1, or the adnplauon
of the Franklin given in Fig.3.

Although field-effect transistors are more expensive, these circuits:

are more willing 10 oscillate with adverse L/C ratios. band swiiching

In the original valye version. these capacitors were no more than
IpF, and the oscillator was renowned for its low level of drift. To
ensure reliable oscillstion down to 150kHz with this wide-runge
f.e.1. version, the value of C4 and C3 has 1o be increased io |OpE.df
the circuit is 10 be used exclusively at higher frequencies and max-
imum frequency stability is important, these components shouid be
reduced in value untii oscillation is only just mainiained.

This circuit is decoupled from the power supply by resistor R3
andd capacitor C8. Signal outpur is taken from the drain (d) of TR2
via d.c. blocking capucitor C7. If the oscillator is to be used in a
radio receiver, the output should be applied io gare 2 of the dual-

is simpler, and performance is superior.

gate MOSFET TR2 shown in the mixer stage in Fig.1b.

FRANKLIN
OSCILLATOR

British radio engineer, Charles S
Franklin, added an L/C tuned circuit to
Abraham and Bloch’s muitivibrator and pro-
duced his oscillator. The tuning inductor
comprises an unilapped single winding, and
range swilching is considerably simplified.

Waveform quality is acceptable for radio
receivers and simple signal generators, but
the output voltage varies with the setting of
the tuning capacilor to a greater extent than
is the case wilth some other circuits.
Measures can be taken to regulate the out-
put, bul this is at the expsnse of mére com-
plicaled range switching.

Loading on the tuned circuit is very light,
even with the transistor version, and this
contributes to the good frequency stability
for which the circuit is renowned.

Operation below 100kHz or so tends to
be erratic. The circuit will, however, oscillate
up to 60MHz and beyord.

FRANKLIN OSCILLATOR

Invelved for much of his working life with
Marconi, C. S. Franklin was a prolifi¢ inven-
tor. He originsied the variable capacitor,
ganged tuning, coaxial feeders and, of more
direct interest to us here, a versatile oscillator
that is renowned. for its stability.

His design involves the addition of an
L/C tuned circuit 10 a capacitor coupled,
i.e. an astable or free running, multivibra-
tor. The muliivibrator was first described
iin 1918 by two Frenchmen, H. Abraham
and E. Bloch, and it is a matter of conjec-
ture whether Franklin modified their
concepl or independently developed the
whole circuii.

FRANKLIN OSCILLATOR
- F.E.T. Version

The f.e.i. version of the Franklin oscillstor
is illustrated in Fig.3. Field-efleci transistors
TR and TR2 are comfigured as common
source amplifiers with their drains and gates
cross coupled by feedback capacitors, C3 and
C4/CA, in the manner of Abraham and
Bloch’s multivibrator. Resistors R1 and R4
are the drain (d) load resistors and gaie resis-
tors R2 and R3 ensure comrect biasing of the
1Tansistors.

A free munning muliivibrator can be syn-
chronised by injecting pulses a: almost any
point. Franklin connected a tmned circuit
across the feedback path in order to fix the
frequency of oscillation, one of the feadback
capacitors being iapped o facilitate this.

In Fig.3, the parallel tuned circuit formed
by LI and VC1 has a high impedance at res-
onance. Because of this, feedback capacitors,
C4 and CS. can be made very small and
damping is kep! to an absolute minimum.
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‘TABLE 3: Field-Effect Transistor Version of the Franklin Oscillator
Table of tuned-cifcuit components for & superhst radio with a 1-6MHz &
(See Fig.3 for circuit diagram}.

Banit Oscillator Base c1 c2 C6 Range
coil L1 wiring pF pF pF MHz
LW 154FNBAG43IBEK B =574 39 220 0.6 - 0.45
{47+27)
MW 154FNBAGAIBEK B 110 18 B2 053-1%6
{100+10)
SWi KANSK4960EG AT 335 68 1.6-5
e (330+5) g
swz KXNK3767EK B 950 - 4-13
H =iy (680+270) RN |
SW3 KXNK3766EK —— 1500 - 10 - 30
Notes:

{1) The quoted luning ranges are approximate. The tuning capacitor should have a minimum
capacitance of not much more than 10pF and 2 maximum capacitance of at least 300pF.

(2) Fixed capacilors, C2, are cefinected across the oscillator coil. on Long and Medium Waves
only, to improve tracking. 5 e

{3) Sce Fig.1b for the circuit of the r.f. and mixer stages. :Fixed tapacitors, C2, are nolcons
nected across the r.f. tuned circuil on any range.

{4) Sea Table 1 for detalls of the r.f. stage coils.

{5)The coil reference numters are for Toko inductors. Sea Fig.4 for details ‘of the pase
connections
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It should be noted that 1310 transistors will noi work-in this cir-
cuit: 2N3819s should be used.

FRANKLIN SUPERHET OSCILLATOR

The tuning arrangements depicted in ig.3 enable the circuit to
be used as the local oscillator in a superhet receiver. Tuning coil L1
has a single winding. and this makes it possible to series connect
coils in the Toko range te creaie inductance values appropriate to
the production of a 1-6MHz intermediate frequency.

Padder capacitor C} limits the swiag of tuning capacitor VCI.
Trimmer VC2 permits the matching of minimum capacitances in
the ef. and oscillator circuits,-and C2 is required to ensure cerrect
tracking only on the long and medium wave bands. Suttable Toko
inductors and capacitor values are listed in Tabie 3. Oscillator coil
connections are shown in Fig.4.

REGULATING THE OUTPUT

The output from Franklin's circuil varies with the seuing of the
tuning capacitor 10 a greater extent than the Ammstrong or Builer
osciltators and. with swings of 10pF to 365pF, the variation can be
significant. (The impedance of the tuned circuit falls as the capaci-
tance ratio is increased, and this reduces the level of feedback from
the drain of TR1 1o the gate of TR2, especially at low frequencies.)

Output can be made more constant between 150kHz and 5MHz
by connecting capacitor C6 (shown dashed) between TR2 drain and
ground (0V). The improvement is particularly noticeable between
1530k Hz and 450k Hz, where the variation is from [-23V 104V r.m.s.
without the capacitor. and 29V 10 3-1V with the component in cir-
cuit. If this capacitor is not provided. it may be necessary to
increase C4 and C5 1o 27pF to ensure oscillation down 1o 130kHz
when the circuit is used as a signal generator.

Including capacitor C6 will, of course, necessitate another switch
bank, and this detracts from the extreme simplicity of the arrange-
ment. However, the circuit will function perfectly well with the
mixer stage shown in Fig.1b without this component. Used in a
radio receiver with a 1-6MHz i.f., the lowest oscillator frequency is
1750kHz when tracking a signal input of 150kHz. Fade at low fre-
queancies is nat, therefore, a problem.

IL.F. TRANSFORMER FOR 71-6MHz

Toko do not list a 1-6MHz i.f. wransformer. but one can be con-
trived by tuning a medium wave r.f. coil with an external capacitor.
The details are given in Fig.l1b. The 1-6MHz i.f. outpui can be
injected. via a short length of coaxial cable, into the aerial socket of
a car radio wned to the extreme h.f. end of the medium wave band.
This combination forms a double superhet which. if properly
aligned. is capable of quite a high standard of performarice.

WAVEFORM QUALITY

Waveform quality varies with the setting of the tuning capacitor
V1. A perfect sinewave can be obtained when the values of C4 and
C5 are us low as possible. consistent with reliable osciflation. A
fairly high ratio of capacitance 10 inductance in the tuned circuiv
will make the selection.of the feedback capacitors less critical.

Only spol-frequency or narrow-band versions of the oscillator
can be made to produce a perfect waveform in this way. Fortunately,
radio receivers are 1olerant of a measpre of local oscillator waye-
form distortion.

FRANKLIN SIGNAL GENERATOR

If Fig.3 is to be used as a simple signal generator, the output
should be buffered: the amplificr described last month would be
suitable. In view of the output level at low frequencies {approxi-
mately 3V r.m.s.). it would be prudent 1o locate a switched atlenua-
tor between oscillator and buffer and gang it with the range switch.
By this means a reasonably constani output could be ensured.

Use the wuned windings of the coils lisied for the r.f. siage when
the circuit forms a signal generator. Readers who like 10 wind their
own coils should refer to the first pan of the series for details of a
suitable range of inductors.

EXTENDING THE RANGE

Operaton of the circuit becomes erratic below 100klHz. It will,
however, oscillate above 100MHz with the appropriate wned circuis.

Constructors can hand-wind self-supporting coils for these fre-
quencies, or purchase 518 1ype coils from the Toko range. Toko
inductors for v.h.f. working were scheduled in connection with the
Colpius oscillator, and a Jackson 25pF C809 type variable capacitor
would be suitable for tuning purposes.
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The circuiL displavs an increasing reluciance to osciliate above
35MHz unless a 22pF capacitor is wired in 'the C6 position.

BUTLER OSCILLATOR

Also known as the cathode-coupled oscillaor, Frederick Butler
developed his circuit whilst he was serving with the RAF during
World War Two. He published details of it in 1944.

The original design was, of course, based on the use of valves. It
shares the advantage, with the Franklin, 'of only requiring a.single
winding, untapped coil. The tuned circuit. is not, however, isolaled
from the active devices to the same degree.

Variants of Butler's circuil sometimes-form the basis of the oscil-
lator stage in domestic radio i.c.s in order to simplify coil design
and switching (e.g., the-CA3123E and the TDA1083).

BUTLER OSCILLATOR -
Series Fed F.E.T. Version

The Butler oscillator can be configured in either the series or
shunt fed modes and a typical series fed arrangement, with
field-effect transistors (f.e.1.s) as the active devices, is given in
Fig.5.

Configured as a source follower, fe.. TR! has a high input
{mpedance-at the gate, and a low ‘output impedance at the source.
‘Grounded gate stage TR2 has a low input impedance at the source
and a high output impedance at the drain. In this way, the circuit
ingeniously ensures a2 goed match for the direct coupling -of the
active devices and imposes minimum damping oa the tuned circuit
formed by L1 and VC1.

The frame and moving vanes of VCI are grounded for conve-
nicnce. and the wner is connected across the coil via bypass capac-
itor C3. Output from the drain {d) of TR2 is coupled 10 the gate (g)
of TRI via feedback capacitor Cl. Signal output is developed
across source fesistor R2 and C2 acts as a d.c. blocking capacitor:

Despite the indirect connection of the tuning capacitor. which
‘places the supply voliage across its vanes, this circuit is 1o be pre-
ferred 10 the shum fed version dzpicted in Fig.6, which is more
retuctant to oscitlate at range extremes.

Substituting J310s for the 2N3819 field-¢ftect transistors increas-
-es the output but biasing is more critical and operation can be eral-
ic. Readers wishing 1o try J310s should redueé the common: source
resistor R2 to 150 ohms. _

Output is prety constant from 150kHz to 10MHz, but falls at
‘higher frequencies when the ratio of tuning capacitance is high, and
when 2N3819s are used. This fall in output is avoided when J310s
are the active devices.

Shunt Fed - F.E.T. Version

The shunt fed Butler oscillator circuit depicted in Fig.6 is usual:
ly adopted when there is a need 10 ground the tuning coil. With this
version, the tuned circuit is connected 1o the high impedance gate of

5 7

e

iy

Fig.5. Circuit diagram for a fieid-effect transistor (f.e.t)
version-of the series fed Butler oscilflator.
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Fig.6. Circuit for -a parallel (shunt) fed f.e.t. version of the
Butler oscillator.

TR1 and feedback is developed across an r.f. choke, L2, which acfs
as the drain load for TR2.

Resistor R2 is a Q" spoiler included to prevent the intemal reso-
nances of the choke miggering ematic operation. Even when this pre-
caution is takemn, there is a tendency for the oscillator 10 malfunction
below 300kHz or so, and the circuit will not oscillate over the full
swing of a 363pF capacitar on the 10MHz 10 30MHz shortwave range.

Unless there is a compelling need 1o conneci the tuning inductor 1o
ground. the series fed circuit given in Fig.3 is much to be preferred.
However, between 500kHz and 15MHz. the shunt fed circuit works
well, providing a reasonably censtant output with a tolerable waveform.

Series Fed - NPN Transistor Version

Butler’s ingenious combination of a grounded grid (grounded gate
or base with transistors) and a cathode follower stage (sowrce or emit-
ter follower) makes it possible for bipolar transistors 1o funciion well
1in this circuit. Configuring bipolar transistors in this way increases
tireir normally low base and modest collector impedances, thereby
fimiting damping on the mwned circuit to the poini where vscillation
can be maintained, over a wide frequency range, and with reasonably
large ratios of capacitance to inductance in the tuned circuit.

Adesign based on apn transistors is given in Fig.7. It is very sim-
ilar to the series fed [e.l. version given in Fig.5. but the biasing
amangements for the bipolar transistors are more complicated.

The base (b) bias vollage for both tansistors is set by the poiential
divider chain formed by resistors R1, R2 and preset VRI. the d.c. bias
being applied 10 TR2 via signat isolating resistor R4. Emiter (e) bias is
developed across resistor R3 and preset VR2, The inclusion of the pre-
set polentiometers enables the biasing 10 be adjusted to accommodate a
wide range of transistor types. and the compromise between output
voltage and waveiorm puriiy can be optimised for a panicular applica-
fion. The base of TR1 is grounded at radio frequencies by capacitor C1.

Tuning inductor L1 is connected in thce collector (c) circuit of
TR1. the groundead base configuration of this stage making the out-
put impedance high enough 10 avoid excessive dumping. Again, wn-
ing capacitor VCI is connected across the coil via decoupling
capacitor C3. Capacitor C2 compleics the feedback loop by linking
the collector of TR1 to the base of TR2,

Armmanging TR2 as an emitter follower increases the base impedance
of the stage. This enables the value of feedback capacitor C2 1o be kept
low, thereby minimising the damiping on the tuned circuit. Resistor R3
acts with C3 1o decouple the circuit from its power supply.

Signal output is taken from the *hot" end of the tuning coil via
capacitor C4. Output can, alternatively. be taken from the coupled
emiuers via a low value hlocking capacitor. Signal voliage at the
emilters remains fairly constant between 500kHz and 15MHz. bt
there is a reduction in owtput on the highest shorwave range
{10MHz to 30MHz) and below about 500kHz.

Moreover. the quality of the waveform at the emitfers is poori-a
chain of rounded pulses which cannor be improvad by-adjustingthe
bias potentiometers.

684

i—

4y

Fig.7. Bipolar npn transistor version of the series fed Butler
osciliator,

Series Fed - PNP Transistor Version

By substituting pnp transistors. it is possible to invert the circuil
and connect the tuning inductor 1o a ncgative ground. Most small
signal prip transistors witii a high encugh {1 will work in this circuit,
but some. particularly medium power types. have high internat
capacitances. and this limits the high frequency coverage for a given
output voliage. (Coverage can be muaintained by adjusting VR2, but
signal output falls ) BC357s work well. and pap transistors designed
for r-f. working should he particularly suitahle.

Biasing, feedback and decoupling arrangements are identical to
those adopted in the circuit using npn transistors.

With appropriate tuned circuits. the bipolar transisior versions of
Butler's oscillator will function from 20kHz 0 above 60MHzZ
Purity of waveform is excellent if the bias polentiometers are adjust-
ed 1w hold the output below 1V rm.s. (approximately 3V peak-1o-

peak).
MEASURING R.F. VOLTAGES

Some-means of detecting the presence, and assessing the magni-
tude, of r.f. voliages. is essential when conduciing experiments with
oscillators.

Conventional digital or annlogue tlest meters will not measure
voliages altemating at much above a few hundred Hertz. The addi-
tion of a simple and inexpensive diode probe will, however. enable
basic test meters to be used for the detection and measurement of 1.6
voltages into the u.h.f. region.

SEMICONDUCTOR DIODES

Semiconductor signat diodes, which rectify the r.f. and producea
d.e. voliage which can be measured by conventional meters, are
used in probes of this kind. Germanium diodes begin 10 conduct
heavily at a lower voitage than their silicon counterparts (0-2V as
opposed 10 0-6\), and they are 10 be preferred for this purpose.

If a probe is to be used with a moving coil meter, OA47 diodes
will be found 1o produce n marginally greater output at very low
voltages, but any geérmanium or Schoitky diode should prove-suit-
able. Silicon signal diodes, e.g., the 1N4142, can be used success-
fulty if their reduced small-signal seasitivity is taken ino account.

R.F. PROBE FOR DIGITAL TEST
METERS

The circuit given in Fip.8a shows how the diode is connecied in
probes 1o be used with high input resistance digital or clectronic test
meters. The input resistance of instruments of this kind is usually 10
megohms, and the diode must be shunt connected in order to main-
fain sufticient current flow for the rectifying action to take place.

The d.c. voltage devetoped at the diode's cathode (k) is approxi-
mately equal 10 the peak value of the applied ac. voliage (i.c...1-414
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times its.r.m.s. value). Resistor R1 forms a potential divider with the
10 megohm inpul resistance of the meter 10 reduce the peak voliuge
o itls rm.s. equivalent. (Strictly speaking, a resistor of 4-14
megohms is required, but the reduced value ofisets inefficiencies,
particularly at low signal levels.)

If the input resistance of the mater is less than 10 megohms. the
value of R must, of course, be reduced proportionately to ensure
an r.m.s. reading.

R.F. PROBE FOR MOVING COIL
METERS

The low input resislance of maving coil meters, on the low cur-
rent and voltage ranges, makes it possible 1o use the voliage dou-
bling circuit given in Fig.8b in order to maximise sensitivity.

Current Mowing through diede D1 during the ncgative-going
half-eycle charges capacitor C1 to the peak value of the appiied r.l.
voliage. This is added to the voliage supplied by D2 during the pos-
itive-going half-cycle, and approximately twice the peak value of
the r.f. voliage is developed across C2, which removes residual r.f.

Used in conjunction with this probe, inexpensive moving coil test
mélers become quite sensitive detectors of the presence of r.f. volt-
ages. If regard is had to the gradual fall in efficiency below 0-3V or
so. reasonably accurate estimates of the actual magnitude of the
voltages can be made.

CALIBRATION AND USE

If desired, the probes can be calibrated, at 30Hz, against known
a¢. vollages. Temporarily increase the value of capacitor Ci 0
100nF 10 avoid attenuation of the low frequency input before under-
taking the calibration.

The input impedance of the probes is sufficicntly high to permit
readings to be taken without excessive disturbance to the circuit
under test. Remember, though, that the maximum reverse voliage of
an OA47 diode is only 25V, and this limits the input to the probe.
No problems should be encoumntered with the signal levels produced
by the oscillators in this series. If a higher reading capability is
required, substitute a diode with an appropriate PIV rating.

Next month: Construction of a stabilised power supply and
negative resistance oscillators wiil be covered.
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JOHN BECKER

Constructional Project

Part 2-

The new PICTEFE77 microcontroller offers versatile
analogue data logging opportunities.

AVING discussed the circuit and

constructional details last month, we

now describe how to use the Data
Logger and view its recordings.

PROGRAMMING

THE PIC %

To program IC1 using PIC Toolkit Mk2
{(May and June '99 issues). connect the
CLK, DATA, MCLR and OV pins on the
Data Logger board (near top centre as
shown in Fig.2 — last month) back 1o the
RB6, RB7, MCLR and OV pins (in that
order) on the Toolkit Mk2 board.

