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ECG MACHINES>8v 10AH BATTS/24V BA TX &
sremrent ECS macrees!  Mzasuoes HQEX20mm, ot the
o e Sormels e sLan speed, soan de@y. Ssan mose, foads &
sormectons on ine rexr nohdng wdeo out etz Onithe fromt pans! are
oo DN socwete Br connectsg the body seraso= io Sensors nat
noooad, insoa 2 €4 10AH seated lead a0a Sants (geresly nota
£99: coneton), DC's 3nd 2 227 I8y oamdal TenginnTer (mans i)
ST 33 S Ay tave OE o two boaen oS ot du o poor
Forege L1599 el VP2

HYDROPCNICS DOYOUGROWYOUR OWN?
Ve haveafull colour hydroponics cataiogue avaiiable containing
rutrients, pumps. fitings, envirmenta) control, [ght fittings,
AN, 185 equipment et Ring for your free copy,

PC COMEINED UPS AND PSU 7z une rac a1
Dowerof 255 wars eRrars mothe? IO B enrrectors and 12 pervhassd
powet aids for dmss et Insce s 3 12v 7 22k sealed kead acd
nieree Dasoptmesdresatigicador Mmrs at iadticad Mace
FithaUK by Maarum, 1300 240vac gt +awat 354 -Svat 54 -12v
254 1263 54 oumas. 1TORERO 20T naw and baved £73 45

Ref FCLPS2

WINDOWS 95 CD A susptecwith Hewist Paoer PO s tese
Crs hizve all the window Faes on therm argwere intended to be vsedto
rEsiore winoows on 2 PC 312 a o2sf BT S 15 REF X8

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

INFORMATION ETC £14.50 REF CD56

aerial photography kit ms reeiet comes wain a bt in
oererl tTes up 1o 500 et (!53 M) LUTS O/ ANG [BRes 30 =
phaDgrarh of the ground beiow TR rcohat then eturns ety wih As fim
VE LSl n paraaze 1akes stancand 110 Rim. SupoHad Compta wen
SR TG 3 Sunch 553 20 3 mefars (o fim) £55 &8 =
2strn

SATELLITE MODULATOR MODULES prices from
just 5p Sermce moum modutators vt ol comporerds Fatsdwasan ¥
Hype coerasiog and 5 Uil fype comndtor Pack of 10025 85 ref SS20
PROJECT BOXES anctres bargan o yre: e these sm=t
ABS proett boreS DT IO [E0e SXiw togther case mazsrag
S &S car=ete wizth peoe! mouniad LED insde youwad frvd
Gace Of oo Ials t3pe heacs. mlos. chvps eesinrs, enssioes &40
Pz of 20 D855 ef MO2

REMOTE HEATING CONTROLLERS witH 304
HAINS RELAY fam 51 550 Thise unls wre Sesgnedto b= pluggea
¥I0 3 teepnons Sook=. You then caled e prong 3ns some row
g the hestng o Sach bor cormans k5O bis ety 3 mans
30 reiay pack of 20 £70 ref S8R

PIR CAMERA:z2 & CCTV camzra (cmposte muima) IR
stToe lght PR getecty ang Battery batenn Deagred to ‘souat
SCILTRS 00N 1N Dhone Ine Dt woOKS W 35 2 Slat0anns ung
Ezpan oo £39 45 1 S531. These units &= trand rew mooses
casgned 10 take crhres” of nizudens and then tramsme the petizes
30wn Ihe teephone ine The PIR gatecte the sinxter, fres the strobe
gk th ersures 3 ppdact poture even M ! darkmess The poture
5 53720 N MMy NS Ihe hatihe ard K% st by mode (ot
nchded) Gown e teephone iz Tha unes 2550 hahe 2 Rcad battery
pack Aol presuTally 10 marden coeraton B the evert of maing
Fra fskoe Ooipt ITm tre CaTerd 5 S2aniane blw corposte
200245 pirels witn 8 SOMES oegres fieid of veaw the pohire qually
soset Each PR aiso gortans 2 vaes capiive 2m Comresssa
it The rfa rea 2w has a fage of 15m The prtas & renge of
12m Powes tequrerarts zp 1 2vos 00MA Powes suppies aadabie
L5 rdsswtreunsa-esum-ﬁwmwm:cm:esse'nrwe
CO N B2 3ty wZOATEHon Onue ] e COmIFesst 3 Carea i

or =etaceg te moosms otc Tre unts 00 fave opsstons! PiRs
WIches and cammras (Carea s 12wE ang pves ou? siEnderd
omrpotTe v o5 v.oea) Pow you SCaR inesE ID work npetnar S ernraly
o I you RSt proe for the ungs wes | emess of £700 e3on sae
proe £33 52 ! 5551.Power supcies £5 1ef S50
TELEPHONES 1xtoine ek s a fuape delvery ot tacpionss
24 rand new ahd torsd Two pece construchion with the foliowng
feyes- Uurrimatod bz, tone o pUise (Faichabe) recad resal
=T teuse, hogtfiow ang oF rovger saich and quaity oonstrurton
frrshed n a2 sTan G wire oo0nr and i§ Suserd Al wih a siaroard
REMPONT! 152 [t a5 USor e Fyou wshitlo ke ¢ ST
S22 suppiad o comn the phoees trese are 550 IEDE 1IN ST
esctired §TLX Phenes £4.99 each tel PH2 10 off E30 ref 852
3HP MAINS MOTORS sngie prese 240v. brans now, 2
oo MOnE0mm 2550 mom, bt auomEice reset OverioEl oo~
o, Wy £ha® (A1Emm)Mase by Lesson £90 each ref LEE
BUILD YOU OWN WINDFARM FROM SCRAP
hrspascaton gres sep by 2 Fi0e 10 kg ngwad gresatloes and
DELorn. AFTEd wil IS puticatan and 3 good oca! sontp yaa
Soud ra'e yo se safficiens i efectragy! €12 2 LOTE)
CHIEFTAN TANKDOUBLE LASERS 9 WATT+3

WATT+LASER OPTICS Cooibe asactec or teritany,
ln;nfgiWU‘&«Dmbﬁeb&s’rmtséesq‘sd‘**ﬂvﬂ
genbare! ( 312K £30h une RIS Pwd Samd Concuctor tasess and Moty
dry unls ior aogrerent 7 mee g o Gout dapans due to
t.!C-B e groe £50 0007 57 £198 Exch gm has teo SEimam
Arsende TREchon 3865, 1 X 8 wal, 1 13 eatt S00n waveterotn
Fonie, B3 puse fregiency The wmis a0 contan an electronic
TETENEF 0 SAACT rEfiate] sprads Aum isgets. £190 ReFLOTL
MAGNETIC CREDIT CARD READERS AND
ERCODING MANUAL £€9.55 Cazed wzh Sy=a3s desgmed o
Fe=3 stEctarn oot oatls) oomsiete wah Conr eXtioncs PCS e
FEMUE Conenry svonths] you (o wast I Krowahond wi's heiden
B INZ Mgl g0 of Yo ex ) oSt £9 95 e BARSY
Hipower12v xenon strobe wrexe rate tashe: mot es
 nies ESledhd 13w PCB Ried wah coD sactonics ara a

oeaerhi Xeron bbel o5 asoty $2v DO o the Bar &t the bube vl
fazh Dnite brai s s sl poteniomeder whch ©an be usec lovary

e fzeh 37 PCB memmures pat Yo S5rm Za ca M te nixperaiad
ROty ientetng prosecte! £6 ref FLS1 Packo? 15 s 8453 efFLED

I 1 S22, pack o 12 £28 rt

Hydrogen fuel
cells now in stock

Our new Hydrogen fuel cells are tv at up tp 1A oulput
Hydrogen input. easily driven from a small electrolosis
assembly or from a hydrogen source, our demo modet
uses a solar paned with the output leads in a glass of sait
water to produce the hydrogen! Eachcellis designedto be
completelytakenapart. putback together and expanded 1o
whzt ever capacity you like, (up to t0watts and 12v per
assembly. Celis cost£79 rel HFCt4

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

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

PHILIPS VP406 LASER DISC PLAYERS,
SCART QUTPUT, RS232 CONTROLLED
£24 95 REFVP406

SMOKE ALARMS 1z=s posersc mafs oy the famous

Gent company. e55y B resttn gt itngs, power polit. Pazk o515
|24

4AH D SIZE NICADS pack of 4 £10 ref4AHPK
ELECTRIC FENCE KIT svenytring you resato tuse 2
12vi: elecins fence compieta win 2i0mdf lente wre D43 ref AR
SENDER KIT Cotarsatcoroonensinb i 280 mangmass
compatn with c2sa £35 ref vEX2

10WATT SOLAR PANELWGEWEF&"EE’:
in 3 rodged umum fame Fansl messures T by 1'with soew
terminas focessy connechon ' x 19solzr panel £55 ref MAGAS
Unframed 4 pack (3'x1') £58.99 ref SOLX .

12V SOLAR POWERED WATER PUMP pesica
Ior many 12 00 uses rangrg Fors saty buntans b emooaos?
Srmal 3nt comoatt yet praeful wonks St froem oo 10 wat seéar
panet 0 brght sm Maxhe i7 2 Max Bow = & Lpm § SA Jof ACB
2823

SOLAR ENERGY BANK KIT 50x 67x12"6v solar
panels{amorphous)+30 diodes £83 ref EF112
PINHOLE CAMERA MODULE WITH AUDIO!
Supst toenl ameA with an basd sound] edra sma st 25men
scuare (eartg moTohone) phaal b coverf sunveianse CEn e
ra3dsn Nede AThng, ews 2 malchier Canpicte with $5 mete
£ gty and ehver conmmactors £45 55 ref OO

SOLAR MOTORS Tory Wotors wineh NN SUEtR RARgEyY ON
vilages from3-12von Works o ow Bv amonecis § panas and
YO CRO AT them from (e sunt 32mm da Dren ik £1 ST escth
WALKIE TALKIES 1 MILE RANGE E37/PAIR REF MAGY0
LIQUID CRYSTAL DISPLAYS Bargain prices.
20 character 2 lng, 83x19mm £3,99 ref SMC2024A

16 character 4 kne, 62x25mm £5.93 ref SMC1640A

40 character 1 ne 124x18mm £6.00 ref SMC4D11A

YOUR HOME COULDBE SELF SUFFICENT

IN ELECTRICITY Coarzersnene pans with j2s of inly

©N C2SiGhirg SySTeme. panis, sontndt siechimres oo £7 et PV

LOWCOSTCORDLESS MIC 57 e, 557 105t

1154, 1932 25 x SR O PPS barery requaed £17 ref MAGTS™

AUTO SUNCHARGER 55600 suzt panawthzose

and 3 mare iead e with 2 Cgar piexy 12v Pant £12.88 REF

AUG1073

SOLAR POWER LAB SPECIAL 2 &5 &y 12074
L5 2 LEDS we burs swith €1 25y o ndd £7.99 REF

84377

SOLAR NICAD CHARGERS 4w AR Ez8 0505 =

‘ER275, 21 € £72 B9 U5 1ed €°4TT

525" FLOPPY DISKS oo of 500 i £25 ref F%

REGISTER FOR OUR
ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

230 PORTLAND ROAD, HOVE, SUSSEX..
BN3ISQT (ESTABLISHED 50 YEARS).

MATL ORDER TERMS: CASH, PO OR CHEQUE

WITH ORDER PLUS £4.00 P&P PLUSVAT.

24 HOUR SERVICE £6.50 PLUS VAT.
OVERSEAS ORDERSATCOST PLUS£3.80
(ACCESS,VISA, SWITCH. AMERICAN EXPRESS)

phone orders : 01273 203500

FAX 01273 323477

BULL ELECTRICAL)

Sales@bull-electrical.com

JOWATTS OF SOLAR POWER forjust£69,4
panels eachoned'x1’ and producing 8w, 13v.
PACK OF FOUR £69 ref SOLX

200 WATT INVERTERS pogs sr=am weo yor e
CAErT0 MQNLes SOciet and 15 filed with 3 134 sockst so you cat hs
YO IS Creseted Onvees hom yEz oo batery £43 951 8555
THETRUTH MAOHINET&S;’WE@ESI,‘!QE;ME
UBTOS MINSE vIxCD EaMocy HOSralad works o GEnera! commsatinn
i onthe hore and TV as welll £42 A e TS

INFRA RED HLM?:}zzmdmmmﬂﬁm‘m
wiT ondy eiow IR gt ivough Perfect o covertog oraray (oshes.
Iphts readighis etz lgsfaeg otpd onlyusey sizrdasd ight bues
Ezedy atto sheoe 6 squre I15 @ (RF2

33 KILO LIFT MAGNE Tiecoymum 32mm cametes win
EEgbRA tnTe isx T ea%y maarary Sach magra was i 33wgs,
£ mEzsiE botea in = pate wa) I 2T oresioie (32 e 215
LACT3 )

HYDROGEN FUEL CELL PLANS Lz oirismaton
ohyrogen siarags and prod st Pracheairansts odd aHypdmgen
Toed 264 {003 wOrkEnop facAlas requred) £5 =2t ef FCPY
STIRLING ENGINE PLANS inerestrggsmatonpac
coveing 33 2spects of Siving engmes  prares of home maoe
£ngines mana from an aormend Can Aetg 2N 2 eandie 120 ETiR2
ENERGY SAVER PLUGS swes up 15 15% etecmeny
whanirsad winlioiges motors s3I0 20, bohe bips saoaseng vons et7
£9 ea ref LOTYY, 10 pask £59 ef LOT72

12V OPERATED SMOKE BOMBS typ=zms a1z
ngger and 3 smose canrasters, esth canristst will 3 zroommia ey
shT snese of Bmet £ 12 09 76/ S8 Type 255 20 sty catiers.
F’—ﬁhg—«mg_wfﬁim)ajtumam_‘efy
£20 7= 582 Tyre 1 5 3 12v Ingger =0 Fizge sannsas L4 e
531

HIPOWER ZENON VARIABLE STROBE Susats
12v PCE frad wan filporee strobe tute and crtrol SBecronos d
spesd coctrul potochometer Pedod for. feresting womets: &0
TS5 1200 operaton fHex et FLST, paciof 10240 ref FLS2
NEW LASER POINTERS 250w /5 metre rage. ran
e LT TUns on tvn AA hiEtanec [susoead) S e £29 ref DECLS
HOW TO PRODUCE 35 BOTTLES OF WHISKY

FROM A SACK OF POTATOES Comrerenshe 210
DEDQE TOOK COVES 25 3shecs Of Spos poadhacion fom averysay
malenas Incaddss corsinclion deta s of erpia sras £12r:f MS3
NEW HIGH POWER MINI BUG Winamge dupin
B0 metres and 2 3a3ys 1se from a FPJ thes s our ton seing bug!
253 e 17 seere and 2 10mivorre poiom arge. 23 Ref L ON0R
IR LAMP KIT susasic for cotv cameras enzpes e samens
0 D= used M DR deekesst 5 e EF 138

INFRA RED POWERBEAM Haorest sttery sowsrsd
k. 4 e refecter, grves o powerha pare mirEred o pertec! ior
CLTV g, oS et €35 el PBY
SUPERWIDEBAND RADAR DETECTORexct
RN ragst and iaser, XK andNABANDS soesgma=ras, s all ioan
speed detecton sysiems 350 deqeoe caverage liontds
exwaeguades 1 12T E “sonvar orasen 2143
LOPTX #2332 by Samsurg for coloar TWEY es2n ref 552
LAPTOP LCD SCREENS 240075 212 = 555
WANT TO MAKE SOME MONEY? STUCK

FOR AN IDEA? werawe cosated 140 brsrmss mamas s
NS yOu CFIITRION OF S2TNG GD GBI et {iaeetes you penute
these = yoar JEPSLTe g INg fd alror o0 your PO - Ao inchuded 5
tre ostbfets =raling you 9 eproduce (erd 29) e maas 35
much 35 you Be 214 e E5TS

HIGH POWER DC MOTORS, PERMANENT

MAGNET 12 - 24/ oo, prometey zhoe 1 teves pover
oy mRascras HIOM 3 75mvn wien s 60 & ST ctpag S2at wihoa
mmisceag f2 on £ Fomg o5 saveke using the bac heeaded boks pre-
trodnyg from the frons. £22 e’ MOTL

INFRA RED REMOTE CONTROLS a2z tor =
m'mayre.eubammn!‘mmm‘lﬁ&

i Online
wweb catalogue

< bull-etectrical.com
ELECTRONIC SPEED CONTROLLER KT rx

e 3w Mot 15 £18 12 WAGTL. Sz 15 @ yau buy them ot
together, 1 moldn pus speed oo Mpm €41 offe: prce £34 ret
vOTSA

SONY STEREO TV CHASSIS assemres comprsng
comoie TVPLB exciuding iude 2 stan cods. ficam steren, mans
A Appexinbe wrused BT 35 slesT VYo A1 probatily be good
for spares Of 33 3 RCAT Soec WV sound recever ara amminer
For V2= 1U ant KV25F ILKBCS3D) RO nos T-653-827-12
LASOA2G-14 71180041 £20 et STV

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

Pack of 3 £9.98 ref LOTSA

RADIO CONTROLLED CARS etc to rémafes tat

. 2000 SHRIDETS Ay SorvTs Mats 20 feoewers Scil 2SS ro felns,

raed types  £3 eath =t RCC2

VOICE CHANGERS 1o v of trete i coes gour
TR Mosth prace 37 you 630 adest s voisd using 1T coatmig cn
the U=l Sattery operated £35 7= CC3
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'Pr‘o;iecfs and Civeuits

ULTRASONIC PUNCTURE FINDER by Bill Mooney
‘Find that elusive puncture speedily and without water!

MAGNETIC FIELD DETECTIVE by Andy Flind .
A neat and sensitive instrument for detecting low-leval nfagnétic fields

FREEZER ALARM by Robert Penfold
Another lovs-cost Starter Project - How-to avoid an expensive thawl

8-CHANNEL ANALOGUE DATA LOGGER -1 by John Becker
The new PIC16F877 microcontroller offers versatile logging opportunities

INGENUITY UNLIMITED hosted by Alan Winstanley
Loop Aerial MW Radio; Mayday Module; NiCad Discharge Uit

SOUND ACTIVATED SWITCH by Bart Trepak _
Just one logic gate allows a simple mic to contral - well, almost anything

Series and ?Mf@ﬂms

NEW TECHNOLOGY UPDATE by !an Poole
Field emission displays are challenging ¢.r.t.s

POWER GENERATION FROM PIPELINES TO PYLONS - 1
by Alan Winstanley
‘An on-site guided tour-of how electrical.povet is.generated and delivered

INTERFACE by Robert Penfold
Visual programming for PC add-ons

PRACTICAL OSCILLATOR DESIGNS=2. Colpitts and its variants

556

566

580

585

592

608

560

570

590

T by Raymond Haigh 598
Worked examples and circuit-info for hands-on cbonstructors
CIRCUIT SURGERY by Alan Winstaniey and lan Bell P 612
Electric Enlightenment; Mysterious Mulivibrator; Transistors’in a'PiCkle
NET WORK - THE INTERNET PAGE surfed by Alan Winstan'sy , 619,
Explorer 5 Comes of Age; Hidden Worms; Trojan Trounced; Links
EDITORIAL 5565
NEWS -~ Barry Fox highlights technology’s leading-edge 563
Plus everyday news from the world of electronics
SHOPTALK with David Barrington _ 575
§ Tne essential guide 1o component buying for ‘EPE projects
READOUT John Becker addresses general points arisifig 577
BACK ISSUES Did you miss these? 594
CD-ROMS FOR ELECTRONICS 596
Parts Gallery + Electronic Circuits and Components; D:gnai Elettronics;
Analogue Electronics; plus PICtutor, pfus Modular Circuit Design
ELECTRONICS VIDEOS Our range of educational videos 607
DIRECT BOOK SERVICE 616
A wide range of technical books available by mail order
PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 620
© Wimborne Puhllshlng Ltd 1989, COpyrIght in all PCBs for EPE projects — some at “knockdown” prices| Plus EPE software
drawings, photographs and articles published .
In EVERYDAY PRACTICAL ELECTRONICS/ETI is ADVERTISERS INDEX 624
fully protected, and reproduction or Imitations In
whole or In part are expressly forbldden.
Our September '99 Issue will be published on Readers.Services e Editorial and Advertisement Departments 555
Friday, 6 August 1999. See page 547 for detalls,
Everyday Practical Flectronics/ETI, August 1999 345
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Surplus always
v/anted for cashl

__ THE AMAZING TELEBOX
Converts your colour monltor into a8 QUALITY COLOUR TVII
:  TWSOUND &

\VIDEQ

Tha TELEBOX & an azacte My cased mains powered U, ooresiany =l
&fu'mrmyn;tgmamsd\mommg'AVsq.mmwndﬂ
&% fited wih 3 composts vidso o SCART mput. Tra compesss vidso ouput

ehowry of TV chan-

rels normelly X
L3). Push bueon coreras on the £t cenal aliow moerton of fnrﬁ'—.’:ie
uyurmmaasmmmmoxuamma:m = =X
smfm’»:ﬁ\hﬂ:ﬁ'dUHf—' inchuEng tha HYPERBAND &s ;3
most camputar video systoms & |
(patre T pictre) seeps. For compieee camgatbiity - 2ven for man2ons wiot
soud - 20 nagE! 4 we audo erpifier sd ow el H Rado oupt 2w
Fovasd as sanderd Brand naw - fuly pemrtaed

TELEBOX ST for em-pcsfa vidao input type meoaitors £35.9%
TELEBOX STL 25 ST b fitted with xegnj spaaker £38,50
TELEBOX MB Mutband \-’Hr-lUHF{Cah ‘Tn'pefwﬂlmer £69.93
Fot oversess PAL versisns state 5.5 of 6 mHz sound spacification.
‘Forcabis/ hype-r*oand signal reception Telsbox M8 should Ta con-
nectad 1o 2 cehie type sefvice. Sh;p;q-vg on &l Telebox's, cods (B)

#9011, State of tha art PAL (UK spec) UHF TV tunar madule
-jw*lh composito 1V pp video & NICAM hi § stareo sound
,.,-" Tutpuie. Micro electronles al on one smat PCB onty 73 x 160
x 52 mm gnabia ful uaing control via a simploe 3 wire fink to an
1BM pe l?a computat. Suppied compiata win simple working pro-
gram znd documaniatien. Requires +12V & + 5V DC to opsrata.
BRAND MEW - Order as MY0O. Only £49.85 coda (B)
Soa www.oistal co.uk/data_my00.htm for pl:fum + full datalls

_FLOPPY DISK DRIVES 212" - 8" |

A unis {unless stated) are BRAND MEW or ramovad from clien
trand new eqffmen! erd are ‘ully testad, aligred and shipped to
you with 2 full 90 day guasantes. Call or see our wab site
wanr.lzlal.co.uk for over 2000 unnsted drives fof spares of repall.

3%° Mhsubishl MFRSSC-L. 1.4 F.'&; Lapé"{)s mry £25. 0:{8
3%° MRsublshl MF3ESC-D, 1.2 . €£18.95(8
55 Teac FD-S5GFA 12 I.T?E '-'l pc’s; FlFE £18.855.8
5%° Tesc FD-55F-0G- (fcr BEC's i) RFE  £29.85(B
55" BRAND NEW Mlhublshl MFSOTE 360K £22.85(8

Tatla iop case with inte: ral PSU for HH 5%° Flopoy /HD £29.95(8)

8" Shugan 800801 8° SS refurtkshed & tastad £210.00¢
8" Shugzrl 810 §° §S HH Brand New 2195.003
&" Shugar 651 5 doutls sided refub’:sr-ed A tastad £260.

&* Mitsublsh] M2854-63 double sided N £295.0
8" Witsubishl M2896-53-02U DS sﬁ-n[ne NFW 951
Duzl §* casa»:! dfrms with ntagral power s:.spcly 2 Mb

Naw £79 9:
2%' TOSHIBA MK21081MAN 2.16 Go laptep (18 mm H) New £89.50
24" TOSHIBA MKA30SMAT 4.3Ch lapicp {82 mm H} New £105.00
2% TQSHIBAMKS40S0 AV 6.1Gb faptop (12.7 mm H) New£150.00
2%° 10 3%" conversion kit for Po's, complate with connactors 2154 g:

23‘.-' TOSHEBA MKIUIZMAV 1. 'IGbInn!op“Z.S mm

5" FUJI FK-309-28 20mb WFM UF RFE 5.
3%° CONNER CP3024 20 mb IDE UF {cr squiv.) RFE £59.65
3k CONNER CP3044 &0 mb IDE UF {or equv.) RFE __ £69.00

¥%* QUANTUM 40S Prodrl vp 43mb SCSI IF, New RFE ~ £49.00
1% MINISCRIBE 2225 Bomb MIM U (65 Eq.w.) AFE €45.65
5%° SEAGATE ST-236R 30 mb RLL UF Refurn £65.55
5%° CDC 94205-51 40mb HH MFM UF RFE tasied £69.95
5%" HP 97548 850 Mb SCSI RFE lestad £69.00
5%° HP €3010 Z Goyts SCSI differential RFE tasted £195.00
8° HEC D2246 B5 bb SMD Interace. New £19.00
8 FUJITSU M2322K 160Mb SMD UF RFE 2 £195.00
5 FUJTSU M2392K 2 Gb SMD UF RFE tas £345.00

Many other drives in slock Shlpplng on all drrvcs Is cade {Ci)

- TE

MITS. Ju FAZ445ETKL 1£' Industrtal spe' SVGn MEARGS 1245
FARMELL 0-50V DC & & . banch Power Supphes £585
FARMNELL AP3030 D—.sOV DC B0 Amps, banch Suppy  £1850
1 10 400 kW - 400Hz3 POWOr SOLTCOS - 8x SiDCK €POA
18M 8230 Typa t, Token ring base und driver €760
Wu o Kort AAZ00 Auddio frequency reésponsa anatysat £2500
53F5501 Token Arg IS 20 port lobs modules £750
IBM HAU Toksn ring distribution pandl 8228-23-5050N £95
AfM 501 Low distorion Osceator SH2 fo 330Khe, IEEE €559
ALLGON 8380.11E0S- 1830 MHz gt combinars £250
Trand DSA 274 Dm Analysar with Gm"(EMJ g4 Vo EPOA
Marcont 6310 Pr mabla 2 10 22 GH2 $wsep penaraldt £5500
Mzrconl 2022C 10\0!: 1(3Hz RF s gonEIatst 50

WMzreonl 2030 opt 03 1GKHZ-1.3 G

signal generator New £499§
HP16508 Logic Analysar

HP3781A Paiistn gensratot & HP3782A Srur Detesioe tPDA
HPGSZ\A Dual Programmalic GPIB PSU Q-7 V{E0 wan:  £1800
64 Rack mount variable 0-20V @ 20A matered PSU £675
HPSH:!ADCRO&GszurdunneI testset . | £POA
HP81304 oplt 020 330 MHz puise generator, GPIB ste £7500
HP A1, ADB pen HPGL high s drum ploners < from 550
4P DRAFTMASTER 1 8 pan high spaed plotlerd £750
EG+G Brookdea! 95035C Prec:sion ook in amp ‘£1800
Viow Eng. Med 1200 computetised nzpaction system £POA
Sony O 'C-3000A High guafty CCD colour TV camarg £585
Kelthtey 550 CV capacitor § voltage analyser fPOA
Racal ICAL0 dual 48 channgl vpica recoder Sysiem £3750
Fiskara 43KVA 3 ph On Ling UPS - New tafleries £9500
Emerson AP130 2 SKVA industiial spec UPS £2100
Mann Tally MTS45 High speed ina pm!af
Inisl SBC 48871 I3SE Mulibus 486 sysiem. BLO Ram 2945

Slamens K4400 64Kb t0 140MD demust analysar

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

"OBSOLETE - snonrsuppw BULK
10,000,000 Items EX STOCK
 For MAJOR savivgs
F CALLO?SEEOURWEBS!TEMM_@.!{:l i
D o ONITOR SPECIALS
ne of the highest specificafion
% monltors you W||| eversee -
¥ At this price - Don't miss itll

Mitsublshl l‘-‘mlsETKL 14" SVGA Mutisyne color mondar weh fre
dot peoh the and reschgion of 1024 x 768 A
! \.ﬁrﬁydrusmmmbarcsd
&3 1BM PC's n CGA FGA VGA S
cOMMOGORE rdx:hgrmgmm
v vt LOW RADATON MW
i d Excepista, Ent sattdyg et LOW TION MPR
t spevFeaton. Fuly guamanzsed, n EXCELLENT s

T a Only £119 @ WIS

eoraton
T & Swhal Base 0475
Extarnal cabiles for other types of computars CALL

VGA cabia for BM PC Includad.
AS Now - Ex Film Set

17" 0.28 SVGA Milsubishl Diamond Pro monitors
Full mulliaync ete. Full 90 day guarantes. £275.00 {E)

Surplus always
wanted for cashl

19" RACK CABINETS
‘ Superb quality & foot 40U
Virtually New, Ultra Smart
Less than Half Price!