Switch on power to both units. From the
Toolrit M2 software, select main menu
Option 1 — Configure PIC Factors:

Accep! the first three default aptions (XT,
WDT no. POR yes), select the *F87x option
instead of the '84 option, then accept the
remaining defaults, through to and including
sending the configuration data 10 the PIC.

The PIC’s configuration register bits.

affected are shown in Table 2. The data is
read from left to right, bit 13 o bit 0.-A full
explanation of the bit functions is given in
the PIC16F877 data sheet.

Now call up Toolkit Mk2 main menu
Option 2 (Program PIC with TASM
Binary code), key in DATLOGO1 and
send the data to the PIC as instructed on
screen.

Note that PIC Toolkit Mki, PIC Tiwworial
and PICrutor cannot supply the full config-
uration data required by the PICI6F87x
devices and (hat their program handling
capacity is 1023 bytes (the Data Loggér
program is in excess of that length).

SECOND CHECKS

With the programmed PIC in-sity, and
with the power off, insert all the remaining
i.e.s. As said last month, not all the memo=
ry chips 1C5 10 {C11 need to be used, just
insert those you wamt in ascending numeri-
cal order position. Connect the lcd. asd
set the wiper of preset VRI fully anti-
clockwise. Switch off S1 (Run/Siop).
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If you have’a signal generator (one that
can output a waveform whose min-max
peaks lic between OV and +3V —even a
square wave will do), couple it into chanael
1 (SK1). Set the generator for its lowest
possible rate, ideally of much less than the
1Hz sampling rate about to be selected.

Alternatively, you could connect a
potentiometer (10kC2 lin, say) across the
+3V/0V rails and connect its wiper to
channel 1, -adjusting the rotation while
sampling.

As a last resort, just connect a lemporary
link between the Data
Logger’s +3V supply
and channel 1.

Switch on power
again, and double
check that +5V still
exists on the output of
regulator IC2. Look at
the l.c.d. and check tha
seemingly meaningful
data is shown on its
screen — never mind the actudl conient at
the moment just check that something S
thére on both lines. Adjust VR1 10 change
the contrast if preferred.

Switch off the power again, and wait i

few seconds before following the actions

for the mex1 stage — Reset.

RESET

Sample Counter Reset
With switch S3 (Reset) préssed. switch

on the power and look at the l.c.d. Now

release S3 (but don’t touch any of the
switches again umtil we've explained mai-
ters a bit further).

Note that the Data Logger’s Reset mode
can only be entered in this fashion. ic. at
switch on.

{Actuatly. if the Daia Logger is egnneci-
ed 10 the PIC Toolkit Mk2 board at this
time, Reset mode can be entered by just

pressing and releasing Toolkit's Resei

switch (S1) while Dawa Logger S3 is
pressed. which avoids having to power
down and then up again. The action resets
the PIC's internal program counter,.as also
occurs when power is switched on.)

Immediately power is switched on, the
software should recognise that S3 is
pressed and the lc.d. should display the
information shown in Photo .

Photo 1. Rese! mode screen, phase 1.

The Le.d. screen should show RATE=.5
on the top line. This is the default rate ai
which samples will be taken unless you set
it otherwise (s in a moment). It means thal
all eight data channels will be sampled as a
aroup ence every hulf-second.

In the lower lLc.d. line, the words
COUNTER RESET will be seen: It means
exactly what it says, the sample counter has
been reset, 10 zero.

Sample Rate Changing

At this point in the Reset procedure, you
can change 1he sampling rate. Press switch
S$? (Up) once: the rae will be seen to
change to ! — one samplie group (all sight
channels) per second. Press again to show a
Raie of 2 — one sumple group every iwo

Table 2. Configuration setting for the PIC16F877. |

CP1CP0 DBG NIL WRT CPD LVP BOR CPi CP0O POR WDT OS1 0S0
11'111100110@'01,

== i o |
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seconds. Keep pressing a few limes more

and note that each press increases the peri-

od between each batch of eight samples by

one second. The maximum peried between®
samples is 62 seconds, abour 10 days-worth

of continuous data sampling, if vou wish it

and have the 24LC256 chips installed!

The Rale counter setting is bi-directional
= up or down. Down-counting is controlled
by switch 83 (Down). Press it and observe
the sampling Rate descending. Once you
reach RATE=.5 again, the next press of §3
will roll the internal counter over to 63, but
instead of seeing RATE=63, you will see
the statement RATE=EXT. In this mode the
sampling rale is determined not by the soft-
ware's controlling clock routines, bur by
any digital signal (+3V/0V) fed ino the
Data Logger at socket SK10.

For the moment, return the sample rate
to show RATE= 1.

Maximuni Sample Quantity Setting

Even though you may have installed.
mémories of considerable daia siorage
capacity, titrere are times when you might
wish 10 leave the Dala Logger running
-unattended but want o restrict the number
of samples that it can take before you
fetum.

This is where the next phasé of the seft
ting up will be useful, setting the maxirmum-
count limit. Swiich S1 (Run/Stop) on t©
enter this phase.

To the right of lLe.d. line 1, the message
M= followed by a value will be seeu. Letter
M stands for Memory and the value is like-
Iy 10 be 16384 (aithough this may differ the
first time the program is run). The valug i5
the maximum couni that can occur on Lhis
setting before the sampling is automatical-
ly ceased. i

To reduce the count limit, press S3
(Down). At each press, the count Timit will
be lowered by a factor of two. The order is
16384, §192, 4096, 2048, 1024, 512, 236,
FREE RUN, and then rolls over back 1o
16384 etc. In reality, the actual limit for the
first seven values is always one byte less
than that shown — the software is wrilten to.
detect when the counter, which is incre-
mented afier each sample, reaches the limit
set, and then refuses to take any more.
 Pressing swilch 82 increases the count
limit selecied.

Be especially aware that if you set a
count limit which is greater than the capac-
ity of the memory chips you have used,
once the sample count has reached the
chip's capécity, the chip's own counter will
roll over 1o zero and stast over-wriling the
previously recorded data. This, though,
could be beneficial in some sampling situa-
tions where the signal data you want to
record could occur at uny unexpecled time.

This is the purpose of the FREE RUN
seiting, which does not impose a maximum
limit and sampling goes on and on indefi-
nitely until you stop it.

Photo 2. Typical l.c.d. display following Reset.

-that the 10-bit ADC

Photo 3.

L cave the count:limit sét on 16384. Now
switch off S1.

When in Reset mode, if you do not want
to change any of the parumeters but just
resct the sample counter, simply swiich S1
through its two-phase sequence. retuming
1o the Run/Hold mode.

Note that the Reset function does noi
actually reset the serial memory chips to
hold zero values. This action would seri-
ously shorten the lifetime of the devices,
which is about 100000 write cycles (there
is no limit 10 the number of read cycles).

RUN/HOLD MODE

The act of swilching off S1 when in
Reset mode phuse 2 terminates the Reset
mode and puts the Dala Logger into its
Run/Hold mode. Had you not entered the
Reset mode by pressing $3 while switching
on power, Run/Hold 1s the mode that would
have been entered instead.

The l.c.d. screen now shows the Rate and
couni limit on the 1op line, and line 2 shows

the message HOLDING AT 00000, the

zeros coniirming that the sample counter

‘has been reset, Photo 2 shows the lLed. in

this condition.

Simultaneously with S1 being switched
off, tie mew raie, sample limit and count
values are stored in the PIC’s inicrnal EEP-
ROM memory. The first two are relained
there until vou initiate the Resel sequence
at some future date. {The coumt value will
be updated from time to time as described
shorily.)

To start sampling, just swiich on Sl
(Run/Hold).

Aflter a very brief pause, sampling starts
and its progress is displayed on the lLe.d.
On the far left of the rop line is shown the
channel nemiber whose sampled daia is dis-

-played immediately to the right of it. On

the right af the top line the elapsed tlime i8
shown in HH:MM.SS format, on a 24-hour
basis. It increments at ane second intervals,
imespective of the sample rate selected
(except in EXT CLK mode, sce later).

The elapsed time counter is always reset
when power is first swiched on.

The sample data value shown on the top
line is that immediatcty received from the
analogue-to-digital converter, prior to it
being stored in the serial memory. If a sig-
nal generator is being used the value could
be any between 0 and 1023. 1f a +5V link
provides the data voltage. the value will be
about 1023.

The velue of 1023 is
the maximum value

sampling will produce
when ihe channel is at
the same voltage as the
ADC’s internal upper
reference voltage. The

- o

ypical [.c.d. display dfl.ring sampling.

READ BACK

Following storage of the data.-it is read
back and displayed on line 2, prefixed by
ithe letter R (for Read). Provided that a
memory chip has been installed for the
chuannel on dispiay, this number shoulid be
the same as the one on the iop line.

However, if the channel does not have a
memory chip installed, the value displayed
on line 2 will be 63335, This is because the
memory routine has found nothing but
logic 1 onthe data line when each bit for
that memory location is read. I is the pres-
ence of resistor R22 that causes this result,
pulling the data line high.

At the moment, with channel |, you
should see identical sample und replay val-
ues on the top and botton: lines.

You will also observe that the clock
counter is busy incrementing, as is the sam-
ple counter at the right of lime 2. A typical
screen display is shown in Photo 3.

To stop the sampling, switch off S1. If
you watch carcfully, when you switch off
S1, the sample counter fairly rapidly
increments by five counts. This action
places zeroes in the next five memory
locations, an aid to later determination
{when the daia has been transferred to the
computer) of where sample batches stan
and end.

"When the five zeros have been written,
the sampling process for this batch has
ended and l.c.d. line 2 shows the message
HOLDING AT. followed by the current
count number.

Additionally a1 this poim, the software
§tores the current count value in the PIC's
own internal EEPROM memory. and this
value is retained even afier the Daia Logger
has been switched oft. Tt is recalled when
the Logger is switched on apain, although
the value shown then will be one higher
than that on display at the moment of
power switch off.

Switch off the power, wait 4 few seconds
and switch on again. The sofiware now
reiricves the last-used Rate, count limit and
sample count values from its EEPROM
memory, and displays them on the lcd.
The message that should greet you on this
occasion is RATTEE= 1 M=16384 on the top
line, with line 2 showing HOLDING AT
followed by the count value retricved.
Photo 4 shows a typical screen.

To start sampling once more. switch on
S1, switching it off again when you waat 10

minimum possible
value is zero. for a OV
mput.

Everyday Brattical Electronics/ETI, Sépremiber 1999

Photo 4.Typical l.c.d. display
after a previous batch of dala has been sampled.
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DATLOGO1.COM
binary file.

(There are additional
notes as a text e with
the sofiware — these
should be read through
vour text editor.)

The 10-bit data sam-

Photo 5. Typical l.c.d. screen during. da}a transfer to PC, the ples are transmitted by

baud rate is confirmed as 9600.

stop sampling. Try i Then we'll wll you
ahowt viewing the other channels.

CHANNEL VIEWING

With the Logger running, briefly press
switch $2. Within onc second (the rate of
sampling) the switch status will be read and
the channel number on display will be
incremented. Release S2 when the number
changes 10 indicate channel 2.

On the top line, the sample value should
show zero since this channel does not have
a signal source connected, only the OV con-
nection via its puli-down resistor.

If you have a memory in location ICS,
the bottom line should show a value of
zero. If the location is empty, though, a
value of 63535 will be seen (as explained
carlier).

Press S2 again. but this time keep it
pressed. Each tme a sample occurs, the
channel displayed will increment, up to 8
and roll over 10 . Pressing 53 instead will
decrement the channel number.

{1 is important 10 noie that all eigh chan:
nels are always sumpled as a batch, irre-
spective of which channel is on display.

Note also that the current channel nusn-
ber on display is not stored in EEPROM
memory and will always default to chaniel
1 when power is first applied.

When you have finished sampling,
switch off S1.

MEMORY FULL

When a limit has been imposed ‘on the
sampling count and that limit has been
reached, sampling ceases amd the lcd.
advises on line 2 that a MEM FULL condi-
tion exisis.

The only aelion that can be performed
when the memory is full is o ransfer the
data 1o the PC. When vou see the message.
switch off S1. You may also switch off the
power, since cven on power-up the full
memory condition is recognised.

To clear the full memory conditian, the
Reset sequence has 1o be performed during
power up.

TRANSFER TO PC

Data can be transferred to the PC com-
puter at any time that S1 is switched off
{except in Reset mode).

The Data Logger's serial data acquisition
program that is run on the computer is cen-
tred around a machine code routine the
author has written specifically for the
Logger. 1t is accessed from Basic (QBasic
or QuickBASIC), which also does all the
formarting and sending of the processed
data 1o the hard disk. )

The machine code configures and reads
the computer’s intemal serial registers via
interrupt calls. lis source code can be read
as a text file, DATLOGO1 J. It was written
for the shareware A86/D36 (8086 er ol)
assembler, which generated the loadable
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the Data Logger as two

8-bit bytes each limited
to a maximum value of 127, ptus Siop bit.
The computer’s intemal interrupt routine
receives the data as an inverted byte of
twice the value wransmitted. The software
invens and reformats the daia to its original
value as stored in the serial memory ch:ps

From the MS-DOS sereen. enter the
directory in which yonr QBasic or
QuickBASIC software is held.

If you are using QuickBASIC, type
‘QB/L 10 lcad QuickBASIC compler with
its library routine that allows Basic pro-
grams to be run with the associated
machine code program.

With QBasic {which has its own
machine code access facility built in). just
1ype QB.

From within the loaded Basic, load the
Data Logger programi DATLOGO1.BAS.

CON PORT SETTING

Near the head of the program you have
the option to set which PC COM portis to be
used. Find the siatement in which the
variable COMPORT% is given a value
(COMPORT% =). To use COM port | sat
COMPORT% = 0. To use COM port 2 set
COMPORT% = 1. If you now resave the
program, that same COM poni value will be
the one selected each time you nm the
program.

Immediately the program is run (starting
it in the usual way for Basic), the author’s
serial-reading machine code routine is
automatically loaded. The Basic program
then enters that routine and waits for the
serial dawa from the PIC 10 start being sent.

To start sending data to the PC, press
switch §2 (UpfSend) - SI
switched oft for the software to recognise
that S2? is pressed.

Once S2 has been pressed. the PIC's
software first sends six zero value bytes
and then proceeds to read and transmit all
the stored data from each memory in turn,
starting at channel I (see Photo 3). The
double-byte  (word)
data for cach sample is

must be

Normally, for inswalled memiofies, the
same quintity of samples will be sent as the
number of samples taken since the Daia
Logger was last reset (i.e. from samiple:0
upwards). When FREE RUN is selected,
the software attemipts to read back from
16383 memory locations, but terminates
that channel if a memory is uninstalled. If
memories having” a lesser capdgity than
16384 samples (less than 256 kilobits) are
installed. their contents will be read more
thgn once — jnielligent inspection of their
PC files must be applied 1o find the start of
dupiication.

TERIINATION CODE

When the last sample from each channel
has been sent, a termination code is sent,
consisting of two bytes each having a value
of 127. The next channel is then mansmit-
ted, until all eight have been dealt ¥ith.

Each time the machine code recognises
the termination code of a channel. the routine
retumns o Basic and the block of sampled
data is output to the hard disk as a binary data
file named C\PICLOG\DATIL.OGx.DAT.
where x is the channe! number. (Directory
CAPICLOG is created during program
installation.)

When each channel has been read, the
compuiter screen shows the values of the
first nine samples received for thut channel.
‘When all eight channel blocks have been
saved 1o disk, they are each recalled and
their first and last ten samples are dis-
played. Photo 6 shows a tvpical display.

TEXT FILES

Next, the same .DAT binary files are
-again recalled i wm and cight new files
are created, each holding the sample values
as individual numbers expressed in
text format. The [iles are named
CAPICLOG\DATLOGX. TXT. where again
X is the channel number.

A third stage fotlows in which all eight

.TXT files are opened simultaneously and a
composite single file, C APICLOG\DAT-
LOGI0.TXT. is created in which the vilues
of each channel are combined into lines of
‘eight columns separated by a TAB charac-
‘1er {ASCII 9). This suits the file for input to
Microsoft Excel for subsequent graphing
.and analysis (more on this later).

The .TXT files can (probably) also be
read by any word-processing program. MS-
DOS EDIT is well suited to this.

sent as LSB (least sig-
nificani byte) first,
with each bit being
sent  in ascending
order from bit Q10 7.

ALL EIGHT
CHANNELS

All eight channels
will be read even
though some may not

have MCMmories
instalied. However,
when the software

detects the value of
65535 (as produced
from an empty memo-
ry lecation, the routine
for reading that chan-
nel is erminated).

FIRS1
15:24:5% C!i‘-‘i!ﬂ.i b1y | ?ﬁﬁ.!&
FI&ST 1M
15524307 u!*m S 1M E’d'tﬂi
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Photo 6, Typical PC screen display during serial data input
from the Data Logger.
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V-SCOPE FORMAT

That's not all - four more files are now
created, suited for display using the Virwal
Scope (Jun. and Feb. '98) software (you
only need the sofiware, ilie hardware is not
reqguired).

Each file holds the data for two channets,
‘the pairs are }/2, 3/4, 5/6, 7/8 and the files
are named 0110000x.YOD where x is a
value of 0 1o 3 in order of each pair of chan-
nels. These files are stored in the same
dircctory in which your Basic program
resides.

The apparenily unusual filc names (orig-
inally intended 10 be date and 1ime related)
allow the files 1o be zccessed and viewed as
oscilloscope-type traces through the V-
Scope’s Directory facility. They may be
manipulated in the same way as any other
V-Scope files.

Once the V-Scope files have been creat-
ed, the transfer process is complete and you
can come out of Basic in your usual way.

So. then, if that selection of data file
options doesn’t suit you, nothing will! (But
do tell the author via EPFE if he's wrong on
this point, and make practical suggestions.}

A final point on the files, however: the file
names used are fixed in the software. It is sug-
gesied, though, that in normal use of the Daa
Logger. you rename the recorded files (o0
those of your choice, allowing fresh baiches
ol sampled data 1o be imported without over-
writing the previous barch. It is preferable that
the sume extension names should be retined
(especially with the V-Scope files).

VIEWING VIA EXCEL

Microsoft’s Excel software offers an
excellent way in which the Data Logger
data can be examined and graphically dis-
played. The following is one way in which
it can be used (determined from the
guthor's Excel 7).

From the Windows desk-lop display
('main menu™) perform the following steps
{all “clicks™ are lefti-hand mouse bution
clicks unless stated):

Open My Computer (double-click)
Open [C:] drive (double—click)
Open MS Office (double-click)
Open Microsoft Excel (double-click)
In Excel, open File menu (top 1ft)
Click Open
Click arrow 1o right of My Documerits
panel
Click on [C:]
Open PICLOG directory{double-click)
Click arrow 1o right of Files of Type
pancl
Click Text Files
Setect DATLOG 10 (double-click)
The file is now loaded and Text Import
Wizard screen displayed
@ Click Finish (botiom right)

@e® OG0 LSO

This last action formats and displays the
DATLOGIQ.TXT file as eight columns of
numerical data with a row count corve-
sponding to the sample count. At the head
of each column is also displayed some tex-
tual information. Box | states the number
of samples (N =) for that column. Boxes 2
and 3 just show zeros. Box 4 states the
Logger channel number. Box 5 shows the
sample rate that applied when the recording
was made. The final box in the column sim-
ply siates END. Now do1he following:

B.I“Ll.]ﬂ MTLAT
Ty - ek ki O

= -

‘3 a5 'l-'---l"!aﬂ ODan

Photo 7. Typical Excel graph display of data recorded during first examination of the.