Top quakty 19° reck cabingts meds in UK by
Optlma Enclosuras Ltd. Unhs fealuse
designies, smoked acryie locxkable front door,
{ull haight Jocksbla half louvered back docc
and fouvered remaovable sids panels. Fully
afustabis Internal fixing struts, ready punchad
{or any configuration of eguipment mounting
Plus resdy mounted inisgral 12 way 13 amp
sockel swechsd malns distriution strip maks
thaze racks soms of the mast veraatlle we
havs aver soid. Racks may be stacksd sz by sida and theteloxe
require only two cids panats 1o stand sng‘y o¢ in mukips bays
Overall dimensions are: 773 H x 324" Dx 22° V. Order as:

OPT Aack 1 Complete with removabls sids panels. £345.00 (G)

S BRI ORI
AL L L LA

OPT Rsck 2 Rack. Less sidapanals £245.00 (G
ODve 000 ra - & ;,, 3 = tﬂ""'-p
2 B 241 -‘: D 46 gh.

Available fro 0 |

32U - High Quality - All steel RakCab

Wads by Eurocrait Enclosures Lid to tha highast possibla spac,

Just In - Microvitec 20° VGA (800 x 600 ras.) colour monltars.
Good SH condition - from £299 - CALL for Inlc

PHILIPS HCS35 {sama styls a5 CME633) altraciively stysed 14°
colour menter with hoth RGB and standard :omposllo 15.625
Khz vidao Inpuls via SCART socket and secarate ;:hano jacks.
Integral audio power amp and spaaksr far-all audio visual uses.
Wil connsst gvest to ga and Atart BBC computars. |daal lot all

vidso monitcring / secutity agplcations with direct connection
to most colour cameras H wih many features such as
m ccncealsdht."hp contrals, VCR_t.grreclion butten sie. Good

CORLNN0 testad - guarantss
Bancors i Y ok cier o> Only £99.00 ¢,

PHILIPS HCSJ31 Ultra compact 9° colowr video mordicr with sian-
dard composhte 15.625 Khe video input via SCART sodket. [daal
for all monaccing / secunity applcatons. High qually, ex-equipment
fuly lestzo & guarantsed (possdie minor stresn bums) in atirae-
tive square bisck plastic case measurng WiG* x H10" x 13%° D.

240 V AC mans powsred Oniy £75.00 )

KME 10* 158410003 high d=findion colour mondees with 826 det
pltich. Superb clarhy and modermn styling, -
Cparates froen an é{ ' =
souren, with RG anabog and compotsla syncy
sugh as Atari, Commodors Amiga. Acormmn:
Aschimedes & BBC. Measuies only 13%° x12° x
11 Good used condtien. Only £125 |

20" 22" and 26" AV SPECIALS
Superbly mads UK manufacsture. PIL all sofid stals colour moniors,
complate with compasie video A optional sound inpat. Anractive
1eak stye caza. Parlect for Schocis, Shops, Disce, Clubs, etein
EXC NT Eetia used condoion with fud 53 day guaramss.

20"....£135 22"...£155 26".,.£185(

Wo pzobabtr have tha targast range of video menitars &~
uropa All sizes und types from 4* to 42° callfor In'

of power
ine.Qvear

Vlrrualiy every vae
SuUpp
000 Power Supplles Ex Stock
Cail or see our web sile.

y you can

10,

HPBOGOAO—?COVDC 6 17 ansbench SUPDY é £1650
Intal SBC 486/125C088 Ennarced Multibus (MEA) Naw £1150
Zola 3220-05 AD 4 pan HPGL fas! drum pioftars €1150
HNikon HFX-11 (Ephiphal) exposute contol unit £1450
PHILIPS PM5518 pio. TV sgnal generator £1250
HMARCONI 2924 Univers| TV si analysar £1250
jotorols VME Bus Boards & ponects List SAZ /CALL ePOA
Telo 0-18 v Wnezr, matered 30 amp banch PSU. Naw £550
Fulitsu M3041R 530 LPM bard primter £1950
Fulltsu M3041D &) LPM prictar with natwork intardase £1250
Perkin Elmar 2598 Infrared spectrophotomatar £500
Parkin Elmer 597 [afrared specirechotameter £3500
VG Electronles 1035 TELETEXT Decodnig Margn Matar  £3250
LightBand B0 output high spec 2u rack mount Vedso VDA's €495
Sakonlc SO 150H 18 channe| digital Hybod chan recorger £1985
BAK 2533 Miciophong pmlm“%e £300
anor Hobson Talysud ¢/ recordar £750
ADC 88200 Carton dioxxds gas detecior J meniter” £1450

BBC AM20/3 PPM Mata: (Emest Tumar) = drive slectronkes €75

1S |

rack | 5 all staal conslructon vith ramovable
sida, front and back doors. Front and baek doors are -
hingad fov eany access and all are lockatie with
fre sccure 5 fovar barrel locks. The front door
is conslructad ,Pl double walied stesl with a H
‘daslgnsar style’ smaoked acrylic front panel to ¢
engbia stafus indicalors 1o te sesn hrough the & .
f»aual yei taman uncbinisive. Inter tha r-oc :
satures fully sioited reinfcrcea ventical fixin
members to lake tha heavieat of 19" ese
esquipmant. Tha two mavable venical fxing sm.m;
(extras avmlab!ej are pre punchead for standard
‘cage nuts’. A mains dis on panal intenal
ly mountest (o tha bottom tear, provides 8 x IEC 3
pin Euro socicsts and 1 x 13 amp 3 pin wliched S 18
utlllty vockat, Cwarall vantilation ls provided by o

Wouverad back docr and doubls skmnsd top section

tog and sxis louvies. Tne lop pansl may be removed tor 12
of Integral fans to the sub plale etr. Cther fealwras inchuds: B
casiors and fioor levelsrs, nrt—v.nched utEty pansl at loasr rear for
cable / comactor asesss ete. Suppled in excellent, sightly ussd
conditinn with keys. Co'cur Royat blue. Exlarnal dimenzions
mq—:SZSh:EﬁDx V. (64" M x 25" D x 231 W)

ol at LESS man a mlrddnmkﬂrs prica Il

k. Supe:b buy at only £245.00 ©
42U version of the above.only £345 - CALL

S Tbapind

TTM uncelled 8xpon oraer bmg.s wu

on thess ulira high spec 12v DC 14 AR
rachargeabls baitanas. k Hawker Enargy Lid, 1ype SBS15
featuring pure load ciates v.h oHler a far sgperor shell & guargn-
t23d 15 year sanice e Fully BT & BS£230 approved.
BRAKD NEW ard boxed. Dimensions 200 wida, 137 i d
M5 boYt terminals. Fully guarantasd. Carrant makers prce avel "70

A p=c-al :x curr.ﬂasa
tha most amazing savings

1"-"Our Pr.'ce 35 each @ or 4 for £99 ©
; S . :
Saue FEEFS frem our - Massive Stocks

by _aini yﬂwr gxt rel
enering such as Mitary, Ea:ai sdbs,” Harmaticady Seaiad,

hpas
Contingnte! Contactars, Tims Dalay, Reed, Merr:_.'y Wetied, Sasd
Stata, Prinied Circyit Mountin
www.distelco.uk for moe in
s:::adt Save £E2E5

ele. , CALL of sae our wab siis
aticn. Many, ebsokes types from

Undoubtﬁ- Irlc!u o!l Tm:}rln wcggof . ¥
Gur spact PGWE! qu peoduct Taa- égr
furing a fully cassd COLOUR CCS camara at a _ =

rve away pntg | Und features full aulolight sensinglee 0

use in low light & high llght =

applicatlons. A 10 mm fxed focus

o wide 2ngla lens gives axcaliont lecus
snd rasotulion from close up to lon%

& fande. Tra composiie video cutput wi

ie0d 10 any compsiis montor or TV

- {via SCART sockel) and most vidso

. tecorders. Unit runs from 12V DC so

. idsal for secwrity & portabia applica-
o ) " tions where mans powal ot av

Oreetall dmmsn...ns 68 mm wida x 117 d220 X 43 high. Suppled

BRAND NEW & !wy guarantsad wfzh usar data, 100's of appica-

AMNRITSU 9654A 2 56D wavetoan monioe £5650 tons including Secunty, Homa Video, Web TV, Wab Cams 242, e2c
ANRITSU HIT0A Cateat pomer e piral spectum analyssr CE08  webrelaLi3  ONLY £88.00 or 2 for £180. 00 @
ANRITSU Fiora opbe chamdeisic tast sat £POA N

R&S FTDZ Dual sound una £650 WM |
R&S SBUF-E1 Vision modulator £775 —
WILTRON 66308 12.4 / 20GHz RF swesp genazator es750 NT4 WorkStation, comp1e|e witii service ack 3
TEK 2445 150 MHz & race £1250 and licence - OEM pac kaged. ONLY £85.00 m)
TEK 24865 200 Mhz 300 MHz cacifloscore rask mount €1955 ENCARTA 95 - COROM, Not tha latost - bust at this prical £7.95
HPASBSA Opt 907 20Hz to 40 Mhz spachium analyser £3550 DOS 5.0 on 3% deks with concise books eiw QBasic . £14.65

PHILIPS PW1730/10 60KY XRAY genesa v & accessonias £POA
CLALUDE LYONS 12A 240V singie phase 20, voiL 1895 £325
CLAUDE LYONS 102A 240/415Y 3 phasa auto. velt. regs £2800

Yiindows for Yioikgroups 3.11+ Dos 6§22 on 3.5° disks  £55.00
véiordperioct 6 for 0OS suppSed on J4" disks with manual £24 K-

shipping charges for software is code B

DISTEL on the web 1! - Ovclr 16,000,000 items from stock - www.distel.co.uk

o | @ess,
- 28 of Sz znd uniess sited gueeresed for 90 days. A gueraeses on 2 reum o bese bass. Al righes resened i
m -~ @ 15 gk Discoures for velura, Top CASH prices paid b surpius goods. Al radesmarks, taderamas g adaon’

goe_ 3 ene s ,e=s, ¢ [ALL MAIL & OFFICESHI ILONDON SHOP DISTEL® ALL B ENQUIRIES

E E E 88 % E E [} - --=n- Og:nlhplgﬂ:s;:g‘g'c:?‘ v?éao pgrSMle %‘rgaoﬁmsew Visit our web site “1“] 513 441

foosd £ 20 b 8 3 : o N sea el www.distel.co.uk -
LONDON SE16 3XF et ot 8 Rel Biations emall cdmin@ distet.co.uk FAX 0181 679 1927

- MG 30000t ardér 850

A3 prices for UK Wanband UK customess aad 17.5% VAT © TOTAL order amaunt Wrimum order £10. Bona Fid aooount oiers acosptad fom Genemment Schocks,
UniversBes and Local Aunaries Qeq.asa&ftlwms.tacuwmmmsmco:a;a charpes (Ap=E3.00, (A1}=E400
{CF-28.50, (C1) 1250, (DEE15.00, (E-E1800, (F=L20.00, Gmmﬁmsmﬁbm hsa&'«u. gooss:.;;-sd cur Stanchard Condtons

prioes [ soscicaions winut norioe. Orders subect
Dspbym1mssoﬁu.m



LOOP AERIAL SW RECEIVER

There have been electronic projects for just about everything imaginable published jn 4% ST
recent years, but a simple short-vsave receiver is siill one of the most interesting
electronic devices that you can build. Commercial shortwave sets are now highly
sophisticated pieces of electronics, and it is probably not feasible for the home
constructor to compete 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 world.

The design featured here is intended for broadcast band
reception at frequencies from about 4-5 to 14 megaheriz. This
provides coverage of the popular 49, 41, 31, 25 and 22 melre
bands. It does not require an elaborate aerial or an earith con-
nection, and the aerial is a form of loop antenna. ,

The term “loop” is perhaps not entirely appropriate in this . : -
case, because the aerial is actually a length of 300-ohm .
impedance ribbon feeder. This form of loop antenna has the
advantage of being easy to accammodate, and it seems o
provide quite strong oulput signals. The loop is, in fact, about
two or three metres on one dimension and only about 10 mil-
limetres on the other, rather than a circle of around two metres
in diameter.

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

CHILD GUARD

Child Guard is a design intended to help prevent young
children irom burning themselves. It does so by means of an
audible warning if the child approaches a hot fire. The circuit
may be used with any equipment designed io produce heat,
e.g. electric, gas or coal fires, ovens, etc. It is, of course, suit:
able for helping to protect anyone of any age.

The design produces a coded infra-red beam which detects
the proximily of a person by bouncing infra-red off them as they
approach, yel without being confused by other infra-red
sources. A separale sensor detects the random inira-red
radiation being emitted from a heat source. If anyone
approaches the fire, a warning buzzer sounds.

PLUS: ANALOGUE DATA LOGGER PART 2
FROM PIPELINES TO PYLONS PART 2
PRACTICAL OSCILLATOR DESIGNS PART 3

- NO ONE DOES IT BETTER

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

Ry

ELECTRONICS | Demand is bound to be high

SEPTEMBER ISSUE ON SALE ERIDAY, AUGUST 6
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Program PIC Deviges in

At long last the FED PIC C Compiler !
Supports all PIC 16Cxx, 12Cxx devices

Integrated Compiler Environment

Fully interoperates with FED's
PICDE Environment for complete
simulation and debugging

http://dspace.dial.pipex.com/robin.abbott/FED

If New from FED, the FED PIC C Compiler !!
PIC Programmers and development equipment

Ring/Write for details or visit our Web Site:

Scenix, PIC, & AVR Programmers
PIC Serial ~ Handies serally programmed PIC devices in a 40 pin mufti-width ZiF
sockel 16C55X, 16C6X, 16C7X, 16CHx, 16FBX, 12C508, 120509, PIC 14000 cic.
Also In-Circuit programming. Price: £45%It, £50/built & tested.
PIC Introductory — Programs 8 & 18 pin devices @ 16C305, 16C35X, 16C61,
168CE2X, 16C71, 16C71X, 16C8X, 16FAX, 1205089, 12C671/2 elg. £25/kiL
AVR 12002313 4144 8515 in ZIF. Price : €40'kit £45 bulll & tested.
Scenix— SX18/5X28 in a 40 pin ZIF. Price : £40.Kit €45 bullt & tested.

Programmers operate on PC serial interface. No hard to handle paraliel cabre
swapping! Programmers suppiied with instructions, + Windows 3.1/9396NT
sofiware. Upgrade Programmers free of charge from cur wab sita}

AVR, PIC, Scenix - Windows Development
AssemblerSimulator allows davelopmant of your AVR, PIC or Scenix projecis in
one VWindows program. Incorporata multipla fitas, view help fils informatiod
diruclly from coda, edit within project, butfidtrack enmors directly in saurce, then
simutate. Simudator has many breakpoint types, follow coda in scurce window, se!
trazkpomis in source. Run, single slep, cr s'ep over.*Logic Analyser Display! !
Track variable values and trace lor disp’ay on the Tracs Analyser.
Input stimuli Includes clocks, direct values and sedal data.
Profser — examine and time lrequently called routines use the information to |
optimisa oul boltie necks. PIC Version Simulates up fo 50 times taster than MPSDYU

‘Cost £20.00. Specily PIC/Scenix or AVR version

Also PIC BASIC Products — See our web site for
details

Forest Electronic Developments

60 Walkford Road, Christchurch, Dnrs«.l BH23 3QG.
E-maif - * mbm.abbou@dml pipax.cem’
Web Sitz —""htrpi//dspace.dial pipex.comvrobin.abbotFED

01425-274068 (Voice/Fax)

Prices are fully inclusive, Add £3.00.for
P&P xnd handling to each order.
Cheques/POs payable 1o Forest Electronic
Developments, or phone with credit cand
detaile,

EUROCARD

e &2

Comput@r @ontmlled Robotlcs

ology ducation Index ; WSA
Telephone for our catalogue or
visit our web site for further details
40 Weitington Road, Orpington, Kent BRS 4AQ
Telephone - (01689) 876880
Web Site - http://www.technologyindex.com
Prices exclude VAT apd £5.00 next day carriage

DISTANCE bl
LEARNING COURSES in:

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

GCSE and BTEC Mathematics

Courses to suit beginners

and those wishing to update

their knowledge and practical skills
Courses are delivered

as self-contained kits

No travelling or college attendanceé
Leaming is at your own pace
Courses may have

BTEC Certification and Tutoring

For information contact:

NCT Lid., PO. Box 11

Wenoover Bucks HP22 6XA

Telephone 01296 624270; Fax 01296 25299
Web: httpfervnv.net.id.uk

Everyday Practical ElecironicsiETL, Algusi 1999



TR I N B

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

{Premises situnted close to Eastam-by-pass in Coventry with easy BCCeSS
10 M1, 16, 1440, M42, M4A5 and ME9) :

Backman 20 Dus ___£180
Go:.-doseJAm:ssmmmum . from E125
Hental! Packard 1E0AT20C18 from £150
Healstt Pacikard I7MA A 74!& |THA WM b Care —  iramgim
Hewtert Packird 00 - 1GH: o E‘IBO

SZPH
mr—um £00AI: § : 15
Pid 3335 - ~M@|&!Dﬁo —— £35)
Oz Grasrs —— = £200

Snit 458 - 1042 D S0, . = a
Tehironit TAS 475 — 1000HS — 4-Crasral . £955
Tekttords sTSATEA - ZOOMHO2SCMA: Dol Crarwed From £45
Teldrocds 435 - 380WHs = =

Tro CS-1022~ ?.".'lﬁh T et S e———
Other 3ccpas avallzbls oo

SPECIAL OFFER

HITACH] ¥212 - 2CARdy DV TRACE LE160
HITACHS v222 — 20451 BUALW_:’LTER'LE':UAGP. FY _—naa

SPECTRUM ANALYSERS =

Anco Acazn-Spec:mAr-etwlm e S 5 - )

Anritsu MS&Z (i i 81035
Antfiau MSIEC1A - WSID1B — (mtao'.nm EI500 + £39455
Anritsy usa:m-im e -EA500
M 2AGH: smﬂk.yﬁu £5500
Doratie = = . EBS0
Are.\smezvgt‘a\vmﬂ.E‘_Os:w _ £1000

25554 (mm. 216G}
5 1o 1S0EAHY £1250
Hewhett Pacicrd 853, 01 :: (i lied B— ——  —#NEC
HReadstt Pa:iz:d 3562! Dl Crarnst Dyramie S Arahyzer E5750
Heaisn Packard 3500A - SH-S0eits . 5800
Hawdll Packerd 33824 mﬁﬁaﬁx fD.usU‘uruﬁ e )
Hea'ett Packard 3E23A - 20HZ-L0M: = 4000
Hew'att Paokard 5}15 —{001 22'3‘-1, o .£A250
Hew'ail Prckard BEO4EA - §° Prracmanes Togt Sat £250)
= o 23000
Jrom £4300
£2000
— _£T50
£1000
L1855
S — v g {4 1]
. £2000
_£4500
£A250

Adrpt T40A — 100RHI-1 1 20MMZ Syreasised Gererm = _£300
Anritsy HQ 35014 S Gonraiar 011048 I —— . - |
Anritsy ME 4528 0F/d Trzraresion An.—..",sw 5 -
Ammqugasaﬁ; ewmo»}lcﬁmm =

Guliditne 5132 - leE&:zﬂ SE:'dsr: Cet___ 1L
Healant Packard ?ec;! e
Hewlen Pt:h d 155COA'B =g C wizh |6=1M'16=1Mn1539N1:.531A

L“r?c _froem £2003
Hawl Pwhrﬂ 331A ~ Dt l‘a.)sx o £300
Healell Packard 3334 - Dsborton Amafyzas T _£300
Sewietl Packard 33LA - Dnborton Amplymes €300
i-lnneu Pncmuaaa..-zﬂmz S)rrmeﬁm A era .£900
4t Packard 33354 — Syrerrenad Sonal Gensrss m—aawa . 12750
He'llkn mamc Signai Gareraine Itcﬂz 2IMH) . £800
Haniatt Pachard 34534 - 502 W nrTaee (Ausona) . £500
Hewiatl Pachard 34584 - ‘ot neter B0
Paciard -
Hantsit Pockard 355804 —
Hawiett Pasicers 1525A—

Leve Mesar s
Hn1mPl:kxdﬂﬂh‘ﬂ!ik!?ilmma-umnﬁauiw,w = L1500
Hawistt Pachard 3742A — Setecive Mearang Set
Hewtett Packard ITTEA - PCM Termmnal Tesi Sac. — 1|
Hewmtetl Packard JT75AITTHC ~ P-._.yM_'!Aa. - e from £403
Harmizt: Paciard ITBAA — Digry! Trangessaon Anslygse S 5000

‘Heyessit Proicerd 7834 — Gererator - Ascay

o = _ 135
Hﬂaﬂhcbmz‘;um Sqairqfvsxs:ﬁl‘h?rclsﬂm . R4E%0
Hewistt Pacxard - £25)

Hzalstt Pycicgrd uBiA
Hewiatt Packard 4252A

ALSELGRE .
LF Ansivss _£8500
Dm.e— ! Bt

Hﬂnm Pacierd 43424 - 0 Lister L 1500
Haatstt Paciant 235A ar B Power Mater (-WIB‘HW—E—%A) . hrom €400
Hawien Packard 435A and 4378 — Fower Mexr 202 Sanscr _ E —{rom £500
Hentatt Packard 43484 — (T4S) Tranpmisson impairment WSt L1000
Hewdalt Paciard 43727 - 127 Protoosl Analpser 3 ]
Hewlatt Packard 5123 ~\Wavelorm Reccrser S -£425)
Henlett Packard 52334 - Frecuersy Cofuar 10000M: == . £2%0
Hepiett Packard 55144 — (KEW) 100MHE Un'veczs: Counae . ® ” . €25
Fewizit Packerd S84 - 'ﬁsalm.r"é!(EEE‘ — &40
Hewatl Packard S323A - mnm-rr- rqhmsfgp-

Hewiall Packard L3244 - Ncroma, Courees {50004z \E&N Oppya3_ €500
H!-!ﬂl F;cimnl 53524 - High Eesoht:a Timg Syminesiser —£265)

tett Pacicerd 53708 — Usversal TrmenCourssr ——

Hen‘m Pk.lwu SI2AA - 225NMHT Fragpaency [t T — [
Heariedt Packard 3554 - Fraguercy Courter— mmmq;?la)mmsmtmwws__gg

Hewisit Packard 0334 — Power Suoply ﬁg,r?
Hewiet Prckard 62524 - Power Supply 20V S " |
Hewiel Packard 62554 — Power Suopty 200 - 134 Twin i 200

EWLE'I'I’ PACKAHD 6261E
Power SUppty 20V - 53A £350 Discount for Guanilities

Harwristt Pchard 62648 — Power Suorry (0-20V, 6-253) = _£300
Besrgit Pacikrrd 62848 —Powe: Supply 40— SA ——— SO
Bewlan Pazkard €2716 - PWE'SED'Y BV - 3A 2208
Hawizen PRciare 6624A — Quad Fower L £2000
Hewatt Packard ea:u-PmSwgy ~ 5A) £500
Hewiell Packsrd €E82A — 20V - 25A Symam PSLL _£750
Hewiett Packard TATSA -6 Pen Fuattar 25
Hewistl Packerd T550A-8FenPigiee === - £350
1 Pecioard 7780 - Coan Dua! Drscrons! Coupler £606
Hemm Pazxard 5315A = SR Pue Germemnr. —~.£500
Hewiett Paciorg ST63A — SUNHZ Programmania Sgral Soures 83250
Hiwieit Packard 81 Dam3 Gecearity T L1300
He: ,ms;h‘gg;s%g A.Ol;g.uﬁm‘ (ﬂ?ﬂial:hA w1 pveians) . _ .k ';sm
atolt Packar — Swe e CEOTTS EVEX
Howlett Paciard 5555“ Wae Sorse Module 2050 40GHE £330
£ - Whilareiee — Viare Saurce hiotule 33 500y - £4250
= Vecior VORTees e 0%
Hemiztt Packard 6£20C — Caolaty Manira—e _from £250
Havdest Packard §5408 — Sgra G:Erezm 51 288r ¢ 1028MHS trom €355
Harwist! Pasiard 86424 — Sgral Garerainy (001 £ 1550UR1| Pardsomarcs Sy Syrenzzmer . (8500
Hewiett Paciard 85554 — Syrhassad Sona) Gensdzoor 1930447 __£350
Rewlett Paziard a&&ia—*,rmasssecsw Gergresor = = S50
Heuser Packard E657A - Sgral erm 100 STADALHD: — D10
Hewett Paciard B«;&‘—J -y ; Gonaravy | 10aHe . W) _E3250
Hawlell Pasiard 5750A — Storage Nar " 295
Hewisn PachrdeA-Sx:amnxmﬂl\r; ..a' e L1500

Hantert P:&Iﬂ EFIA - Won "-v;sa —£1000
HewieH Packard 85018 — Modrazon Angyser ===l s . vivxs)
Herwiztt Packard E303 B@méﬂ:ﬁ&' = _E1ES
Henistt Prciard 85018 — Dresarren A ‘ﬁs (W&t _£I500
Hewtet) Paciary 8320A-FAF GTJ‘K?JII&’. L2500

Hawtstt Packard E522BG K ~ Bza Cormms Test Sext Mw‘l LB

Howleti Pazkard 85534 — Celiiar Rt izariane e ]
Keyiek MZ-1SEC - Arizap VSRV Hang- Haird EE5 Simanier 0175
Kroha-Hits 2200 — Lintog Swesp Gessraior = — _£955
Kroh-Hite 4024A~ Qeclniy . =18 250
KrohnoHite 5200 - Sapce Suneisn Gerariior = T _£350
Krehn-Hite 8500 — Fraze Mater == T, - —.B250
Leadsr LOA-1T0 — Disesrhon heetss £350
Leader 3245 — Sre AG-'—r-s':JUDCth 1MAH”LCWW§'1WFM Eares
Marcont wsln ~Demiecisng am Ffirﬁe W(m) e s PO
hizreond 2015 - &0cH2- ‘C-!-OME'.Z = - 750
Mirconl 20184 - EQndiz- IM-':'L 1000
Hsccond 2111 - UHF Syrinecas {new) L e e RRTIA
Marconi 2185 - 1-50H2 P -;\-mkmmal
Marpon) 2305 - Wodeission M ——— £1750
Marconl 23374 - AumTane D’sa:r‘.m Waser £
Kareonl 2510 - Troe AMS Volmanar _£iog
Marconl 2571 - Ty Commg Anad, _£500
I-chcnla:S-RacoCa"nsTﬂ.S—. —— £2000
Marcon) £310 = Sweasy Goraraior — Programabis — p— lZ—M; £3500
LWercon] E350.8550 — Powse Meter L Sansor — = hrom £500
uxr:-onleﬁo-ﬁm Mecer & Seegr — fomessd
Wrrconi 69) = N"P:v-v o — -£25¢
pr.r.sps PUS16T M2 Functon Gareratyy E40Q
5180 - LF srltﬁar (GPLIB) - —£800
Philips £515 - Syrdhessad Furcton Gearesy _£3500
Phillpy FM35158 — TV Femarn — . Lo
PRITips FUST16 — SOADHy Puese Canegoar £524
Prema 4000 — £ O3 Lhtmatee (NEW) — e — ~£350
Ouorumu-,ce.‘—ruﬁm..-s-‘.km B _E200
1932 = 1-3GH: Fraguscy —£700
Raca15|1|-s|s1-.,=1.mecoc«:rr-uum —__TPDA
cha! Da‘a 50315552 - Syrhesiad Sg;.y G:—v:rr s;m.m.z. trom 400
Rzcal ‘3 S084 ~ Syninegisad SO G ~E450
R:cMGaOlA-‘I'n.s )JSP:-W. 3 [
Rzcei Duk §IC2A - RF Mm:zmw(re-vsw —£375

Rscal Dara 5305 — A F Lewed Wrcar & Head
anlb:_m M7 - UHFF rsq..e.-qllcs S
Rotis & Schwarr LFMZ2 — Grrp Delay Sweap Ganargse ==
Roha A Schwary CUTA 54 GSM Hm&a—ﬂ Aralyse

Schaftnae NSG 203A - L= VoRsye Vanstion Srruans e
Schatingr HSG Z22A - Imarferende Smuisvr Ll T ITla =

iychl"?‘ﬁt HSG 223 - t“=~’1¢-rs‘; &-Fé;!:( "

Sehlumberger 7053 TO55T073 « hbXimsinrs .
Startord Resesrch DS 340 - :Msywﬁrdmu&m ad AR ;
Smmigcmw"?‘;ﬂ:: Vitrows.n Fr ot [26-5@&)
EQ30 ~ SQIBOCY ci-4

Téilroals ASECE ~TMED; 4 PESE2 - Curreet Frote A

PGCE = TGED + 56503 - TUI03 — Csclicsccpe Calbranr —
Tekironix 577 — Curve Tracer
Tektronix 1240 — Anziye
Tektrontx 1414 - FAL Test Saral Ganenase
Textracir AXE2D1 5 THS006 MF — Fr:q:a.
Tehtranix TMSG3) - AFG mx-m, -c:cr

23 A, SWED3, SO,

Tektronic —

PGS02. {Gﬁl TRwe - many o' =
Time 5311 - Pecy -q:}.‘—-ﬁe Agnne =
Time 5314 = Voligss Caitray —
Vainalia Scientific - 2724 Pn:-;ﬁ__ arig Rppeanize Srandsrg
Vanzzet & Geliermann FrJ-8 - Enorlioss Test Set =
Wandei & Gottermarin FCAULY (- optons) = -

Wandat & uouurmnn U0 - Tew Poirt Sczrree 5

Wayno Kesr -225« e

Warvetek 171 = Sprevesisad Funcinn Ganecawr

Yecateh 1728 - awaeswww-emmmm xamu

Wiveisk (54— =
Wareiek mo-: tGH.Sq-a‘Ger—ya:z e 'y _E12%8
Wiltren 6403 -Fn—l-m‘fm(ll.w ZGHI,— EPQA
tron 7720 - ot Frecamey Syeeseer b aaroy )
v - = ,‘m‘-em IET X
Yologows 3855 A?Fm i = -EPOA

IMANY MOREIITEMS AVA(L ABL
SEND LARGE SAE FORLIST OF EQU
ALL EQUIPMENT IS USED

WITH 30/DAYS GUARANTEE
PLEASEOHECK FOR AVAILABUITE "DRE ORDERING
CARRIAGE:& VAW] TO BE ADGED YO ALL GOODS
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No. 1 for Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just tascinated by this unique atea oi
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 otherwise slated all

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

UTX Ultra-miniature Room Transmitter

Smalest room transmatter ¥t in the workd! Incregble 10mm x 20mm tnduding mic.
3V-12V operation. 500m ranga....... .. £i6.45
MTX Micro-miniature Room Transmlﬂer
Best-seling mico-miniature Room Transmitter. Jdust 17mm:x 17mm mmdrg
3Y-12V pperation. 1000M RAGE. oo e 13.45
STX High-performance Room Transmitter

High performance transmitter with @ buffsred oulput stegz or greater stablity and
rangs. Measures 22 x 22m, inciuding mic. 5V-12V operatm 1200m rangs. £15:45
VT500 High-power Room Transmitter

Powerfut 250mW cutput providing excellent range znd perfomance.
Size 20mm x 40mm. 8Y-12V operation. 3600M rENG2. e oo,
VXT Volce-Activated Transmitter

Triggers only when sounds are detected. Very low standdy cunenl. Variabis se

and defay with LED indicator. S22 20mm x §7Tmm. 9V cperaton. 1009m rangs. £19. 4
HVX4¢0 Malns Powered Room Transmitter

Connects daeclly to 240V A.C. supply for lorg-tarm moniorng.

Size 30mm x 38mm. 500m rangs
SCRX Subcarrier Scrambled Room Transmitter

Scramiied output from this transmitter cannol be monitored without the SCOM dacoder
connecled o the receiver. Sze Z0mm x 67mm. 9V operabon. 1000m range...,.. £22.95
SCLX Subcarrler Telephone Transmitter

Connecls fo telephone line anywhers. requires no battenes. Output scrambred 50
requres SCOM connectad to receiver. Size 32mm x 37mm. 1000m 1Znge......... £23.95

- pteeen s s s s

.. £1645

| SCDM Subcarrler Decoder Unit for SCRX

Cennects to recelver earphong sockst and providas decodsd audio ouipu! o
heacphones. Size 32mm x 70mm. 9V-12V operation. €22 95
ATR2 Micro-Size Telephone Recording Interface

Connects between talephona ine (anywhere) and cassatts recorder. Switches tape
aulomalically as phone 5 used Al corve-sauons recomed Sae {6mm x 32mm.
Powered from fine. £13.45

‘Smaiest telen

Ee:ﬁjﬁ telephotie transmiter. E=i

£19.45

-
Sze 45mm x S4mm. 9V cperation

" DLTX/DLRX Radlo Control Switch
Romole_control anything around your home or garden, ouiside lights,

digital ancodar and recelver unit with decodar and relay.

TX size 45mm x 4Smm. RX size 35mmx §0mm. Both 9¥
opemion Range up to 200m.

lete Systam (2 kita £50.95
; lnd uai Transmitter DLTX. £10.85
Individuat Recelver DLRX.. .- £37.95

MEBX-1 HI-FI Micro Broadcaster
Hot lechnically a survellance device but a great Ideal Connects lo the
mgshnne output of your HHF, gz or CO and fransmits HHF quality i
v radlo, Listen Lo your farvourits musk anfvhere around the Rouse, |
L m:dw.n, in the bath or in (hz garage end you don't havo o put up with tha.
's chiolce and boring watlla,
Size 27mm x E0mm. 9V oparatlon. 250m range.

ey —_—

ok ok Spec|als*k**;

alarms, paging system a!c. System congléts of a amall VHF transmitier with '
m&nomemary
or a!tama&ea way dLL swilches on both boards sat your own unlqua

550

UTLX Ultra-minlature Telephone Transmitter

{ransmittes kit avasaive. incrediia size of 10mm x 26mml
Connects to linz (anywhere and switches on and off with phone use.

Al conversation ransmritied, Pawered from Ene. S500m range.... ...

TLX 700 Micro-miniature Telephone Transmitter

20mm x 20mm it 5 essr to assemble
Cannects 1o kne (anywhete) and switches on and off with phone uss

All cotvesrsations transmitted. Poviered from Ene. 1000m range......... £13.45

STLX High-performance Telephone Transmitter

Hgh ‘performance transmiier with buflered output stage providing excslient stabity
and perfomanca. Connects 1o Eing (anywhare) and switches on and off with phane
use. Al gonvarsatons transmitted. Poweied lrom ins.

Sag 22mm X 22mm. 1500m range 81645
TKX800 Signalling/Tracking Transmltter

Transmils a continuous stream of audio pulses with variabiz fone and rate. idea! for
synaling of racking purposss. High power output ghving range up to 3000m.

Sie 25mm x 63mm. 3V cperation

CD400 Pocket Bug Datecter/Locator =11
LED and piezo bleepat putsa slowly, fata of pulse and pitch of one increase as'you

03ch sk
... £30.95

.£15.95

esmnsasaaiensn

- £22.95

signal, Gain control aliows pinpotnting of source.

CD&00 Professional Bug DetectorfLocator
Multieoiour readout of signal strenglh with variabls rais blaeper and vanable sensitvity
used to detect and iogala hiddzn bransmitters. Switch to AUDIO CONFCRM mode to

dstnguish batween locaSsed bug transmission and normal legitmate ,:gna‘s >u£gf1° as

pagers, celular, taxs eic. Size 70mm x 100mm. QY 0peration. ..

QTX180 Crystal Controlled Room Transmitter

Nemow band FM transmiter for the ultimals in privacy. Operztes on 180MHz and
requires the use of a scanner recaiver of mrQ’-mSOkH (--. caiabgua

Size 20mm x §7mm., 3V opsration. 1000m @ngs....e..c.... 1oy £40.95
QLX180 Egstal Conirolled Telephone Transmltler

As per QTX188 but connacts to 12lephona Ene to menilor both sides of conversatons.
20mm x 67mm. 8V oparaton. 1000m range L £40.95
QSX180 Line Powered Crystal Controfled Phone Transmitter

As per QLX180 but draws powst requiremants from fine. No balteries required.

Size 32mm x 37mmi. Range 500m

QRX 180 Crystal Controlled FM Receiver

For mondoring any cf the ‘Q’ range transmitars. High sensm.,wnﬂ. All RF zeclion
supplied as pre-buiit and.aligned module ready to connect on rdsonaff‘mn;
seftng up. Oulput to headphenes -60mm x 75mm. SV cparation. ..

A build-up service is available on afl our Kits if required.

UK customers plezse send cheques, POs or registered cash. Please add
£2.00 per order for P&P. Goods despatched ASAP allowing for cheque
clearanca, Overseas customays send Sterding Bank Dralt and add £5.00
per order for shipment. Credit card ordars welcomed on (01827 714476,

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

-£35.95

(= [
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Transform your PC.... Into an|
oscilloscope, spectrum analyser
and multimeter...

The ADC-200 range of PC based oscilloscopes offer!.
performance only previously available on the most expenswe ﬂ B

“benchtop' scopes. By intergrating several instruments into| - = - = ~
‘one unit, the ADC-200 is both flexible and cost effective.

2
i Wiw m?ﬁ%ﬁ: B s

L]
~.-—b,_,!1.
1

A. .-HBI‘

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

lllllll

Applications Features
V¥ Video ¥ A fraction of the cost of comparable benchtop
¥ Automotive oscilloscopes E
¥ Electronics design ¥ Up to 100 MS/s sampling Bt e
¥ Production line tests ¥ Advanced tigger modes- capture G- ihinT
¥ Fault finding one off events. i ,epmg?ga- ;
¥ Education ¥ Up to 50 MHz spectrum analyser AP
¥ Large buffer memory ' ‘*’“:wu'-"éo?; f
A]_l units are Supphed with ’4@6_200/,00 2499 3 'r%m' _

software, cables and power

sypply. Prices exclude VAT. ADE-200/50 £399

ADE-200/20 £299

A scope atyour fingertips

Onee oscilloscopes wereheavy andlelumsy fo handle, butiover the years theyfiave become smaller
and smaller. 'The jatest develupment in thi§ field has just arived va digitaistorage ox¢ L'Iloscqpem.
ifandy slimTaausing, searcely langer than & pe ol and about as thilik as yourthumb,Despire its smalk
8120 Jls pcrion1nnc¢ca:1 mateh that isf AMMC&QSM lascgpe

Lintited

o8y

f o]

¥ Can usé PC display U H
¥ Sample rates from’ &

S
\
3
b

b 1 ‘J*rurthe-srpot me.asurements; - 50ns to 1ms

V‘ quby electromf:s 15 o A . W Up 10 20 MS/s
¥ Measurements in amplifiers ¢ \ _

¥ Production linetests

Priges exclude VAT
Callfor a FREE software demonstration disk.or visit our webssite



[EE204 135 Hunter Street, Burton-on-Trent, Staffs: DE14 2ST
Tel 01283 565435 Fax 546932

http://www.magenta2000.co.uk
E-mail: sales@magenta2000.co:uk

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

&5 ==
P
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E LE CTRO N |
MAIL ORDER ONLY ¢ CALLERS BY APPOINTMENT

"~ EPE MICROCONTROLLER] PIC PIPE DESCALER TSPACEWRITER re,% it
Pl. TREASURE HUNTER » SIMPLE TO BUILD o SWEPT i '?.;‘L;‘.‘e‘?{”.-'f‘f’.i%?.?““"“" "q‘ I

! The latest MAGENTA DESIGN — hlghly » HIGE POWER OUTPUT FREQUENCY | th aif and your messags appe..m- -+
1 stable & sensitiva ~ with 1.C. contro! 1 & AUDIO & VISUAL MONITORING | Programmabie to hold any message I

Lof all timing functions and advanced |

SRy jo r.u15d' its lang. Cames prelosded 2%
An affordable circuit which swesaps .,.fm‘-r,qgn Mﬁs K,,,,E,’Sdg, 11.}

I pulse separation techniques. 1 lhE_ifl';mfning water ?uprlv with x' ‘) FCE, all c?;npcrme?;g '“F;_,,g,"“ h
e i varizble frequency electromagnstic -g [nstructions for mescage ng. v

le N_ew Cirauil design 1984 I signals. May reduce scale formation, LT e £16.994
1 o High stability I dissalve existing scale and improve e o e - —--—--
1 drift canceliing | !ethering ability by altering the way 12V EPROM ERASER

iid salts in the watar bahava. # safe low cost ereser for up 10 4 EPROMS a1 a ime
I o Easytobui I Kitincludes cass, PC.B, coupling in 1ss than 20 minutas. Operstes from a 12V Eup-,';‘y
i b&use 1 coil and all componznts. {400mA). Used extenstealy for moblle yorc —
i ¢ Noground g High coll current ensures maximum dating equipment in the field etc. Ala in s
| effect, works I effect. L.E.D. monitor Mm_‘m‘wmmmm mam;ipmmgm ak

4 4 patoid EoaniE o
| inseawater i KIT'868 ........£22.95 POWER UNIT......... £3.99 KIT-790..." £28.5%
I ¢ Detecis goid, 1 X
i silver, ferrous & 1 MICRO PEsT SUPER BAT
i non-ferrous 1 SCAR ER 5
i metals i 2 g ox C
j ° Efficientquarzcontrolled Osc“a’r:,‘fj:gis‘g’gar:gen‘as_f;mate D ETECTO R
i ?IETSCOQI{‘C’SEV SUILSE QE';E'EI;UO“- 1 special microchip to give random 1 WATT O/P BUILT IN
o Full kit with headphones & a dalay and puise time. Easy to i
I* hardware | b it crout. Keeps peis/ SPEAKER, COMPACT CASE
LKITBAT . nineennacrnen o E63,05 § B R O N s it 20kHz-140kHz
from 8 to 2¢ volls. NEW DESIGN WITH 40kHz MIC.

PORTABLE ULTRASONIC ® RANDOM PULSES

A new circuit using a 'full bridge’ audic

PEsT SCARER ¢ HIGH POWER : amplifier i.c., intergal #
A powerful 23kHz ultrasound gznerator in e DUAL OPTION Ph‘Ig'I" power supply £4.99 spesker, and head-
dn%ompec!hafgh:ggasle NLOSEETD&J‘W B T A o o R SO b T A 8 2 % £19.99 honeitapz socket. Tha
.é.f-lf:pilssé:g,&(,'m asspzmlr&n:e;z{gn;;m-:r KIT+ SLAVE UNI] T onaishnnaasisse s £32.00 Iatest sensitive transducer, r"

i ed ‘doubl I d mi p
Bsesiog Tatane Pl sl ¢ \WINDICATOR , A oaljecnincednibr
seiting up. A novel wind speed indicator with LED readout. Kit COmeSs  gyperheterodyne design.
Kl BA2 sl et e e £22.86 complete with sensor cups, and weatherproof sensing KIT 861 £94.99

head. Mains power unit £5.99 extra. bedHianny San o Pt S

Our very popular project - with prope
componems and diecast box. Picks up
vibrations amplifies, and drives haadphones.
Sounds from enginas, watches, and speach
through walls can he heard clearly. Useful for

...............£28 00

E.E. TREASURE HUNTER
Fl. METAL DETECTOR
MK!

>

DUAL OUTPUT T s UNIT

meghanics, ingtrumant engineers and nosgy Nagenta's highly

parkers! A vary usaful pieca of kit As featured in March '97 issue. el‘i;ﬁé‘;s gf;’,?i‘r’npjggasign'
K| TE8 65 ST A o = £29.95 Magenta have prepared a FULL KIT for this\_¢g.50 / Quarz crystal
excellent new project. All components, PCB, ﬁ:’g‘s’,‘_?g%"cgg,'%“r'i‘vé
hardware and electrodes are included. D.C. coupled ‘
bC Motor/Gearboxes Designed for simple assembly and testing and amplfication.
Our Popular and Versatile OC 2. * " Eull kit includ
molorGeatbax sats. providing high level dual output drive. p‘éB ;‘E'l“‘élu es
Ideal for Models, Robots, Fe e L g o ° KITINC.
Buggies stc. 1510 5V KIT 866.... Full kitincluding four electrodes £32,90 2526 HEADPHONES
ulfi ratio gearbox 7 ; = 2 '@ EFFICIENT
Gl ok ppag chvend 1000V & 500V INSULATION CMOS DESIGN
LARGFE TYPE - MGL. £6.95
SMALL - MGS - £4.77 TESTER . ,Povgsmﬂ ColL
5 v, = 'Supérh riéﬁv_v design. Reguilaate? ;
] or ouiput, efficient circuit. Dual-
[GpRIGgIiotors scale meter, compact case. © "DETECTS.FERROUS AND
Reads up to 300 Medohms. NON-FERROUS METAL ~GOLD,
MD38...Min 48 step...£8.65 , P g SILVER, COPPER ETC.

Kit includes wound coil, cut-out
case, meter scalg, PCB & ALL © 180mm SEARCH COIL

components. o NO‘GROUND EFFECT’
KITFBA 8ot e £32.95 ¥|T 815,

EPE “LILTRASONIC PFST SC

Keep pets/pests away from

pROJ ECT newly sown areas, fruit,
PICs

MD35...5td 48 step...£9.99
14D200...200 step..£12.99
MD24...Large 200 step...£22.95

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

Based on our Mki design
and preserving all the
features, but now with
switching pre-regulator for

|

vegetable and flower beds,
children's play areas, patios
etc. This project produces

3 E 3 intense pulses of uhlrascund

m::.;h shlqhsli'cztrelmvgl\x/‘ PZ’::; NOW 25.90 vehich deter visiting animals.

meters in s 4 ;
Amps. Fully variable down to Programmed PICs for | @ KIT INCLUDES ALL FIEsT.

—ZOUn A

COMPONENTS, PC8B & CASE SCARER ¢
o EFFICIENT j00V : = =
TRANSDUCER OUTPUT e UPTO 4 METRES

zero. Toroidal mains irans-
former. Kit includes punched
and printed case and all

all* EPE Projecls
Now one price

parts. As featured in Apil £5.90 each o COMPLETELY INAUDIBLE RANGE
1994 EPE. An essential piece (*some projects are: TO HUMANS o LOW CURRENT DRAIN
of equipment. copyright) RITH Bl 2 S v macpwma o £14.81
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RGeS | EPE PIC Tutorial
INCREDIBLE LOW Kit 857 £1299 il A o= acti

PRICE! e ;

INCLUDES 1-PIC16F84 CHIP Power Supply £3.99 | | 32 = Startin rch CE:

ggmg%ﬂ?lggb%eﬁs\glomm EXTRA CHIPS: e Learn Programmmg from scrateh

PC BOARD & INSTRUCTIONS | PIC 16F84 £4.84 | | @ Uses Re-Programmable PIC16F84 Chip

Based on the design in Februéry "398 EFE article, Magenta e Start by lighting an l.e.d. and work up through

have made & proper PCB and kit for this projsct. PCB has over 30 tutorials to Sound Generation, Data

‘reset’ switch, Program switch, 5V regulator and test L.E.D.s. Display and a Security System

There are also extra connection points for access to all A and & ’ ;

B port pins. e PIC TUTOR Board has Input Switches, Qutput
| ) l.e.d.s, and on board programmer

PIC 16C84 LCD DISPLAY DRlVER

PIC TUTOR BOARD KIT

Includes: PIC16F84 Chip, TOP Quality: PCB printet with

INCLUDES1 PIC16F84
WITH DEMO PROGRAM

Kit 860 £1 9_._19;_9;

SOFTWARE DISK, PCB, Power Supply £3.99 Component Layout and &all components* {*not ZIF
INSTRUCTIONS AND FULL PROGRAM SOURCE Socket or Displays). Included with the Magenta Kit is a
24-CHARACTER 2-LINE | CODE SUPPLIED - DEVELQP disk with Test and Demonstration routines.

LCD DISPLAY YOUR OWN APPLICATION! KIT 870 ...... £27.95, Built & Tested ...... £42.95
Another super PIC project from Magenta. Supplied with PCB, Optional: Power Supply - £3.99, ZiF Socket - £9.99

indusiry standard 2-LINE x 16-character display, dats, all

components, and softwars to include in your o\wn Programs. LCD Dvlsplav - With '.:?oftwar'e and Connection details .....£7.99
Id=al develpment base for metars, terminals, ¢alculators; LED Display - Including Software................ il Bedi, £6.99
counters, timets — Just waiting for your application!

Y Chip is pre-programmed with demo display %

PICIGCEE AINS POIER 4 CHANNEL IRyt e

Full kit includes PIC16F84 chip, top quality p.c.b. printed with com-

' : ! turned pin PIC sccket, all d software*
e D Aor oD Dok WITH e T e B e o il companants and softwars
o ZERO VOLT SWITCHING - yggf\jfguf;ﬁfgfm;g;ne' KIT 871... £13.99, Built and tested £21.99
10 CHASE PATTERNS L fev el
o OPTO ISOLATED FIC16F84 chip. Easily
o 4 X 3 KEYPAD CONTROL re-pregrammed for your
o SPEED CONTROL POT. cwn 2pplications. Scftware
© HARD FIRED TRIACS souescodsistuly || | o READS, PROGRAMS, AND VERIFIES
o 4 CHANNELS @5 AMPS be followed e;sily. & WINDOWS® SOFTWARE
Klt 855 £39.95 orsor cATH SEIC 100N IR RAND €X —
QTS OF OO 1| o USES ANY PC PARALLELPORT
Ph B ALL PARTS FOR SERIES INCLUDING ® USES STANDARD MICROCHIP e HEX FILES
ENIZZYIS  PeBs PROGRAVMED CHIECD-ROM | | o OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
MAIN BOARD - FULLKIT ... £131.95  BULT ... £149.95 | | ® PCB. LEAD, ALL COMPONENTS, TURNED PIN !
VO PORT oo KIT£16.99  BUILT oo £24.99 SOCKETS FOR 18, 28, AND 40 PIN ICs.
L.CD. oo £12.49  POWER SUPPLY .............. £3.98 | | e SEND FOR DETAILED Kit 862 £29.99

8-BIT SWITCHAATCH ....£7.95 INT, MODULE......£10.45 INFORMATION — A

SUPERB PRODUCT AT AN Power Supply £3.99

68000 25LEEISYENT AND g ;!‘(kl'léggz195 UNBEATABLE LOW PRICE. gggrsvs:;ﬂg'-ﬁﬂ £11.75
[ M ,—_ - " o2l .

PIC STEPPING MOTOR DRIVER |

'8 MHz 68000 16-BIT BUS
MANUAL AND SOFTWARE
2 SERIAL PORTS, PIT,

PsU £6.99

AND IO PORTS SERIAL LEAD £3.99 o
INCLUDES: PCB, g
ctoraa v | Kit 863 £18.99
Mini-Lab & Micro Lab SOFTWARE DISK. ;Lﬂé'b%()sléﬁfgfgﬁslﬁgpg%ﬁgh
INSTRUCTIONS
Electronics Teach-ln '7 AND MOTOR. POWER DEVICES e.g. SOLENOIDS.

Ancther NEW Magenta PIC project. Drives any 4-phase unipolar mator —up
1o 24V and 1A. Kit includes all components and 48 stap motor. Chip is
pre-programmed with dema software, then write your own, and re-program
the sama chip! Circuit accepts inputs from switches etc and drives motor in
response. Also runs standard demo sequenice from meamory.

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

are supplied by Magenta. f
Teach-In 7is £3.95 from us or
EPE 3
Full Mini Lab Kit-£119.95 - £
Power supply extra — £22.55
Full Micro Lab Kit - £155.95
‘Built Micro Lab - £189.95

| : All pricesinclude VAT, Add £3.00 p&p. Next Day £6.99,
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk
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Phone: Wimborne (01202) 881749

Fax: {01202) 841632. Due 10 the cost we cannot,reply to
overseas orders of queries by Fax.

E-mail:= aditoriak@ epemag.vimbarne.co.uk
Wab Site: hitp:/nnv.epamagy.wimberne.co.uk
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technical enquiries cannot bz answered over the t2lephone.
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MILL LODGE, MILL LANE a8
THORPE-LE-SOKEN, ESSEX CO16.0ED
PhoneFax: (01255} B61161

PRIZES

it was my pleasure recently to be invited lo present prizes io electronics students at Radley
Collese. Apart from an interesiing afternoon out in a truly wondertul location. it was fascinating
10 meet the students and see first hand their electronic projects. These. of course, are privileged
studemts, being taught in small groups with one of the best school laboratories | have ever seen.
(Fees at Radley are high.) However, what comes across strongly is the enthusiasm for the subject
insiilled by their teacher Max Horsey.

Radley sindents have been errasemed in the finals of YEDA (Young Electronic Designer
Awards) in five of the last six years (when they first took part) and have carried off many
hundreds of pounds worth of prizes. Whiist the ‘small classes and wide variety of equipment,
ete., undoubtedly help — plus the long hours siudents can spend in the workshop and laboratory
if they wish to — it's the original ideas and lateral thinking that goes into each project that makes
them winners.

ENCOURAGEMENT

Of course, not every school can obtdin such facilities and in most schools class sizes will be
three or more times larger. but there is no reason why the enthusiasm and encouragement should
not be plentiful. We know that electronics is often at the bottom of the list when it comes to
budgeis, elc., and is often being ught by those who have not been trained in the discipline
(Max Horsey was self-tanght in clectronics with the help of magazines and books) but. with the
right encouragement. the students can gencrate the ideas, rescarch the circuits and build the
projects whilst learning alongside the teacher.

It needs an open mind, the ability to research, and some resourcefulness but it can be done.
There is now plenty of educational clectronics material available on the Internet and in books,
vidsos. CD-ROMs, etc. — see our sales pages for some of these items — and, of course, in EPL.
One of the biggest advamages is that a good grounding in electronics can lead to a very
rewarding carcer. We know not many can receive the level of educaiion provided by Radlcy
College, and 1 do not intend 1o get into the political arguments over that. but it would b2 good 10
sec a more positive altitde and particularly some more cash coming from those in Government
responsible for LK education.

THE FUTURE

Students represent the future of the UK elecironics industry: we need lo invest in them now
and to continue © invest in them. We believe that the basic ability and enthusiasm exists-in most
schools — what is Iacking is the finance and siimulus from the Govemment to push electronies. It
happened in the eighties but has been sadly lacking since.

This is the wchnology that now nuns the world — it is possibly more important 10 .our future
than any other subject.