Data Logger.

@ Click box in column | row 5'(hoy 3A)

@ Hold down shift key

® Press cursor down arrow

@ Allow cursor 10 scroll down the rows,
with the selected boxes being high-
lighted

'@ Stop scrolling on last box before the

word END (if you go wo far. press
cursor up key instead)

@® Release cursor key but keep shift key
pressed

® Press cursor right keéy once to highlight
column 2 as well

@ Rclease shift ey

1In one of the paneis above the rabulated
data an icon showing a graph should be
seen — its position and style has been found
10 be slightly differemt between computers.
(If it is not on display. click on View in the
top line then click on Chart to make a tick
mark. Click OK then progeged as ‘now

‘described.)

@ Click the smali arrow immediatcly to
the right of the graph symbol.

@ From the graph selection revealed, elick
on the waveform-like image

© Shift the cursor amrow (which now looks
like a graph symbol) over the high-
lighted data area and click 10 reveal the
Chart Wizard box

© Click on Finish

-A coloyired graph of ihiz data in columns
[ and 2 now appears, representing the
vatues of the first 1wo channels of data you
have recorded.

Only the line for channel | should show
waveform changes. representing the instan-
taneous values captured from the signal
generator waveiorm {or just a straight line
near the top if a +5V link was used). Photo
7 shows a typical example.

Channel 2 should be represcnied by a
constant value of zero (this should be the
case whether or net chunnel 2 has a memp-
Ty chip installed).

The heighi and width of the graph can be
changed by positioning the mouse cursor
on one of the comers of the graph box so
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that a “diagonal" cursor appears. Hold

-down the mouse lefi-hand button and drag

the carsor in any direction, the box size and
shape will change accordingly.

All four box corners can be used in this
way, plus midway-points on the box sides.

"The box can be extended way beyond the

limits of the screen area. To end the re-
sizing, release the mouse bution. Keyboard
scroll and pan keys can now be used lo

‘examine various pans of the graph. The
'graph can also be moved around by

click/hold somewhere within it and drag-
ging te a new position.

The data and graph can be jointly print-
&d 1o paper via the Print option of the File

fmenu (top left), Jusi the graph on iis own

can printed too — explore the tool bar

options to find out how.

To clear the graph. righi-click the mouse

-over it und select Clear froni the revealéed
TRENU.

There are many functions that Excel can
perform. including all sorns of manipula-
tions of the data and displays. But ‘this mini
intro 10 Excel is not going any further.
Explore for yourself!

SUNDIAL MONITORING

If vou have built the Musical Sundial

‘(June "99), it is an ideal subject on which to

use the Data Logger in a real-life siwation.
Although not swied in the Sundial text it
can be very easily coupled to the Logger

-and monitored either at a rate set by the

Logger, or as triggercd by the Sundial
itself.

Hopefully, you will havé scen in
Sundial’s Fig.4 (bottom right) the reference
10 its test switches being used with the
Logger. In which case you simply make
connections between Sundial switches and
Logger as shown now in Fig.3.

When Sundial’s switches 84 and S3 are
switched off, two vollage sources are rout-
cd 1o the Logger. 85 routes the 1.d.r. veltage
(relative to the level of sunlight illuminat-
ing the sensor) &t the output of the multi-
plexers ICI and IC2 10 Logger chaanel 1.
S4 routes one of the multiplexer selector
lines (DA7) 10 channel 3 and provides a
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F oy 2 B prevailing  -sunlight
2 ; , conditions. The multi-

e S plexer pulse voltage

o R e Tylil e wiil be recorded ar

i each sample but is

[ ATA LOGAER FOA really of liutle value

—J PSS when you come lo

SEE TeXT analyse the recording.

wr [ What does become

o i interesting, though. is:

5 the recording of the

o6 = audio output in relation

SUNDIAL LS o 1o sunlighi conditions.
sl Ttis even possible (with

: = 4 bit of praciice) to

‘ | L= recognise  when the

i T hours are being marked

= (chimes, pips and fuil

LR . tune). and when the

S “Sun’s brightening"

1G4 P10 (RS — and “Sun's going"

e AL : SIAX_, s mini-themes are played.

B o B L S e B B The time at which

v B s 3 : these events occur

0 T = can be calculated
Fig.3. Connections between the Musical Sundiat and Dala from the sample
Logger. count value at that

sync marker relative to Sundial's 16-step
cycle. I

Monitoring of when Sundial goes inio
one of its several musical modes can be
monitored directly from the speaker LSI,
but requires the temporary addition of a
1N4148 diode (Dx) and a 100nF capacitor
{Cx), as shown in I'ig.3, These two conipo-
nents rectify the signal level present on the
speaker when an audio signal is being out:
put. The rectified signal is input to Logger
channel 2.

AFTER-THOUGHT

After £EPE went 10 press with Sundial, the
author decided to allow its sofiware to gen-
erate a trigger pulse on RB4 suited to use as
the Logger's external clock. To this end, an
RB4 pulse is generated at the stant of each of
Sundial's 16 sampling steps, allowing each
sensor’s voltage to be synchronously moni-
tored through the full cycle.

It is recognised that you may have
already sealed your Sundial’s p.c.b. and can
1o fonger gain access to its pin RB4 (IC1
pin 10), in which case this synchronous
monitoring option is not available (o you.
However. if you can get 1o RB4, link it to
the Logger at its external clock input
(5K10). T

To monitor Sundial synchronously, set
the Logger’s rate valuc to EXT. When run-
ning, the positive-going pulses from
Sundial RB4 will cause the Logger to sam-
ple the respective l.d.r. voltage at each
cycle step, plus the voltage present on the
multiplexer control line. The siarnt of this
pulse going high signifies the start of
Sundial’s cycle. Sundial’s audio output is
not monitored in this mode.

For non-synchronous monitoring of
Sundial, set the Logger’s sampling rate 1o
any value you fancy. but a one-second rate
is probably best for a trial run through. In
this mode. it can never be accurately deter-
mined which Ld.r. is actually being moni-
tored at the point of sampling, but the data
can still provide a good indication of

point on the graph in
relation to the known
sampling fate.

When graphifig the recording through
Excel. highlight columns 1, 2 and 3. If your
recording is very lengthy it might be best 1o
examine 1l in sections.

An example display of data recorded
from the Sundial is showm in Photo 8.

DATA SHEETS

The full data sheets for the Microchip
devices used in the Data Logger are avail-
able from Microchip: PIC16F§7x family,
code DS30292A, serial EEPROM memo-
res; DS21203D (24L.C256). DS21191C
(24L.C128), DS211898 (24L.C64).
DS21162C (24L.C32). There are three ways
to obtain them from Microchip: as down:
foads from their web site, from their fully

fnclusive CD-ROM (all products daia and
applications info). or as individual booklets.

For further information contact Anzona
Microchip Technology, Microchip House,
505 Eskdale Road. Winnersh Triangle,
Woking, Berks RG41 5TU. Tel: 0118 921

5858. Fax: Ol1§ 921 5835, Web.
hitp:/fwww.microghip.com.
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MINI PIC TUTORIAL

Those of you who are interested in pro-
gramming PICs are recommended to read
‘the Mini PIC16F87x Turariol which is to be
published next month. Ti discusses how to
use some of the options offered by the
PICI6F877 and, by implication, the other
three PICs in this family. the "873. "874 and
'876. Al four devices were discussed in the
PICI6F87x Review. O

[ PIC16FB87X
l DATA SHEET
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Photo 8. Exampie of daja recorded from the Sundial and graphed by Excel.
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An interesting photo-sensitive amplifier comes under scrutiny in this month’s round-
up of readers’ queries. Our resident team offers a new definition of PM.P.O. ratings
and a maths-intensive approach to R.M.S. values.

s month’s column ‘is somewhat
maths-intensive but we hope there's
something for everyone. starting with a
siraightforward query from a reader
involved with car electrical systems.

Transducer User

I'm more of a car mechanic than an elec-
tronics engineer and niced help using piezo
sounders in various car projects. [ under-
stand these sounders need a “driver”
circuil, could you explain?

I would also like to use 3mim and Smm
Le.d.s onihe 12V supply but | am unable o
find the correct resistor. | have a good
undersianding of car elecirics bul am a bit

lost with some electronics! John
Learmonth, Catrine, Ayrshire.
Piezo (pronounced either “peer-z0™ or

“pee-avi-zo'') sounders are solid-state
transducers which can be used as alarm
tone generators as well as high-impedance
microphones. They fall into two cate-
gories: a piczo transducer is nothing more
than a disk of piezo ceramic materal, and
it is this which requires a separate driver
¢ircuit (in the same way. a loudspeaker will
not make a waming sound uniess you drive
it with a suitable audio signal.)

What you need is a piezo buzzer, or
piezo siren, which is a completely self-
contained unit that will generate a wamning
tone as soon as a supply is connected. Tt
already contains the driver circuit, and
some wiil produce an ear-splitting sound.
They are readily available from good mail-
order vendors, but be sure to choose a

buzzer and noi a “dumb™ transducer. There'

are some practical details in Circuir
Surgery, May 1997.

Light Work

Typically, a “forward voliage™ of about
2V appears across a correctly-biased le.d.
when illuminaied. You musi, therefore,
“drop™ the remaining 1OV (of your car
electrics supply) by using a series resistor,
which must be of a suitable value 10 limit
the current to the required level (say,
10mA to 25mA) as well. How this is
achieved is explained in Fig.1.

However, the most practical way of util-
ising Le.d.s for what you're doing is to buy
the type which has a built-in series resistor.
They can be bought for 3V and 12V oper-
ation from some mail-order suppliers.
Light-emitting diodes are not always much
use on car dashboards, though, as they can
be “washed out™ by direct sunlight

extremely sensitive, relying on the energy
imparted by incidental light onto the semi-
conductor junction to "trip" the device inte
conduction. (Old germanium transistors
performed the same way, whether you
liked it or not. The glass-bodied OCT1
transistor was painied black and could be
converted into a simple’ phototransisior by

(ARW.)

Photo-sensor
Some time ago |
wsed the
phoio-Darlingion :
transistor which now 2 AN
seems 1o be obsolele. |
Is an equivalent avail-
able? P, Jenkins,

i ) 151240
Liverpool. e,

SIDE RONT

Yes it does appear jo
be obsolete — 1 have

2N3777 | O—res

O =5V

O oV

one in stock and I'm g 5 gimple light-to-voltage converter circuit using the

hanging on to it! Jt has
a completely transpur-
ent TO92 body and was a popular:choice
of photo-sensor ten vears ago.

An old 1995 Cricklewood Elecironics
cataloguz lists them at £5.50 even then! An
altermative would be the MELI2 photo
Darlington transistor (Maplin) which hus a
high gain and will probably be every bit as
good.

Photo-Darlinglon  'tramsistors  -are

T 15TA {0014)

ey :
(CHASSIS)

Fig.1. Calculation of a typical series
resistor if using an le.d. on a 12V car
‘electrical supply, assuming 10mA
forward current.
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Texas TSL250 visible light sensor chip.

scraping away the paint! Hence, ! think,
the OCP71, a very early phote-transistor.}

Texas Instruments offers an intercsting
range of CMOS light-te-voltage converters
including the TSL250 (for visible light -
the TSL260s are wned for infra-red). They
are housed in transparent single-in-line
three-pin packs containing a !mm square
photodiode and amplifier behind a lens, all
on a single mionolithic i.c. The output voli=
age is directly proportional to the inciden-
tal light level. Thev are very easy to set up
and they operate from 2-7V to 3-5V a
10mA absolute maximum load.

A practical light sensor circuit, which
outputs a voliage that is proportional lo
ambiem light, is shown in Fig.2. I mea-
sured about 3.4V output at maximum
brightness. down to 300mV in near
darkness.

All that is needed is, say, a comparator:or
Schmit trigger and you have an instant
snap-action switch without the trial-and-
crror biasing armangement that i5 often asso-
ciated with photo-Darlington circuits. The
TSL250 range is also useful for data recep-
tion systems, or by using them to measure
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light reflected from an object, a simple
proximity sensor may be constructed.

Data sheets can be had from Farnell’s
free data sheet service (rel. 0113 231
0160). Farne!! also sell the devices, e.g. the
TSL250 1 tested (code 460-898) is £1.87 +
VAT, minimum credit card order is £10.

Another product from Texas seems 1o

‘have gone the same way as your 2N3777,
Mr. Jenkins — | couldn’t find the useful
TSL220 voltage-to-frequency chip listed
anywhere. (ARW)

R.M.S. - Stand by for the
Maths

We received a number of queries relating
1o the subject of audie amplifier power
outpui and velume. We hope the following
covers most of the concerns addressed by
these readers — our reply gets a bit mathe-
matical in places but we have aimed 1o
describe the concepts so that readers who
dislike maths can just ignore the equations!

If you have any difficulties understand-
ing it please let us know and we will try 10
help. There are also some nifiy little maths
books availablz from booksiores, including
the Collins Pocket Gem series which act as
a useful memory aid for rusty mathemaii-
-cians everywhere.

fHlow can | make the output of a 555
timer, drive an 8 ohm 11V speaker ai full
power from a 12V rail without anry com-
piex audio amplifier i.c. or circuliry? The
output from pin 3 of the 535 is a short-
duration (3 second) ione of about 300H:.
The maximum 1 can obiain is 3V a.c. which
equates ro roughly 3 watts. P. Male, Wores.

Before we answer this specifically we
need to discuss what we mean by “power"
when dealing with a.c. wavefonins, and
also make some comments on measuring
a.c. signals. The power in watls dissipated
in a resistor when a constant (d.c.) voliage
is applied is casy 10 calculate. it is simply:.

P=N=PR=VIR )

This calculates the dissipation in watts.
for a resistor R (ohms} with a voliage V
(voits) across it and a cument / (amps)
flowing through it. Any of the three equa-
tions can be used, depending on which cir-
cuit values are known.

When we have any form of varying volt-
age or current (that is, an a.c. waveform)
the situation is more complicated. The case
usually considered is that of a sinusoidal
varying voltage. or sinewave. This is a sig-
na! which changes in time in accordance
with the mathematical sine function (see
Fig. 3).

On Average

The power dissipated in a resistor driven
by a sinewave varies from instant to instant
in accordance with the equations given
above. However, we often need 10 know
what the average power dissipated over a
period of time actally is.

This is not simply a matter of taking thie
average voitage or current — it is zevo for a
sinewave, but practical experience quickly
demonstrates that a resistor will get hot if’
an a.c. scurce of sufficient magnitude is
comnected aeross it — so the resistor’'s aver-
age power is obviously nor zero! In fact,
the. heating effect produced in & resisior
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traditionally forms the basis of how we
define power for non-d.c. signals.

To work out the power for an arbitrary
cyclic waveform. we need to add up all the
“contributions™ for instantaneous powser
and average them over the cycle. To find
the average height of a number of people
you would measure the height of cach, add
up all the heights and then divide by the
number of people.

To find the average power of an ac.
waveform, it would seem to follow that we
take F°R for cach “instant™ of the wave-
form. add them all up and divide by the
number of instants. Unfortunasely, there
are an infinite number of instantaneous
power values — the current varigs continu-
ousty, unlike our “people example™ where
there are a firite number of individuals. So
we have to use a special mathematical
technique called integration to find our
average power.

The average power dissipated in a resis:
tor, R, for a cychically varying current, I,
over the cycle time T of a wavaform is
given by the equation below. We infegrate
{indicated by the symbol () the waveform
over ong cycle (0 o 7) o add up all the
“instantaneous contributions™ and divide
by T to get the average. The dr in the equa-
tion represents an instant of time (7).
=l

p=2LtrRar 2

Tg

If we compare this formula with P=/"R
for a d.c. signal we can find a value of d.c.
current which would give the same heating
effect (power dissipation) as [ averaged over
one cycle. This is obtained by dividing the
above equation by R and taking a square
root (if this is hard to Tollow note we would
get ] if we did the same 1o PR , which is our
d.c. power value). The result is:

Ipcoquivitens =\ [ %?ﬁ'df ©

This means that P = RxIpcouiares THIS
equivalent current is called the Root Mean
Square or r.ms. value of the a.c. current.
Observe that the current is being squared
(2 in the equation), averaged by integration
and division by T (hence mean) and square-
rooted (the ¥ in the equation) — which is
where the name comzs from. We can define
an r.m.s. voltage in the same way.

If we have a sinewave thén
i=l,,5in(2:T0T) where ¢ is time and /¢
is the peak value of the a.c. current. Now
we hiive 10 do some more maths — substi-
rute the sinusoidal current equation in
equation 3 and perform the integration. We
will not go into the details here, butawe gat
Dcequivatens = Dpeat 1 V2 08 07071 0.

| /\ /\ =

v

Fig.3. A sinewave, so called because
of its. mathematical sine function.

This is a formula that may be well
kniown to many readers — to find the rm.s.
value of an a.c. voliage or curreni, divide
peak value by the square root of 2 The
ratio of a waveform's peak value 10 iis
r.m.s. value is known as the crest factor.
The crest factor is V2 for sinewave.

At this point it i worth noting that mains
electricity voltages are usually quoted as
r.m.s. values. For example, an actual 230V
a.c. (the UK mains voltage) impties a peak
value of 323V ac. or 630V peak-to-peak.
The r.m.s. value is quoted because people
are usually interested in heating effeci,
light output, or power consumption in fen-

-eral when dealing with the mains.

‘From our equations it should be evidem
{even if the actual calculation is a bit diii)-
cult) that il the waveform is not a
sinewave. then when we apply equation 3
10 ger the equivalent current we will not
-gel the same answer. The formula Jgys =
0-7071,,..% is only true for pure sinewaves.
For any other wave shape we have to apply
‘equation 3 from scraich.

Watts On
This brings us back to the problem posed

by the reader. Let us assume that the output

-of the 355 (or the driver circuit) is a 30 per

cent duty-cyele square wave switching
-between OV and 12V (this may be not be
-exactly the case, but it will serve our pur-
-poses). This wavetform is nothing like a
sinewave, so what is the rm.s. value of the
voltage? :

Fortunately, in this case (now we under-
stand the principles involved) the situation is
simple enough 1o bypass equation 3. The
average heating effect of the wavelorm is
‘intuitively half that of 12V d.c. — our square
wave is like a 12V d.c. signal which is only
on for half of the timz. So the r.m.s. voliage
is 6V. If this was applied directly to an 8 ohm
load the power would be 638 or 4-3W.

It is also worth noting that a 6V peak
sinewave (i.e. 12V peak-to-peak) would
dissipate 2-25W in B ohms. A 12V peak
sinewave (you would need a dual rail
=12V supply to handle this) would deliver
9V into 8 ohms. These figures should indi-
cate why the reader is having difficuly,
and why power amplifiers often hive large
supply voltages. For a given maximuni
drive voltage, the power can be increased
by reducing ihe load resistance {e.g. using
a 4 ohm speaker instead of 8 ohm) if the
drive circuit is able to cope.

It is not clear how the values were mea-
sured in the circuit. Measuring a.c. signals
using meters poses some problems.
Traditional moving-coil a.c. meters
respond to the average of the absolute
value of the current (known as the rectified
mean) but are calibrated 1o show the r.m.s.
valug for a pure sinewave. {An
“absolute™ value simply means ignoring
the sign, for example, the absolute values
of +2 and =2 are both 2.)