Y bl

AVAILABILITY
Copies: o EPEET] are available on subscription

SUBSCRIPTIONS

anywhere in the werld (s22 right), from &l UK
newszgents {distributed by Seymour) and from the
{oToaing electronic component retailars: Omni Bec-
tronics and Maplin in 5. Africa. FPE can aiso be
purchased from retasll magazine outlsis around the
world, An ondine version can be purchased from
WW.EPemag.com,

Annuz! subscriptions for dsfivery direct to any ad-
dress in the UK: £26.50. Overseas: £32.50 standard
air seivice, £50 exptess aimail. Cheques or bank
drafs tin £ sterling only) payable to Evenday Practi-
cal Electronics and sant o EPE Subscriptions Dept.,
Allen Hause, Ezst Borough, Vimborne, Dorset BH21
1PE Tel: 01202 881749, Fax: 01202 841692, E-mail:
subs@epemag.wimbome.co.uk. Subscriptions start
with the next available issue, We accapt MasterCard
or Visa. (For past issues sea the Back Issuss pags.)

BINDERS

Bindars to hold one volume {12 fssues) are avaik
able from the zbove zddress. Thesa are finished in
blus pv.c., printed with the magazine logo in goid
an the spine. Price £5.95 plus £3.50 post and pack-
ing (for overseas readzrs the postzge is £6.00 to
everywhsra except Australia and Papua New Guinea
whith cost £10.50). Normally s2nt within ssven dzys
but please sllow 28 days for dslivery - muare for
oveErseas orders.

Payment in £ sterding only please. Visa and Idaster-
Card sceapted, minimum credit card order £5. Send,
fax or phone your card numbar and card expiry date
with your name, addrass etc. Or order on our secure
serves via our web site. Overseas customers - your
credit card will ba charged by the card provider in

‘your local currency at the existing exchange rate.
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READERS' ENQUIRIES
E-mail: techdepi@epzmagyimbome.co.uk
We are unable to offer any advice on the use,
purchase, repair or modification of com-
mereial equipmant or the incorporation or
maodification of designs published in the
magazine. We regret that we cannat provide
data or-answer gusries on articles or projects
that are more than five years old. Leuars
requiring & personal reply mus! be accom-
panled by a stamped self-addressed en-
‘velope or a self-addressed envelope snd
international reply coupons. Due to the cost
we cannot reply to overseas queries by Fax.
All reascnable precautions are taken to
=nsure that the advice and data given to
readers is reliable. We cannot, however,
Qguarantee it and we cannot .accept legal
‘responsibility for it.

COMPONENT SUPPLIES

We do not supply electronic componeénts or

kits for building the pro;ects featured, these

can be supplied by advertisers {sez Shoptalk,
We advisa rezders o check that ell parns are

still available before commencing any project

in a baek-datad issue,

ADVERTISEMENTS

E-mail: adverts@espemag.wimborme.co.uk
Although the proprietors and staff of
EVERYDAY PRACTICAL ELECTRONICS/ETI
teka reasonable precautions to protect the
interests of readers by ensuring as far as
practicable -that advertisemants are bona fide,
the magazine and its Publishsrs cannot give
any undertakings in respect of statements or
claims made by advertisers, whether these
advertisements are printed as part of the
magazing, or in inserts.

The Publishers regret that undér no cir-
cumstances will the magazine accept liabitity
for non-receipt of goods ordered, or for late
delivery, -or for faults in manuiacture. Legal
remedies are available in respeciof some of
these circumstances, and readers who have
complaints shou!d first address them to'the
advertiser.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

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

ULTRASONIC
PUNCTURE

FINDER

BILL MOONEY —

A new "“first-aid” tool for your
puncture repair kit, uses SNMOs and
ultrasonics to detect escaping air.

to deal with a flat tyre. After figuring

out the iniricacies of gerting 1o the
inner-tube, the puncture must then be
located.

E VERY cyclist will sooner or later need

Punctures come in all shapes and sizes:

from irreparable blowouts to slow punc-
tures where the deflation can take weeks.
But the most common type of punciure is
from a thomn or a small nail. Such punctures
can be quité difficult to find and a basin of
water is often used to find the hole (air-
bubbles rising to the surface) and to make
certain.that it is the only one.

FIND-THE-LEAK

The Ultrasonic Puncture Finder fits in
here as a much less messy way of finding
normal punctures. Tt will replace the water
bowl and with a little skill may even help to
locate some slower punctures. In a find-the-
leak speed test the ulirasonic finder took
only a few saconds whereas the water bowl
took several minutes including the time o
sel it up and clean up.

Cther techniques such as lightly running
the hand around the wbe or passing the
fube close the face to feel for the cooling air
stream have their merits. Bul again the
ultrasonic device tended 10 be faster and it
is cerininly cleaner.

The ultrasonic detécior will not sclve all
puncture problems and can be defeated just
like every other method particularly when
dealing with very slow leaks. However, itis
another useful weapon im the cyclist’s
armory and il is easy to use.

Apart from finding punctures this low
cost device will be of interest 1o those
investigating the properties of ulirasound.

TURBULENT TIMES

A jet of air ejected under pressure from
an inflated tube will in most cases flow into
the atmosphere in a highly mrbulent man-
ner. Because of the scale involved in the
case of an innertube puncture a portion of
this turbulent energy results in disturbances
in the ultrasound region..
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The commonly available ultrasound
microphones of the type used in this project
operate at 40kHz. The speed and the fre-
quency of ultrasound or indeed any wave-
form are intimately related. In all cases the
wavelength can be found by dividing the
speed by the frequency.

The speed of sound in air is known 1o be
about 344 metres per second. So the ulira:
sound detector will respond to wavelengths
of about &mm.

_ Prediction of the onsct of turbulence
involves very complex fluid mechanics
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Fig.1. Recovery of audio frequéncies
from an amplitude modulated signal.
(a) 40kHz signal with low frequency
-amplitude variation (noise), (b) arter
diode detection before smoothing and
(c) recovered audio (noisea).

bt another science called common sense
would suggest that such short wavelength
might be associated with a tiny jet of wr-
bulent air from a leaky inner tube, We also
get a clue from the fact that several suc-
cessful companies market ultrasonic leak
detectors world wide for diverse use such
as in the aircraft and the chemical
industries.

Turbulence in the jer of air from a
punciure will resubt in @ complex mix of
signals varyving randomly in frequency and
amplitude. The voltage outpwt from the
ultrasonic microphone will therefore
appear as random noisé. Most ultrasound
deteciors convert the 40kHz signals to the
audio frequency range by mixing it with a
steady local oscillator.

Some experimentation confirmed that
the amplitude of the 40kHz noise from a
puncture air stream varied al audio fre-
quency. This electrical signal from the
detector can, therefore. be rezarded as an
amplitude modulaied (a.m.) radio signal.

The random ulirasonic noise signals
will also mix in the detecior fo give sum
and difference signals and the latter will
also appear in the audio range. Put anoth-
er way noise plus and minus noise equals
noise. The design concept for ihe
Ultrasonic Puncture Finder is therefore
along the lines of a "straight” radio
receiver with a simple detector and audio
amplifier.

STRAIGHT RECEIVER

In a siraight radio receiver, the signal is
first separated from the myriad of signals
in the radio frequency spectrum by a tuned
circuit. This very weak siznal of maybe a.
few microvolts is then amplified to a leve!
(>100mV) suilable to operate a diode
detector circuit. Before detection the sig-
nal is balanced and there is no audible
€omponent.

The diode acis as a rectifier allowing
only positive going signals to pass. This
results in a series of positive going pulses
al 40kHz, the camier frequency. A capaci-
tor smoothes these pulses to give an aver-
age which varies over lime, corresponding
10 the low frequency audio component of
the ultrasonic signal. Final amptification
is at audio frequency afier the détection.
process,
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In such a line up there is 'no mixer as
such and no intermediate frequency ampli-
fication. This is illustrated by the recovery
graphs shown in Fig.1.

CIRCUIT DESCRIPTION

The puncture finder relies largely on an
ultrasonic ransducer to select the input fre-

‘quency. This is an electromechanical device

which converts the ulizasound (o what is in
effect a v.1f. (very low frequency) radio sig-

-pal. From there on the processing is the

same as a tunad-in radio signal. The vom-
plete circuit diagram for the Ultrasonic
Puncture Finder is shown in Fig.2.

The ultrasonic transducer, RX1, is a high
impedance device and its output is buffered
by the low-noise f.e.l. TR1. which acts as a
voliage follower. A simple high-pass filter

With this high gain circuit it is essential

10 remove any ripple on the supply line to
‘prevent instability. The simplest way to
achieve this is with a large electrolytic

capacitor, C12 in this circuit. Capacitor
C11 is a ceramic device which de-couples
high frequency componznts more effective-
ly than C12.

MECHANICAL FILTER

An essential component in the circuit is
the home-made mechanical filier, which
de-couples the ultrasonic trunsducer RX1
from the instrumemnt case. This is, in fact, a
small circle of rubber about 6mm thick,
which is about one wavelength. At full
volume any distortion in the audio ampli-
fier or the Joudspeaker results in high fre-
quency harmonics gnd if they reach the

VRt |
1%

consisting of capacitor Cl. resistor R3, and
capacitor C2 removes any audio {requency
components from the signal. This is a
major requirement to prevent audio feed-

‘back from the loudspeaker and consequent

instability.

Transistors TR2 and TR3 provide a gain
block to lift the signal to sufficient ampii-
tude 10 drive the diede detector D1. The
feedback capacitor C4 provides top cut and
improves the r.f. stability of the circuit.

A strong noise input signal will produce
a few millivolts (mV) at most from the
transducer. With a gain of some 600 times
before the detector the stronger ultrasound.
sources therefore produce full audio
output.

Unforiunately, silicone diodes siop
conducting much below about 600mV and
sensitivity is lost. The diode detector is
therefore slightly forward biased 1o increas-
es.the sensitivity. This is achieved by resis-
tor R9, which injects about 80 A into the
diode. With this setup the increase in sensi-
tivity is quite dramatic and very weak
sources of ultrasonic noise can be traced.

The audio level to the ourput amplifier
IC1 is controlled by potentiometer VRI.
Although VR is a linear device the overall

‘loudness control seems even over the track

because of the non-linearity of the detec-
tion system. Audio amp IC| is set 1o a volt=
age gain of 200 by capacitor C7 and it has
sufficient power to drive the small loud-
speaker LS1. -

’ COMPONEM

Re]:_?istors See
R2, R3, RS, SHOP
R6, R8  4k7 g i
R4 100k TALK
R7 ik page
Rg 100k
R10 1002
All surface mount (SMD), casesize 1206
Potentiometer
VR1 10k ceramic kncb pat,
sze text
Capacitor ;
c1,c2 1n5 cerami€ chig,
» _ size 1206
C3 242 tantalum 10V
C4 10p ceramic chip,
size 1206
C5 2n2 ceramic chip,
' _ size 1206
Ca 22n caramic chip,
size 1206
Cc7 10uF tantalum 10V
c8 474 tantalum 16V
€9 100n ceramic chip,
. size 1206
Ccto 47n caramic chip,
i size 208
ciy 470n ceramic chip,
_size 1206

Approx. Cost

‘Guidance Only

c12 10064 aluminium radial
elect. 16V )
All SMDs, except C12
Semiconductor
D1 BAS32 signal diode,
; SMD SODS80 case
TR4 BSRS5B low-noiss
n-channel f.e.t., SMD
S0T23 case

‘TR2, TR3 BCX70H low-noise npn
transistor, SMD SOT23
case

IC1 LM386 audio powar amp.,
SMD S08 case

Miscellaneous

RX1 40kHz ultrasonic *
transducer (recgiver

type R40-16)

S1 miniature on/off toggle
switch

LS1 8 chm 43mm dia. Mylar
loudspeaker

_Printed circult board available from the
EPE PCB Service, code 236, small plastic
case, size $11mm x STmm x 22mm, fine
connecling wire (ses lexi); PP3 battery
and snap connector; foam rubber disc
{mechanical filter - see tex1); solder etc.

Everyday Practical ElectronicSIETI, August 1999

357




The anchoring end can be re-soldercd if
required.

A suggesied method of construction is to
place all the resistors and then the capaci-
tors, finishing off with the transistors and
finally 1C1. Ceramic chip capacitors are
delicate and require the smallest amount of
solder and the shortest heat duration.

In severe cases the contacts can
become detached but this is an indica-
tion of excessive stress and only
occurs with heavy reworking during
fault finding. More problematic per-
haps is part detachiment of the nick-
el contact or cracking of the
ceramic where the fault may

not be seen. Tt is essential
that the tantalume capac-
itors and the diode

frans-
ducer lthey
produce a bad case of
“how!-round”.

The quiescent current drawn by the
complete circuit is less than 9mA and this
peaks to about 65mA at full volume. The
prototype worked with no performance
change down to 7-5V but went on working
down to 6V with loss of volume. An alka-
line PP3 battery is therefore well suited to
power the puncture finder for intermittent

are wired the right
way around. (For more
information on SM

Complered surface mouni p.c.b. Note componenfs are
mounted directly on the copper pads.

construction see the author's web siie qi:
whw. bilisSMD.memail.com.)

IN THE BOX

All the elements fit easily into @ standard
I1imm by 57mm plastic project box. The
Fayout is not critical except for two poins.

The loudspeaker and ultrasonic transducer
must be as far apart as possible and orientat-
ed at right angles o each other. The suggesi-
ed lavout should be followed in this respect.

Secondly, the ultrasonic transducer RX1
muse be mechanically isolated from the
case and hence the loudspeaker. This is
simply achieved by using a small disc of
non-conductive foam rubber to mount the
transducer as shown. A thin layer of adhe-
sive such as Evostick holds the sandwick
together. "

use.
SURFACE MOUNTING P ey 3 1

This is a surface mount project and con- TE?JId D D = ‘
struction will involve working with soma b i B = ﬂ G i
pretty small devices. The “chip”™ compo- CZTRZ = . o;ﬂ & ==

nents specified are the most suitable for
hand soldering but they are not the smallest
SMDs available. The only requirements for
population are a fine soldering iron of the ]
type used for normal leaded components =
and a pair of tweezers.

Although an SM circuit can be con-

strucied by the simple method described
below, several specialized techniques have
been developed for hand working. It is
important to improve SM skills especially
for more complex circuits where reliability
can be improved by more appropriale
soldering methods.

Non-magnetic or demagnetized tweezers

‘51 BE j.r{ L] k. A - A10
T gty pety = {008 F
' Qggrﬁ g
ol v
TRz Ans TR »
107 Ve o

are required for handling SM chip compo-
nents as their contacts contain nickel and

Fig.3. Layout of componeanis on a fwice-size-surface mount printed circuit board and

they are magnetic. Because they are so
small and light they will stick to magne-
tised tweezers making accurate placement
very tedious.

full size copper foil master pattern. The transisior and diade pinouts are also inciuded,

CONSTRUCTION

Thé componen: lavout (nwice-size) on
‘the small surface mount printed circuit
board (p.c.b.). togéther with the full-size
copper foil master, is shown in Fig.3. Here
the components are mounied dirécily on

the copper pads; no holes drilled in the

p-¢.b. This board is available from the EPE
PCB Service, code 236.

The simplest method of soldering an
'SM device is to hold it on the circuit
board pads with the tweezers and solder
one end with a little solder carried on the Tencer

-

«ra‘%-
i

~

iron. Having fixed one end the second

end, or the remaining contacts in the case

of active devices. can be soldered by the

more reliable method of applying the iron
and solder to the joint af the same time.
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Fig.4. Positioning of components inside the small handheld case. Keep the-ultra-
sonic transducer and loyidspeaker as far apart as possible.
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The foam disc should be as soft as possi-
ble, a robber gasket material about 6mm
thick was used for the prototype. Another
source of this type of soft foam is the back-
ing from compuier mouse mats.

A small piece of the same foam shoeld
be placed over the onfoff switch contacts to
isolate it from the metal base of the battery.
Make certain that the foam is not conduc-
tive. The position of the various compo-
nents in the case is shown in Fig.4.

The small loudspeaker is held in place by
a thin layer of giue on the magnat. The
speaker type suggested is an exact fit in the
protoiype case, see photographs. A speaker
grille will need to be fashioned from a
series of holes in the box lid. The prototype
sound outler comsisted of eight equally
spaced 6mm holes and a central 8mm hole.

A “knobpot" is suggested for the volume
control VR 1. These are expensive but made
10 a very high standard and take up very lit-
tle space inside the box.

The populated circuit board is also glued
‘in place and does not therefore require any
‘holes to be drilled. The decoupling capaci-
tor C12 is adequately supported by iis own
leads.

WIRING-UP ‘

The connecting wires to the Volume
control, loudspeaker and transducer is a
fine, 0-8mm dia., and multistrand (7/0-1)
flexible wire rescued from a section of 25-
way computer cable. This type of wire is
ideal for surface mounl projects where a
flexible connection is required. The inter-
wiring details are shown in Fig 4.

The ultrasonic iransducer specified
-comes with a metal cui-out grille or a wire
mesh guarding the sensing elemeni, the
wire mesh type is marginally more suitable
for this application. Finaliy, it is worth dec-

-orating the finished device with some

labels at least marking the onfoff switch
positions. Suilable labels can be designed
2asily with a computer drawing package.

TESTING
1t all is well, the Ultrasonic Puncture
-Finder should work right from switch on as

there are no adjustments to be made to the-

circuit. But it is best 10 carry out a few spot
checks before applying power and pulting
the lid on the box..

The most obvious items. o check. are the
polarity of the elecirolytic capacitors and
the diodes. Surface mount transistors can
comg with a lead-out “jougle” especially
the f.e.t. but the drawing shown is by far the
most popular. If the device cannot be
coaxed to work it may be worth just check-
ing the wansistor pins in the usual way. but
this really is a last resort.

Reduce the volume to minimum and
measure the quiescent cument. If this is
about 9maA i1 is very likely that the circuit
is.working correetly.

Fnally, increase the volume and see if you
¢an track down some ultrasound. A low hiss
From the loudspeaker is a good indication.

SOUND SOURCE

There are many sources, which can be
used as a test signal. A portable and very
useful ultrasonic noise generator is your
thumb and forefinger. just rub them togeth-
er in front of the transducer. This source
should be detecrable a1 well over a melre
distance from the transducer, depending on
the dryness of the skin. Other sourcés
include expanded polystyrene-and running
computers.

If the foam filter is doing iis job there
should be no fesdback instability at full
volume. It is possible 1o induce feedback as
a test of sensitivity by reflection of the
speaker output back 1o the input using your
hands or a flat surface as a sound reflector.
Other fun ideas will no doubt arise.

Finally. it is simple to demonstrate that
this circuit is working as a straight receiver
by conneciting a few feet of wire 10 the
“hot" side of the transducer. Random radio
noises and the odd a.m. radio station should
cmerge from the speaker.

OPERATION

To find a puncrure the offending inner=
tube must be fully inflated so as to maxi-
mize the air flow and increase the chances
of wrbulence. It is also useful to examine
the tyre bafore the tubk is removed as this
way the mail or thom can ofien be found
and the approximate location of the hole
detzrmined.

The puncture finder can be a help with
this also. Slowly rotate the wheel keeping
the detector a couple of centimeters from

the tyte until the air exii is detected as a
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noise from the speaker. In most cases there
will be some slight movement between the
tube and tyre so that the air escapes ran-

‘domly from around the rim.

TEST TUBE

Sometimes the leak can be defected in
this way but it mMay not be a geod guidz 1o
the actual puncture location. The tube must
be removed eventually so there is lHinle
point in spending too much time looking

ifor the leak beforehand.

Having removed the tubc-and made sure
that it is as fully inflated as possible run the
detector around the outer edge first. This is
where the hole is most likely 1o be located.
Keep the transducer as close as possible (o
the rubber surface. It this is not successful
then run a check around each side in turn.
The three tests on the tube will Yake only

_about a minute to complete.

If there is still no success then the agfion
needs to be repeated but at a much slower
and more methodical pace, taking care fo
cover the complete wbe surface, Streiching
the tube slighly can often open a small hole
releasing suflicient air 10 be detected.

Keeping the transducer close to the tube
is also helpful as a small air-flow hitting the
grille can induce detectable turbulence,
particularly with the wirc mesh covered
variety of transducer. Keeping the be well
inflated will also improve the chances of
turbulen: flow from the leak.

If there is still no leak ar this siage you
may have to resor td the dreaded water test
or carry @ pump because it is obviously &
very slow puncture. O




THE cathode ray mbe (c.rt) is the most
widely used type of display today.
However, as a result of the enormous mar-
ket and potential, development is progress-
ing in alternative display technologies.

A company named Printable Ficld
Emitters Ltd (PFE) is undertaking one
interesting development in the UK. Using
the field emission display (f.e.d.) they have
made some significant developments that
will enable this technology to be widely
used and possibly replace the c.rt. in-the
near future.

FEDS

It 1s worth Summarising e principle
behind field emission displays. They can
bz considered as an integrated circuit
equivalent of the c.ct. They consist of an
array of field emission electron sources
with a screen spaced a very shor distance
away, and having a corresponding array of
phosphor dots.

The space between the electron sources
and the screen is evacuated. Voltages are
applied (o0 the control electrodes to extract
the electrons from the cathodes and inject
them into a region where they can be accel-
erated by the voliage on the anode. The
clecirons attain sufficient velocity such
that when they strike the phosphor dots on
the screen, they cause light to be emitted.

One of the most important areas where
the f.e.d. requires development is associar-
ed with the cathode plane and its armay of
electron sources.

The traditional approach for the emitiers
is to use arrays of microtips fabricated
using semiconductor manufacturing tech-
niques. Several companies offer displays
manufactured using this approach,
However, as the techniques involved are
close to the limits of semiconducior masu-
facturing processes, these displays are
expensive, their size is limited and yields
are poor. Although the ultimate aim is to
make television sized screens, this is
unlikely to be achieved using the technolo-
gy in its current form.

lilea Development

One idea that is still under development
is to use an idea based on broad area field
emitters. These materials allow electrons
1o be emitted at low potentials. The firs:
materials that were developed for this
application used thin film diamond, or dia.
mond-like earbon.

Using this technology the sharp points
required for the basic f.c.d. were no longer
required. As a result the lithography
required is much easier. as feature sizes
range between 4 and 10 microns instead of
less than a micron for the basic fe.d.
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Development: of field emission display techniques may

challenge the role of c.r.t.s. reports lan Foole.

designs. Unfortunately development of this
has been problematic because the econom-
ic deposition of the emitter films that give
‘the required properties on glass has not yét
been possible.

New Solution

PFE, based in the UK, has demonstrated
a generic class of broad area field emirting
malerials that are much cheaper to deposit
than anything previously seen. They also
have the advantage that they can be used
on large scale displays that would be suit-
able for televisions or conputer monitors.
‘This results from the faci that the process
uses an ink-like material 1o form the emit-
‘ters. These can be patterned using printing
techniques rather than semiconductor fab-
‘rication methods that are far more expen-
sive to implemeni.

The idea for the techniqus arose from
work  undertaken at 'Birmingham
University. Whilst searching for a solution
1o the problem of flashover in vacuum
devices, it was noticed that electrons were
emitted in greater quantities around areas
where there were impurities in the surface
material. The team it PFE investigated the
effect with a view 1o using it for field emis-
sion displays. )

‘The company undertook s considerable
amount of work to perfect the idea for use.
Both the materials and the dimensions had
to be optimised to give the results required.
The particles thai are used are very small,
measuring only Angstroms in diameter.
They are also clustered 1ogether to provide
one broad area emitter site,

The work at PFE is progressing towards
‘making the cathode maierial into a form of
ink that can be printed onto a metal-coated
substrate. It will then be fired to make a
stable cathode plane.

The principle has now been démonstrat-
ed using three pixels, red, blue and green.
each 2 mm x 2 mm. The standard industry
phosphors of yurium oxysulphidg. zinc
oxide, and zine sulphide were used 10 give
the three colours and ancde voltages of
7-35kV were used:-Subjectively. the results
proved that the new f.e.d. would be as
bright as an existing television screen.

Implementation

When these fed.s aré manufactured,
they will need to use three electron gsuns
iogether 10 enable the colours for each
pixel 1o be aciivated separately. This can be
likened to a miniawre electron gun, each
one comprising of a focus grid and gate. In
this way they form an electron lens that
keeps the beam parallel and in a form that
can be accelerated wwards the screen dand
the phosphors.

k is anticipated that the display should
be considerably less than lem thick. This
should enuble the depth of televisions and
computer monitors lo be reduced by a con-
siderable degree. The operating voltages
are expected 1o be around 3KV for the
ancde and less than 40 volis for the cath-
ode.

This will sumplily the power supply
requirements when compared 10 a ¢.r.1. dis-
play, although they are higher than those
required for other 1ypes such as an lc.d.
Even so. the performance and cost of the
f.e.d. meets the requirements for a high
volume, high performance and low cost
display more closely than any other
technology.

Once this latest development has been
implemented in a form suitable for produc-
tion, the new displays should quickly be
seen on the market. Further information is
available via E-mail from:

Printing or FCB rasciuton
tEhcorachy for 1racks

For a large FED

- Track dsmansions ~ 100s of microas wids
- Erener oadts 1258 than 10 microns diamreter
with the erscd size dependng on contol witage

Singie exposure ead masking ‘Chemically gepos2eo

gate elacias

- Chemxsty deposaad cathoss
and cathose siedow gl Kacks

Fig.1. Schematic representation of the construction of an f.e.d.
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Simulation Circvit Capture
PCB Avtorouting CADCAM

Imagine an electronics design system thai lets you draw
schematics onto the screen and then simulate them at the
touch of a button. Now imagine pressing another button
and seeing the schematic replaced with a PCB rats-nesi.
Pressing another button starts the autorouter, and finally
you can click on File then Save As 1o ¢reate a complete |
set of CADCAM files. s

QUIEKROUIE

Too easy? We hope so. Quickroute has always been
designed first and foremost to be easy to use. That's why
simulation. dircuit capture, PCB autorouting and
CADCAM support are all integrated into one package,
So that you only have to learn one package.

But it doesn't end there. We have included a wide range |
of features in Quickroute to help you work effectively.
For example our Gerber import facility lets vou check
your CADCAM files before sending them to your
manufacturer.

We have also introduced a mijor new PLUGIN modulé
called the SymbolWizard that actually creates custom
symbol designs for you. Simply select a template, specify
pad and spacing properties and SymbolWizard creates
the schematic and PCB symbols for you!

If you wouid like 1o find out more about Quickroute,
why not call us on FREEphone 0800 731 28 24, or visit
our web site on www.quickroute.co.uk. Prices start at
under £100 including UK P&P and VAT for a complete
system.

"modern, powerful |
und easy to use"

Flettor Hechranics 97

FREEshone _
0800 731 28 24

Int +44 161 476 0202 Fax 0161 476 0505
Wab wunvquickrouta.co.uk

30 DAY MONEY BACK GUARANTEE

Copyrigt {c) 1998 Quickmute Systen§s Lid Regentilimuse Heaton Iame Stackport SK4, 1BS UE




PRDTEUS

including ey SIMULATOR

PICE.

= e Slmula'llon

® Berkeley SPICE3F5 analogue simulation kemel.

® True mixed mode simulation.

® hlew analysis types include multi-plot sweeps; transfer
curves, distortion and impedance plots.

® Active Gomponents: Switches, Pots etc.

® Oven 1000 new library parts with SPIGE models,

& Greater ease ofiuse.

“a constant
high level

. - st capabhility throughout?”
) = ' EWWICAD Review!Round Up September 1998

Schematic Capture
@ Praduces atiractive I==<J*1emaucs ik iy the magazines
® Nellist, Paris List & ERC reports.
@ Hierarchical Design.
® Full support for Buses including bus pins.
@ Extensive camponent/model libraries,
® Advanced Property Management.
& Seamless nntegratmn with simulation-and PCB desjan;

PCB Desngn

) mﬁomatic Companent Placement.
® Rip-Up & Retry Autorouter with tidy pass.
® Phiswap/Gateswap Optimizen & Back-Agnotatiof).

e L

“the e 32 bitihigh resdliition database.
3 - ST ® FulllDRC and Connealivity Checking:
BEST all-round @ Shape based gridless power planes.
P Ro G'RAM” Y Gerber and DXF lmport capability.
-1 i A — ~ 1
EWW CAD Review Round Up September 1998 Avau!ahle in 5 levels - prices from £295 to £1 625 + VAT.

Call now for further information & upgrade prices.

Write, pfitne offax'Tor your free dema.disk./orask about.aur full evaluation kit

. = - Teli 01756 753440. Fax; 01756 7528517, EMAIL :Info@labcenter.co.uk
G ‘ EJm e r\ 53-55 Main St. Grassingion. BD23 5SAA. wyAy: hifptiwww. labcedféﬁcauk
Fully intefaclive demo versions available for download from our WWW site.

E I e ¢t r @ n § c s Call for educational, muiti-ussr and dealer pricing - new dealers always wanted.,

Prices exclude VAT and delivary. All manufacturer’s trademarks acknowledged.
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THINNER WEB PAGES

Help is at hand for users of Wireless Internet Receivers.

ADGET enthusiasts who wonder why

they bought a wireless Interner
receiver, small enough to fit in their
pocke: but with a screen too tiny 10 read,
can take heart. British company Argo.
backed by venwure capital from 3i. has
developed a system which converis
Internet data inie legible form. At the
same time the sysiem, called ActiGate,
decimates the volume of daia and so
accelerates dowatoading by sluggish
celiphone data links.

The new breed of “thin client™ personal
digital assistants (PDA). from Psion.
3Com and Nokia, either connect 1o a GSM
cellphone or have cellphone circuitry buili-
in. So they can send and receive E-mail
and access the Intemnet. But web pages are
written in HyperText Markup Language,
and designed for display on large colour
monitors. They contain fine text and
graphics demil which is lost on-a small,
black and white l.c.d. screen.

Even smatl graphic images need a1 least
one kilobye, and some pages embed sev-
erat dozen. A page that takes 30 seconds to
download into a PC with a fast telephone
modem, takes five minutes by digiil cell-
phone because GSM data speed is limited
to 9-6Kbps.

HDML Protocol

Rival industry groups are currently pro-
moiing 1wo incompatible solutions.
Unwired Planet of California, with Alcatel,
propose a new page format called Handheld

‘Device Markup Language. The Wireless

Application Protocol Forum, which
includes Nokia, Ericsson and Motorola, are
backing the WAP format. Both formats
deliver Web content in a form suitable for
display on a PDA, but all the worid's web
sites must re-design their pages.

Argo's ActiGate avoids the nezd to ré-
write pages. Tt sils on a proxy server, auto-
matically analysing each HTML web page
that passes through and re-formatting it 1o
remove clutter, |

ActiGate removes Java scripts: and
graphics inserts. using the raw text and link
addresses buried inside the graphics o
generate short text messages and simple
icons pulled from a tookup library. Text
font sizes are increased for improved legi-
bility. Colour is replaced by monochrome
grey scale:

This reduces daia content, and -thuis
download time and memory storage
requirements. by « faclor of ten. The dis
played page can be scrolled and easily read.
Even traffic road maps become readable.

PDA users do not have 1o do anything,
except access the Internet through the
proxy server. The server recognises each

Barry Fox reporis.

PDA by the responsés which are
automatically sent by all browser software,
and then tailors its output format 10 suit the
PDA and whatever browser it is using.
Says Argo's Chief Technical Officer,

Richard Jelbert *“We can convert 80 per
cent of the content of 90 per cent of the
pages on the Internet, which is a lgt more
realistic than trying 1o persuade 100
million sites 1o rewrite all their pages™.

-

CODE HOPPER

FEATURING high on Arizona Microchip’s product line is their KEELOQ:family
of code hopping encoders. Microchip, as you must well know, are the manu-
iacturers of the PIC microcontroller family. .

Whilst £EPE has not yet published any designs based on KEELOQ davices,
we know that Microchip are keen that readers should get to know about them
{perhaps an enterprising designer might care to oifer us a project using them).
The latest iniormation received concerns the addition to the family of the
HCS412.

The encoder function of the HCS412 can remotely lock and unlock a car
door, garage or eslate gate using radio frequency. The device provides the
necessary control signals to interface directly to popular FSK and ASK phase
locked loops. It also incorporales a sensitive passive-entry function which
allows vehicle entry without activating the remote control or inserting the key.
This feature uses low-frequency bi-directional communication to the keyiob
and radio frequency to the vehicle.

If you would ltke to know more about KEELOQ devices, conlact Arizona
Microchip Technology Ltd., Microchip House, 505 Eskdale Road, Winnersh
Triangle, Wokingham, Berks RG41 5TU. Tel; 0118 921 5858. Fax: 0118 921
5835. Web: hitp//www.microchip.com.

GIGAHERTZ BARRIER BROKEN

BROWSING Intel’s web site revealed that
the 1GHz (one billion cycles per second)
microprocessor clock speed burrier has
been broken. In a demonstration, Intel used
a Pentium ITI processor and special cooling
techniques to ““wind-up™ the clock speed
te just beyond the 1GHz mark.

“This is a milestone event,” said-Albert
Yu. Senior Vice President and General
Manager of the Imel Microprocessor
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Products: Group. “We will costinue 1o
push the frontier of technologies that will
deliver processors with superior levels of
performance.™

Intel expects to- introduce commercial
production of processors opéraling at
1GHz in the year 2000.

Intel’s web sie can be found at
hups//www.intel.com (access the Press:
room for the | GHz infarmation).

.y
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Two old enemies are at it again, in a re-run of the VHS-v-Betamax,
fhatsushita-v-Sony, video wars. Barry Fox reports.

IN Japan, Sony is now selling Super
H Audio CD, the first super hi-fi system 10
use a variant of DVD, the high density
video disc. Philips will help Sony launch
SA-CD in the US and Europe before the
end of the year. Matsushita, maker of
Technics and Panasonic equipment,
announced recently that it will launch the
rival and incompatible DVD Audio sys-
tem, worldwide, before Christmas.
Neither company has been willing to back
down, or agree on a combination system.

Matsushita has already fired two shots.
Sony’s first SA-CD player costs $5000 and
only delivers stereo, but DVD-Audio will
give muliichannel surround from Day One.
Matsushita also believes there is a fatal flaw
in the hybrid disc technology that Sony and
Philips have dubbed a “defining -attribute™
of SA-CD because it promises backwards
compatibility with the 600 mitlion “legacy™
CD players already sold.

Layered Music

The SA-CD hybrid disc will have two
recordings of the same music, a1 different
depths in the surface. The lower layer,
beneath 1-2mm of clear plastic, camies a
conventional CD recording to the so-
called Red Book Swandard. Another layer,
at 0-6mm, conforms to the new Scarlet
Book standard and is made of semi-reflec-
tive material like a two-way mirror. This

layer carries the very rapid stream of sin-

gle bits that makes up the Direct Stream
Digital recording used for SA-CD.

The laser optics in a standard CD player
or ROM drive routinely focus at 1.2mm,
and should ignore the semi-reflective layer
of a hybrid disc. A DVD Video player can
focus at either depth, but is not equippsd
to decode the SA-CD recording so it
:should ignore the semi-reflective layer,
focus down to 1.2mm, and play the disc as
.a conventional music CD.

At a recent seminar in Austria,
Matsushita's engincers hardened concems
that earlier surfaced at the Audio
Engincering  Society’s convention in
Munich. They wam that if the laser in a CD
player detects the semi-reflective layer,
either because the player is cheap or old, or
new and designed to read erasable CDs
which have lower reflectivity, the player will
reject the disc as unplayable. DVD players
may not switch to the lower CD layer when
they fail to decode the DSD signal.

Hybrid Concerns

Ted Abe, head of Martsushila's Audio
Technology Group, is not surprised that
Sony is launching SA-CD in Japan with-
out hybrid discs. His engineers have made
hybrid discs and tested them on a wide

range of real world players. The engineers.

found that many CD players, from the
countless firms round the world now mak-
ing them, do not exactly meet the Red
Book standard.

“*We have very serious concerns about
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backward compatibility of hybrid discs'
says Abe, “Our tests suggest that 30 per
cent of legacy players will nol be able 10

;play them. I 's impossible to predict which

ones will reject hybrids and it’s impossible

‘to do anything about it when they do fail.

We stopped research.on hybrid discs and
said No Way."”

David Walstra, General Manager .of
Sony Europe, accepts that it is unfortunate

that Seny’s own music division is not

releasing hybrids, but he believes other
companies soon will. “We are 100 per cent
certain that hybrid discs will play on play-
ers if they conform 1o the Red Book CD
standard. We have checked our own DVD
players and they play hybrid discs. We
can’t speak for other manufacturers'’.
Pay!l Reynolds, Philips’ director of new
business development, says the company-

is now starting pilot production of hybrid

discs a1 Eindhoven in the Netherlands 1o
*perfect the technology™.

RAC TRACKSTAR

THE RAC and Trafficmaster have
added their weight to the batle to
reduce fatal accidents involving high
speed pursuits. They have launched
Trackstar, which is a radically new and
innovative vchicle security device
which uses satellite tracking to provide
the updated location of a stolen vehicle
anywhere in the UK. Around 400,000
vehicles were stolen in the UK in
1598.

The device combines GPS satellite
tracking with GSM mobile phone nét-
work to provide instant communica-
tions when the unit is activated. Once
triggered, RAC Trackstar's central
control is alerted 1o the vehicle's exact
position and direction of travel. The
vehicle is then constanily tracked and,
after a number of quick security
checks, the approprate police force is
notified. Once apprehended and
cleared for release, the RAC retums
the stolen vehicle to its owner.

RAC Trackstar also offers immedi-
ate comncclion to emergency of
breakdown services and provides call
operators with details of the vehicle
and its pinpoint location. Meanwhile a
voice channel s antomatically opened
for the call operator to speak directly
to the cailer.

RAC Trackstar prices start from
£295 plus VAT for the hardware, with
a tracking subscription.of £8 plus VAT
per month. )

For further information contact your
local RAC centre, 6r the RAC
Supercenire, PO Box 700, Bristol
BS99 1RB. Tel: 014534 208262. Fax:
01454 208267. (No E-mail or Web
derails quoted.)

FM 1-394GHz
TRANSDUCERS

WITH the interest that currently surrounds
our projects using the 418MHz transmitter
and receiver pairs, a lot of you will no doubt
be pleased to hear that radio modules that
operate in the 1-394GHz range are newly
availablc from Wood and Douglas. *

Their VT1400 and VR 1400 transducers

-provide a high-quality yet economical FM

wireless Video link. Intended primarily for
use with remote security and surveillance

cameras, the devices are approved 1o the:

MPT1349 siandard, which allows licence-
free operation in the UK. New techniques
have been implemented to permil trans-
mission of colour pictures in the limited
bandwidth allowed by MPT1349.

The VT1400 transmitter has an r.f. output
power of 300mW and operates from a 12V
d.c. supply. Its signal can be received clear-
ly at a range of up to five miles (8km) using
the VR 1400 receiver and suitable aerials.

For more information, contact Wood and
Douglas Lid., Dept EPE. Lattice House,
Baughurst Road, Baughurst, Tadley, Hants
RG26 SLP. Tel: 0118 981 1444, Fax: 0118
981 1567.
Email:info@woodanddouoglas.co.uk.
Web: hup://www.woodanddouglas.conk.

Filte'r Circuits
Book

Designing satisfactory filter circuits is a
bit of a “black-art” unless you are well
famitiar with the options and their rules.
Butterworth-Heinemann have addressed
this problem by introducing a very useful
240-page paperback. Simplified Design of
Filter Circuits, ISBN 0 7506 9655 9,
priced at £22.50.

John D. Lenk is the auilior, an estab-
lished writer of international best-sellérs
in the field of electronics. He has authored
more than 80 books. which together have

‘sold well over two million copies in nine

languages.

This latest book is a step-by-=step guide
to designing fillers using off-the-shelf
i.c.s. It starts with the operating principles
of filters and common applications, then
moves on to describe how to design cir-
cuits using rnodern chips. The emphasis is
on practical, simplified approaches 10
solving désign problems. '

The contents include: Introduction; typi-
cal switch-capacitor filters; lowpass fil-
ters; bandpass filters; active RC filters;
simplified design examples. o)

For more information, ask your local
good bookseller, or contact Butterworth-
Heinemann, Linacre House, Jordan Hill;
Oxford OX2 8DP. Tel: 01865 310366.
Fax: 01865 310898.

E-mail: bhmarketing@repp.co.uk:
Web: hitp://www.bh.com.

EverydayPraciical Electronics|ETI, August 1999



-

carelectranics.com.

MINIATURE PSUS

LASCAR Electronics has added a new minlature power supply o its existing
{and excellent) low cost linear PSU range. The new PSU303 is a compact “open”
mains power module featuring +5V (200mA) and — 5V (50mA) fixed rails. It uses
linear regulator i.c.s with over-current and over-temperalure protection.

Like all products in the Lascar range, the PSU303 uses an encapsulated
transformer and screw terminal connections. With an overall size of 42mm x
78mm x 29-6mm, this PSU is well suited to compac! applications.

For mare information, contact Lascar Electronics Ltd., Dapt EPE, Moduls
House, Whiteparish, Salisbury, Wills SP5 28J. Tel: 01794 884567, Fax:

01794 884616. E-Mail: lascar@netcomuk.co.uk. Web: lascar hitp/wvav.las-

Taking the Move out of Movies

An off-shoot of space research could help improve
your shaky home videos. By Barry Fox.

SCIENTISTS working for NASA's Space
Flight Centre have developed a system that
improves poorly shot video tapes. Video
Image Stabilization and Registration
removes handshake and unwanted zoom and
tili motion, while making fuzzy pictures look
shamp. VISAR works by dissecting each
image in a motion sequence and rebuilding
them in a constant position and size.

David Hathaway and Paul Meyer were
working for the FBI. trying 10 clean up a
shaky 13 second video tape of the bomb
which exploded at night during the 1996
Olympic Games in Atlanta. They broke each
of the 400 picture frames down into several
hundred thousand compoiient picrure points
or pixels, isolated reclangular patches which
had constant pixel patterns, and summed the
paitems from several differemt frames. This
reinforced the wanted image, while reduc-
ing random noise. Al the same time the
whole image was moved to keep the targel
pattern at a fixed position on screen, and so
remove the effect of handheld camera shake.

NASA has now refined the technique to
keep the pattems of constant size as well as
position. This comrects for accidental zoom-
ing, where a photographer has pressed the

wrong buiton to move between wide angle:

and telephoto imaging. or tlied the camera
by mistuke. .

NASA is offering VISAR 1o the police,
who can use it 1o recognise licence plate
numbers or faces in a crowd accidentally
captured on heme video foolage. VISAR
can also sharpen medical ultrasound scans
or calculate tomado wind speeds by
tracking objects trapped in a twister.

The prototype system works on a
Windows PC, taking around $5 seconds to
analyse each frame.

“As computer speeds increase. .lhe pro-
cessing time comes down’. says Mever.
“We are aiming for real time processing so
that VISAR can be built into home videos'".

Although some modern camcorders have
stabilisation circuitry, it works while shoot-
ing by comparing successive image scans
and compensating for exaggerated shake:
There is no chance to comect errors once the
tupe has been shot. Photographers can use
VISAR at leisure afier shooting.

UK Space
Programme

A pioneering space programme 10 stidy
the Earth’s enviranment has recentiy‘been
announced by Lord Sainsbury, Minister
for Science and Chairman of the European
Space Agency's (ESA) Ministerial
Council. The £400m research project;
known as the Living Planet, will be under-
tzken by ESA and will be the most com-
prehensive Eanh observation programme
ever undertaken.

Tt will consist of a serics of space mis-
sions designed o investigate the Earth's
environment, using unigue global mea-
surements of physical, chemical and bio-
logical processes at work in the Earth's:
atmosphere, oceuns and land surfaces.

More details are on  web  site:
httpr/fwww.dri.gov.uk.
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ELECTRONICS
COURSE ON CD

ELECTRONICS Technician CBT has
been inroduced on CD-ROM as an inter-
active computer-based training program
that makes it easy w gain an in-depth
working knowledge of the fundamentals
of electronics. It incorporuies 23 instruc-
tional modules with more than 15 hours of
audio material, animated circuits and
interactive video examples.

Over 1300 praciice problems. exercises
and examples provide studenis with
‘opportunities to explore circuit funciion
and behaviour. Praciical challenging
design exercises encourage you 0 apply
what you have leamed to new situations.

This new training program is preduced
by the makers of Electronics Workbench,
which many of you will recall is the excel=
lent clectrdnics training pachage we used
to illusirate our Elecironics from the
Ground Up scrics of 1994/95. With
Electronics Workbench installed alongside
this new course., stusdents have access to
over 450 experiments that let them manip-
ulate and simulate circuits in their own vir-

wal electronics laboratory.

Llectronics Technician CBT and
Elecironics Workbench are supplied and
supported in the UK by Adept Scientific
ple. 6 Business Cenire West, Avenue One,
Leichworth, Herts SG6 2HB. Tel: (01462
480053, Fax: 01462 480213.

E-mail: ewb@adepiscience.co.uk.
Web: hup:/fwww.adepiscience.co.uk.

Byte-sized Computer Guides
FED UP with computer manuals which are
almost the size of your terminal?" asks the
opening senience of a press release from
Collins. Well, for those who are looking for
a pocket book which will get down 1o the
computing basics without leaving out essen-
tials, Collins believe they have the :mswer. in
the form of four new colour-illustrated
guides. They are said to be small enough o
fit in your pocket but packed full of informa-
tion in a readily accessible form. “Tdeal fof
even the most wary of technophobas!™

Collins Gem ~— Internet provides. an
averview of the Internet and what it can do
for you, with a wealth of practical informa-
tion, ideas and pointers o help you make the
most of E-mail and the Web. '

Calfins Gem — Your PC aims w help you
make the right decisions about what 10 buy
and where (0 buy it. and to make sense of the
technical jargon that will confront you, from
CPUs and modems to DAT drives and
scanners.

Collins Gem — Using Your Software
demonstrates how to organise your compuis
er and iis software (0 keep e system mun-
ning efficienily and reliably.

Collins Gem — Word Frocessing -includes
information on: saving, closing, opening and
printing documents; setting up envelopes
and labels; 1ables, sorting text and mail
menges; fonts, styles, columns and sections;
inserting pictures and creating anwork.

The books are £4.99 each and available
through good booksellers (ISBN codes have
not been supplied to us). Further information
can be  obiainad by  E-maikb:
elizabeth.allen@harpercollins.co.uk.

Web: htip://www.collins gem.com.
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Constructional Project —=

MAGNETIC FIELD

DETECTIVE

ANDY FLIND:

Can even detect moving magnets at five
metres through brick walls!

PiCker project, it was felf that con-
struclors wishing to experiment fur-
ther with this type of device might wel-
come a simple method of indicating the rel-
ative strength of magneric fields produced.
Magnetic field sensors are not new lo the
pages of EPE but most of those published
recently were intended to indicate the pres-
ence of alternating fields emanating from
50Hz a.c. mains operated appliances which
have relatively high levels and frequencies.
The tiny, tow frequency ficlds produced
by the EPE Mood PICker and us predeces-
sor the EPE Mood Changer (June "98) are
harder 1o detect, and in fact it is necessary
io place the Mood PICker practically in
physical contact with the author's Magneiic
Field Detecior (Jan '93) 1o obiain an indi-
cation. This makes it impractical to gain
any idea of relative field strength from var-
ious designs in terms of range for & given
leve] of indication. '

WHAT SENSOR?

When designing an instrumemt capable
of detecting the output of devices like the
Mood PICker the first consideration is
which type of sensor should be used to
actually detect the field. The obvious lype
is an inductive device such as a coil. The
disadvantage of coils is that they respond
not 1o the absolute strength of the sur-
rounding magnetic field, but to its rate of
change, making them relatively insensitive
1o very low frequency fields.

An additional difficulty encouniered
‘with the Mood PICker and Mood Changer
is that their ourpuls are synthesised and
therefore chaoge in a scries of small
discrete steps. This resulis in the corre-
sponding output from an inductive sensor
-appearing as a series of spikes, and it is this
that the original detector

FOLLO\'\'[NG last month's EPE Mood

expensive and when tried proved to-be still
insufficiently sensitive for this project.
When sufficient circuit gain was used 1o
obtain the required sensitivity the signal all
but disappeared into background noise
from the device.

FLUXGATE

A third 1ype of sensor which can beused
is the Fluxgate Magnetometer. These also
measure absolute ficld strength, and are
renowned for their very high sensitivity.
Their consiruction used to be complex and
diificult but a ready-built sensor of this Lype
is now available at reasonable cost which
allows experimenters 10 venture into the
area of weak magnetic field detection far
more casily.

‘Two basic versions of this device are cur-
rently avatlable, the
FGM-1 and the shightly
larger and more sensi:
tive FGM-3 (the latter
device was used on
PIC-Agaras = Bike
Computer — ApriMay
*07. Ed). Both operate
with a modest curremt
of around 12mA froma
single +5V supply so |
they may be used in
battery powered
designs having simple |
regulation. §

The output irom
either is a rail-to-rail
rectangular waveform
with a period propor- 2
tional to the polarity and strength of ‘the
field such that the cenire frequency, found
at lowest magnetic field intensity. is dbout
60kHz. This can be processed directly by a
microcontroller such as a PIC or it may be

Y

converted into a voltage for use in‘annlogue
circuit designs. More about these tech-
niques, perhaps-in future projects.

For the present application, what is
‘required is a simple and incxpensive circuit
offering very high sensitivity. The more
sensitive- FGM-3 sensor is used in this
design and. since ils output is a high fre-
quency. the simplest way to indicate small
changes in this, with excellent sensitivity, is
o mix it with the ousput of a reference
oscillator of similar frequency. in the man-
ner of the familiar b.f.o. (Beat Frequency
Oscillator) metal detecior.

The resulting ourput doesn’t sound very
pleasant (nor did the old b.f.0. metal detec-
lors!), but we're not seeking musicat excel-
lence here, just simplicity and sensitivily
and this technique certainly delivers both.

BLOCK DIAGRAM

A block diagram of the project is shown
in Fig.l, which demonstrates the principle
with some typical frequency values. The

output frequency of the FGM-3 varies con-
siderably as its position changes in relation
to the earth’s magnetic field.

Although it has a “feadback” coil- whith
can be used for nulling purposes. this

design is indicaiing rather
than the actual strength of

the field produced. SENSOR [ se 738 howvine |

A Hall Effect sensor (FGM-5) =1 aye
might be more suitable as "
lhes?, produce outputs pro- TUNING sy
portional to absolute field MAGNET AEFERENGE
strength, but most are N OSCILLATOR
relatively insensitive. Onz of e

i

the most sensitive types that

I ¥q~

is widely available is the
LOHET ‘which is relatively
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Fig.1. Block diagram of the Magnetic Field Detective.
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sequires current and the provision of a dual-
rail supply so that it can be driven in either
polarity. A much simpler way to achieve
the same cffect is 10 place a small magnet
nearby and rotate it until it counteracts the
earth’s field to achieve the required output
frequency. This in no way degrades the
FGM-3's sensitivity, in fact it probably
improves it by ensuring that it is operating
¢lose 1o the centré of its range.

‘Fhe sensor output is first divided by two,
which results in a perfect 50:50 duty cycle
at a lower frequency of about 32kHz, The
design of a suitable reference oscitlator ini-
tially presented a problem. Readers who
have built b.fo. metal detectors will no
doubt recall how the output of these used to-
drift and distont as the 1wo oscillators 1end-
ed to "pull” or lock onto each other through
stray coupling.

INSPIRATION

Various simple reference oscillators tried
with this circuit exhibited the same prob-
lems, but then came inspiration! An oscitla-
tor using a watch crysral operates at
32.768kHz. which is ideal for this project.
If this is mixed with the outpul from the
sensor the -magnet can be used to adjust the
-audio output frequency, resulting in simple
tuning and rock solid stability.

The mixer function is carried out digital-
ly by applying the signal to the data input
of a flip-flop whilst clocking it with the ref-
erence signal. The output from the flip-flop
when the circuit is correctly tuned is a
squarewave of audio frequency.. This is
buffered 1o provide sufficient power for a
small loudspeaker.

If the circuit is not tuned correctly, the
output from the flip-flop may be a harmonic
of the wanted signal which can sound rather
similar to it. Because of some simple low-
pass filtering, this will have a lower ampli-
tude, but this is still not readily appasent to
the ear so a visual tuning indicator ts includ-
ed in the form of an l.c.d. which only lights
when the correct tuning point is found.

The frequencies shown in Fig.1 are fair-
ly typical for normal operation. If the sen-
sor frequency changes by just 100Hz, or
tess than 0-2 per cent, the ouiput will

Fig.2. Complete circuit diagram for the Magnetic Field Detective.

change by 50Hz, which is casily héard by
the vser. In practice.. much smaller changes
than this are clearly audible.

FULL CIRCUIT

The full circuit diagram for the Magnetic
Field Detective is shown in Fig.2. At the lefi
is the sensor, IC1. provided with a local sup-
ply decoupling capacitor, Cl, as rccom-
mended by the manufacturer since it is con-
aected through a short length of ribbon cable.

The sensor output signal is applied to the
clock input (CLK1) of one of the two flip-
flops i IC2, a 4013B dual flip-flop. The
Q7 output of this is connected 1o the data
(D1) input in the classic divide-by-two
arrangement, and the Q1 output is conneci-
ed 1o the D2 input of the second flip-flop.

Op.amp 1C3a operates as an oscillator
with crystal X1 setting the frequency to
32.768kHz. The value of 68pF used for
capacitors C4 and C5 may seem a trifle
high for this type of crystal but experiment
proved it 1o be the best for reliable start-up
and operation.

Resistor R2 provides the op.imp with a
small amount of negative feedback, and R4
reduces drive power to the crystal 10 a safe
value. The oscillator output is applied (o the
clock input (CLK2) of the second flip-flop
of IC2 and the audio frequency is output
from Q2.

Low-pass filter R5 and C6 improve its
quatity a little before it is buffered by IC3b
1o drive the speaker LS1. It is possible 1o
eliminate this stage and save supply current
by ¢onnecting a piezo transducer across the
Q2 and Q2 ouwtputs of IC2, but readers may
rest assured that the sound quality obtained
in this way is truly horrible, so the use of 2
loudspeaker is heantily recommended!

Resistor R6 sets the output volume and
its value can be altered if required. Finally,
a small “charge pump* using capacitors C8
and C9 with diodes D1 and D2 is used 1o
light Le.d. D3. It will only do so' when the
amplitude of the output is high enough, and
the attenuation of higher frequencies by RS
and C6 ensures that this only happens over
the correct tuning range.

The AD8532 dual op.amp IC3 is a recent
arrival in thé amateur construclor’s. market
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and has some rather special gualities. The
inputs and outpuis can operale al any
potential up to and including both supply

rails and the outputs can deliver up 10

COMPONENTS

Resistors . A"
Ri, R2, R4 100k (3 off) 3
R3 10M See
5 22k L
'25 A7C SL{I@E@
R7 2709
All 0-25W 5% carbon film Z;ém
Capacitors
C1 470N ceramic
Cc2, C3.C7 |
Ci2,C13  100n ceramic (5 off)
C4,Ch 68p ceramic (2-off)
C6 10n ceramic .
C8, C8 10u radial elect.-25V
" Ly (2 off) ,
C10,C17  100u radial elect.*10V
{2 off)
C14 470u radial elect. 16V
Semiconductors )
D1, D2 1N4148 signal diods
. {2 off)
D3 3mm red l.e.d., 2mA-fype
IC1 FGM-3 fluxgate
magnetometer sensor
IC2 4013B CMOS dual
filp-flop
1C3 ADB532 dual op.amp
1C4 LP2850 5V micropower
requlator
Miscellaneous
LS4 80 loudspeaker,
40mm dia.
St min. s.p.5.1. toggle switch
h 61 32:768kHz crystal
Printed circuil board, available from the
EPE PCB Service, code 239, 8-pin d.il
socket, 14-pin d.ll. sockel; 4-pin wire-
wrap d.ll. sockel; 9V PP3 batiery and
clip; ribbon cable; plastic case (sez text);
magnel (see text); heal-shrink sleeving
{see lext); wire; solder, eic.

Approx. Cost
Guidance Only

£24
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250mA. of cwrrent, sufficient io drive a
small loudspeaker at modest volume.