Such meters will not give accurate read-
ings for signals other than pure sinewaves,
however, it is possible to caleulate comec:
tion faciors for other waveshapes.
Particular care musi be taken if measuring
a.c. waveforms with d.c. components (i.e.
coniaining a d.c. offset voltage — perhaps
an a.c. signal swinging around a d.c. bias
voltage rather than OV) as the d.c. pari may
influence -the measuremenl. '
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It is also possible to use a “true rm.s.”
converter, and these may be incomporated
into digital multimeters. You can purchase
r.m.s. 1o d.c. converter chips which give a
d.c. output proportional to the true r.m.s.
value of the input waveform. Some of
these chips are quite expensive (over £20),
but the SSM2110 from Analogue Devices
is only around £7, for exampie.

Measuring Up

Reiuming again io the seader’s guery,
our calculatiops above assumed a 12V
square wave (equal to the supply) signal
applied 1o the load. however it was stated
that only 3V a.c. was obtained. We do not
know how this was measured (i.e. if this is
a meter teading, or the peak value of a
square wave), The low value may be due
10 measurement. error as the waveform is
not sinusoidal, or due to the driver-circuit,
ar 4 combination of the two.

For the driver circuit we basically need a
switching device capable of handling 1-3A
(12V into 8 ohms) so a typical low voltage
power transistor should do the job. A suit-
able Dadington driver should be able w0
achieve this. pasticularly as the 553 timer
can sink or source up to 200mA. It there-
fore scems likely that the problem is with
the measurenient of the output power or
interpretation of the power available.
(IMB).

Powerless to Help

At the same time, we received a relat-
ed query from a Malaysian reader ask-
ing: “Can you tell me the differences
berween the P.M_P.O and rm.s? I fouad
the firsr terms on mos! hi-fis and the

latier used in the 20W Siereo Amplifier
published in May, 1998. It seems that
both words are related to the ouipui
power of an amplifier. but I don’t under-
stand the differences betveen them and
how 10 calcilate the PM.P.O”. N. [.
How, Malaysia (by E-mail).

The term PML.P.O. stands for Pealk Music
Power OQuipwt and is often seen embla-
zongd on consumer clectronics — stereo
systems, CD players ete. —sold in the High
Street. The problem with p.m.p.o. figures
is that they only indicate the maximum
power that can be ourput for a very shon
time (usually less than one sccond} so the
figure does not really relate 1o sustained
loudness dver nomnal listening periods.
Multimedia loudspeakers are a good
example, with 240W 10 300W p.m.po.
being quoted.

On the other hand. the rm.s. tigure for
an audio amplificr or loudspeakers gives
the contimows power rhat can be handled
— which does dirccily relate 10 “perceived
loudness”. Although p.m.p.o. figures
sound impressive and manufacturers love
to quote them, they do not really miean
much.

There is'no agreed industry standard for
p.-m.p.0o. nof is there an accurate way to
refate it to rm.s. fgures. A nule of thumb
some peopie use is w0 divide p.m.p.o. by a
factor 10 get an approximate r.m.s. figure.
but we have seen values from 2 1o 20
quoted for this factor!

Quoting p.m.p.o. figures can be very
dubious, and may be measured ar unac-
ceptably high distortion levels, and more
impressive-looking still. “total p.m.p.o.”

-ratings can be classed as the sim of the
wo stereo channels combined (usvally
r.m.s. per channel is quoled on siereo
-amplitiers). Furtiiermore. what does
“music power' mean? Music signals are
very variable. R.M.S. is usually (and
should be) qunted for a pure sinewave at a
low ocutpui distortipn value:

In general. if avdio equipment specifica-
tions quote a p.m.p.o. figure and no rm.s.
value vou should be wary. Maybe p.m.p.o.
should stand for Pretty Meaningless
Power Qver-exaggeration. (RMS — Rared
More Sensibly? — ARW). (IMB.)

* In Augusi 1999 Circuit Surgery, P 674,
Jourth paragraph. the rext should read:
“The value of R2 must be large enaugh 1o
preveni excessive current flowing in TR1's
callector’” a

CIRCUIT THERAPY

Circult Surgery s your column, i you
have any gueries or comments, please
write to: Alan Winsianley, Crrouit Surgery,
Wimbarne Publishing Lid., Allen House,
East Borough, Wimborne, Dorset, BH21
1PF. United Kingdom E-mzil
alan@epemag.demon.co.uk. Please indi-
cate if your guery 1s aot for
publication. A personal reply F—}
cannet always be guarantesd .
but we wall
try 10 pub-
lish  rep-
reseniative
answers in
this column.
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than one binder add £1 postage for each binder after the initial
£3.50 postage charge (overseas readers the postage is £6.00
each to everywhere except Ausiralia and Papua New Guinea

which costs £10.50 each).

due to the cost.)

r—.—.,—f:
|

satidress.

Send your payment in £'s sterling chegue dr PO {Overseas read-
ers send £ sterling’bank draft. or chegue drawn on a UK bank or
pay by credit card), lo Everyday Practical Electronics, Allen
House, East Borough, Wimborne, Dorsét BH21 1PF. Tel: 01202
881749. Fax: 01202 841692. E-mail:
editorial@epemag.wimborne.co:uk.

Web site: hitp://www.epemag.wimborne.co.uk ,

(We cannol reply to querigs or confirm overseas ordars by .Fax

‘We also accept creditcard payments. Mastercard or
Visa (minimum credit card order £5). Send your card
numbeér and card expiry date plus cardhoider's

Evervday Praciical Elecironics!ETI; September 1999
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ELECTRONICS TEACHK-IN No. 7. FREE
ANALOGUE AND DIGITAL SOFTVARE
ELECTRONICS COURSE ]
{publichad by Everyday Practical Efectronics)

Alsn Winstaniey and Keith Dye B Eng{TechjAMIEE
This highty scclaimed £FF Teszh-In seniss, which includad
the consyruction and use of the Afuy (3b and Micro Lah
test and davelopmant unis, has bsen pul togethes in
ook form. Addiionalty, EPT Edocational Scitware have
‘developed 3 GCSE Electronics softvare program o com-
pliment the ccursa and & FREE DISK zovering the first tho
paﬂsof the course is includsd with the book

Ar imteresting and thorough tutorial series aimed speci-
fically at the navice or complata beginnar in electronics.

The saties is d= =d 10 suppert those undedsiing ether
GCSE Efectranics GCE Advanced Levals, [ELT
with fundamentad principles.

i you are 1aking elecutonics or echaolagy at school

or coilege, this baok is for you. H you just weni to
learn the basics of electronics or tachnclooy you must
make sute you se2 it. Teseh-ln No. 7 will be invalustle
l‘f'vou are considering 2 careor in electronics oy even

{ u e already mimng In ane. The Mint Lab and
soltware anable the construction and testing of baih
damaonstrafion and davelopment circuits. These learn-
ing aids bring ef=ctronics to life in an enjoyablz and
intaresting way: you will bath see ard near the slactron
In aetianf The Micrs Lab microprocassar add-an systam
will 2ppazl 10 highar level students and those develop-
ing MICTODrocEssor pIOjECts. i

Order code AT

160 pagss

IRECT BOOK S

RVICE

Clircuits

Design

ELECTRONICS PROJECTS

USING ELECTRONICS WORKBENCH FREE
tus FREE CD-ROM CD-ROM
i R Horsey

This book offers = wide rangs of tested ciuit mod-
ules which cz2n be used as electronics projects, part of
an olectronics course, of es a hands-on way of get-
ting better ~fquam:°d ‘with Electronics Warkbeach. YWith
circuits ranging from “bulbs and bats to complex
Syslems uting integrated circuits, tha projects vall sppeal
1a novices, students znd practitioners aliks,

Elestronics Wesdbench is 8 teghly versahl= computer
simutation packags which enables th: user to design, test
and moaily thed crcuits befora building them, and to plan
PCH layouts on-screan. All the gircuits in the book are
provided 53 runnsbiz Elactranic Workbench f2es on the
enclased CD-ROM. and a selection of 15 representative
circuts csn b2 zaplared using the frez demo version of
tha apphcation.

= Soine base cnmpts Proj=cts with swalches,
LEDs. misys asnd diodes: Transstorst Powsr Supphost
OCp.amp projects; Furthas op amp cirouits; Logic gates; Real
logs..crzﬂs’Log:cgaemﬂmﬂxm*Th:‘éﬁw
Fip-flops, counters and shift ; A4ers, COMPEraloas
ard mutipiewers; Fisld effect transictors: Tryrrstors, trizcs
and diacs; Constructing your crcadt; Indax.
227 pages Oreler code NEZ9 £14.99

A BEGINNER'S GUIDE TO MODERN ELECTRONIC
COMPONENTS | - i

R. A Penfoid

Th2 purpos2 of this book is to provide practical informa-
tion 10 heip the rezd=zr sort cut the bewildering srsy of
Ccomponznts cusrantly on offer. An advanced knowiedg?
of the theory of slecwonics is not nzaded, end this
book is not intended to be a course in electranic theory.
The mzin 2im is 10 uplnin the differencas betwesn
componznts of the ssma bzasiz typs (e.g. ~srbon, carbon
film, mezal film, end wire-wound resistors) so thet ths
ngm component fcr a given application can be sel=cled
A wide range of compconents are included, with ths
=mphssis firmly on thosa components that zre used 2
great deat In proje<ts for the horne CONSIrUCIok

Order coile:

70 pages £4.99

I

The books listed have been selected by Fveryday Practical
Electronics/ETI editorial staff as being of special interest
to everyone involved in electronics and computing. They are
[ supplied by mail order to your door. Full ordering details are

| given on the last book page.

FOR ANOTHER SELECTION OF BOOKS SEE
THE NEXT TWO MONTH’S ISSUES.

Note our UK postage costs just £1.50 no matter how
many books you order!

\
_q'l

Computing

\WVINDOWS 95 EXPLAINED

P R M. Qliver and K. Kantaris

# you wou!d ke 10 get up and running. &s soon as possibla,
with the new Windows &3 cparating system, then this is the
book for you.

The bosk was writlen with the non-2rpart, busy person i
mind. it explains the hardwars that you nesd in order to run
Windons 95 successfully, and how 1o el and epsimize
YOUur SyStem's resources. |t presents an overvisw of tha Win-
dows 95 emvironment

Later chapters cover hoav 10 work with programs. foiders
anrd docurnentss how 10 control Windows &5 and use the
many accessarizs that come with it bow to usa DOS pro-
grams ond, i necessary, DOS commands and how 1o com-
muricata with tha rest of the electronic woekd.

170 p2ges £5.95
INTERFACING PCs AND COMPATIBLES
R. A Penfold

Once you know how, PC interfacing is leex Involved than
interfacing many ewght-bit machines. which have tanded to
e soma urusual inferfacing methods.

This book gives you: A detsiled descripton oif the fines
presant on the PC exgsnsion Dus. A detaled destustion of
ths physicat charasterstics of PC expansion cats. The [0
map and detafs of the aess where your add.on can be'
fitted. A discussion of address decoding Practi-
cal adiress decoder cirmuits Simple Til. 8-bit input end
AWt pors. Detalls of using the 8255 pamdiel interfzod
zdaptor. Digital fo anelogue conventer cimuts. In f2c1 everys
thmg you nezd (0 know in order 10 produce successiul PC

wm-ges

EASY PC INTERFACING

R. A Penfold

Althgugh the miémal expansion siats'of a PC providé
full access 1o the computer’s buses, and are sultable for
usar add-ons, making your own expansion cards re-
quires 2 fair amount of eaperise an cqumant. Ths
buift-in ports provide what is often 8 much zasier snd
hassie-frog way of imerfacing your own circuits © &
PC. In paruciar, 8 PC printer pont plus a sms!l amount
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Tempersrity out of print

‘igger and fastar,

of externsl hardware provides a surpnsmgly versatila
input/output port. The PC “games” port is less uselul for

sgenaral lnfena:ing purpases, but it can be useful in

soma applications.

This bock pravides a.number of useful FC add-on
circuits mdudma i@ follgwing: Digital inputioutput ports:
Anaf gita! conyvarter, Digitsi-tc-Analogue Can
vErEn Vu‘wgn and Current messursment circurts; Rosts-
tznze meter; Capacaance mater; Temperature measure-
ment interface; Biofesdback monitor; Consizmt vohage
miodel train controller; Pulsed modal vsin controlless;
Position senser loptical, Half effect, etc}; Swepper motor
imerlace; Relay snd LED drvers; Triac mains switching

interface. \
178 pages £4.99
INTRODUCTION TO MICROPROCESSORS

John Crisp

lfwua.'a.mmon\--.ﬂbo rvodved In the use of
microprocessors, this practical introduction i essential
reading. This book provides a theroughty mum
1ion 19 MICIOPIDCESSONS. ESSUMING D PIEVIOUS rdedae
of the subject, nor & technical 'or mathematical badi-
ground. it 15 suitable for studznts, techniziang, engineers
and hoblyists, ard  covers (e full renger of modem
METORIQIESSOrs.
Aftar a thorough introductipn to tha subiect, ideas are
dsve(a‘:wd prmrez"ve!y in = wellsinxtured formst. AR
techmical tarms are cerefully introdoced and suigacts which
hays pmved dificuit, for example 7% complemert, arg
clearly explained. Jobn Crisp covers the compleie mnge of
micreprocessars trom the popadar &bt and B-hit designs to
1od2y's superdast 32-bit and 64-bit versons that power Fls
argd i!ngfsne Mansgamsant Systems 51
Coriznts: The veotkd changsed in 197%; Wicroprocassors
dowt have ten fingers; N counting; Mazthematical
micres; It's @l a matter of loglc; Registers and memories; A

‘microprozessor basad system: A typical 8-bit microprozes-

507, Frogramming, High level langquages; Micros are cEing
Tha pertasm; The PewerPC, Tre Alpha
21164 microprocessor; Interfacing: Test eqepment and
fault findiing

Order code NE3

222 pag=s £16.99

‘PRACTICAL REMOTE CONTRCL PROJECTS
Owien Bithop
Frovides a wealth of cituits and circult modules for use
in remota control systems of all kinds; ultrasonic, infre-
#ed, optical fibre, czble and radio. There are instructions.
tor buildirg fourtcen Aovel and practical ramate contrd!
pm;acf.m But this is nat all, as ezch of these projacts
plowdns 2 mode! for building dozens of other refsted
Sitcuits by slmply modifying parts of the d=sign slightly
10 suit your own requitements. This book télls you how
Alsg includzd ave techniques for connziting a PClo 2
remcte contiol system. the uee of a mictocentrolled in
remoie rontrol, as exemplified by the SASIC Stamp,
and the application of raady-mede type-spptoved
A418MHz radio transmitter and tecsiver modules to
sematz control systams.

160 pages Ordes cotse BPA1I £5.99
DISCOVERING ELECTRONIC CLOCKS Y
¥ D. Phillips

“This is a whole bock about des: wgring and misking
electronic clocks. You start by connecling HIGH and
LOVY fogic signals to Iog:c tes. You ﬁnd out shout
‘ard then build and tes: bistsbles, crystslcontrciizd
astahles, counters, decodars znd displays. All of these
mbsvs!en*s ar2 carefully explaingd, with practicsl veork
supparted by easy to follow pratotype beard layouts.

Full eonstructiona) datails, inchuding circuit diagrams 2nd
& printed dircut_board pattem. arz given for 3 digaal
‘electronic cioch. The circuit for the First Clock s modified
and develnped to produce additionad ns which inclhude
a Big Digit k, Binary Ciock, Linear Clock, Andrew's Clock
tv.-u-n & semi-analogue displsy), and & Crcles Qock. Ali of

designs are unusual and distinctive.

This & an idesl resource for project work in GESE
Design =nd Technology: Electronics Pmdu‘t. ard for
pioject work in AS-Level and Aievel Elactonics and
‘l’ecbno!ogy
182 pages. Ad spiral bound

DOMESTIC SECURITY SYSTEMS

A. L Brown

This book shows you how, with common sense and basic
do-i-yourself stifis, you rotect your home. it aiso
grves 1ips and ideas which will hialp you to maimsin and
im;\ovs your home se*umv. even if you zlresdy have
an a'arm. Every circuit in this book = ciesrly dsscribed
and illustratzd, and comtains companznts that ar2 sasy to
source. Advice and guidsnce are based an the real ex-
perience of the minhor who 5 an zlarm installer. and the
designs themselves have been fgorously put 10 ws2 on
same of the mest crime-ridden ireats in tha world.

The desicns include &ll alements, including senscrs.
detectors, alzrms, controls, lights, video and daor entry
gystams. Chapless cover Insizllation, testing, maio
tenance and upgrading.

192 pzges Orler code NEXS

£1258

MICACCONTROLLER COOKBOOK
Mike James

The practics] soltions to real problems shown in this
cookbook provide the basis to make PiC zend BOB1
devices r=ally work, Capabiiities of tha variante arg
examinad, and ways ta enhance these are shown, A
survey of commen interfzcz deviges, and & descrip-
ficn of programming models, lead on 1o 2 section cn
dsvelopment techniques. The cosibool offers an intro-
ductian that will sllow any usss, novice or experienced.
10 make the most of microcantrollers.
248 p2ges

19,93

A BEGINNER'S GUIDE TO TTL DIGITAL ICs
R.A.Perlicld

This book first covers the basics of simple logic circuits
Tn general, =nd then progresses to specific TIL jogic
integrated circuits. The davices goverad include gates,
esgillstors, timers, {lipflops, dividers, =2nd decader cir-
cuits. Some practical circuhs are yssd 1o illustrat= the
use of TTE davices ih the “real world”

142 psges Ordes coda BF232 85

ELECTRONIC MODULES AHD SYSTEMS FOR
BEGINNERS
Gwen Bishop

book describas over 60 modular electronic circuits,
howe they vrork, how 10 build tham, snd how t6 use
them. Thz modules may be wired together to make
hundreds of different electronic systems. both analague
antl digital. To show the reader how to begin build-
Ing systems from modules, a3 seleciion gver 25
slectronic systems are describad in de=tail, €Overing
such widely differing applications 2s timing, home
séurity, measurament, sudio {Iincluding 2 simplz radis
receiver), games and remote controf.
‘200 pag=g Temporearily out'of print.

PRACTICAL ELECTRONICS CALCULATIONS AND
FORMULAE

£ A Wilson, C.GLA, C.Eng., FIEE. FLERE, FBLM.
Bndg~= the gap beteeen comphnled technical thiory,
and “cut-and-iried” methods which may bring suecess
in design bt leave the expafimenter unfuffiled. A
streng pracical bias - tedions and highar mathem=tics
hava-besn avoidzd wheré possible and many tables
have bean included.

The beok is divided into six basic sestions: Units and
Constants, Direct-Cusrent Circuits, Passive Companents,
Al=mating-Current  Circuits, Natwarks and Theorems,
Mezsurements.

236 pagss Temposacily out of print
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| Theory and

Refference

Bebop To The Boolean Boogie

By Clive (call me Max)
) Maxfield
ORDER CODE BEB1

£24.95

470 pages. Large format

Specially imported by EPE -
Excelient value
An Unconventiona! Guide to
Electronics Fundamentals,
Components and Processes

This book gives the “big picture” of
digital electronics. Tnis in-depth, highly
rezdatble, up-to-the-minute guide shows you
how elzctronic devices work and how
they’re mada. You'll discover how transistors operate, how printetd circun
boards ara fabricated, and what the Innards of memory ICs ook lixe. Yau'll
2ts0 gain 8 working knowlzdge of Boolean elgehra and Karnzugh maps, and
understznd what Read-Muller logic is and how it's used. And there's much,
MUCH more (including & recipe for a truly great seafacd gumbol}. Hundreds
of carefully deswn illustrations clearly show the important points of szch
topic. The suthor's tongue-in-chesk British humor makes it @ delight to read,
tut this is a2 REAL technical book, extremely detailed and accurate. A great
reference for your own shelf, and also an idesl gift for a friend or family
member who wants to undzrstand what it is yvou do all day....
470 pages —large format

DIGITAL ELECTRONICS - A PRACTICAL APPHOACH EREE
With FREE Software: Number One Systems - EASY-PC SOFTWARE
Prafessional XM and Pulsar [Limited Functionality)
Richard Monk

Covers binary arithmetic, Boalean algebra and logic gates, combination [ogic,
szquentizl togic including the dasign and construction of asynchronous and
synchronous circuits and registar circuits. Togsther with a considzrable practi-
cal content plus the additional antraction of its close assaciation wath computer-
aided design Including tha FREE software.