The recommended supply voltage is 3V
1o 6V. but users should be aware that the
absolure maximum is stated to be 7V. The
versatility of the device can be seen in this
circuit, where one of the two amplifiers
operates as a crystal oscillator whilst the
other drives the loudspeaker.

The supply for the circuil is regulated by
1C4, an LP2950 three-terminal +5V regula-
tor. This has a superior performance to that
of the 78L.05 and can operate from a much
lower input voltage. The manufacturers of
the FGM-3 siate that output depends to
some extent on supply voliage. so the
improved regulation will help in minimising
drift in this project. Capacitors Cil 1o Ci4
are included to provide supply decoupling.

CONSTRUCTION

The printed eircuit board component and
track layouts are shown in Fig.3. This
board is available from the EPE PCB
Service, code 239.

Construction should present no speciul
difficulties ~ the preferred procedure is to
fit low profile components such as resistors
and diodes first, followed by the smaller
capacitors and then the electrolytics. The
use of dual-in-line (d.i.l.) sockets is recom-
mended for IC2 and 1C3.

The 32-768kHz waich crystil X1 is readi-
ly available from many component suppliers.
but comstructors with good eyesight might
even use one salvaged from an old waichi
Commercially supplied versions are usually
physically larger though. and have longer
leads. Because they look fragile and the leads
are thin it is advisable 1o secure X1 to the
board with a drop of glue before soldering.

The four connections 1¢ the FGM-3 are
shown in Fig.4. along with their funciions.
Since it will undoubiedly be used in future
projects, and also 10 reduce any possibility
of damage. it was decided not to solder
directly to these pins. Their spacing is the
same as that of a typical d.i.l. t.c. 50 a suit-
able socket for them was made by culting a
section from a “wire-wrap' d.i.l: socket
with a sharp knife.

These sockets have relatively long and
robust connections to which the capacitor
€l and about 300mm of ribbon cable can
be soldered as shown in Fig.5. Heatshrink
sleeving was fitted over the connections to
give them added physical strength. It
should be noted that the FGM-3"s pins are
flat in section and fairly wide, so they will
7ot fit into a turned-pin sockel.

Before fitting 1C2 and 1C3, the beard
should be powered so that the presence of
the regulated 3V supply can be checked on
their sockets at pin 14 (IC2) and pin 8
(IC3). After this, these two i.cs can be
inseried and the speaker and sensor con-
nected for testing.

SETTING UF

The current drawn by the circuit varies
quite a lot with the field being seased, but as’
a rough guide, when wmned. the average is
about 25mA 0 30mA. Placing a small bar
magnet, such as those sold for reed relay
eperation, about 100mm to 150mm from
the sensor (in any position, to either side or
behind it) and rotating it slowly should pro-
duce various strange noises and, hopefully,
at some point the Le.d. will light
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Fig.3. Component layoul, fuli size copper foil master Irack-pattern, and off-board

interwiring details.

‘When this happens
the magnet should be
adjusted carefully for a
steady audio tone of
suitable pitch, Blobs of
Blu-Tack will be found |
invaluable for holding
the sensor and magnel
in position as this is
done. Once the operat-
ing point has been
found, the effect of
moving another magnet
in the vicinity can be tried.

Most magnets will be easily deicctable at
miore than 300mm and strong ones will
produce a response from several metres. IF
the tone sounds seriously "mushy™ and
unclear during adjustment aitempts. the
problem is likely 10 be 30Hz pickup from
mains appliances and wiring in the vicinity,
-especially transformers, in which case it
may be necessary to relocate the unit some-
where magnetically quieter.

ENCLOSURE

Selection of a housing for this project is
up 1o the individual constructor. For effi-
ciency. small loudspeakers really need a
case of some kind (o prevent soynd wives
from the rear siuply cancelling-those from
the front.

The protorypé has tbe p.c.b. battery,
'loudspeaker and onfoff switch S1 in a small
plastic case with the sensor atiached via the’
ribbon cable. This can be sct up on a board
with the magnet, using Blu-Tack w keep
‘everything in place whilst allowing easy
adjustmeni. X

v USE

The assembly has to be vsed in & static
position, as small movements relative to the
earth’s field can take it right off scale. 1t is
placed in the desired position. switched on
and the ton@ 3ci with the permanent

O\ FEEOAACK COL
O |V IGROUNDY,
O JOouTPuT -

0o/ -5

-Fig.4. Connections for the FGM-3
sensor.

FEEDBACK GO

Y (GROUND:
OUTAuT

“5v
LAY FISEON CAELE IS SOLGERED TO THESE FRiS
AND STRENGTHENED WITH HEAT-SHANK SLEEVRG. l

Fig.5. Providing a socket for the
FGM-3, with capacitor C1.

magnet, then it i5 keplin this.pdsition.for
the desired test.

The Mood PICker und Afood Changer
projects are both deteciable at several cen-
timetres. producing clearly audible pitch
changes and a distinctive quavering note at
“higher frequencies. In fact, the original
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Mood Changer can be detected at up 10
300mm.

Other uses for this simple project are
obviously limited only by the imagination
of the constructor. Examples would be
detection of moving abjects at a distance by
attaching magnelts o them. and detection of
large ferrous objects such as vehicles by the
distortion in the earth's magnetic field they
cause in passing.

It would obviously be possible to add a
frequency-to-veltage circuit if a volrage out-
put is required, though for accuracy a circuit
converting period to voltage is better.

PARTY PIECE

Finally. even non-electronically minded
people cannot fail 1o be impressed by this
pro;ecz's “party piece™. If a fairly powerful
magne! is suspended on a thread with north
and south poles facing horizomtally out-
wards, when set spinning ir will generate a
sinusoidally varying magnetic field. With
the prototype this was done using a ferrite
ring magnet of the kind used in loudspeuk-
ers, with a diameter of aboui 50mm.

The resulting alternating ficld could be
detected easily at ranges of over five
metres, through brick walls just as easily as
through air. This gives rise 1o the idea of a
Mood Changer project for a wide area cov-
erage usiNg a spinning permanent magnet,
but this oneis still on the drawing board at

present! 1
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Special Feature

POWER GEN|
IPELI
70 PYLONS

ALAN WINSTANLEY

FROM

Part One

In this two-part feature, supported by the expertise of the international power generation
company National Power plc, Alan describes some of the high technology invoived in gen-
erating power — from a gas pipeline to the turbines and generators and then to the electric-
ity pylon and beyond! We also examine in close-up some of the techniques
related to the provision of a 230V a.c. supply directly to our housing and industry.

#N THE UK we are fortunate enough to

enjoy virtually uninterrupted clectricity.
provided by ome of the world’s largest
interconnected electrical systems which
links our power siations together 1o form
the National Grid. The high qualily of
Britain's electricity supply is taken for
granied by us all, afthough for both the
micro-electronics enthusiast as well as the
general public there is much mystique sur-
rounding the way in which electrical power
is created and delivered safely io our
homes.

National Power generously granted the
writer untimited access to all parts of a
modem gas-fired power stalion —
Killingholme “A™ near Grimsby —and pro~
vided a much-needed insight illustrating
where our “juice” actually fows from. If
ever you have wondered what “neutral”
really means, why the carth plays such a
vital role in safety. or why an electricity
power station would ever need gas, or if you
just want to brusl up on some fundamental
theory. this anticle provides background
which is essential reading for electronics
users and consumers every where.

Lights Fantastic

The sight of electricity pylons marching
alien-like across the countryside is an all too
familiar one, vel in spite of their omnipres-
enice it is easy to overlook the feats of heavy
engineering and high technelogy surround-
ing us which are responsible for delivering
electrical energy 10 illuminate and warm our
homes, cook our food and entertain us, as
well as powering our industries.

It is something of a paradox that the
microcleconics enthusiast can usilise the
very latest in silicon chips to create another
technological masterpicce, yet if we are
lonest, many of us weuld admit (o having
only a fleeting knowledge about the elec-
tricity supply itself. We leave that sort of
thing 10 electricians. We probably know
(we think) that earth is, as i1s nams sug-
gasis, connected to earth somewhere along
the line. and perhaps the neutral is. er,
sonichow neutral. We know that the supply
is "aliernating”, but how many have actual-
lv stopped 1o consider what all this really
means?

After reading these two articles you will
‘know precisely how the electricity supply
is generated, distdbuted and delivered.
Although it is writien with the UK 230V
a.c. 30Hz. supply in mind, note that many
similar principles are ufilised ahroad, so
even if vou do not reside in the UK you will
find a considerable amount in comumon
between the systems outlined here and
those employed in your own coumtry (some
of which are undoubtedly British-built).

In The Beginning

The mcandescent electric lamp was first
produced in 1879 by Joseph Swan in
England and Thomas Edison in the USA:
and two years later Britain saw the advent
of its first public electricity supply. Over
the next fifty years some 600 supply under-
takings with nearly 300 loculised power
stations would be creatcd. operating at a
variety of rrequencies and bath a.c. and d.c:
voliages.

In 1927 the Ceniral Eleciricity Board
{CEB) was appointed by statute, with a
view lo standardising frequencies, and also
1o implement an interconnection plan o
improve efficiency and reduce waste. The
plan involved hooking 1ogether a select
number of power stations, and was com-
pleted in 1938. Later “the industry was
nationalised in 1948.

Over the last twenty or thifty years the
power generation picture in the United
Kingdom has bheen transformed, so 10
speak. having moved away from the once
heavy reliance on Britain's rich supply of
coal to a modern multi-fuelled power
industry which is clean, efficient and
dependabte. -

Uniil the early 1990s, power generation

“was underiaken and contrelled by the
Ceniral Electricity Generating Baard (the
CEGB). which was primarily responsible
for producing and selling power for
onwards transmission 1o the regional elec-
Tricity boards by the National Grid, the
‘organisation which “owns the wires".
From there it would be distributed to tens
of millions of residential and commercial
“propertics.
" Privatisation and the arrival of market
:competition in 1990 introduced radical
changes in the way the UK electrical sup-
ply market operated. The CEGB gave way
10 compeling power companies — including
National Power, PowerGen and the nuclear
arm of the industry. British Energy. There
are now some 30 or more power producess,
muny of which are independest or foreign
owned power stations, competing for the
business of nearly 23 million domestic
cusiomers.

These and millions of commercial and

.industrial users are served by fouricen

Regional Electricity Companies (RECs).
The market for buying and selling electrical
‘power has opened up at all levels, so much
so that in the UK it is now possible o buy
gas from eleciricity providers and vice
versa

Evervday Praciical -Electronies/ETI . -Augisi 1999



On Demand

Over the many decades in which we
have enjoyed virtzally uninterrupted elec-
wrical supplics, the power providers have
accrued much experience of the likely
demands which will be placed upon them
by their customers. This enables the power
distribution companies to plan ahead and
allocaie, on a daily basis, the various power
generation resources which are going 1o be
available to megt the forecasted demands.

How, according 10 National Power, these
various fuel types are available in *layeis”
to meet this demand, which in the UK
totals nearly 70,000 Megawatts (MW), is
shown in Fig.1. The graph also shows how
the resources arc divided amongst various
fue! types.

Avalizble capaclty needsd 1o.mes) demand (V)

"

1000

«® =] = %3
Lrinaton (%)
Fig.1. How the demand for electricity in
the UK is fulfitled by dilierent lypes of
fuel. Nuclear, gas and “interconnec-
fors” provide the base whilst coal, oil
and hydro are only brought on-siream
to top up the supply.
—Courtesy Nationa! Fower

Underpinning the country’s supply capa-
bility are both gas and nuclear fuel sources
which produce a constant 30,000MW
between them and form the bedrock of
Britaia's available capacity. Also providing
nearly 3,000MW of capacity are what are
termed “interconnectors”, which relate to
the conneciions made by the National Grid
to both Scottand and France: yes, a certain
proportion of cur power is imported,
though the same wires could be used to
export surplus electricity as well. Roughly
2,000MW of interconnected power is avail-
able via the Cross-Channel Link, a pair of
undersea 45km long cables completed in
1986.

The restof the UK’s electrical capacity
is provided by coal, oil and hvdro-electric
power. noting from Fig.1 that the capacity
of these sources dwindles in terms of utili-
sation: they form the buffer which is pri-
marily used for the “top up™ needed 19
meet peak surges. For mosi of the time, w¢
rely on nmuclear power, gas-fired power
plants and imported electricity which are
100 per cent utilised.

The demands for elecirical power risc
and fall during the day. and the weather and
‘many other events — such as the advenising
breaks in favourite TV soaps — can trigzer a

‘huge surge in demand when people head

for the eleciric kettle. These TV-reluted
surges arc known as “TV pick-ups". The
average person will also decide to tum on
the electric lights in the evening only when
a commercial break occurs!

It is the function of the National Grid

Control Centre, hased at Reading, 10 match

the demands placed by its customers with
the available capacity and to cope with’
anticipated TV pick-ups. According to
National Grid figures, the largest recorded

TV pick-up of 2,800MW occurmred in the

World Cup Semi-Final in July 1990
(England v. West Germany). To maintain

stability the control process may also

require electricity production 10 be reduced
when demand falls: the funeral of Princess
Diana caused a major drop of 1,000MW in
normal power consumption when ail daily
activity stoppedn the UK.

Price Matching

The task of matching supply and demand
is called “gencration despaich™ and
involves not only the National Grid being

‘kept posied by data links showing the avail-

ability of power from all its suppliers, but
also at what price: electricity is bargained
in Pounds per MegaWatt Hour and power
generation companies have to commit to a
price for filling half-hour stots for the 24

‘hours ahead. This bidding process occurs

every moming when the power plants noti-
fy the National Grid of their availability
and pricing for the day.

As you would expect in a privafised mar-

Ket economy, the “bulk"” price charged by
generators varies depending on demand,

On a typical November day (for exanple) it
could rise from around £33 (3§34 for
American readers) per MegaWait Hour
(MWH) 10 roughly £45(374)/MWH ai peak
times of the day — which, incidentally, is at
1ea time, when demand peaks dramatically
at 17:20 houss. By way of comparison,
depending on onc’s location a domestic

‘lectrical “umit” costs 6-43 pence (10-6

cents), which eguates 10 £64.50 or
$106.42/MWH.
Trends from preceding weeks. months

and even years are taken inlo account as

well and forecasts are accurate 0 within a
couple of percentage poinis. Any evem
which is forecast to trigger a rise in power
demand — say a tclevised World Cup — is
brought into the equaiion, as are other fac-
tors including weather forecasts, seasonal
trends and even the day of the week.

In Fig.2, National Power illustrates how
peak demands over a typical 24 hour period
are gradually topped up as more plamt is
brought on'stream to cope, culminating with
the short-term use of pumped storage (water
caverns) to generate hydroelectric power at

-peak times (around 6p.m.). Note that nuclear

and gas-fired power provides a constant ouit-
put, and only as demands soar will larger
coal and oil-fired stations be brought ontp
the sysiem 10 mect peak surges.

A “pumped storage instaliation in
Dinorwig, Wales can also be brought on
stream within ten seconds. 1o cater for daily
peaks in demand, and this cushion has
helped 1o reduce the need to have spare
generator plant constantly runming to meet
unanticipated syrges in demand, see Fig.3.
All power planis are identified in an “order
of merit” tabte which highlighis the indi-
vidual cost of power generated by the var
ous power plarits.

Hence there are low merit ‘(high cost)
and high mert (low cost) plants which
depend on the type of fuel used. In addi-
tion, the National Grid will take into
account the dynamic parameters of the
plant. such as loading rates, and whether
the turbines are hot or cold. it can be cheap-
¢r [0 run a more expensive “hoty maching
than a cheaper cold machine.
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iFig.2. How a 24-hour demand, psaking
at 17.30 hours, is met by the eleciricity
Fndusiry.

Killingholme “A"’ a

National Power’s Killingholme *A™
power station is situated ncar the ports of
Immingham and Gnmsby in North
Lincolnshire, on the banks of the River
Humber. [t was their first gas turbine plant
and was commissionad in 1993.

This 650MW plant runs as 2 “base load™
operation. which means that it provides a
constant outpul that forms some of the
gveryday “bread and butter” of the Unied
Kingdom’s electricat capacity. Its perfor-
mance won Killingholme “A” the National
Power Availability Prize.

Naiional Power has strong intemationzl
links and is heavily involved ‘with the
expont of technological know-how, includ-
ing the construction and joint operation of
power plants in other countries, notably the
USA, Europe and China, The power station
at Killingholme also has an umpressive
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Fig.3. Daily demands aré bought in half-hour blocks from electricity- producers by
the National Grid. The graph, produced daily, depicts several factors including the

purchase price of electricity.
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General *viesof the Killingholme “A” Gas-fired Pon,ver‘Stauon.

array of links with local educational and
.environmental projects, having funded a
wide variety of nature conservation drives
in association with both local and national
authorities.

A new fully siaffed visitor's cenlre, an
educational garden and close associations
which have been carefully nurtured with
neighbouring schools and further education
help ensure that Killingholme “A™ plays an
environmentally aware and responsible role
in the community.

From Pipelines to
Pylons

Killingholme “A™ is a gas-fired power
station, Why gas? When the UK electricity
marketplace was forcibly opened up 10
competition in 1990, the switch from coal
1o gas became afl the rage in what became
known as “‘the dash for gas’'. Whilst coal-
fired power stations battled with the logis-
tics of being constantly fed by trainloads of
cheap coal, not to mention the enormous
cost of upgrading plant to meet pollution
targets, one thing which is still in plentiful
supply is natural gas, provided from rigs in
the nearby North Sea.

Several new power Stations were there-
fore constructed in this locality, some being
independently owned and others being built
by bath National Power and PowerGen. A

gas-fired power station is far cheaper and.

much more compact to build than a compa-
rable cosl-fired station, producing less
carbon dioxide and virtually non-existent
levels of sulphur dioxide, the compound
which gives rise to acid rain.

Since the region’s petro-chemiical indus-
tries are handsomely served by major
underground gas pipelines, then if there is
an immediate need 1o construct power
plants quickly and efficiently, gas is an
obvious choice for fuel. Furthermore, by
purchasing “off-the-shelf” power plant
rather than atrempting to design everything
in-hous¢. National Power enjoyed a greater
choice of supplier -and shorter lead times
during the dash for gas. ‘

Before we delve under the bonnét of
Killingholme *A™, it is worth relating a few
fairly fundamemal principles of électricity,
which actually have a most profound
impact on the way in which clectricity must
be distributed. When scaled up to the level
of national electricity distribution. it soon
becomes apparent why milliohms suddenly
mafter and kilovolts really count.

A set of rules different from those which
the microelectronics enthusiast usually
concentrates on, exists in the field of

L
~1
[ £97

generating and (ransmitling power and
even the hardened electronics enthusiast
cannot help being filled with awe when
confronted with a 400,000V transformer or
a 10.000 amp circuit breaker!

Long Distance
Transport

When electric current needs To be con~

.ducted over large distances (e.g. dozens of

miles), several issues arise. The primary
problem is that of unwanted electrical
resistance, which results in heating effects
that are proportional 1o the square of the
current (°R) .

If a length of wirc has a known resis-
tance, then doubling the current will
quadruple the power dissipated in the form
of heat. Wasting power in this way is inef-
ficient and equaies directly to increased
costs, so it is highly desirable to reduce
these heating effects.

Since a conductor's resistance is directly
proportional to its cross-sectional area. then
in order 1o overcome Lhe resistance inherent
in long-distance power lines, the cross-sec-
tional area of a conductor could obviously
be increased (Fig.4). This will reduce its
resistance 1o current but will obviously
increase costs because of the greater vol-
ume of conductor needed.

The solution is to step up the voliages
being transmirtted 10 much greater levels —
tens or hundreds of thousands of volis. The
higher the operating voltage, the lower the
current, then the smaller the cross sectional
aréa of power lines can be, 1o deliver the

‘Cross éecﬁoga! area =
xr

Fig.4. The resistance of a conductor is
related to the cross-sectional ares
(CSA), the smaller the diameter, 'the
higher the resislance.

samie level of power. This saves material
costs. but then introduces yet another fac-
tor: the cost of insulating the environment
from these extremely high voltages.

Transmitting electrical power economi-
cally around the country, then, is 8 finely-
calculated compromise between several
factors if power is lo be transmitted effi-
ciently and also at the most economical
price: too fiin a wire and the /*R heating
losses become unacceplable: however oo
thick a wire results in a formidably high
maierial cost; lasily. too high a voltage
implies a greaier cost in insulation -and
other technologies.

The economics of this simple relation-
ship are shown in graph form in Fig.5.
Incidenially, in case you've always won-
dered, those power transmission lines
found hanging from pylons are usually
made of aluminium ailoy.

Cost£
A ; »

¥ Voilage

Fig.5. Wustrating the simplg relation-
ship between the cost ol providing a
supply versus the voltage and insulator
costs;

‘Four 400KV transformers connected to
ithe outputs of the four generators.

Transformation

In order to transmit electrical power over
considerable distances, great reliance is
dee on the transformer. Every reader
will be familiar with a transformer, and
¥xactly the same principle of “'stepping up”
or “siepping down’ an alternating voltage
is used throughout the power distribution
network.

I would, of course, not be ai al! feasible
16 route high d.c. voliages on overhzad or
underground cables due to the magnitudes
of current involved. Imagine trying 16
transport 80 amperes per house at 230V
:d.c. and you can imagine that the conduc-
1ors would have to be impossibly thick -
.several melres in diameter - to transmit
such power levels to an entire town. (The
Cross-Channgl Link does however run at
d.c.. as a way of separating the English
and French power transmission sysiems:
converler stations at both ends then pro-
duce alternating currents for onwards
‘fransmission.)
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The mdin furiction of a transformer is, of
course, to step an alternating voltage up or
down. Fig.6a shows the familiar circuit
symbal of a wypical mains transformer that
would be found in a constructional project
or consumer equipment. It consists of two
or more coils wound on a laminaled sieel
core.

The primary winding can be-considered
as the input and the output is taken from the
transformer's secondary winding. Tt is also
ofien important to know the direction or
phase of the windings: in electronics ‘a
spot-mark may somelimes be used 1o iden-
tify one end of each winding, or they may
be labelled as, say, 230V and OV on the pri-.
mary. and 12V and OV on the secondary
winding.

Whether the transformer will increase
(step up) the alternating vollage applied
the primary, or reduce it (step down)
depends on the ratio of the number of turps
of both windings. Regardless of which type
the transformer actually is, at a simple level
it can be assumed that the power (VxI)
across the primary is roughly the same as
that across the secondary.

A step-down iransformer (used in ordi-
nary mains adapters for exampls) might

2V AC
0-3A
L 1ZVAC
104
o - .
BRILASY PAMARY
(A (8)

SECONQARY

©)

Fig.6a. Step-down transiormer symbol. The “spot” indicates the direction of the
windings. (b} Step-up transformer, and (c) aulo-transformer.

have a 240V a.c. primary and, say, a 12V
-a.c. secondary. The rurns ratio is therefare
approximately 20:1. If the vollage across
the primary is V,, and that across the sec-
ondary is Vg, then V/V, = No/N,, where N,
and N, are the numbers of tums in the pri-
mary and secondary windings. As shown in
Fig.6a, the primary power (240Vx0-3A
waits) is the same as the secondary
(12Vx10A) — ignoring losses.

Therefore, the primary of a typical step-
gdown mains transformer is aj a highes

vollage but carries a lower current than
the secondary. The power (voliage x cur-
rent) is the same in both windings.
Importantly. this, means that thin wire can
be used for the high voliage side. However,
the secondary circuil operates at a lower
volitage but a much higher current. A thick-
er gauge wire is used on the secondary, 10
cope with these higher currents.

The auto-transformer can be Consid-
ered as a single winding with a apping

made somewiere ajong #s lensth. One

Nalional Power Killinghome “A” near Immingham in North Lincolnishire is a modern gas-fired CCGT power station which produces enough elec-
Iricity to power a town the size oi nearby Grimsby. It uses three gas and one ste2m turbine which operate non-stop for many months on end.
1: Natural gas is carried by underground pipelines, from offshore rigs in the North Sea. 2: Air is sucked in through large grilles on the front of
the building, where it is filtered. 3: The gas‘air mixturs is swirled and burned in a combustion silo, which produces a force on the turbine blades
below, making them rolate. 4: The generalor is directly coupled to the rotating turbine shaft. 5: The turbine exhaus! is used lo heal vater in the
Heat Recovery Steam Generalor, fo produce “banus” steam. 6: Exhaust then passes through the stacks, one per lurbine. 7: A steam trbine
produces further electricily from the steam created in the HRSG. 8: Ezch gas turbing outputs 3-phase 15.75kV 10 z large 400KV step-up trans-
former, outside the building. 8: The step-up transformer for the steam turbine, located by the main office block. 10: The Banking Compound con-
fains the main isolators for the 400kV supply. 11: The exhaust steam from the steam lurbine pz2sses through a condenser, and produces high
quality water which is recycled in the HRSG. 12: The cooling towers are used to reduce the temperature of the cooiing valer ulilised in the
condenser. 13: The underground 3-phase 40kV cable passes lo a sub stalion, for onwards transmission by the National Grid.
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terminal is therefore commoén 1o both the
primary and the secondary (see Fig.6c).
Scaled-down versions are used in work-
shops or laboratories. and have a moving
contact which can be rotated 1o produce a
vanable a.c. voliage.

A key advantage of the auto-transformer
is that the secondary winding does not
“see' all of the secondary current, which
means that tess copper wire is needed when
compared with the classic “double-wound"™
transformers of Fig.6a and Fig.6b. The use
of auto-transformers is quite widespread in
the power industry, and these arc classed as
voltage transformiers (VTs). One disad-
vantage (0 be remembered al consumer
level is that they do nor provide complele
safety isolation from the mains. ;

A third type of transformer is also utilised
in the power generation industry, in order
that measurernents of current may be made.
Since it would be impractical to directly
measure the many kilo-amperes which can
flow in ceriain parts of the clectricity genera-
1ion system, a current transformer (CT) is
used to enable readings or measurements 10
be taken. A “doughnut” or toroidal-shaped
sgeondary coil can be placed over a condue-
tor which passes through tire centre; the cur-
rent-carrving conductor can then be deemed
1o be the “primary® of a current transformer
whose secondary cumrent can then be directly
measured, or used in conjunction with
protection equipment.

A series of CTs and VTs are used io con-
stantly mionitor the circuits of the power
station; an enormous voltage transformer
with a 15-75kV primary is positioned to
directly measure the sutput of each of the
generators. Transformers are also instru-
memtal (literally) in alerting the power gen-
eration and distribution companies 10 any
losses which may occur further down-
stream in (he electrical grid.

In the power generation industry, thin
wires at high voltages are used 1o transport
power economically over grear distances.
Transformers will then be utilised at sub-
stations in order to step down the valiages
lo sométhing more appropriate, using
thicker. more expensive wires 1o carry these
higher “secondary™ currents. We will look
at the aspects of three-phase power trans-
mission and distribution later on.

Talking Turbines

Having intreduced these fundamential
clectrical aspects, let's return to our power
station at Killingholme “A™ and explore in
more detail where clectrical power actally
comes from. Our adopted power station is
fuelled by gas brouglu in from the North
Sea and transporied in an underground
pipeline. The actual compound area where
the natural gas arrives contains just a little
surface pipework and is remarkably ordi-
nary-looking, all things considéred!

The Killingholme station is known as a
Combined Cycle Gas Turbine (CCGT)
plant, which utilises gas turbines 1o drive
electrical generators. In a CCGT plant, sur-
plus heat created by the gas turbines is fue
ther utilised 1o produce steam. This drives a
steamn iurbine o generale yet more electric-
ity. The steam wwrbine is driven by “waste”™
heat from the gas turbine which results in a
vast improvement in overall power plani
efficiency. A diagram explaining the overall
process is shown in Fig.7,
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Aaimospheric  air  is
'sucked in and com-
‘pressed by

Large grilles on the
fromt of the building
are actually air inlets
for the gas turbines.
Each turbine requires
about half a tonne of
dir per second, so

many -
stages of spinning
blades located at the =
front of each turbine
shaft. The resuliant
high pressure air is
“swirled” along with
natural gas within a
combustion unit fitied
on top of the wrbine.
Within this “silo com-
bustor™ are 34 separate
burnars which act as gasijets. The burning
mixture reaches temperatures of over 1,000
degrees Celsius.