Thets is a “blosw-by-blovw’ guide to the use of EASY-PC Professional XM (a
schematic drawing and printed circuit board design computer package). The
guide slso conducts the reader through logic circuit simulation using Pulsar
sgitware. Chapters on p.e.b. physics and p.c.b. production technlques make
the beck unique, and with its host of project idezs maka it an ideal companion
for the inmegrative assignment and common skills components required by
BTEC 2nd the key skills demanded by GNVQ. Tre principal zim of the book is
to provide a straightforwsrd approach to the understanding of digital elec-
tronics.

Those who prefer the Teach-In” appreach or would rather expefiment with
some simple circuits should find the book's final chaptars on printed circuit
board production and project idess espacially useful.

Begop @

BOOLEN .
BOOCE o7

e £ Eamchn iy
frvata, e TS "

£24.95

250 pages Otdet, code NE28 £16.99
DIGITAL GATES AND FLIP.FLOPS
lan R. Slnclair

This beok, intended for enthusiasts, students and technicians; szebs to esteb-
lish a firm foundation in digital slectronics by treating the topics of gates and
fiip-fions thoroughly and from the beginning.

Topics such as Beoolsan algebrz and Karnzugh mapping ars explained,
demanstrated and used extensively, and more attention is paid to tha subject
i synchronous counters than to the simple but less important rippiz counters.

N background other than 2 basic knowdedge of =lectronics is assumed, and
the more theoretical topics are explained from the beginning, as also are many
wrorking practices. The book concludes with an explanation of microprocessor
techniques as applied to digital logic.

200 pages | Order.cotde PGI06| £8.95.

Bebop Bytes Back | e,
‘By Clive "Max" Maxfield
and Alvin Brown

‘ORDER CODE BEB2

£29.95

Over 500 pages. Large
format

Specially imported by
EPE — Excellent value

An Unconventional Guide
To Computers

Plus FREE CD-ROM which inciudes:

Fully Functionzl Internet-Ready

Virtual Computar with Interactive

Labs

This follow-on to Besbop To The
Boolezn Boogie is a muliimedia ex-
travaganza of information about how ™~ ;
camputers wark. i picks up whare “Behop |” leh off, guiding you through
the fascinating world of computer design . . . and you'll have a faw
chucklzs, if not belly laughs, along the way. In addition to ovar 200
megabytes of msga-cool multimedia, the accompznying CD-ROM (for
Windows 95 machines only] contains a vinuzl microcamputar, simulating
the motherboard and standzrd computsr peripherals in an extremely
realistic manner, In addition to a wealth of technical information, myriad
nuggets of iriviz, and hundreds of carefully drawn illustrations, the book
eontains a sel of lab experiments for the virtual microcomputsr that (2t
you recrsat2 the experiences of =arly computer pioneers. If you're the
slightest bit interested in the inner workings of computers, then don't dare

to miss this one!
Order code BEB2

Bebop BYTES Back
Ah Unconventional Guide 18
!,Compu’rrs

£28.95

NEWNES INTERACTIVE ELECTRONIC CIRCUITS CD-ROM

Edited by Owen Bishop d
An expert adviser, an encyclopedia, an analytical tool and 3 source of rea!
design data, all in one CD-ROM. Written by leading clectronics exparts,
the collected wisdom of the electronics world is at your fingentips. The
simple and attractive Circuits Environment ™ i designed to allow you ta
find the circuit or advice notes of your choice quickly and easily using the
search facifity. The taxt is written by leading experts as if they wers
explaining the points 1o you fzce 1o face. Over 1,000 circuit diagrams.
are presented in z standardised form, and you zre given the oplion o
enalyse them by clicking en the Action icon. The circuit groups covered
are: Amplifiers, Oscillators, Powss, Sensing, Signal Proeessing, Filters,
Measurement, Timing, Logic Circuits, Telscommunications.

The analysis too! chosen is SpiceAge for Windows, 5 powerdul and
intuitive application, a sfmplz version of which automatically bursts into
zction when sefacted.

Nawnes Interactive Electronic Circuits allows you to: Enalys-@_circuhs
using top simulation program SpiceAge; test your design skills on &
selection of problem circuits; clip comments 1o any page and define
bookmarks; modify companem values within ths circuits; call up and
display ussful formulse which remain on screen; look up over 100
elecironic terms in the glassary: print and expon netfists. -

Systam Requirements: PC running Windcwss 3.x. 95 ar NT on=s 386 or
better processor. AMB RAM, SMB disk space.

CD-ROM ‘Ordericode NE-CDT

Over 500 pagss - large forma:t

Audio and Musie

AN INTRODUCTION TO LOUDSPEAKERS AND
ENCLOSURE DESIGN

V. Capel

This book expicres tha varcus features, good poists
ard snzus of speakar designs. It examings the whys and
wheralores so that the reader can understsnd the
principtes imvolved and so make an informed choice of
design, or aven design lgudspeaksr enclosures for him -
or hersalf. Crossover unitz are alsp explained. the
various wypes, how they work, the distorticns thay
produce and how !o aveid them. Finally there is a
step-by-step dascription of th: eonstruction of the
Kapelimeister laudspeaker enclosura. E;

143 pages 899

PREAMPLIFIER AND FILTER CIRCUITS

R A. Penlold

This book provides citcuits and backgreund informaticn
fer a rangz of preampiifisrs. plus tone controls, filters,
mixass, eic. The use of madem low noisz opzratfonal
‘amplifiers and a specialist high performance audio
preamglifier Le. results in circuits that have axcailzmt

performance, but which ara still guite simple. All ths
‘circuits featured csn b= bulh a1 quite low cost (just
‘2 few pounds in most cases). The preampiifier cir-
cuits featured include: Microphana preamplifiers [low
impedance. high impadance, and crystal]. Mzgnetic
cartridge piek-up preamplifiers with RLAA. equalisa-
tion. Crystaliceramic pick-up prasmpiifier. Gular pick-up
pteamplifier. Tape head prezmplifiar ifcr vse with com-
pact casselle systams).

Qther clrcuits include: Audio limitet to prevent over-
lozding of powsar ampiifiers. Passive tone contrals.
Activa tons controls. PA fillers thighpsss and fow-
pass). Scratch snd rumble filters. Loudness filter. Audio
mixess. Velume and bafarce controls.

92 pages £3589

HIGH POWER-AUDIO AMPLIFIER CONSTAUCTION

R. A. Penfold !
Practiczl construction datalls of hew to build = num-
bar oi 3udio pawer smplifiers ranging from sbout 50
1o 300:4060 wans rms. includes MOSFET and bipolar
transistor designs,

95 pazes OileTcods BPELY, £2.99
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ACQUSTIC FEEDBACK — HOW TO-AVOIB IT

V. Capel 7

Fesdback %slhebaneda!lmuke:é.resssyﬁgn& VWhids
feedback eannct ba complstely eliminated, many things can
ta dona to teduce it o 5 kevel at which N s o loogs: a

problem.

Much of the froubla 5 cften the hail assif. not the
equipmant, but there i 3 simpla end peactical way of gresty.
impeoing scoustes. Soms microphones &re prone 1o feed-
back while cthers are not Canain loudspazier oyeems are
much betier than othess. and the vay the unis are pos-
tioned can produce a reduced feadback Af thess mat.
ey are fully explored &5 well a8 eizctronic aids such 2s
equizant frequency-shters and notch fiters,

Thz specisl requirements of live groun concers ars con-
sidered, and aiso tha ratsted problem of instabiiity that &
somstimes encoumered with largs sei-ups. Ve even take =
ook 3t sovma unsuccessful altampts o cure feedback sg 25
to save resdaes vaast=d time and effort dupbeating them.

Also includad 15 the circuit and layout of an irexpensive

- but highly successfui twin-rotch filter, end detsils on how'

to aperata it. b
2 pages } Order coda BP310 £4.99
697



Testing, Theo

ry, Data and Reference

SCRDGGIE‘S FOUNDATIONS OF WIRELESS
AND ELECTRONICS - ELEVENTH EDITION
SV Amos and Rogsr Amos
Scroggia’s Foundatiens is 3 clzssic text for anyona vrork-
ing wath glectranics, who needs 1o inow the ar and craft
of ihe sub;eck‘g covars b'oth the 'tthueorv ?\?ed peactical
aspects of 2 = range of topics from valve and tube
technology, and the application of cathcdz ray tubes
io rzdar, to digiial tape systems and cptical cecording
techniques

Since Foundations of Wirs‘ess was frst published over
&0 years 200, 1t has helped many thousands of readars to
become famiar-with the principles of radic and alec-
tronics. The original author Sowery was succeeded by
Scragoiz in the 13405, whose nama became synonymous
with this classic prnmer for practivioners and students
alike. Stan Amos, onz of the fathers of medern electronics
and the suthor of many well-known books in the area.
t=ok over tha revision of this bock in the 1380s and it is
he, with his son, who have produced this Iatest version.

400 pages Qrder cote NEZT £19.93
ELECTRONICS MADE SIMPLE
lan Sincizir

Assuming no pnor knowladge. Elscrronics Made Simgla
presents an outfina of modam zkectroniss with an =m-
phasis on understanding how systems work rathar than
on detaits of circuit dizagrams and calculations. It 5 idzal
for students on 8 range of coursas in olectronics, includ-
ing GCSE. C&5 and GAVOQ, and for swdents of other
subjects who will be using electronic instrumernts and
mathods.
Contants: waves and r:uises. pssive componants,
active components and s linean circuits, bock “and
disprams, how ratho works, disc and 1ape rezord-
Irg, etements of TV and adar, digital signais, gating and
isg¥c circylts, counting and correcting, micropiocetyors,

caculators end computers miscelianeous systems.
Page §89 (iarge formstj £12.98

TRANSISTOR DATA TABLES

Hans-Ginther Steidla

Tre Aables in this book centain information about the
;hckage shape, pin connections snd basic electrical datz
ar each of the many thousands of transistors listed. Tr-—=
izts includ33 maimum reversa voitage, forward current
and powes dissipation, current gatn and forward transad:
mitiance 2nd resistance, cut frequency and detsils of
Mpﬁcaﬂona

& bock of ihis eize 5 of nacossity restrictad inite &npa,
and the individual transister types cannoi therelore be
described 1 the-sort of detail that maybe fourd in soma
izrger and conside mara expensive data books. How-
ever, tha st of manddacturers’ addrasses vall maka it
eaié[r’lm the prospective veer to obtain further informa-

RECESSITY.
Lists over 8,000 dittetont transistors, including fo.t s
Trmpnmnly out of print

200 pages

:MORE ADVANCED USES
OF THE MULTIMETER

R. A. Penlold

Tiis book is primarly
imendsd a3 a fa%law—up to
EP233, (sze balow),
shouid alsa be of vslue

of vohsge testing and
simple nient 1esting.
By using the techniques
deestibed in Chapter |
you can test and analyse
the parformance of a
ranige of companants with
joft & mujtimater [plos a
vty few i maxpemn-e (=8
porEms D Some “cases),
Sama uteful gquick cheex
methods are also covered,

\While & m.thme'er 15 supremicly verashis, it doss have
its limit=tions. The s add-ons dascribed in Chapier 2
extended the capabilites of 3 mutdmaizr to make it even

mor dsaful. r
Order code BPZE5 £255

B4 pages

ELECTRONIC TEST EQUIPMENT HANDBOOK

Sievs Monsy

The principles of oparation of the varicus types of test
instrumant are saplzinad in simple tanms vath a minimum
of mathematical analysis. The book covers analegue and
digitzl meters, bridgss, asciloscopes. signal generators,
counters, timers and frequency measuremant. practi-

2l uses of the instruments are aiso examined.

Everything from Osaillators, thwough R, C & L measure-
ments {and much more) to Wavetorm Generators and
taslity Zansrs. 2
206 pages Drder cods PC109 £8.95
GETTING THE MOST FROM YOUR MULTIMETER
R A Penfold :
This hook is primarfly aimed 3t inners znd thoss of
fmited axpensnce of electronics Chapter 1 covers the-
basics of analogue and digital mulnmate-rs discussing the
refativa marits and the Uimitstions of the two types. [n
Chapter 2 various methods of component chaciing are
described, Including tests for ransistors thyristors, resis.
1015, c2pacitere and diodes Circunm testing is covered in
Chapter 3. with subjects such as voltage, current and con-
umaty checks being descussed.

In the main Lmda of ro pravious knowledgs of ex-
perience is assurmned. Using these simple component and
circuit testing techniques the read:f should be able to
coafidently teckie senicing of most electronic projects.

95 pages Urder code BP233 £295

HMEVWNES ELECTRONICS TOOLKIT- SECOND EDITION
Geoft Phillips

The author has used his 30 years experience in industry to
des togath=: the basic Wformation that is constantly
damandsd. Facts, lormulze, data and charts .are presantad
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1o help the engineer when desioning, dE\?’eﬂFxW avahuat.
irg. fzuh fimding and repsiring efectronic circuits. The
YEHJ?! s this handy woriomale wvoluma: a memary aid,
tutor znd referense source which is reoommendad o all
electronics enginesrs, stydents and techniciays.

Have you ever wished for & concise ardd comprehes-
sive guide 1o electronics concepts and nyles of thumhb?
Have you ever been unzblz to source a compondnt,. o
chogss batween two altarnatives for & particular applica-
ton? How mugh time da you spand sezrching fot basic
facts or mamufaciurer's specifications? This book is the
‘FNFNI, il COVErS FEsisions. apasiiors, indutlors, ssmikon-
ductars, logic circuits, EMC, audia, eizctranics and music,
talephones, electronics in Bghting. tharmal considerations,
‘conmections, eeference data.

158 pagas. Ouder coda NE2D £12.59

PRACTICAL ELECTRONIC FAULT FINDING AND
TROUBLESHOOTING

Aobin Pain

This & not a book of thaory i is @ book of -praciical
tips. hints, and rutes of thumb, alf of which will équip the
-teader to tackle any job. You may be an enginger of tech-
mdizn In search of information and guidance, & coliegs
studznt, & hobbyist buitding a project from a magarns, of
simply a keen se¥f-taught amateur wha is inmerested m
eectronic fault finding but finds bools on the subject too
mathamatical or spactafized,

The back covers: Basics — Vohage, current and ress-

“tance; Capacitance, inductance and impedance; Diodes
and transisiors; Op-smps and negative feadback; Fsult
finding - Analogua fsult finding, Digital faull finding:

1
Namory; Sinary and hexadecimal; Addrgssing; Dscrdte
logic; Microprocessor action; VO contel; ERT control
frnamic RAM; Fzull Binding digital Systerms; Dusl tracs
oscillpsiops; i teplacemaent.

27¢ pag=s Oideér todée HE22

AN INTRODUCTION T3 LICHT (N ELECTRONICS
F A Wilson

‘This book is not for the expent but neither s G for
the complately uninitizted It ks sssumed the readsr has
some basic knowdledgs of slectromzs. After dasfing with
subjects like Fundamentals, Waves and Pariicles and The
Nature of Light such things as Emitters, Detectars ang
Displays are discussed. et 7 detsile four different
types of Lasers before concluding with a chsptar on Fibre

Optics.
Oedér code BR3SA £4 95

£18.69

81 pages

UNDERSTANDING DIGITAL TECHNOLOGY

F. A. Wiison C.GJA. C.Eng., FLEE FL Mgt

This book axamines what digital t2chnology has 1o offer
2nd then cansiders iis ardunetic and hicw @ can be ar-
rang=d for making d=cisions in so many processes. k then
120%s & : the pan digital has 1o play in the =er expanding
lnrnrrnauun Techntlogy, espacially in medayn transmis-

systems and televiskan. It avoids getting deeply in-

vatved in mathamaties.

Varicus chapters cover; Digital Ambhmetic. Eiectronic
Logic, Conversions between Anzlogue and fegital Strus-
tures, Trandinission Systems. Sevarzl Appandices explain
soms= af the concepiz more fully and 8 glossery of tarms
s includad.

183 pages Ordes code BP316 £4.95

Project mﬂﬁ ing |

[ELECTRONIC PROJECT BUILDING FOR BEGINNERS

R. A. Penlold

This book is for complete bsginnars 10 elecUonic project
building. I provides 3 complete imroduction to ths prasti-
cal =':Ic of this fascinating hobby, including:

Component identification, and buying thz rght parts;
resisior colour codes, cepaciior valua markings, et
advice on burying the right toals for the job; soidedng:
mzking casy voark of 1bs bhard wirng: coastruction
methods. including suipbosd, custom printed ciruit
boards, plain matrix boards, surfase mount boards and
wwa—m'appmg, finiching off, and adding ranel |zhals;
getting “problam” projects to work, including simple
methods of fackt-finding,

In fact verything you need 10 know in order to pat
starizd in this absorbing and creative hobby.

135 pages Order code BR332 £4.85

45 SIMAPLE ELECTRONIC TERMINAL BLOCK

PROJECTS

R. Behhington < »
Cantains 45 essy-to-build electronic projests that can BF
con.mted by an absolute inner, on terminal blocks
using anly & screwdriver and other simple hand tools. No
soldering is needed.

h'sst of the projests can be simply screwed together,
“by follewing the layout diagrams, in 2 matter of minutss
ard readily enscrewed i desired to maks new decuits.
A thepretical circust diagram is also ded with esch
project to heip broaden the construcior’s know!sdge,

2 projects included In this baok coeer 2 rangE
cf intzrests undar the chapler headings: Connectons and
Components, Sound and Mutic, Entartainment, Security
Devices, Comumunication, Tesl_and)-&ezs:.nring
183 pages Ordes code BPITE £4.95

+30 SIMPLE IC TERMINAL BLOCK PROJECTS

R. Babbington
Follow on from 8P378 w=ing is.
117 pages Order. code BPITI 18499

HOW TO DESIGN AND MAKE YQUROWN P.C 8BS

R. A. Penfold .
Dea's wwith the simple mothods of copying printed et~
cuit board designs from magazines and books and covers
all sspects of simplz p.c.b. censtruction including pheto-
graphic methods and designing your avm p.c.hs

80 pages a9

{mail order only).

old fists.

BOOK ORDERING DETAILS

Our postage price is the same no matter how many books you order, just add £1.50 1o
your total order for postage and packing loverseas readers add £3 for countries in the
EEC, or add £6 for all countries ouiside the EEC, surface mail postage} and send a PO, |
cheque, international money order (£ sterling only) made payable 10 Direct Book Serv-|
ice or credit card details, Visa or Mastercard — minimum credit card order is £5 —10: !
DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH211RW

Books are normally sent within seven days of receipt of order but please allow a
maximum of 28 days for delivery — more for overseas orders. Pleass
availability (see latest issue of Everyday Practical Electronics/'ETI) before ordering from

‘For a further selection of books see the next two'issues of EPE/ETI.

DIRECT BOOKX SERVICE IS A DIVISION OF WINMBORNE PUBLISHING LTD. Tel 01202 881749
Fax 01202 841692. Due to the cost we cannot reply to overseas orders or quaries by Fax.
E-mail:dbs@epemag. \Vlmhome co.uk

check price and

— b At e? s o ma — e o

} ~T"""""BOOK ORDER FORM [

: Signatura: «

I 1 =nclose chequefPO payable 1o-WIMBORNE PUBLISHING LTDfar £ ......... N o |

|= e
ID Please charge my Visa/Mastercard £ ... ...

IGard Mismbre e gus sl bt of e in 5 Sramnde Mkttt haad e W e m

................ o CErd BXpIny B il b i
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SURFING THE INTERNET =——=

NET WORK

ALAN WINSTANLEY

‘THERE are several new uploads 10 the EPE web site
(www.epemag.wimborne.co.uk). including a new series of
pages devoled lo the dodern Electronics Manual and the
Liectronics Service Manual. Both Manuals are constantly updated
A4 ring binders designed for students or hobbyists, or those seek-
ing training or re-training in basic electronics. The web pages pro-
vide a comprehensive listing of each Manual’s contents, and there
is also a new facility for secure on-line ordering with world-wide
shipping. You can view these pages by going 10 manuals.litm on
the EPE web site, or follow the links.

DESOLDERING GUIDE

The author has finally created the sequel to the popular Basic
Soldering Guide. an on-line resource which is used by colleges, stu-
dents and technicians. The “BSG" is linked by the Edinburgh
Engineering Virtual Library and is a weli-established educational
resource. The new follow-up is the Basic Desoldering Guide, which
illustrates simple techniquas of using desoidering pumps as well as
copper braid. There is also the new Black Museum of Bad Soldering
which depicts some real-life examples of poor soldering technique
(the author is collecting more). You can catch up with alf of this —
fourteen colour photos'in all — at desolderpix.htm.

2Z00M THROUGH THE HAYES

If you're out looking for a new modem, read the box carefully!
One classed as a “Winmodem™ relies on the processor power of"a
Windows PC instead of its own buili-in signal processing. They will
only work in Windows. The giveaway is that they are usually cheap-
er than “fully blown’ modems by £10 or £20 or more. 3COM/US
Robotics is the best known brand of Winmodem which appear as
OLEM internal modems favoured by Dell and others.

An aliemative type of Winmodem uses the Lucent chipset and is
manufactured under many brands: Zoom (www.zoomtel.com) pro-
duces such a PCI card (hence the telhale “LT" Wiomodem label).
Look closzly in the specifications or ads for talk of *using the power
of Windows'' or “only works in Windows"" - sure signs that you're
holding a cheaper Winmodem rather than. a completely stand-alone
device.

A Winmodem will be perfectly adequate for many users, but
some brands are evidenily more highly regarded than others. One
major advantage of the budget Zoom PCI iniernal Winmodem, apant
from the fact that unlike a traditional ISA card it will happily share
Interrupts, is that it is easy to upgrade the Windows driver without
needing o “flash™ the modem firmware. It may simply require
copyving over a new .vxd driver file into Windows, Unlike a
firmware flash upgrade, which is a one-way street, this means that
the old drivers can be restored by the user if desired, so you can
cxperiment 1o obiain the best overall performance. The most com-
prehensive resource on Lucent chipset modems and athers is avail-
able on htip://808hi.com/56k/x2-lucent.htm

Hayes Corporation is usually the name associaled with tomputer
modem technology, and many experienced users will have grappled
with the arcane delighis of the Hayes Command Set when trying 1o
coax a modem inlo operation at one time or another. Modem
seitings can be customised with the addition of the appropriate
command in the “'init string™ — the chain of Haves commands which
initialises the modem each time it dials. Windows 95/98 users can
add extra settings by going to Device Manager/Modems (select
yours){Properties/Connection/Advanced. Modem handbooks
often quote the available Hayes command switches,

In April. Zoom announced that it had acquired much of Hayes
Communications’ modem assets. This includes well-known brands
such as Hayes and Accura. Bundled into the deal was the entire
assets of Hayes Europe along with Hayes® UK headquarters.

[ have been pretty encouraged by my own expericnces with
Zoom modems. Close examination inside a recent deskiop PC
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revealed its modem was acwally an old US Robotics X2
Winmodem, a 33-6K version at that, “flashed™ up to 56K. [ decid-
ed 1o “flash™ it further to V.90 using the latest parch irom USR (now
3COM) to see if it would improve its negoliation. Doing so can be
a nerve-wracking experience, because applying the wrong paich
cun render a modem totally unusable. Since ISP's V.90 comphtibil-
ity standards are gradually being refined. it is wise to get in the habit
of checking for the latest modem driver og firmware upgrades. the
latter usually being “flashed” into the modem's PROM chip using a
simple on-sereen procedure. In my case the upgrade didn’t meks
much difference 10 reliability. Time for a change.

I decided to experiment with a Zoom Dual-Standard 56K/X2
flash-upgradeable inicrnal modem. The Zoom has a five-year guar-
antee with improved builti-in lightning protection and it installed
immediately without hesitation. Performance and nzgotiation was
generally more reliable than the USR, although this could partly be
due to the type of modem racks in use at the other end: perhaps they
dida't like miy USR card much.

Later 1 handed the Zoom over to another user aleng with a V.90
fiash upgrade fite, which somehow turned out to be the wrong one.
After nunning the upgrade the modem was crippled, but praise goes
10 Zoom UK who graciously provided another (V.90) PROM chip,
and now it works fine. Rather than revert to the earlier ISA modem,
though, I setiled for another off-the-peg Zoom. this time a 56K/V.90
Dual Standard PCI Winmodem. This also installed easily, and it will
have to do until ISDN2e or ADSL comes along, as wireless modems
and cable modems are frustratingly out of reach. In the meantime I
cun busy myself fiddling with different version of Windows drivers.

BIG FOOTED E-MAIL FOR LIFE

If you have several E-mail addresses, or indeed if you keep
changing your Internet Service Provider, one useful way to kezp
things under control is to use an E-mail re-direction service. One
which has been running for a couple of years now is Bigfoot
(www.bigfoot.com), an unfortunaie name perhaps but a proven and
reliable service! .

One drawback to changing ISPs is the ofien longwinded task of
informing everybody of your change of address. Bigfoot has sever-
al free options 1o help make life a little easier. Mail can be forward-
ed 1o a single E-mail address or forwarded en 10 a maximum of five
addresses, the latter is useful if you travel and use Compuserve or
AOL 10 log in whilst abroad.

The addresses to which you would like your mail redirected are
set up through the members’ page at Bigfoot’s web site, and Wwhen
you need 10 alter any of the addresses it-is a straightforward 1ask o
input 8 new [E-mail address. After registering vou are given an
address in the form of yourname@bigfoot.com which you then
hand out to all and sundry, safe in the knowledge that your e
address can change whenever you like.

For those people who post messages to Usenet (newsgroups) the
Bigfoot service also offers a Spam (unsolicited E-mail) blocking
option so that mail from known sources of Spam is not forwarded.
Something to clieck out nexi time you are on-line.

VIRUS UPDATES

Much has been written about Windows viruses, aspecially
Melissa (June '99 Ner Work) and Worm.Explore.Zip (first
unileashed in Isreel in June ’99, also see August '99 Ner Work).
Microsolt has posted a fix which discourages Outlook users from
opentilg a possibly harmful E-mail attachment, thereby also reduc-
ing the virus' propagation to the addresses contained in the Address
Book. Go 1o officeupdate.microsoft.com for the patches (Outlook
97, 98, 2000).

Don't forget 1o check the Ver Work page of the EPE web sité fof
this month’s round up of suggested URLs. My E-mail address is
alan@epemag.demon.co.uk
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T B ABANY

We now supply all the books published by Bernard Banani {Publishing)
Ltd. We have ahways supplied a selected list of Babani books and you will
find many oi them dsscribed &n the previous pages or the next two issues
of Everyday Practical Electronics (all books with & BP prefix to the order
code are Babani books). hany rzaders have asked us (0 also supply vanous
other Babani books, witch have a reputation for valug for monsey.

BOOKS N

QOur custormers teil us they appreciale our speedy semvice and low
postage charge and they would like 10 be able to purchase zll the baoks
from us and thus keap the postage chargs to an absolute minimum {1.50p
for UK p&ip no matter how many books you buy). We are pleased to ba
able to rzspond; 'we are now able to mest alf your requirements for
Babani books - if it's in print we can supply it.

. L d

Code Titie Price Code  Title Prics Coda Titla Prics
33 50 Clecuits Using Garmanim, S&con =nd Zener BPAZE An introducton to Satelite C £5.95 87338 Sage rmtant Artounbnd Explvred £5.95
Decxlas £1.53 EP327 DOS On2 Siep 218 Time {covery Verson 6.2) Ea53 BI9  Wadows 'G5 Ona Stec st a Tire HE
P37 50 Projects uEng Relwys, SCAS and TRIACS £255 BFIZ8 Sage Explained EE 9% BP203  The Internet and World Wide Yizb Explsined E555
BPL2  IC 557 Progcis £39% 8P323 Eizetrone Mesic Lezrming Projects E4.55 BP0 How to Creete Pdges fortive Web Lsing HTML 6599
BF75  Fower Supply Proects 0.0P 87331 A Begnners Gusde to WIS £285 BPL5  MS Worws for Windows 55 expizined £5 55
BP12S 2% Simpls Amatzw Bard Assais £1.55 BP33s  Magie Bactroniss Projac: (7% 27105 1S \Vorr 35 Exphensd e
BF132 25 Sanpie SW Beopdoyn Band Asvisls £135 7337 A Connspe Users Gude 1o Licwe 3-2:3 | BPI0T Excel 5 Eapitivied 1559
BF124  Futthes Praciical Siactromce Cakuiations for Windowe. £5.95 L A '_; e T =8
B Formatze 495 EP341  MSDOS Explined (ngeers VA2 TR s S o i 3
BPY5 25 Sipie Tropical and MW Band Aerisis €175 £Pit5 Gatting Started in Practics! Bleczranos 499 ST 1S e S O S n RS T s
BP182 Mt Projects 255 BPH5 Programming in Visaal A5C for Windows 555 BA210 35 Opto-Dispiey Termined Sock froiects EAS
BP1BA Anbntrocdustion to £800D Asssmidly Language  £2.95 89323 Practieal Gyo-Biectrons Projests (5 B e A RrechosApatosciun Bucei o Wiguoves 25) _Eie
EP102  Maore Advanced Power Suppty Projects 2256 87350 Electron'c Board Gamaes £4.95 8PS Using Netstaps on the Infamet 683
BP25B Learning o Procramin C 4.5 8P332 Excel 5 Explainad 55 BANE  Practice] Altim Projecs (a9
87153 A Concise imtroduction 1 UNIX 195 BPTES A Guids tothe VioHd's Radio Statens 50217  Explaining Microsoh Publisher for Windoadds  £5.93
37281 A Conciss Introhig BN 10 Lotss 1-2-3 (V2356 Edition) £555 85413 Word 95 Assistan: 593
(Rervisad EGben 055 B5357  Acchus One Steg at s Tame £4.35 EP41S  Using Macrotoft Exploter on the interret 693
BPIEZ A Concise Introdusticn 1 Wordparfert 87353 Practicat Elacronic hutic Projectt 48 BF420  Z-Atad o the intener 599
{Revsag Edtion] £195 BPIET  Electronic Projects for the Garden £455 BBAZ1 Windoas 95 Assiuant €653
BPY73  Practics! Eestrones Senscos 493 BP3TC  Ths Superhat Radio Handbook £ADS BP32:  Esssntals of Comsuter Security 559
87775 Simpie Short Waes Recesrer Construction £3155 EPI72  An irmoduction to Kemwors for PC and EP22: Microsch Exchange for Business and Home Use  £6.69
85251 An imroduction to URFAVHF for Radio Amatewrs  £4.99 Mac Users 565 87425 Hocronol Interest Expiorer Assisant S
g Programmsng in QuickBASIC (revsed edton) 8539 -BPI7E The Nowez Rades Amarenrs Exsminaton 89815 NG Offics 7 Expisingd £5.59
BP22 Publc Asdress Loudspesier Syviems £459 Fangbaok £4.95 2217 Nemesps Intemet Navigator Assistan: 2535
BPZ23 Anintroduttion 1o Radio Virve Propagation [EX-] BF350  Advanced Projecty For The Elsctric Guitsr £4.99 ;;_23 Mswmwé e ) z;n
BP0V Antenvas for VHF and UAF £4.95 BPIEE  Undersiancing the Matnemases of Blectroncs £5.99 i g ,
P03 Presmpier snd Fiter Ciroui £1.39 BP387  Wiindows Cre Step 11 3 Time 1495 Bv2s |ARISIE poallls7 i xpecred L)
BP311  Anintradhiction to Scannacs 2 Scanning £es9 E73E8 Wiy Kot Persanpise Your PO .5 82430 MS Access 67 - Ona Step 21 5. Time 563
8R312  An Irdroduction to RGCIowEves £3355 ‘BP3EE  Fower Powt for Viindows Explainen 5.9 87437 Sarpis Seraor Terminal Block Projects £4.99
BP315  Anntroduction 1o the Blectromagrastic Wive  £4.85 EF30  An Introduction 1o the VWerld Wide Wah Y 2P23¢ P Hardware Asdisant 693
57315  Practical Becronic Design Cana 599 for PC and Maz Uzes [1X3 BPLI5 Frogrnunngln C+4 £699
87317 Preovcal Becrronc Timing s
BPII0  Blacuanic Propects for Your FC £3.99 —
8P32¢ The Anof Sokiering £2.93 IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.R)
EP3Z5 A Concise Lisars Guide to Windaws 2.1 ‘a8 SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS
PROJECT TITLE Oider Code Cost
Stereq “Cordless " Headphones
Transmitter 951 £8.04
| Recaiver ag2 £7.66
*EPE Met Office ~ SensarfRainfallVans 9531965 £11.33
Printed circuil boands for certain EPE constructonal projacts are availabis from the Spial transparency ree vt abave p.cb
P8 Servica, see lisl These are fabricated in giass fibre, and ars fully dified and | *EPE Me! Office -
rofar tned. All prices include VAT and postags and packing. Add £1 per board Compurter interface (double-sided) ' 884 £7.69
for armail cuiside of Europe, Asmittances should be sent to The PCB Service, | audio Signal Genarztor a5a £6.58
Everyday Practical Eiscironics, Allen House, East Borough, Wimborne, Dorsel Au!amax"xc E:ar;ra Panni (Teach-In '25) 972 £6.63
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to : & "9 3 p
orders or quaries by Fax); E-mall: orders@epemag.wimborne,co.uk . Cheques Printer Sharer 873 £9.93
should be cressed and mada payable to Evencay Pracical Electrones (Payment | Van-Speed Dice (Teach-In '98) Q74 £5.69
-l;gTS;ef‘*.}nﬁoggb N vs ht ey it L Mains Signalling Unit —2 12V Capacitive PSU 975 £6.07
: While 85% of our boards are held In stock and are dispatched within : T ¥
sevan days ol recelpt of order, please allow a maximum of 28 days for | Multi-Purpose Mini Ampitier ! Al 976 €612
delivery — overseas readers allow exira If ordered by surface mall. :ﬁ‘i’;%’a’;’; Sm'{:?easio';f SHZPSYM ggg b g;gg
Back numbers or photostats of articles are avallable ii required - see the é, rpotincanc. oan s g
Back Issuss page for detalls. 3 Infra-Zapper TransmitterfRecevar (Teach-In "96)
Please check price and availability In the latest Issue. Bat Band ConverterB.F.0 984ad £5.80
Boards can only be supplled on a payment with order basis. Hearnng Tester = e85 £6.87
. Event Counter (Teach-In '96) 985 €8.39
= 8.F.0. and Bzt Band Converter i MAY96 ] 984ah £5.80
Spemal KNOCK DOWN SALE of PCBS Versatdz PIR Detecior Alam 388 £6.76
" || Mind mzchine Mk Il — Tape Controliar 989 £6.70
We have a few p.c.b.s left from past projecis these are being Hig? Analyser 092 £6.74
offered at the knock down price of £2.00 each — Countdown Timer {Teach-n '86) 5683 £9.44
no matter what size they are (some of these Saraivs Light TIUNEBE, 255 717
boards are worth over £15.00 each) while D TR anane Lnk 397 (an) £10.72
stocks last. This price i!nciudesadvslg and UK 5 p wL 2 PR
post — overseas orders please a p posiage S 3
{or £1 per board for airmail postage). | L DR s A - = 503 o702
Print Timer, 874; Slerec Hifi Controller ~ Power Uttra-Fast Frequency Generator L YUEY94:]
Supply, B86 — Main Board, 8587 — Ex iwn/Display Boards, (pair} 888; and Countey — QscillatorL.C.D, Caver 834595 (pr) .| £12.72
Power Conlroller, 905; Active Guitar Tone Controt, 807; TV Cfier (pair), Timed NiCad Chargar 100 £5.99
508/909; Video Moduies — 1 Simple Fader, 910; Videg Enhancer, 912; 12V Sinslz-Station Radio 4 Tunér 101 £7.02
35W PA Ampifier, 930; *Nabional Lottery Predictor, £35; MIOI Padal, 838, Twa;-Beam Infrz-Red Nam;—Tra'n':m'uédP' war | 102:103 (po) £10.50
Club Vole Totaliser, 939; Ramp Generalor — Logle Board (daubie-sided : A it iSs 5o /103 {p ;
‘th). 844 — Analogue board, 945; Microcontrolied 3-Digit Timer, 9a33; |} *Games Compendium 104 £6.09
-Range Chmmeler Adaplor, 928; Vandala — Boot Control Unit, 253 — Kono "Cordiess™ Headphones [ZAUG D6 |
Dispiay Unit, 954; Capacitor Chack, 9535. ~ Transmitter/Recaiver 9590:991 (pf) £10.16
Any of the above for just £2 each inc. VAT and p&p. Component Analyser (coubla-sided pith.) 105 £12.48
Back numbers or photostats of articdes are available sea the Gardzn Mo'e-Ester 108 £6.07
Back Issues page for details. Mobile Miser 107 £6.36
= Sike Speedo Y 108 £6.61
*PIC-Tock Pendulm Clotk [\ SEPT/96' ! 109 £6.31
PROJECT TITLE Power Check 110 £6.42
Digital Delay Line [CNOVISS | Analogus Detay/Flangaf 11 £7.95
50Hz Fiald Meter Draught Deiectar 112 £6.22
Temperature Warning Alarm (Teach-in 28) Simp's Exposure Timar e 113 £6.63
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PROJECT TITLE Order Cods Cos!
Video Fade-lo-While | OET9E | 114 £5.98
Drect Convarsion 80m Receiver 116 €7 32
Vehicle Alent "7 €555
10MHz Function Generator- Main Board 118 £7.33
- P5U 118 £5,39
Tuneable Scralch Foles 115 763
*Central Hzating Controlier 120 £7.85
.C.to D.C. Converters — Nagative Supply Generator | 122 £5.85
- Step-Down Regulater 123 £6.01
~--5lep-Up Ragulator | 124 £5.12
*FIC DigialAnalogue Techometer NS00 127 £723
Sterso a.:nttc Recordet
Playback/P 128 £7.94
ﬂmdera=e 129 £8.04
TkEarh Resistvity Meter JAN'ST
Current Gen. — Rect. 1317132 {pr) €12.70
Theremin MIDUCY Interfzce (Coutie-sided pLh.) ~ 130 (se1) £25.00
Mains Faiture Waming 126 £8.77
Faciic Waves | FEB'S7 | 136 £8.00
PsiCom Experimental Controller 137 €878
O Check FReminder || MAR'ST- | 125 7
Video Negative Viewer 135 €675
Tri-Colour NiCad Checxer 138 £5.45
Dual-Outpu! TENS Unit [plus Frez TENS info.) o 139 £7.20
*FIC-AJOras — wneene weter |’ APRIL'S7 | 141 £6.50
‘1B'M-fzgﬁemte Control ~ Transmittar 142 £5.35
— Recelvar 143 £6.04
Pugﬂ Puddis Prebe 145 £6.10
MIDI ktatrix ~ PSU 147 £342
= Interface 148 €591
Quasi-Bell Door Alert [ MAYST | 133 £6.59
2M F.M. Recaiver 144 £7.69
*PIG-A-Tuner 148 £7.83
Window Closer — Trigger 150 £4.91
- Closar 151 £4.47
Child Mmcer Protection Zone [ JUNS7 |
- Transmifter 153 £6.58
— Recetver 154 £6.42
Pyrotechnic Controllet 155 €6.93
*PIC D&alogue Clock 156 €7.39
Marrow Hangs Thenmomstar 158 £6.37
AICIO) 1 PR Detector - 1 152 £6.69
infra-Had Remote Centrol Repeatar
™ 'ulu~p:o ect P.C. Bg 932 £3.00
Karaoke Echo Unit— Echo Board 159 £6.40
—Wixer Board 160 €6.75
Computer Dual User Inlerfacs 161 £5.70
*PEsST Scaret — 162 £6.60
Variable Bench Power Supply [FAUGS7.| 8932 £3.00
Universal Input Amplifiar 146 £6.55
'.Tscrnpo' g7 PiR Detector — 2 Controiler 163 £6.72
*PIC-OLO 164 £7.02
Achive Hacemving AMenns SEPT 97 150 £6.55
Scldering lron n!rciJer 157 £6.63
*PIC Noughts & Crosses Game 165 £7.82
Micropovrer PIR Detector ~ 3
Alarm Disarmy/Reset Switch 166 £5.72
lroning Safety Device 167 £5.12
Remote Control Findar B ETA 168 £6.32
Rechargeable Handlamp 169 £6.23
*PIC Water Descaler T 170 £6.90
*EPE Time Machine [ NOV'S7 | T 18.3%
Auto-Dim Bediight 172 £5.63
Ponable 12V PSU/Charger 173 £5.61
‘Car Immobiliser 175 o760
Safe and Sound (Security Bleeper) 179 £€7.32
Surface Thermomeler JANSS 174 T7 .64
ahis Flasher i 178 £8.30
edal (Multi-proRet Fo 932 £3.00
*V‘muaj Scope - — Digital Board 176 014,48
Anals -%Ne Board (per board) 177 £7.34
*Water 180 £7.68
Kissomster 181 £7.6¢
*:PE FIC Tutonal HMAR98 182 T7.85
The Hard Thmg (Dﬂuble-Snded) 1%3 E':"g:;g
1 5.8
L,g\udao Sys!em REmO’:v Conlralisr — PSU 185 .05
Main Board 186 £8.2%
S.mPle hietal Detector APR'S8.