In the same way that in an intemal coms=
biistion engine the petrolfair mixture
ignites and expands to force down a piston,
the resulting cantinuous expanding force
from the buming gas mixiute passes over
and spins the gas turbine blades. These
drive a generator through a sharfi., which
also drives the air compressor blades.

In A Spin

Looking at the generator in more detail -
it .is much easier to use smationary coils
rather than auempt 1o rotate them, so the
electrical generator consists of a compara-
tively small rotating electromagnet (the
rotor) surrounded by a series of large fixed
coils (stafors) in which electrical energy is
induced. They output up to 145MW at
13.-75kV. The Killingholme power plant
has three such gas-turbine driven genera-
tors plus a steam turbine as well. We will be
looking at what happens to the generator's

-output in greater detail later on.

To stant the sysiam, a “stalc starting
device” (SSD) is utilised in which the gen-
erator is actually used in reverse. as a

b e T ity

Aerial view showing gas turbine blades (largest, fronf) and
air compressor (rear) on the shaft, undergoing inspection.

starter motor (consuming some 4NW of
power in the process), see Fig.8.-Acting as
an induction motor. the stator is energised
by a varidblé voltage, variable frequency
ac. supply: the generator’s inner rotating
windings are powered with a d.c. current
{calied “exciting ™ the rotor) through brush-
es and moving contacts called sliprings.

Fig.8. A sialic starting device (SSD) is
utilised to convert a generator inlo a
“starter motor” (consuming 4MW}. This
causes the rotor to spin, vhich in turn,
turns over the turbine.

Compesssr o as Turbine Cycle

P i

PurfsdVale : !
|

FIOm CoOlng (owes wsom m— 5]
Coolrng wate! a
-To CoOMNgG towtr <t

Fig.7. Schematic representation of the Killinghome “A" Combined Cycle -Gas

Turbine (CCGT) power plant.
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Variations on this theme inciude the use of
rectified a.c. exciters, or brushless excite-
ment systems which use a.c. generators and
eliminate the need for sliprings altogether.

At a cerlain point, the rotor's magnetic
field *locks" 1ogether with the field created
in the stator, and the generator (still
behaving as a motor) achieves synchronous
operation: the two magnetic fields are syn-
chronised with cach other. Then the supply
to the stator is increased in frequency,
which causes the rotor to be dragged along
al a higher rotational speed. Thus the shafi
is forced to rotate.

At 2,500 r.p.m. the gas turbine manages
to sustain itself ard the SSD is disabled, the
turbine’s compressor blades now spinning

fast enough to maintain the combustion

process. The rolor's speed will then be
automatically governed up to the critical
speed of 3.000 rp.m. and eleciricity can
then be generated.

To give you an idea of scale. the rotor
shaft typically weighs 100 tonnes or so and
is machined from one solid casting. Ir will
become apparent later why a speed of 3,000
r.p.m. is significant to electricity users!

Power Bonus

The power generation process does not
stop at the gas turbine. Having passed over
the spinning gas turbine blades, the exhaust
gases still have a temperawure of Some
500°C. Rather than letting this go to wasle,
in a CCGT system this is put to further use
in a heat exchange boiler or “heat recovery
steamn generaior” (HRSG).

Each hear exchanger contains over 100
kilometres of finned tubing, which func-
tions like a heatsink in reverse: the hot
exhaust gas is used to heat water which is
pumped through the core of the hear

chimmey-like structures or stacks, which
can be seen from the author’s window sev-
eral miles away, actually vem exhavst from
the gas turbines after it has passed through
the heat-exchanger.

The “bonus™ steam produced by the heat
recovery steaml gencrafors is completely
free of waler vapour and is invisible. and is
piped 1o a steam turbine to drive a fourth
227TMW generator. The sieam exhausted
from this turbine is condensed by passing it
over a bank of titanium wbing through
which cooling water is pumped (originally
éxtracted from the nearby River Humber).
The resultant condensed water is extremely
pure and is recycled for use back in the heat
recovery boilers, to be heared back into
Steam again.

Lastly. the cooling water that has now
been warmed by the steam turbine’s con-
denser, has to be cooled down and this dis
achieved in a cooling tower by spraying it
over a large surface area in the face of a ris-
ing column of air. The cooled water is then
pumped back 1o the steam turbine’s con-
denser for re-use,

Sometimes, water vapour is produced
during this cooling-down process, which
will be seen billowing from power station
cooling towers. As readers will know, coal=
fired power stations rely on steam turbines
and require much larger cooling 1owers for
reducing the temperature of their condensgr
cooling water.

In a CCGT plant, it can be seen that muth
use is made of recyeling and utilising the by-
products of the combinad cycle process.
Exhaust heat from the 2as turbine is used to
create steam whicl generates “bonus" power
with a steam turbine; the steam is then con-
densad back into water for further use in the

eat exchanger, where it is re-heated by the
gas turbine’s exhausr 10 make more steam.
The heat recovery cycle has a phenomenal.
effect on throughput: it increases the overall

-efficiency of the plant from approximaiely

33 .per cent to 50 per cent or so.

Next Month: In the next part. methods

-of power distribution and transmission are

described, along with the means by which
electricity is delivered to a typical home.

exchanger. The water fums 1o steam. The

with David Barrington

Ultrasonic Puncture Finder 5 i

Some of the parts needed for the Ultrasonic Puncture Finder may
prove difficult to find at your usual local source. Most larger component
stockists are now carrying extensive ranges of surface mount devices,
50 these should be no problem. Check out the author’s web site at:
wwiw billsSMD.mcmall.com.

The small integrated “knob-pof” VR1 only appears 1o be listed by
Farnell (& 07113 263 6311), code 350-5655. The semiconduclor
devices originally came from Gothlc Crellon (& 01743 788878). It
you wish o use the case pictured in the article, this was purchased
from CPC Preston (2 01772 654455), quote code EN55035.

The ulirasonic transducer is usually stocked as a pair.
transmitter/receiver, and you may have to shop around to find a stock-
ist willing 10 part with just the receiver. Haying said that, Eleciromail
(& 01536 204555), the mail order arm of RS, list them separately; the
receiver is coded 307-367 and costs jus! over €4 plus any p&p charge.
Some companies sell the pair for around €6 plus p&p.

Magnetic Field Detective

The main item of concern regarding companents for the Alzgnetic
Fieid Detective will be the fluxgate magnetometer sensor. Tne FGM-3
fluxgale sensor is obtainable from: Speake & Co. Ltd., Elvicta Estate,
Crickhowell, Powys, NP8 1DF. Phone: 01873 811281. We under-
stand from Bill Speake that this will cost readers £17 all inclusive, and
include the data sheet and application notes.

One source for the LP2950 5V micropower regulator is from
Electromail (& 01536 204555), code 648-567. The AD8532 dual
op.amp came from Maplin, code OA16S.

8-Channel Analogue Data Logger

The PIC16F877 microcontroller used in the-8-Channel Analogue
Data Logger is so new that supplies will only be appearing during
the latter half of July ‘89. We understand that Farnell (2 0113 263

fver_vday Practical Electronics/ETI, Atigust 1999

6311) will be stocking unpregrammed "FB77s. The same source
was identified for the 24LCxx serial EEPROM memory chips. To
dale, w2 ate unable to quote order codes but we will keep you
“posted”.

For those readers who want a "plug-in and go” ready-programmed
PIC16F877 chip, one will be available from Magenta Electronics
(& 01283 5654350r htp/magenta2000.co.uk) for an expecied price
of £10 {overseas readsrs zdd £1 for postags).

For those readers who vish to program their gwn PICs, the software
is available from the Editorial Offices on a 3:6in. PC-compatible disk.
see EPE PCB Service page 620. lf you are an Internet user, it can be
downloaded Frea from our FTP site: ]
fip/ifip.epemag.wimborne:co.uk/pubs/PICSidatalog.

Freezer Alarm

The opamp for the Freezer Alarm must be 2 low power type and
reade:s are advised to stick with the LF441CN if possible. However, we
have just discovered that this op.amp is now in very short supply and
some reports suggest it is “discontinued’. |n view of this, we contacled
Famell (& 0113 263 6317) and they have suggested the ADS3BIN,
code 400-520. You could zlso try the CA3120E. These have not been
tested in the model.

The bead thermistor rating of 47 kilohms at +25°C s its nominal fig-
ure and shoutld be quoted when ordering, most of our advertisers
should be able to offer 2 suitable device. It {5 certainly carmied by
Maplin, code FX42V. They alsc list a 6V buzzer, code FL3SN.
Sound Activated Swifch ]

The only component to watch out for when seieciing parts for the
Sound Activated Swilch is the electret mic. insari, with a “puilt-in" f.e.l.
preamplifier. The model uses a subminiature type from Rapid
(= 01206 751166),code 35-0180.

Details of all this month's PCBs can be-found on‘page 620.
~ PLEASETAKE NOTE . «
MID! Handbelis  (May '99)
Page 327 Fig.3. The ncgative lead of electrolylic capaciior C2, con-

nected 1o row K25, is incorrect. It should, of course, go to row J25,ine
0OV track.
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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-
pller provides faster program execution and longer
programs than BASIC interpreters. 12CIN and 121COUT
Instructicns to access external serial EEPROMs. More
user varlables Peek and Poke instructions to access
any PICmicro register from BASIC. Serlal speeds
to 9600 baud. In-line assembler and Call suppor
{call your assembly routines). Supports PIC12C67x,
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 92x and PIC16F8x
microcontrollers. Use in DOS or Windows Compatible
with most PICmicre programmers.

The low-cost PicBasic Compiler {(PBC) makes it easy 1o
write programs for the fast Microchip PICmicros. PBC con-
verts these programs into hex or binary files that can be
programmed directly into a PiCmicro microcentroller. The
easy-to-use BASIC language makes PICmicro programming
available 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, PIC12CEGT7x,
PIC14Cxxx, PIC16C55x, - 6xx, 7xx, 84, 9xx, PIC16CE62x
and PIC16F8x microcontrollers. The PicBasic Pro Compilef
instruction sel is upward compatible with the BASIC Stamp
ll and Pro uses BS2 synlax. Programs can be compiled
and programmed direcily into a PICmicro, elliminating the
need for a BASIC Stamp module. These programs execulé
much faster than their Stamp equivalents. They may also be
protected sc no one ¢an copy your code!
Pic Basic — £49.95
~ Pic Basic Pro - £149.95
Supplied with full documentation
Free PIC MACRO compiler
and
sample basic programs

YN 00 [IYUMOID mam//: Ay .
sweiboid ajdwes yum 18s uononasul Disvgold 1IN} @yl peojumag

‘ _Alll plus £5 P&P and 17-5% VAT
Join the world wide PIC Basic mail list and access the PIC Basic Knowledge Base via FTP
E-mail: majordomo@qunos.net with “subscribe picbasic-1" in the message

@ 1996 microEnginser

"EPIC™

e Low cost programmer for PIC12Cxxx,
PIC12CExxx, PIC14Cxxx, PIC16C505, 55x,
6xx, 7xx, 84, 9xx, PIC16CE6G2x and PIC16F8xx
microcontrallers

e ZIF adapters available for 8/18- and 40/28-pin
DIP, 8-, 18- and 28-pin SOIC, 44-pin MQFP
.and 44- and 68-pin PLCC PICmicros

o ‘Runs off two 9-volt batleries or optional AC
adapter

e -Gonnects to PC parallel printer port

& Software upgradeabte for future PICmicros

& Includes "8051" style PiCmigro macro
assembler

@ Available assembled and tested or
as bare board with diskeite

TIHNMOYO Woy d|qelieay
X£809101d M3N IHL S1HOLdNS

£PG ™ Pus
EPRic Programmer £49.95
or £35 if purchased with
PIC BASIC or Pro
25-pin cable £5.95
PIC16F84 £1.90

PIC16F84/04P.€1.90 each

" PIC PROGRAMMER KIT

Programs the Popular PIC 16C84, 16F84, 24xx series serial memory davices. Connects to the
setai port of & PC and requires NO EXTERNAL power supply. The kit.inciudes instructions for
assembly, circuit diagram and component layou.

PIC12C508/509 £0.65 each
24LC16 £0.75 each
241L.C65 £1.50 each
PIC16C&20 21.95 each
PiC16C621 £2.25 each
PIC16C622 £2.50 each
LCD DISPLAYS

Varlous types available from
£7.50 (2x16 line)
Ideal for use with PIC Basic.
Example code supplied .
eda ol i with every unit

Lmﬁ?-?r 5 easy
13 ini-e;face :

Serlal LCB Display
Drivers (PIC16F84)
£2.00

AMAZING LOW PRICES

aer

Tel: 01353 666709

www.crownhill.co.uk

This handy Etia programimer is easy to budd, laking no more
than 20 minutes to assemble and test. The Prolesslonal qualty
PCB is double-sided, through-piated with solder resist and
screzn pnnting to ad efficiant assembly. It is supptisd with driver
software to. rin in DOS on 2 286 PC upwards and under
Windows 95 on 485 or Pentfum and a Disk full of inferesting
profects, fips and data shzets lor PIC devices, inchyding FREE
Assembler and Simulator.

Only £15.00 Including Delivery and VAT

(requizzs 8-pin D-lyps 10 9-pin D-type cabla 10 connact to Seria!
port of PC) L e

CABLE £5 INC VAT AND DELIVERY

with video and scund out of.a PIC'84 BASIC language ASSEMBLY routines!
£10 inc P&P & VAT

PIC Micro CD ROM racked with 600Ms of information, all currarit data shests,
Programs and Diagrams, Application natss, PDF Viewer, includas PING-PONG and TETRIS |

Crownhill Associates Limited
The Old Bakery, New Barns Road, Ely, Cambridge, CB7 4PW

Fax:01353 666710

E-mail: sales@crownhill.co.uk
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John Becker addresess some
of the general points readers
have raisad. Have you anything

interesting to say?
Drop us a lina!

WIN A DIGITAL
MULTIMETER

The DMT-1010 is a 31/, digit pocket-
sized |.c.d. muliimeter which measures
a.c. and d.c. voltage, d.c. current and
resistance. It can also test diodes and
bipolar transistors.

Every month we will give-a DMT-1010
Digital Multimeter to the author of the
besi Readout tetter.

WASH AND BRUSH UP

Dear EPE.

A few years ago [ wrote to you aboui a pro-
ject | was making from EPE — the VWasher
Boule Monitor (Sept '92). You wrote back a
very Kind and explanatosy letter which 1 still
have, and the problem was solved at once. The
wransistor had the suffix “L". which gave il a
different pinout. The design was installed in the
car { had at the time, and then ransferred it 10
the next car, which I sold a few months ago. and
the menitor. still working great. wemt along
with it

| have now retined and we moved to a quiet
country village aboul a year ago. | have built a
shack and now spend all my time at DIY, the
garden and electronics, and hove just built
myself a UV light box from EPE and went on
1o develop iy first p.c.b. using Terry de Vaux-
Balbimic's Mole-ester (Aug ‘96) as a trial

% LETTER OF THE MONTH %

project. It is now working on the bench ready
to put in & box — 6i/z mins 10 develop and 20-
23 mins to etch.

[ would like 19 thunk you for the help and
for persuading me 10 keep-at it when I was jusi
started. Tt is a very salisfying hobby at any age,
of course. | have always liked to make things.
Mbsi of my working life was spent as a fisher-
mun and the last ten years as skipper of a
North Sea trawler. | now look forward io gei-
ting my tecth into more projects and will keep
reading your excellemt articles.

Alexander Laovie. ¢
Carnhill, Banf¥shire, Scotlanid

Most interesting 1o hear from vou, We won-
der if your UV unit swas the one by Alan
Winstanley, of July *92?

_How inany more readers have favouarite
EFIPESEPE/ET] projects that go years?

QUIBBLES

Dear EPE.

A small quibble with the references to SI units
in John Phillips’ letter (Jure *99) and vour reply.
The comvention with SI units based on personal
names is that the unit-syinbols are written with a
capital (N, Pa. V, A erc.) wiile the units names
themszlves (newton, patcal, volt, ampere, elc))
are nol capitalizsed.

Alse I'm a bit doubtful abowt Celcius. 1 hate
seen it spelled that way, But my Charnbers
Biographical Diciionary tells me 1t is Celsius.
after the Swedish astronomer Anders Celsius
(1701-44), who devised that iemmperature scale in
1742,

More seriously., you can't write virii (as
appeared in Nerwork June '99)! The Latin virus
originally meant a slimy liguid: the word was
used (in French) in its modem sense of an infec-
lious organism by Louis Pasteur in 1880, and
reporied (in English) in Scientific American) in
1881. The plural viruses has been in use in
English since a1 Ieast 1908, so there is no reason
o use the Latin plural; but if you must use it it
s viri, not viril.

] ! Peter Kellv,
Woonibye, Qdeensland, Australia

Thanks Peter — we actually commented on the
Iwer case for kelvin in July '99 Readowt. but did
ro! correct the pascal aspect — and shall probabily
no! do so again in the future! As you will see from
another letter on this page, the Editar in Chief of
Elektor-France is someone else who also chooses
Io use capital P for Pascal. There are some things
which ook better with caps in u publicetion such
as ours, even if ir's not stricily correct. Celcius
was purely my typing error. but by the rules vou
quole for non-caps should it no! be celsius?

Virus — Fowler's Modemn English Usage stares
that “The plurals of nouns in -us are trouble-
some. Most are from Latin second-declension
wards, whose Latin plural is -i; but when tha:
should be uscd. and wihen rhe English plural
-uses is better, has to be decided for sach
separately”

Persoually. I would use virses (I had Latin thrust
down me at school — but little was absorbed and T
wouldn't presume 1o comment on someone else’s
correct or incorrect use of it). My Hodder and
Stoughton Latin-English dictionary gives “slime;
poison; saltiness™ as the translation for virus.

Don’1 overiook the fact thar we are principal-
Iv here 10 publish electronics articles and do not
claim o be professors in English {or Latin) —
although we acknowledye that correct spellingis
desirgble in any discipline!

FRENCH BARS

Dear EPE. . .

I have just read the f{or Bars letier af June *99.
After decates and even centuries of use of the
Imperial system. it seems that a lot of people
over there (the Channel, Ailantic Ocean, Pacific
Okcean) have problems with the Metric system.

The order is milli, cenn. deci, one. deca. hecto.
kilo. These translate as one thousandth. one hup-
dredth. one tenth. one. ten, hundred, thousand,
and so on. Therefore, a hectoPascal is 100 Pascal
and not 001 Pascal. It is true that one
hactoPascal 1s the same as one millibar. thus one
bar is 1000 hectoPascal.

For your information, the old name of the bar
was hectepieze (hpz = 100pz). 098 atmosphere.
The old name of the Pascal is millipieze; enc
thousandth of a Pieze.

Further, as far as T know, and I should, ['m a
Frenchman, Celsius is written with an s pot a ¢.

I read your magazine. with professional
interest since at'least 18 years.

Guy Raedersdorf,
Editor in Chief; Elektor-France

Thanks Guy. we appreciate your professional
input. We also note witl: inferest that you aiso use
capitals for same unit terms — ve're being criti-
cised for il {see (Juibbles letier on this page}!
Yes, I can't tvpe accurately, of course it's Celsius
{or shouldd it be celsius?) and for some reason my
waordprocessing program’ s spelichecker failed to
‘alert me,
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OZ FORECASTS

Dear EPE.

Australian TV weather forecast pressures nre
always given in hectoPascals. Perhapsyiot sur-
prising as Australia went about adopting the met-
ri¢ system sensibly and completely rather than
the half-heaned way we in the UK have 1o
enduse. [t would be interesting 1o know if NZ TV
use hPa in forecasts.

I'm in favour of total metrification worldwide.
1 have a book from the carly “3Us with nearly
four pages of weights and measures al that time
still in use around the world Things have
improved since then but there is sull confusion
over the inequality of US and Imperial gallons.
pints and fluid ounces and there are crass mis-
takes |zke that in the so-called ~British” edition
of Encarta 98 which says | gill = 3 fiuid ounces
(which iz correct in US tiquid measure) having
already stated that there ere 20 1 oz in an
Imperial pint.

The derivation of the word barometer is from
the Greek baros — weight, metron — measure,
and relates to the lalian physicist Evangelista
Torricelli’s concept of the Earth’s ammosphere
having weight and thus exerting pressure on the
Earth’s surface, which he first nweasured in
1644,

The OED mecords the first use of the word as
being in 1663 by Robert Boyle. This was well
before 1he repont of the Paris Academy of
Sciences in 1791 which included the essentials
of the metric system and the international treaty
in 18735 establishing the Intcmationai Bureau of
Weights and Measures. so the bar as a unir of
pressure (1,000,000 dynesfsq. cm) had not been
devised when barometer was first used. Somy
JB, the har in karometer has no connection with
the unit of pressure.

Barry Taylor, via the Net

Intetesting comments, Barry (and we recall
that you have spenl some time in Southern
[Hemispheres).

I concur witi: vou on the (Ancient) Greek orf
gin for barometer, and actually quoted it in my
Altimeter projects in EPE Sept "98 and Nov '92,
Rowever, interesting as the history is, | still
have no problem with whai I actally said in my
reply to the Hot Bars leier of June '99. Since
bar also derives from 1h:e Greek, irrespective of
when the term was formally adopred as ¢ uniy,
it svemed appropriate to “Anglicise” as | did,
although | could have been more formal and
made reference to origins of fapos end
HETPOV ;

Modern Greek, by the wav, still retdins the
same two wards, although baros is pronounced
more like “varos™ as the modern pronunciation
of B (beta) has changed. The word “bor” {as in
drinking hostelry!) is now encountered as being
spelt “mpar” (umap). the “mp” being
pronounced as “h" is in English,

Incidentally, my info gives 1643 as the vear
thar Torricelli made the first mercury barometer,
and in doing so made the first vacuum known fo
science. Apparenily it was Otto von Guericke
who was the first 10 use a barometer to furecast
weather. in 1660.

Thanks for another interesting contribution (o
cur various debates.
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NO TABBING

Dear EPE,

Using Toolkit Ak2 with a TASM text file I
have wriiten for a project I've been working on,
1 cannot assemble the .ASM file to binary .OBJ,
receiving the message 63 Emors™.

Dive Buck, via the Net

To cut short the story, | examined Dave’s file
and found that e had been using the Tab key
instead of spaces. The Tab is a command key und
is nol recognised by the Toolkit software as legit-
imate ASCH rext data. The Tab does not actuaiiy
create spuces in the file being written but puisin
a single control character of ASCHI 9.

When Toolkit Mk2 assembles a text file it looks
for the space character (ASCH 32) as the sepa-
rators berween fields (columns). If it finds ASCH
9 instead of a space, the correct field separation
is not made and dala is incorrecily interpreted,
in Dave's ease many of his PIC commands were
being seen as Labels.

I have heard back from Dave who reports suc-
cess after removing the Tab commands.

{PS please do not send me code files that you
have written and can’t get 1o work — I don’t offer
a debugging service! Dave's situation was dif-
ferent and had me puzzled by what he said in his
firsi E-mail.)

WINDOWS 98 PORT SPQOLING.

Dear EPE, : ,

Regarding Thomas Walton's TASM Send
problem (Readour May '99). it may be that his
Windows 98 is spooling data to the printer port.
I had a similar problem when programming a
parallet relay card in QuickBASIC.

Spoaling means that data will be significantly
slowed down. 1t is only really necessary for more
advanced Windows programs (MS Word etc). To
prevent spoeling in MS-DOS programs, go to
My Computer and open the Printers folder.
Now righiclick the default printer and select
Properties. In the window that appears click the
Details 1ab and then click Port settings. Now
uncheck the Spool MS-DOS print jobs and
click OK. 1 do not know why Windows 95 wasn't
spocling Thomas's Send vet Windows 98 was.
Maybe the printer driver's defaults were restored
during the upgrade.

Graeme Yeoyvia the Net

Thanks Graeme for this information. It could
well prove usgful 10 many readers who have
upgraded 10 Windows 98.

PC PORT IDENTIFYING

Dear EPE,

1 have seen from Readout on several occasions
that some readers have had difficulty in identify-
ing LPT ponts for use with PIC Programmers,
etc, The following program may be of help:

40 DEF SEG =0

50 A = PEEK(1032) + 256 * PEEK(1033)
60 B = PEEK(1034) + 256 * PEEK(i035)
70 C = PEEK([1036) + 256 * PEEK(1037)
80 PRINT “LPT! AT **; HEXS{A)

90 PRINT "LPT2 AT **; HEXS(B)

100 PRINT “LPT3 AT ** HEXS(C)

110 DEF SEG

‘The remarks regarding LPT outpul lines not
shifting between OV and 5V may well be an
issue. I think it is a good idea to buffer each line
to and from the LPT port as a maticr of principle.

David McClay, via the Net

Thank you. The sume information can also be
obtained with many machines by tvping MSD
(standing for Microsoft Diagnostics) from MS-
DOS mode, This causes a diagnostic screen ta
display informaiion about many aspecis of your
systen.

Yes, it is agreed that buffering port [IO Lines is
beneficial. This wus done for the PIC Toolkit
Mk2 (May-June '98) and the B8-Channel
Anulogue Data Logger (1his issue).
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DELPHI, CCTV

Dezur EPE,

Many thanks for the kind words about my
websile in the June 99 lnterface. bul more
importantly, thank you for promoling the excel-
fent  Delphi software. [ have updated
www.arunel.co.ukftkboyd/elelpp.htm so that
it now covers how to access 2 Windows 95 or 98
paralle! port.

Also, I bought one of the liitle' CCTV cam-
eras before sezing your special offer for them.
Can you point me to an old EPE project or
some other source for a still frame grabber? |
wani 1o work up a security application which
will record still images from the CCTV on a
PC’s hard disk.

Tom Boyd, via the Nét

Regrettably, my CCD TV Camera’s software
(Mar-Apr "94) was specific to the CCD chip |
used in it. Whils: frame grabbing was one of the
functions available, it would be too complex 10
re-write the code to suit the litlle cameras o
which vou refer. Does anyv reader know of .a
circuit Town might rry? y

Thanks for the previous informaitive E-mail
about more Delphi port procedures, but perlaps
its best if people read such codes via your superb
website.

FLOPPY RADIO
Dear EPE, o Al
Regarding the Mechanical Radio of April
'39. I have found that the stepper motor off an
old floppy drive works real dandy! No gear
ratios are needed, just autach a simple handle 1o
the shaft and a spesed of about 10 rp.m. is
sufficient to generate 3V. Dead right for my
litlle radio. J charge two penlight NiCad cells
with it
;s Martin Gouws,
Randfontein, South -Africa, via the Net

Near!

PhizzyWizz

Dear EPE,

From the deepest comers of darkest Africa. |
wish 10 express my pratitude 10 all involved with
the wondarful PhizzyB project (Nov “98 1o June
"99). It has bean gangs of fun.

Graham, via the Net

Graham's E-mail has wizzed around the globe
a bit before ending up on my PC._ In the process
his surname has gone astray (hope it turns np
before he misses itf). Ports of call include Max
and Alvin in the USA. Alan W in Lincolnshire
UK, Mike K here at HQ. We think Graham lives
in Zanzibar.

We all express thanks to him for 1aking the
time to let us know that he appreciates
PhizzyB. If's not often readers write (o just say
how good things are, they usually only write
when they have problems (but we are pleased
to lrelp where possible). So, Graham, from the
rusiic corners of ‘Historic Wimborne Minster,
salutations!

ARCTIC SUNDIAL

Dear EPE,

I was horrifted to read the following comment
in the Musical Sundiul project of May "99. “who
in their right mind is going to be lpoking at sun-
diafs at 4 a.m,?"

But what about your faithiul readérs in Artic
Climes, where the sun shines for 24 hours a day
for six months of the year. I feel that a Letter to
the Times is in order.

{We know who he is and shatl not give him

the pleasure of namlng him), via the Net!