Sin ;nn pgﬁf TPCBdur\g Powar Supp! ?S? '23
ingle or -Tra owear Supp! ;.8
#*AC-M g 188 £7.66
Security AuTo-TgR | MAYS3 | 1563 TEI0

Stereo Tons Commi plus 20W Stereo Amoiher
Tone Conirol 180 (SR
20W Amplifier 191 £8.58
*Dice Lot 192 £8.05
EPE Mood Changer UNE 98 193 £7.75
*ATBIC20517/1051 Programmer
Main Boand 194 £B.2D
Tesl Beard 195 £8.69
*Reaction Timer  Softwara.only . -
*PICTExB4 Toclkl | JULYES ] 196 1556
*Greenhouss Compinter
Gonlro | Board 187 £9.08
SU Board o - 128 £8.30
rloat Charger | AUGSR | 158 £6.53
LightiuTh Saver 202 £3.00
Farsonal Stered Amplidier [ SEPTHS | 932 t300
Multi-project PCB)
*Greennouse Radid Link 200. £8.32
*PIC Alimeter 3 201 €815
Voice Processor 203 T738
*Digisers R/C Expandar 204 £7.89
A Remote Contro!
Transmittar 205 £3.00
_Receiver i 208 £3.50

Everyday PraciicaliElectronics!ET] . .Seprember 1999
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PRQJECT TITLE Ordet Ceda Cost
*FIC Tape Neasure | 207 £6.82
Elactronic Thermostat

T-5t=t 208 £4.00
PhizzyB ) y £14.95

A-PCE B-CDRCM C-Prog Microcontrolier | Bee (ANBH(C)| each
15-W=ay IR Remate Control i

Switch Matrix 211 £3.00

15-Way Rec!Decodsr 212 £4.00
Tamp Siat |- CEC'95 [ IEEE) €450
Handhek! Function Generator 213 £4.00
*Fading Christmas Lights 215 £5.16
PhizzyB /0 Board (4-cection) 218 £3.95
Twinkle Twinkle Rzzcton Game j. JAN'ES | 210 €755
*EPE Mind PICkizr 214 £6.30
Phizzy8 1/0 Board (4-settion) 216 £385
Altemative Courtesy Light Controliar 217 £6.72
Light Alerm 218 26.78
*\Wireless Monitoring System — Transmulet 219+a £9.92

Receiver 220+3 £8.5

*PIC MID! Sustain Pedal Software onl - -
*Wirelezs Monitonng Syslem—2 See

F.M. Trans'Rec Adapiors 2192220z | Feb99
*Time and Date Gansrator 221 L £7.37
Auto Cupboard Light 222 £6.36
Smoke Absorbar 223 £5.94
Iraning Board Saver A!"H '99 224 €515
Voice Record/Playback Modula 225 £5.12
Mechanical Rz (pair) 226A88 £7.40 pr
* Yersatite Event Counter 207 £6.82
*P|C Tookhkit Mk 2 M.M' 99 227 £8.95
AMUF M. Bzdio Remote Control

Transmitter 228 £3.00

Recaiver 229 £3.20
*iAusical Sundial 231 £0.51
PC Audio Frequency Meter 232 £8.78
*EPE Mood PlCker | JULY99 ] 233 £6.78
12V Battery Tester 234 £6.72
intruder Deterrant 235 £7.10
L E.D. Stroboscope 932 £3.00

{Multi-project FCB)
Ultrasonic Puncture Finder JAUG'SY | 236 £5.00
*8-Channe| Analogue Dzta Logger 237 £8.88
Bufter Ampifiar {OCscillators Pt 2) 238 £6.98
\tagnetic Freld Delective 238 £6.77
Sound Activated Switch 240 £6.53
Freezer Alarm (hMulti-proiect PCB) 932 £3.00
Ghild Cuard | SERT 88 | 241 £7.51
Variable Dual Power Supply 242 £7.64

- ® Mmry-

Software programs tor £PE projects marked with an asterisk & are
available on 3.5 inch PC-compalible disks or fres from our Inisrnet

site. Four disks ars

available: PIC Tutorial {Mar-May "8 issues);

PIC Toolkll Mk2 (Mar-Jun 'S9 issues}. PIC Disk 1 (Apr '95-Dec ‘98
issues); EPE Disk 2 (Jan '99 issue 10 cumrent cover date). The disks
are obtainable from the £PE PCB Service at £2.75 each {UK) to caver
our admin costs (the software itself is fred). Overseas (each): €3.35
surface mall, €4.35 each airmail. Al files can be downloaded frae from

ouwr Intemel FTP site: HtpJfitp.epemag.wimbomn

5 B CA B2 Gl Lo S ED G LD Ms A A s e

e.co.uk.

€ = b =

=

D

EPE PRINTED CI]RCUH

Order Code  Project

lenciose paymentol € ..

Everyday

OARD SERVICE

Quantity

Practical Electronics

MasterCard or Visa No. ]
Minimum order for credit cards £5

Price

cer s (ChEQUE/PO In £ sterling-only) to:

EURDCARD

o

o o 3 g

Shgnature s ot Sareps oo ol e ..Card BExp. Date...
Piezss supply name and address of carencidar il differant from tha aﬁd'ess shawn

NOTE: You can order p.c.b.s via our Inlemet site on a secure server: 1

‘hitp:/ivww.epemag.wimborne,

co.uk
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EVERY DAY

[PRACTIGAL
ELEGTRE

CLASSIFIED

NIGCS

ROHICS

T IRTERRATEQUAL

'Everyday Practical Electronics/ETI reaches twice as
many UK readers as any other independent monthly
ihobby electronics magazine, our audited sales
figures prove it. We have been the
Independent monthly magazine in this matket for the
last fourleen years.

leading

It you want your adverlisements to be seen by the largest readership at the most economical price our classified and semi-display
pages offer the best value. The prepaid rate for semi-display space is £8 {+VAT) per single column cenimelre {minimum 2-5cmj.
The prepaid rate for classified adverts is 30p (+VAT) per word {minimum 12 words).

All cheques, postal orders, elc., to be made payable 1o Everyday Practical Electronics. VAT must be added. Advertissments, together
with remittance, should be sent to Everyday Practical Electronics/ETI Advertisemeants, Mill Lodge, Mill Lzne, Thorpe-le-Soken, Essex

CO16 OED. Phone/Fax {01255) 861161..

For rates and information on display and classified advertising please contact our Adveriisement Manager, Peler Mew as above.

RCS VARIABLE YOLYAGE D.C. BENCH POWER SUPPLY
Up 10 20 volts d.¢. 2t 1 amp continuous. 15 amps peak,
fully vanabia from 3 0 20 volts. Twin.

Volaga ara - £45 o=
Curmrant met o
éel:easyr:eags Pos1 £3

oyl 240wt 36

irput. Fully smoothesd, size 23cmxi4cmx8ern.
RADIO COMPONENT SPECIALISTS

337 WHITEHOHSE ROAD, CROYDON Pt
SURAEY, CRO 2HS. Tol: 01816341665 = —

Lo od taretrmen, BGh o2f o4 (NS, Ol DRSS, oA T Kk
From o s your sEd I quos.

MT ASTRA Desk Top Acconniing”

. o i you worried that Your custeners
= € wil! insist on using the Eure and s
teave vou off their list of supplicrs

v wwwAstrdcceunts.co.uk for 3 Pan-European
solutic w help you with this leoming problem
5&S Sysems L, Hretton Cours, $26 5PS. UK

BRAND NEW SINCLAIR SPECTRUM
& QL PARTS |
ZX MICRCORIVES 15, INTERFACE ONE £20,
CAATR:DGES 10 FOR £13, 50 FOA £59.
QL BOARDS 5, 6 & 7, POPULATED WITH
J5 ROMS, £30, UWPOPULATED. £12; MiCRODRIVES
£10 EACH, TOP & EQTTOM CASES €15,
MEMBRANES €15
THE P.C., MAC and QU's "Little Friend”
WMAG INK €10 - P.C. LINK £25 - QL UNK €12
CAMBRIDGE Z88 A4 NOTEBOOK
COMPUTER AVAILABLE AGAIN £89,
ECONDITIONED £60 -

ONLY 1" TiiCK, 4xAA BATTS. 20 HOURS WORK.
32K RA

28K_AND 512K - 024

WEPEXPCHAT TD PC ot V32 TR Al
WM., RICHARDSON & CO.
PHONE FAX 01394 5713165
AAVENSHIAD, CHAIFONT 5T FETER
BUCKS, staang

BTEC ELECTRONICS

TECHNICIAN TRAINING

GNVQ ADVANCED ENGINEERING
(ELECTRONIC} ~ PART-TIME
HND ELECTRONICS — FULL-TIME
B.Eng FOUNDATION -~ FULL-TIME
Next course commences
Monday 13th September 1999

FULL PROSPECTUS FROM

LONDON ELEGTRONICS COLLEGE
J_peft EPE) 20!/RENYWERN ROAD,
EARLS COURT, LONDON SW5 9sU

TEL: 0171-373 872

THE BRITISH AMATEUR
ELECTRONICS CLUB

exisis to help electronics enthusiasts by
personzl contact and through a guarterly
Newslelter.
For membership details, write to the
Secratary;
Mr. 1. P. Moses,
5 Park View, Cwmaman,
Aberdare CF44 6PP
N Space donated by
Everyday Practical Electronics

Miscellaneous

G.C.S.E. ELECTRONIC KITS, at pocket
money prices: S:A.E. for FREE camlogue. SIR-
KIT Elecrronics. 32 Severn Road, Clacton,
CO15 3RB. :

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Production. Antwork
raised from magazines or draft designs at low
cost. PCBs also designed from schematics.
Production assembly also undenaken. For
details send to P. Agar. Unit 5, East Belfast
Enterprise Park, 308 Albentbridge Road. Beltast,
BT5 4GX, or phone/fay 01232 738897,
VALVE ENTHUSIASTS: Capacitors and other
pans in stock. For free advice/lisis please ring,
Geoff Davies (Radio), Tel. 01788 574774,
PROTOTYPE PRINTED CIRCUIT
BOARDS one offs and quantities. for details
send s.a.e. 10 B. M. Ansbro, 38 Poynings Drive,
Hove, Sussex BN3 BGR. or phonz Brighton
883871, fax 01273 706670.

SINGLE BOARD COMPUTER: PIC16F84
89C2051, ACR90S51200 and 68HCI! with real
time clock. 12C EEPROM, R5232. RS8485, 123
KB-1MB EPROM Emulator. Fax §52 19322558
(Hong Kong), hitp:/fwww.wvick.com. )
SECOND USER TEST EQUIPMENT FOR
SALE: Scopes. generators. dmms, eie. HP,
Tektronix, Dawon, Hamee, Marconi, Fluke,
etc. Low prices. Alsc some non-working
gquipment for pans. experimenis. etc. Ring
or E-mail for list. 07930 144803 or
blord@mitectelcom.com.

FREE CATALOGUE: New company offers
surplus stock to the public, components. tools
and anything that comes along. Phone or wrile
10: WCN Supplies. 61 Millbrook Road East,
Southampton SO15 THN. Tel. 01703 226522,
WANTED: Probes for Bell Model 640
Gaussmeter or would consider compleie unit
Phone/Fax 0121 337 9909.

ENTERPRISING PERSON with kAowledge
and capability of making alarms wanted for a
greal idea | have. Fifty-fifty split is guaran-
teed for this genuine proposition, I'm definite
we will get a3 resuli. Please conlact: Dean
Felix, 19 Eastland Walk. Bramlep, Leeds
LS13 2HA. |

MICROCHIP PICMASTER EMULATOR
complete with PICI6C71 module. psu and
leads, etc., used once only, £225. Tel. Leeds
0113 252 4186.

PART-TIME ELECTRONICS OR ELEC-
TRICAL ENTHUSIAST wanted for work on
electronic project. mwst be a real whizz kid.
Apply with all relevant details to Eng Group
Senvices Lud., Unit 10 Fazeley Street Ind. Estate:
Birmingham B35 3RS.

REPLACEMENT LAMPS at the lowest
prices, all types supplied, e.g. standard. pygmy,
reilector, coloured, disco. stage, low energy,
halogen, sodium, meta! halide. We also supply
decoralive fibre option lamps, bubble tubes, lava
lamps etc.: quantity discounts. Phone/Fax 01260
271573,

DISCO AND PA EQUIPMENT at discount
prices. Radio mics from £100, twin CD
player £289, 2 x 160W amplifier £185, 2 x
400W amplifier £329. 3-disc karacke player
£209, mixing packages from £229, Par36 inc.
lamp £26. PhonefFax for price: lisi: 01260
271573, L

40 x SIEMENS V23102 24V SSR, £50 one;
50 »x Gen. Semiconductor MBRI10G0 power
Schottky diedes, £40 ono: 3 x Hitachi mono-
chrome display (120mm x 90mm display). £40
each ono; | x Raaco proiessional peb repair
kit. £100 ono; 1 x Cliff selder fume extractor.
£500no; 1 x wrist strap test poiat, £40 ano. All
items brand new and boxedfiubed. Tel. 01535
600726

PIC-project source code files: /pub/PICS

EFE text files: ipubddocs
Basic Sokdering Guide: solder.Ixt

Naw readers and subseribers info: epe_info.txt

UK Sources FAQ: uksource.zip
Writing for EPE advice: writedus.txt

ERPE NET ADDRESSES

EPE FT7 sile; fipJ/fitp.epemag.wimborne.co.uk
Accass the FTP site by typing the above into your web browser, or by seiting up a2n FTP spssion
using approprizte FTP software, then go into quoted sub-dirsciones:

PIC projects each have their own folder; navigate to the correct folderand open it, then-fetch all
the files contained within, Do no! try to downlead the folder itself!
EPE TENS Unit user zdvice: tens.doc and tens.ixt

Ingenuity Unlimited submission guidance: ing_unit.ixt

Neswsgroups or Usenat users advice: usenel.ixi
N{-Czd discussion: nicadfag.2lp and nlcad?.zip

Ensure you set your FTP
software to ASCIl transfer
when ieiching text files, or
they may be unreadable.

|'On-line readers! Try the new EPE Chat Zone — | i
| a virtually real-time Internet “discusslon I
board"” in a simple to use web-based forum! |
hitp/iwviw.epemag.wimbome.co.uk wwwboard

Or buy EPE Online: www.epemag.com

Note that any file which ends
.zip needs unzipping|'
before use. Unzip utilities
can be downloaded from:

I http:www.winzip.com or

hitp/iwww.pkware.com
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TRANSFORMERS

DEPUT Z25V20Y AT SQE0H: GUTPUT GV-2607
PANZL MCUNTING
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Professional 88-108MHz FNi Broadcasting Kits

Dztailed Instructions with Schematics
High Quality Screen Printed PCBs
High Quality Cempanenis

Ot Prodises Bange ncludes
Transmilters from 0-03W to 35W
FM Sierao Coders

ﬁfdio Compressor Limiters

1ennas
RF Pawer Amps
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Millions of quality components
at lowest ever prices!
Plus anything fraom bankrupicy — theft recovery
— {rustrated orders — over productions etc.
Send 50p stamped seli-addressed label or
envelope for clearance lists.

Brian J Reed !
6 Queensmead Avenue, East Ewell,
Epsom, Surrey KT17 3EQ
Tel: 07775 945386
Mall Order UK only.

Lists are updated and only 40 are sent out every 2 weeks. This
normally ensures that orders can be fulliled where only a few
thousands of an item is available, (Payment is returned i sold out. Ido
a0l deal in credit notes). This will somatimes entail a deiay of up to
eight weeks — but the prices will be worlh the wait!

| COVERT VIDEO CAMERAS

Black and White Pin Hole Board Cameras
with Audio. Cameras in P.I.R., Radios,
Clocks, Briefcases elc. Transmitting
Cameras with Receiver (Wireless).
Cameras as above with colour.
Audio Surveillance Kits and Ready Built
Units, Bug Detector etc.

A.L. ELECTRONICS

Please phone 0181 203 0161 for free catalogue.
Fax 0181 201 5359
New DTl approved Video Transmitters and Receivers (Wireless)

>

= : FREE COMPONENTS
Buy 10 x £1 Sp=acial Packs and cheoose another one FREE

SHERWOOD ELECTR@NI@S

SP1 15 x 5mm Red LEDs
sP2 12 x Smm Green LEDs
SP3 12 x 5mm Yeslow LECs
SPs 15 x 3mm Red LED=
SP? 12 x 3mm Groen LEDS
SP10 100 % 1N4148 diodes
s 30 x TN40D1 ciedes
8F12 30 x 1N2002 doodes
SP1B 20 x BC182 Yransistrs
SP20 20 x EC 184 transistors
Se21 20 x BU212 raneizies

SP23 20 x BC54S transistors

SP24 4 x CMOS 4001

SP25 4 x 585 timers

SFZ6 23741 OpAmps

SP28 4 x CMOS 2087

SP29 A x CMOS 4013

SF31 4 x CMIOS 4671

SP36 25 x 10/25V radial ef=ct. caps.
SF37 15 x 100735V ragal elect. caps.
SP39 10 x ATO/ISV rackal elect caps.
SP10 15 x BC237 ansisto’s

2841 20 x \xpd transistsss

SP42 200 x Mized 0-25V C.F res'stins

5% Min. PS saliches

SP102 20 x 5-pin DIL sodkals
SP1g3 15 x 14.pin DIL sockets
59104 15 x 16-pin DIL sagkets
SPi05 4 x 740500

$F108 15 x BOB57 vansstons
SPIt1 15 x Asscried polyesier caps
-SPri2 4 x ChMOS 4093

§P115 3x 10mm Red LEDs
SP116 3 x 10mm Green LED:
SP118 2 x CMOS 3047

SP120 3 x 74L863

SP12s 20 x Assorted ceramic gisc caps
§2130 160 x Mixed 0-5\V G.F. res.'sl’cvq
SPid 2xTLO7Y Cp Amps

RESISTOR PACKS = C.Film
FP3  5each vake - 1ofal 365 025W €280
10 sach value —jotal 73) 0-25W ESDJ

. popuEr

RP4 5 pach value-tota! 385 0-5W 8375
AP8  10eachvale ol TXIOSW 1635
BP11 1000 pogadar vaices -5 i8.10

SP133 20 x INJQ0S diodes

sSP134 15 x 1NSD07 diodes

S2135 © x Mm. shide swiiches

P35 3 x BFYSS yansisiors

8P137 4 X WS 1-5A bridae rectifes
SPI38 20 x 2263V rasfial eiact caps.

SE140 3 2 WO 1-5A briciye sectifiess

sP142 2 x CMQS 4017
SP143 5 Pairs min_ crocodia Cfins
{Red & Biagk)

SP145
SP146
SP147

& x ZEX300 transisters
10 x 2N3T04 transistons
5x S&npbcwdg ships x
25 hotes

SE151 4 x 8 Bed LEDs
S£152 4 x 8mm Green LEDs
§P153 4 x amm Yeliow LEDS
SPi154 15 x BUS4B trens=iores
SP155 3 x Stripboard, 14 strips x
27 hofes
SPIED 10 x 2N3804 transistors
SPI6t 10 x 2N3905 transisters
SP155 2 % LF35y OpAmps
SPIe7 & x BL107 uancishes
SP168 6 x EC108 transistars
SP175 20 x VB3V ragal elecd caps
SP177 10 x 1A 20mon quick baw
fuses
SP1B2 20 x 4 7/63V ractal eloct, caps.
§P183 2D x BUSAT transsiars
SF187 15 x BO239 transistors
SP191 3 x CMCS 4823
8P182 3 x CMOS 2066
SP183 20 x BL213 angislors
SP1g4 8 x OA%) dioass
£L1a5 3 x 10mm Yeligw LEDS
SP197 6 x20 g0 DI sechets

S°l§8 5 x 24 pin DOIL sockets

1999 Cplalogueinow availableifl
inc. P&P or FREE withfirst ordet,
EAP.£1:25 pes order, NO VAT
Orders {o}

Sherwood Electronics,
7 Willlamson St., Manstield,
Notis. NGtQ 6TD.
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| STERED DISCO MIXER MPXZTTOC [EGHO & SOUND EFFECTS |
% ‘

#PRICES INCLUDE V.A. T #PROMPT DELIVERIES

A
U

OMP MOS-FET POWER AMPLIFIERS
HIGH POWER, TWO GHANNE!. 19 IHGH AACK

THE RENOWED MXF SERIES OF POWER AMPLIFIERS:
FOUR 1MODELS:- MXF200 { 1004V + 100W } MXF400 (200W - 200W)
MXF600 {300V + 300W) MXFS00 (450W + +50W)
ALL POWER RATINGS ARE R.M.S. INTO ¢ OHMS, WITH BOTH CHANKNELS DRIVEN

FEATURES: « Ingepondent power suppbas with two tore0al trapslomars « Twin LED Vi Msiers
* Lavel contitis » Gununated ool switch o JackXLR inputs « Speakgn auipuls * Standard 773V
wputs « Open and shert circut prool « Latest Moz-Fets for stress free power dexvery into virtualy any
toad = Rgh slew tala » Very tow distortion » Alymeniumessss « MXFEO0 A MXFS00 f3n cocledwithD C
kugsozaker arnd theamnalprotection

USED THE WOALD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC:

---.« e l
)

MXF200 Wig" Dif' 3"(2U) s
SiES.  MXF400 Wia" D12°  H5:™ (3U)
| © MXFB00 W1g° D13 HST' {3U)

MXFg00 Wi3° Diai" (30

PRICES:- MXF200 £175.00 MXF400 E233 85
MXFSOO £3208.00 -MXF900 £449.15
SPECIALIST CARRIER'DEL. €i2:50 EACH

PR (L n By

J [ewm—
/S BASSIMID ><

‘2 WAY BASSINID CO‘JBIH:D

/BASS X MID XTOF\

CONFIGURED 3 WAY
FEATURES:
A:a ced 3-¥ay Stzreo Actwe Cross-Over (switcradie tan way), oused &0 3 197 ¢ W czse Each channa!
+13 tvaz ivel controls: Basz Ma g Top Treremgvabio fronl 1asc:a 250w s adcess 10 the programrziie UL
--t'c.res to 33must the Cross-ovor liequengyr Dasc Mud 1251250050018 M a-Top 12°3/5H2, 2% st 2448 pr
octave. Tre 213 way s2lecier santches are 2ic0 2ocessed By rarmavag (e frontiasta Each Steren channel
<30 be confgured sepzralgly  Bass Wvert Switches ame noovporzicd 90 cach ehannst Mol T7SmV
inpudfoatpat. Fully compat tle with OMP Rack Amp'fler ard Madutos.

/SaseX mipiTor N,

2 WAY MIDITOP COMBINED

@ T

.cast aluminium loudspeakers with faclory fitted grillas, wide disparsion consiant
-directivily horns, extrudad aluminium corner protaclion and steel ball cornars,

AS A
3

*LARGE [A4] S.A.E. 60p STAMPED FOR CATALOGUE

A new range o! quality loudspeakars, designed 10 take
advarage of thé latast loudspeaker technology and
enclosure designs. All modals utilize high quality studio

complimanted with heavy duty blzck covering. The enclosuras ara litted as slandard

with jop hats for oplional loudspeaker stands. The FC15-300 incorporates a large

16 X 6 inch horn. All cablnets are fitted with the latest Speakonaconnaclors

for your convenience and safety. Five modaels to choose from.
- —— 13

NOm-ZOT MOTNE

PLEASE NOTE:- FOWER RATINGS

QUOTED ARE 1N WATTS RMS FOR

EACH INDIVIDU2L GABINET.

ALL ENCLOSURES ARAE & OHM.

~—15c15 Inch spezker

¢ L—12-w2inch speakes al

ibl FC15 300 \WATTS Freq Range 35Hz-20KHz, Sens 101dB, Size HBSS ¥/502 D415mm

PRICE:- £299.00 per pair

ibl FC12-300 WATTS Freq Range +5H2-20KHz, Séns 9698, Size HE0D V7405 030Gmm

PRICE:- £249.00 per pair

ibi FC12-20) WATTS Fr=q Azngs £0Hz-28KHz, S$3ris 97dB, Size HE00 W405 DA00mm

PRICE:- £199.00 per pair

ibi FG12-190 WATTS Freq Range 25H2-20KHz, Sens 10008, Size H348 W380 D300mm

PRICE:- £179.00 par pair

181 vII2- 200 WATTS, Fraq Range ¢0Hz-20Kpz, Sens 9758 Size H418 W00 0385mm

RICE:- £125.00 EACH
SPEGIALIST CARRIER DEL:- £12.50 psr palr, WOng MWonitgr £7.00 sach

Optional Metal Stands PRICE:- £49.080 psr pair Dalivery:- £6.00

-OLOSSUS POWER

d VERY HIGH POWER LOUDSPEAKERS.
THE GOLOSSUS RANGE OF LOUDSPEAKERS
ARE DESIGNED FOR USE IN SUPERIQR HIGH
POWER OQUTPUT SYSTEMS, ALl MDDELS ARE £ CRY
COLOSSUS 12MB:-% 12 INCH # 450WATT R,M.S.
+ 9060 VWATTS PCAK = Sess 98 ¢fB.v Hes Freq.55 Hz
+ Fregquency Rznge 40 H:z-3.5KHzPRICE £129.00
COLOSSUS 15XB:-+ 15 INCH = E00WATTS R.M.S.
* 1200 WATTS PEAK » Sens 98 9B = Aes Fraq 35 He
* Fraguancy Range 30 H2-LOKHz PRICE £159.00
COLOSSUS (BXB:-# 18 INCH = G00WATTS R.M.S.
= 1200 WATTS PEAK +Sens 100dB.+ Res Freq.30 Hz.
+ Frequency Rance 27 Hz-1.8Kz PRICE £183.00
ALL MODELS AAE DTLIVERED CARARIAGE EREE{UK ONLY)

PRICE:- £117.44 + £5.00 P&P
N Nl AH = s 1) 16 H

The 12 and 16 Channel SPM Series Oi Studio Quality Mixers
Are ldeal For Fixed Installation Stage And Moblle Use.

+ 48v PHANTOM POWER

# BUILT IN POWER SUPPLY

* 230V AC/S0Hz

# PEAK INPUT LEVEL LEDS

* PRE FADE LISTEN (PFL)

* SUB MASTER OUTPUT

* COMBINED XLR/ Y% JACK

* 60mm FADERS * CH.MUTE

* 2 STEREQ AUX.SEND/RETURNS'

+ CONSTANT PAN CONTROL

* 3 BAND EQ WITH MID SWEEP

+ HEADPHONE/CONTROL ROOM O/P

* CDITAPE INPUTS & OUTPUTS 1

* BALANCED INPUTS & OUTPUTS |

+ BUS ASSIGN SWITCH

* MONITOR SEND
PRICES:-

§PMt202 4I-|DND WIC/LINE.ASTEREQ INPUTS £235.00 FAEE
SPM{502 BUONO MIC/LINE ¢STEREO INPUTS £35¢8.00 UK PeP

* 4 STEREQ INPUT
CHANNELS

+2 DJ MIC INPUT
CHANNELS

+ 2X7 BAND GRAPHIC
EQUALISERS ‘

% HEADPHONE
MONITOR WiTH PFy
* ASSIGNABLE
CROSSFADE
: * DIGITAL ECHO
STEREOQ DISCO MIXER WITH:- » 2X7 GRAPHIC EQUALISZRS »2 MONO MIC MPUTS +D4 MG
WiTH FADER, TALKOVER AND VOICE CHANGER + 4 STERSO CHANMNELS WITH  INDIVIDUAL
FADERS AND ASSIGNARIE CROSSFADGE +CHANNELS SWITCHABLE., TUAMTASLE (MAG
CAATAIDGE), CD, LINE, TAPE, ETC. +ECHO WITH BALANCE. REPEAT AND DELAY
«HEADPHONE MONITOR WITH FREFADE LISTEN +GHOICE OF 6 soum) EFFECTS »STEREO
KOMNO SWITCH # 2 X LED VU METERS - MASTER FADER «OUTPUT
*JI7E - 452X 240X 1Smm #FOWER. - 230V AC 50/6042 PRICE:- £169 00 + £5.00 P&P

AADIO MICHO! CYBERWAVE FMM 1000 -
+ IDEAL FOR:- LIVE BANDS, PUBLIC ADDRESS & XKARADKE ETC.

+ ON/STANOSY/OFF SWITCH WOUNTED ON MIC BARREL FOR EASE OF USE
* 100 HOURS BATTERY RUNNING TIME. 1PP3 (NOT SUPPLIED)
* SINGLE CHANNEL RF MICROPHONE 174.23 OR 174.56MHz

*+ MAINS ADAPTOR FOR RECEIVER SUPPLIED « FM LOCK INDICATOR
& VOL CONTROL ON RECEIVER. PRICE:- £118:99 FREE UK P&P

DELIVERY CRARGE - PLEASE INCLUDE AS ABOVE.TO A-MAXIMUM
AMOUNT £30 0 EROM SCHOOL .COLLEGES,

0. OFFICIAL DRDERS
GOVT. BDDIES PLCs ETC. PRICES INCLUSIV E OF V.A.T SALES
COUNTER.CHEDIT CARD GUERS ACCERTED BY POST PHONE QR iAX

AME N o7 Te N AME i oTe SUPPLIED READY
BUILT ArRD TESTED
Thess Mok Tow 267y 3 werkd wils repuf 8o fze qualty, resshsity snd performance al 3 reatste pvee Fox
mede's are avaizbe 1o s ihe noets of the protessonal snd robby manket i Industry, Lesure, inshumantal and
HFi elc Whnencomparng prces, NOTE that 31 maczs rckude kool powet supply, mtegratheal sk, glass fove
PGB &7 orive oV oIS 10 Fows? 3 compartie Yumetsr Al modsSs aze 000 203 shivl craut proal
THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMPI/MF 100 Mos-Fel Oulpu! power 119 walls
HM S mio 4 chmes, frequarcy response T2 - 100KH: -
3o, Damping Factor >300. Slew Rate 45V/AuS THO
typical 0.002%, Input Sensitivity S6O0mV. SNA. -
10ob Size 300 x 123 x 606mMm
PRICE:- £42.85 + £4.00 PAP _

OMP/HF 200 Moe-Fet Output poser 200 w;iu;
RIS into 2 chms, irequency response tHz - Y10KHz
-30B. Damping Faclor >300. Slew fi21e 50V/uS. THD
1yp:cal 0.001%, Input S=asilfvity 3006mY. SN AL -10a8:
Sez2 300 x 155 x 180mm.

PRICE:- £66.35 + £4.00 P&P

OMP/MF 300 Mos-Fel Ouipu! power 300 watis

RMS into £ ahms, requency response tHx ~ 0KHz

-3dB, Dzmping Facior >300, Slew Rate 60V/ul, THD.

1ypical D001, Inpui Sensitivily S08mV: SNA 11048,
Siza 330 x 175 x WOmMm

PRICE:- £83.75 + £5.00 P&P

QMP/MF 450 Mos-Fel Ouiput gowsr 250 walls
RIS into ¢ ohms. rsquency responss Hz- WOKHz
-3¢8, Damping Faclor >300. Stew Rate 75ViuS.
THD. iypical 0.007%%, Input Sensitivily 300mV, SNR
-11008, Fan Coolzd, 0.C. Loudspeszker Protaction -2
Secord Antl-Thump Delay. Size 385 x 210 x 05mm
PRICE:- £135.85 +£6.00 P&P

OMPI'HF 1000 Mos-Fat Outcul power 10300 watts i
‘AMS inte 2 ghmg, 725 wans AMS into 4 ghms,
frequency response tHz - 100KH:z -303, Dampmg i
Factor >300 Stew Raie 75V/uS. THD. typical
0.002%, lnput Sensivily 500mY. SNR -%106B. Fan
Cectad, D.C. Louaspeaker Protectien, 2 Second
Anti- Thump Delzy. Size 422 x 30€ x 28mm
PRICE:- £261.06 + £12.00 P&P

NOTE WOS-FET WGDULES AHE AVAILAELE IN TWO VERSIONS
STANDARAD - INFUT' SENS 263aY, BAKD wiBTH 10IXHL GA

PEC [PROFESSIONAL TQUIFUENT COMPATIELE] - IKPUT SEN
775sy. 5AnD WIDTH S0RHe ORDER STAHOARO OR PEC




Electronics, Electrical &
Mathematics Principles V6

If you are looking for an easy and enjoyable way of studying or improving
your knowledge of elecfronrcs and maths then this is the software for you.

5] ke ettenrics | ElecUibcal dnd Mathemalicst Pnncmlc: Ve

DC AL Flecticd Sersfond OpAmp: Mafs Digtd Meanse Momo (PICE Tookes m%b

PEARHITLLIURE SCIEfRe o B ~.=J:.|£l|- :
Step

oo Mot |

— _D#aB; T ke Feve e Aasade s,

A5; Phase §hill Osuillato

= i il L
2xpixfinCx|§ Eilm?lxpixf:i:xnr
= 259.8969Hz wB7.792%

Pasiiive tecdback B = X2 . 29

. f} 7 e 1O e 7 TRr—

| okl _l TmHmJ Pries. “H-aesmn;x;;.i
= - T+ /=T Theoem 0.

Deborgans Theocee Multi-user site licenece

T e R B ) = additional £500*

CD-ROM fot Windows '95:"98 & NF;

Topics rangeffom Ohm!slaw and simple DCThrough AC theory'to | [mmemelATTIVE FILIERS: RE Low Pas: Bulfes Actrve Files
1he latest PIG16F84 and PIG1GE71 miBrocontrollers where the - -

architecture and corgpletenstructiof sebcan be explored through
ihe inferactive graphics. Mathematics are developedidrom simple
numbeErsystems to solvinglinearequations: | Percgrrr=07= ¢ ol %1000 = 7rm

Addltions;to V& Includer KTredit (Rgofains, Norlop, Thevenm's:& o T S o
Superposition... Magnellsm & 'Flecliomadnetism:.. Motdrs, byt
Generators & Transformers:.. Three ghase syslems... More oft  [JESST NI

complex numbgrs... A beginners iintroduction & PICS... ‘ :’ !
Stalistics,.. Single page colbugpnriting .. Fastergraphics.. b;lm
PLUS: all the Electronics Toolboxroutines, alopgwith an lllustrated . | input cunent theretor
Gampanents, Tools & Equipment éhonary means the vokage a
Alfolatof bvar 900ghain meril selections postions of RI'and

Please telephone o visour wetysife for mareihformation.

COMPLETE PC BASED ELECTRONICS, ELECTRICAL AND MATHEMATICS COURSE |
where the colourfuliinteractive graphics make itideally suited for both personafistudy and ‘-
amafe epjoyable way of revising.
Currgntly Used ip hufidreds of UK and gverseas school®: andicplleges lo:suppait
GESE, A lievak Gity and Guilds, BTEC, GNVQ's and Uhiversily ciiirses.
EPT Edl :Latl_onfc}l Software. Pump Hpuse, Lockraim I ane, Witham, Essex. UK. ¢ M8 : B4,
Tel/Fax: 01376 544008¢ sales@eptsoft.demon/co uk www.eptsoft.demon.co.uk
‘UK-and EC eountries add E2 per order for post& packing. VAT should be.added to theifotal.
Outside Eurdpe £3.50 for air mail postage by retuin
Switoht Delta, Visa and Mastercard orders.accepted - please glve card numberand expiry aite.
Cheques & Postal Orders should be made payable to EPT Educationalsoftware.
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