Editor Mike's response to the threat is that the
publicity would do us good! Yours truly. a
Midlunder born and (un?)bred, Articulates that
he did not mean o excliude those who live North
of the Wuiford Gap!

‘CENTURY BUG

Dear EPE,

Now that the general public has adopted the
phrase “Milleanium Bug™, maybe it’s 100 late to
tell everyone it should acmally be called the
“Century Bug™! K 1echnological history had
been shifted by a multiple of 100 years in either
direction, then we would still have the same fears
in changing the year from 99 to 00. The problem
would still be apparent if we were now in the
18605 of 2090s. |

Perhaps it was named by the same person who
fabelled the American Cold War deterrent as
"'Star Wars™ when there were no sfars involved at
all! Just a blue-green planct!

Richard Yikinson,
via the Net

The Millenniunt reference inspires my imagi-
nation more, perhaps. than the Centiry would.
Whils:, we are avare that the whole concept of
the Millennium change leaves some people utier-
Iy uninterested, it seems that sociely in general
Just loves celebratinig anniversaries. so why not
this one? | look forward to visiting the Dome.
whatever the cost.

Incidentally, it's amusing 1o see how the word
Millernium s spelt wrongly in so many places
{rwe’'ve done so as well), A flower shop sign [ saw
recertly in Jersev stating “'Order your
Minnelliun flowers now™., was especially
entertaining?

But. no stars? There were thousands of stars —
amongst the Generals who were all offering iheir
10 {billion) cenes worth of input!

MILLENNIUM SOLUTION

Dear EPE,

A friend sent this advice to me and | thoughi
it worth passing on: if vour VCR doesn't work in
the year 2000, do noi throw it away, set it on ycar
1972 because the days will be the same as year
2000!

Lloyd Kirk, via.the Ney

We foa pass it on (but untested)

RINGING PRAISE

Dear EPE: )

The MIBDI Handbells project (May "99) is
great! | have an inwerest in percussion anid so 1
have changed the project a little 1o make a
MIDI drum kit. | have aliered the PIC program
o use MIDT channel 10 {(drum channel) and 10
use different notes (onc for cymbal, one for
snare drum. etc). Also, instead of the “hand-
bells”” [ am using metal pads conmected 1o
resistors R1 to R11 and metal drum sticks con-
nected 10 +V. When a pad is hil. +V is con-
nected via a resistor to the appropriate pin of
the PIC. =

Graeme Yeo, via the Nei

We like 10 hear that people are making use of
design ideas in order to achieve their “own
thing” . This is vet another way in which readers
benefis from our pages — being shown alternative
ways of doing things and then adapling the
ideas.

A TOWSON THANKS!

Daar EPE,

I picked up my first copy of EPE at my local
store here in Towson, USA. I want to let you
know that I think your magazine is terrific! The
articles are interesting, well written, page lay=
pul is clear, schematics detailed. | particularly
like the large space atlocated for the parts list,
which is in siark contrast to the almost after-
thought like approach seen in some US
‘periadicals.

Keep up the great job! Consider me another
fan across the big pond.

R. Saffery, Towson, USA, via'the Net
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SURVEILLANCE KITS

Sepia Technologies Ltd specialise in the production of top quality surveijllance kits
designed to operate on either FM/Air band frequencies. All kits are supplied with easy
to follow instructions. Circuit dlagrams agd high quality components and pc:b.s

TRANSMITTING PEN KIT
PTX

A breakthrough. When
assembled this quality Sheafer
pen appears just like any other
working pen, yet concealed
inside is a fully working micro
miniature transmitter with its own
internal power supply {3 x button
cells). It will pick up the slightest
whisper and transmit over a range of up
to 500m.

ONLY £27.95 inc. PapP

All parts included except batteries.
ROOM MONITORING KITS
UMTX ULTRA MICRO ROOM TRANSMITTER
ONLY £14.95 inc. P&P
Without a doubt the smallest lransmitier kit in the world — only
10mm x 16mm, powered by 3V-12V. Range up to 1000m.
SMTX SUPER MICRO ROOM TRANSMITTER KIT
ONLY £12.95 inc. P&P |
Micro-sized transmitter kit, only 20mm x 20mmm —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 transmitter kit, yet still orily 24mfn.x 24mm:
Range up to 1800m, powered by 6V-12V.
UPTX ULTRA HI-POWER ROOM TRANSMITTER KiT
ONLY £17.95 inc. P&P
Ultra high power transmitier kit with a superb range of 3000m, yet
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 conirofled Vox circuit which activate’s its own
transmitting circuit irom the slightest whisper. Only 20mm x 65mm.
Range up to 1200m, powered 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 lo 1000m. Can be concealed any-
wherelll 110V/240V.

COUNTER SURVEILILANCE KITS

RFD BUG DETECTOR

ONLY £29.95 inc. P&P

A pockel-size kit only 40mm x 50mm which will logaté all thosé
hidden bugs. L.E.D. and sounder with gain contral 1o pinpoint
devices. 9V required.

RFD Il BUG DETECTOR

ONLY £44.95 inc. P&P

A professional unit with multi L*E:D. re8dout, scunder and:audio

ADAPTOR BUG KIT

When assembled this appears
. just like any other fully
functioning two-way mains
adaptor, yet concealed
inside is a powerful mains
powered transmitter which
will pick up the slightest
whisper and transmit up to
1000m. Ideal bugging device —
just plug in and go.

ONLY £24.95 inc. P&P

All parts required included.

coniirm. Will also locate most telephone devices. 9V required. Only
80mm x 100mm.

TELEPHONE MONITORING KITS

MTTX MICRO TELEPHONE TRANSMITTER KIT
ONLY £14.95 inc. P&P

Smallest kit available — only 10mm x 18mm, powered by the tele-
phone line. Transmits only when phone is in use. Range up to
1000m.

%’II_;I'X MINIATURE TELEPHONE TRANSMITTER

ONLY £12.95 inc. P&P
Measures only 20mm x 15mm. Powered by line, with-a rangs up to
1500m. Transmits only when phone is in use.

HTTX HI-POWER TELEPHONE TRANSMITTER KIT
ONLY £15.95 inc. P&P .

The most powerful available, up to 3000m — yet still only 20mm:x
30mm. Transmits only when phone is in use. Line powered.

ATS TELEPHONE RECORDING INTERFACE KiT
ONLY £12.95 inc. P&P

Connects between telephone line and casselte recorder.
Automatically svitches on tape when phone Is used. Powered by
line, Only 15mm x 25mm.

TRACKING TRANSMITTER KIT

TTX I TRACKING TRANSMITTER KIT

ONLY £19.95 inc. P&P

Ideal for fracking appflications, gives out a continuous signal =fully
variable. Range up to 3000m, yet only 25mm x 55mm. 9V-12V
power. Complete with details of how to-adapt a receiver to
locatetrace.

ROOM/TELEPHONE TRANSMITTER KIT

RTTX ROOM AND TELEPHONE TRANSMITTER KIT
ONLY £24.95 inc. P&P

A breakthraugh — this line-powered-unit will transmit alf telephone
canversations when phone is in use, then when the call ends it will
monitor ard transmit 2/l rcom convarsations. 35mm x 35mm.
Range up to 1200m.

HOW TO ORDER SEPIA TECHNOLOGIES LTB

BY POST
Blsgam send cheque ot money orde
2 DUKE STREET
SUTTON COLDFIELD
WEST MIDLANDS
B72 1RJ

TEL: 0121 362 1862
FAX 0121.362'188
[E-MAIL: sepiatek@aol.com

130 am o 9 pm =T 'i’,ﬂﬂ
Wa accep! alf )
'mmediale de.

VISITORS BY APROINTMENT ONLY

\WE EXPORT WORLDWIDRE
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Starter Frofect —F8———=

FREEZER

ALAR

ROBERT PENFOLD —

For 8 small outlay you could
SAVe yourself from arn expensive

“thaw-out”,

IKE most modem gadgets. freezers

Lgﬁ’cr excellent reliability and

roblems with them are extremely

rare. It is easy to be Julled into a false sense

of securify by this reliability. and like every

other gadgel freczers can and do g0 wrong
occasionally.

If the problem is not spotted in time the
likely result is a great deal of wasied food.
Unfertunately. unless smoke starts to pour
out the back of the freezer it is unlikely that
the problem will be noticed until the food
has defrosted and you are confronted with
a soggy mess.

This very simple alarm project provides
an early wamning of problems by sounding
an audible alurm if the lemperature inside
the freezer rises above a preset threshold
level. The user is alerted 10 the fault long
before the food has a chance to defrost, and
hopefully in time 1o get the problem fixed
before the food is ruined.

The circuit is battery powered and is
therefore immune to failure of the mains
supply. Although the unit must be left run-
ning coatinuously. the curreni consumption
has been kept to a very low level that
ensures ¢cach set of baltery has virtually its
“shelf*" life.

CIRCUIT OPERATION

The full circuit dingram for the Freezer
Alarm is shown in Fig.l and is an ideal
“starter project” for the newcomer to elec-
trunics. The lemperature SENsor is a negative
temperature coefficient thermistor (R3), and
this is effectively a resistor whose value
changes with variations in lemperawre. The
higher the temperature of the thermistor, the
lower its resistance becomes.

A form of bridge circuit is used. with
thermistor R3 and resistor R4 forming ong
arm of the bridge. Resistors RY and R2
together with potentionseter VR1 form the
other section of the bridge cireuit.

‘Each arm of the bridge genermates an
outpui voltage that is some fraction of the
supply voltage. The output voliage from
thermistor R3 and 124 depends on the resis-
tance of the thermisior, and the circuit is
designed so that under normal operating
conditions the resistance of R3 is very
similar to that of R4-(aboui 680 kilohms).
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This gives approximately half the supply
potentiat from this seetion of the bridge. If
the thermistor is made colder its resistungs
rises. and the output voliage from that side
of the bridge reduces. Conversely, if iis
temperature is increased. its resisiance
falls, causing tlie output voliage o increase.

The output poteniial- from the other sec-
tion of the bridge is dependent on the sel-
ng of potentiometer VRI1. The wiper

‘(moving contact) velinge of VR can be ser

10 anvthing from one third of the supply
potential to 1wo thirds of the supply voli-
age. In practice this is adjusied for an out-
put veltage that is fractionally higher than
the ouiput voliage from the other arm of the
bridge.

Consequently. only a minuic voliage is
needed across the inputs in order 10 send
the output fully positive or negative. The
output goes positive if the non-inverting
iput (pin 3) is at the higher potental, or
negalive 4f this input is at the lower
voliage.

In this case VR is adjusted so that the
inverting input (pin 2) is ai the higher volt-
age under normal vonditions, which sends
e output of 1C1 (pin 6) to a very low volt-
age. This results in switching tunsistor
TR1 being turned off. and no power is sup-
plied to-waming device (buzzer) WDL.

However, if the freczer fails and the tem-
perature of thermistof R3 rises slightly, its
Tesistance falls and the voliage supplied
ICI1's non-invérting inpul (pin 3) increases.
This takes the non-inveriing input to 8
higher voligge thun the inverting input, and
the output of ICl then goes high. This
switches on transistor TR1. which in wm
activates warning device WDL. The circuit
‘therefore provides the desired effect. with a

i‘gq

i

3o

X

Fig.1. Compiete circuit diagram for the Freezer Alarm. Component designated A3

Is'the thermislor temperature sensor.

VOLTAGE @
COMPARATOR _

In this circuit an operational amplifier
(op.amp). IC1, is used as a voltuge com-
parator. An operationil amplifier amplifies
1he voltage difference across its two inputs,
and at d.c. it provides an cxtremely high
voltage gain, A theoretical operational
amplifier has infinite voliage gain, but 2
typical “'real world™ device exhibits a volt
age gain of about 100.000.

warning being provided if thermistor R3 is
wmken above the threshold lemperature set
using conirol VR1.

It is possible that buzzer WD1 will pro-
vide a highly inductive load for tansistor
TRi. and protection diode D1 has been
included to protect TR1 from any high
reverse voliages that are generated.
Capacitor C2 and C3 help to prevent elec-
irical noise from giving erratic operation
when R3 is very close to the threshold
tempernre,
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PRACTICAL APPROACH

A bridge circuit and a thermistor may
seem to be a slighily old fashioned solution
to lemperawre sensing, but this amange-
ment often represents the most practical
approach in applications that only requirea
ceriain lemperature 1o be sensed rather than
precise temperature measurement.

A major advantage of this type of circuit
is that it is inherently stable. The tempera-
ture at which the bridge balances and the
output voltages arc equal is not affected by
changes in the supply potential.- The.
inevitable changes in the bauery voltage
due (o ageing consequently have no affect
on the accuracy of the unit.

For batiery operation 1o be a practical
proposition it is essential for the circuit to
have a very low current consumption. For
this reason ICI must be a low power
op.amp, and it must also be capable of
working reasonably well on a 6V supply.
The LF441CN works well in this circuit,
but the use of alternative op.amps is not
recommended.

Freezer Alarm

e

The use of a high value thermistar alse
helps to minimise the battery drain.
Although R3 has a nominal resistance of 47
kilohms, this is its resistance at +25°C. In
this application it will operate at a much
lower temperature of around — 20°C where
its resistance is over ten times higher.

The high resistance through R1, VRI,
and R2 also helps to minimise the current
consumption, The total current consump-
tion of the circuit is typically under 200
A, which should provide many months of
continuous operation from even the cheap-
est of AA bunteries.

CONSTRUCTION

The Freezer Alarm project utilizes the
EPE multi-project printed circuit board
(p.c.b.). The component layout and wiring,
together with the actual size copper foil
master palltern, are shown in Fig.2. This
board is available from the EPE PCB
Service, code 932,

The usual words of caution abou! using
this particular board have to be given, The
majority of the holes in the board are lefi
unused, making it relatively easy to get a
component in the wrong place. It is there-
fore essential to 1ake a linle more care than
usual when fitting the compon¢nts onto the
hoard.

In all other respects construction of the:
board is mainly straightforward. The
LF441CN used for IC1 bhas a j.fe.t. input
stage that does not require anti-static hand-
ling precautions, but it is still advisable to
use an i.c. holder for this component. Be

temp:

Fig.2. Mulii-project printed circuit board component layoul, inter-

wiring and Jull-size copper foil master. Double-check layout as

not all holes are used.

i v

careful to fit the three capacitors and diode
D1 the right way round, and leave D1 until
last.

Close tolerance metal film resistors are
specified in the components list, and it is
definitely advisable to use high guality
resistors if the unit will be used in a garage
or other outbuilding where the ambieni
temperature is likely to vary over a wide
range. Ondinary five per cent tolerance car-
bon film resistors should suffice if the
alarm will only be used indoors.

Capacitor C3 must be a good quality
electrolytic or tantalum capaciter, Other-
wise any leakage through this component
could impair the performance of the circuit.

A single link-wire is needad, and this can
be made from a piece of wire trimmed from
a resistor leadout. Fit single-sided solder
pins at the points on the board where lead-
off connections will eventually be made to
thermistor R3, buzzer WDI, the pauery
connector, switch S| and temperature con-
trol VR1. The tops of these pins should be
generously *“tinned’* with solder.

FINAL ASSEMBLY

A small to medium size plastic case is

-adequate for this project. Very small boxes

dre unlikely to be suitable as they will not

‘accommodate the baitery pack which con-
sists of four AA-size cells in a plastic hold

er. The connections to the holder are made
by way of an ordinary PP3 bartery
conneclor.

From the mechanical point of view con
struction offers little out of the ordinary. but
the buzzer (WD1) has unusual mounting
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size plastic case

Approx. Cost

Resistors ]
R1, A2 100k (2 off)
R3 47k bead N.T.C. thermistor
R4 680k
A5 2k2 See
RS 1k5

All 0-25W 1% metal film
except A3 (see text)

Potentiometer

VR1 100k carbon rotary, lin
Capacitors
o] 100x radial elect. 10V
Ca2.C3 2u2 radial elect. 50V
(2 off)
Semiconductors
Df 1N4148 signal dicde
TR1 BC549 ripn sificon
* transistor
Ic1 LF441CN low power”
op.amp
Miscellaneous
B1 6V battery pack {(4xAA
cells in holder)
S1 s.p.s.l. min toggle switch
wWD1 6V min. d.c. buzzer
Printed-circuit board available from the

EPE PCB Service, code 932; medium
control knob; approx. 38s.w.q9. (0-19mm)

enamelled copper wire; multistrand con-
necting wire, sclder pins; solder, eic.

Guitiance Only

SHOPR
TALK

page

; PP3 batiery connector;

£12

excluding batis.




Freezer Alarm

LIHII

on & off

temp.

requirements. The easiest way 10 mount
this device is to fit it on the front surface of
the front panel, see photographs. It is then
only pecessary to make two smail mouni-
ing holes for the M2-5 or 8BA mounting
bolts, plus a third to pemiit the two “fly-
ing” leads to pass into the case.

Alternatively. it can be mounted on the
rear surface of the panel if a rectangular
cutout for the body of the component is
made in the panel. Note that modemn
buzzers imvaniably require the supply to
have the correct polarity, and that the red
and black leads must be connected in the
manner shown in Fig:2.

THERMISTOR SITING

Obviously, the thermistor R3 must be
mounted inside the freezer and not in the
alarmy unit. It must be connecied 10 the
alarm circuit by way of very fine wires that
will enable the lid or door of the freezer to
shut properly. A thin gauge of enamelled
copper wire is probably the best choice and
something like 34s.w.g. o 38s.w.g. (0-236
to 0-15mm dia.) wire is a good choice. The
conmecting wires can be a few metres long
if necessary.

Stripping the insulation from the ends bf
the wires can be awkwani because normal
wire strippers do not work well (if at all)
with thin wire of this type. It is a maticr of
carefully scraping away the insulation using
a modelling knife or a small file. Then “tin”
the ends of the wires with solder.

The wires can be connected 1o the circuit
board via a plug and socket or a connector
block, but direct connection to the circuif
board is cheaper and easier. A small
entrance hole about one or two millimetres
in diameter must be drilled in the rear panel
of the case.

{above) Fron!
panel layout
showfing the
mounting of the
warning buzzer.
{right) Positioning
of components
inside the two
halves of the case.

Note the space for
the battery pack.

IN USE

It is advisable to position the tempera-

ture sensor (R3) well into the freezer

where it will not be subjected to large rises
in temperature every time the freezer is
opened. leave the sensor in place for a
few minuies before switching on the alarm
so that the sensor has 1ime 1o adjust to the
temperature inside the freezer. Afier
swiich-on it takes several seconds for the
vollages 1o settle down io their normal
operating levels.

By adjusting Temiperature control VR it
should be possible to switch the buzzer on
or off. Adjusr it just far enough in a clock-
wise direction 1o activate the buzzer, and
then back it off very slowly and carefully in
a counter-clockwise direction to switch the
buzzer off again. The alarm should now
exhibii good scnsitivity, and removing the
sensor from the freezer should resuli in the
alarm sounding almost immediately.

If the unit seems 1o be malfunctioning in
any way., switch off immediately and
recheck all the wiring. 1f the alarm is found
to be too sensitive in use, with frequent
false alarms. back off control VR fraction-
ally in a counter-clockwise direction.

{left) The completed
p.c.b. Note the small
link wire ar the top left
corner, next to the
transistor.

-7-"5WER CHE G'I(

Each set of batteries is likely to last a

“year or more, but it is advisable to check

the unit about once a month 1o ensure that
they are still in good tondition. To do this,
simply adjust VR in a clockwise direction

1o activate the alarm.

If the buzzer operaies.at full volume the
batteries are in good cendition. Control
VR is then set back to its normal operui-
ing position. If the volume is low. or staris

‘at the nonmal lévél but noticeably falls

away after a few seconds, it is time to

replace tha bateries.

OTHER APPLICATIONS
It should be possible to modity the unit

for operation in other applications that
_require a totally different threshold temper-

ature. It is just a matter of altering the value

‘of resistor R4.

The valye of resisior R4 shuuld be

.approximately equal to the resistance of the

thermistor (R3) at the required threshold
temperature {e.g. 47k a1 25°C and 3k at
100°C). It is possible to obtain satisfactory
results with threshold emperatures from

-abour —20°C 10 +100°C.

However. note that the current through

‘the sensor circuit increases significantly

when high threshold temperatures are used,
giving reduced batery life. Operation at
temperatures in the region of — 20°C is pos-
sible simply by adjusting control VR for
the correct thréshold iemperature. O

LOW-BUDGET
SHORTWAVE
RECEIVER

NEXT STARTER PROJECT - 4

TuNING
REGEN

O G .
Don't tiss out!

Place an order wnth your Newsagent NOW!
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Technical
Superstore
. that’s always open .

The Eleclrbmail CO-ROM Calalague contdins mdre.than 100,000 technical producis, all available
from stock lor same or next day despatch. All you have lo do is make your selection fromsthe
CD-R00 and ‘phone your order throngh Lo our 24 hour orderline - any day of the week. |

Our sister company, BS Companents, is the UKCs largsst distributar of slectionic” slectrical and mechanical
progucts te teshnical pro'essionals. Tha Frectromail CO-ROM makes this extensive product range-available 1o

2z / technical hobibiyists and small businesses. and theres a comprehensive lihwary, of product datashests already on
OPER ﬂﬂ y the CO-ROM wnich contain defailed information on the majority of our predust range. These are also Technical

ELECTROMAIL ACCOUNT Heiplinas, to znswer more specilic enguiries,
| Ask fof detelis about opening/an | g9 relating to your achsal Tntendad application.
 accaunt, which: ean give you up z
At just £3.99. the Erectromail CD-ROM gives
you everyihing at your fingeriips, with the -
service hask-up which is second o nope. “Electromail, P.0. Box 33, Corby. Narthants. HN17'9EL.
HIIB TOORDER Tel: ON536 204555 Faz: 01536 405555 =5 m==
Pease quote'sing \her 332-3936 [\f il (3 v [
et T g o otdeing gl oo B
~ Advertisement

30% EPE reader offer

digital panel meter for just £8.95

; Use thIs coupon for your order ;

. Piease supply.me:

.

——.....PM128 pane! meter(s) at £8.95 inc var & del

Vann Draper is offering ovér 30% discount 1o readers of Everyday Practical : Nafmé.

Electronics on their PM128 3.5 digit LCD panel meter. :-Address -

The PM128 normally sells at an already low price of £12.87 but is available ta :
readers of EPE magazine for just £8.95 fully inclusive of vat and delivery. . # ¢
The maln features include single 9-12V operation, aulo polarity, decimal Teino: -

point selection, high input impedance and an accuracy of 0.5% :
: . | = = | cTotaiE. .
This general purpose panel meter contains high contrast 13mm characters with  ; Chackise Py o Vi Drper & Serty

polarity and over range range annunciators. Two on board resistors select either : o .04 my visa, master, access or switch carg - -

200mV, 2V, 20V or 200V ranges and the meter maybe used for a number of o

applications including a digital voltmeter, ammeter and frequancy meter. R

The PM128 digital panel meter is supplied complete with front panel mounting TR %
bezel, operating instructions and a 12 month guarantee. ¢ Exphy otag

To order simply post the coupon to Vann Draper Electronics Ltd at T,
Unit 5, Premier Works, Canal St, South Wigston, Leicester LE18 2PL. | Oversaas rezders can st oblain s dszbunt bul

Alternatively telephone 0116 2771400, or fax 0116 2773945, ‘ dam'smaxord ng lo country. Please phone or fax. .
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38-108MHz FM Profes

Broadcast Transmifi
The Next
Generation
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¢ RDS systems now available.
e FM transmitter Kits from just£13.95.
e Professionally built FM
transmitters from only£19.95 K
¢ Inexpensive Siereo transmitter kits Many of our--profes_smnul
available. transmitters now feature the amazing PLL
e Powerful kits: up to 35\ power! Pro I, and also offer performance and stability
e Professional systems available: Up previously impossible at this price!
to 220W powert S b ;
» Professionallink Systems available.
o Wide range of Aerials and
Accessories available,
s New! RF components available:
competitive prices.

% Boxeg Transmitters From only

£49.95

_ - : #'1 for broé’dcastin’q 'S‘in'cé 1980
Contact Us: Tel. (UK) :
18 Victoria St. 01274 816200 '
Queensbury, (24 Hour)
~ Bradford, NEW: Website
West Yorks. www. VeronicaFM.co.uk
Claim your FREE brochure




Constructional Project =

8-CHANNEL
1LOGU.

JOHN BECKER =——

The new PICT16F877 microcontrolfler offers versatile
analogue data logging opportunities. :

designed this versatile yet compact
Data Logeger:
* To get to know more about Microchip’s
new PIC16F87x family X
% To monitor the EPE Musical Sundial
and record sunlight conditions
# Several readers had suggested thatong
should be published in E/E
During this ariicle, reference is made 10
1he following EPE subject material:
* pJC Tutorial (Mar-May "98) 4
* pICiutor (CD-ROM version of the PIC
Tutorial)
* PIC Toolkit MEI (Jut "98)
= PIC Toolkit k2 (May-Jun "99)
* Musical Sundial (Jun *99)
* PICI6F87x Review (Apr '99)
* Viriual Scope (Jan-Feb "98)

PIC PROGRESSION

Whilst we should not forget thal
Microchip manufaciure many different
types of PIC microconiroller. up to now il

T]lERE are three reasons why the author

has principally been the PIC16x84 variants
that have dominated the EPE readership
scene. This is entirely due to the EEPROM-
hased technology of these PICs, allowing
easy in-situ reprogramming and on-going
development of program code.

However. as we have been foretelling for

some months, we pow have even greater

programming and control opportunitics
available, through the new PIC16F87x

family. To EPE readers, these are likely 10

find even greater acceptance.

First of all because they can, at the sim-
plest level, be used in place oi the
PICI6x84s when greater programming
memory (up to § kilobytes) is required:
They can be programmed almost identical-
ly using the same set of command codes.

Secondly, they are much more powerful
than the '84s, as was outlined in the
PIC16F87x Review. They have. for exam-
ple, up 10 eight channels of analogueé to dig-
ital conversion available: they can be used
for serial communications input/outpul af
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controllable baud rates; they can ‘Wrile 1o
and read from addressable serial data mem-
ories; apart from enlarged program memo-
rics. they also have increased on-chip
EEPROM data memory capacity; their spe-
cial register set is much larger; they can
operate at up to 20MHz.

TUTORIALLY SPEAKING

[1 is some of these atiributes that are put to
.use now in this Data Logger. In a follow-up
article (PIC161°87x Mini Tuiorial), a closer
look is taken at how the PIC16F37x family
can be programmed to implement them.

This double article, therefore, represents
ot only a highly useful constructional pro-
ject, but also a mini tutorial. with particular
reference to the PIC16F877. The Tutorial is
not full in-depth coverage but, if vou
already know about using other PICs, It
will certainly get you siarted with using the
new devices for yoursell. "y

Afer reading both articles, you should
have a pretty good ideu about the following
aspects of the PICI6F87x family: -

@ Using PORTA and PORTE for digital
/input/output or analogue data input

® Analogue-to-digitul conversion
(ADC) :

@ Storing and retrieving data bytes
sing the PIC’s internal EEPROM memory

® Stworing and reirieving data byies
using external serial memory chips

® Transmiting scrial data bytes to the
outside world at different baud rates (up 10
9600 baud)

We additionally tell yois about:

@ Using PIC Toolkit Mk2 10 program
PIC16F87x devices
@ Using a PC to input serial data from
PIC16F87x devices via the COM ports

@ Inputting formatted serial data from
qall PIC analogue channels (up to eight) 1o
Microsoft Excel for display and printout as
text and graphs

@ Formatting the-serial dat Tor displa¥
-via the Virtual Scopé

® Monitoring the Musical Sundial

Details of the functions the Data Logger
can perform are shown in Table 1.
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@ Up 10 § channels of analogue data input, 10-bit conversion

® Up 10 8 channels of serial data storage and retrieval using on-
board serial memory (up 10 2 megabits)

@ Analoguz sampling rates selectable from 0-3 seconds 1o 62 sec:
onds (one-second increments from first second upwards)

@ Sample rate adjustable up or down using two swiiches

@ External clock option seleciable in place of internal sampling
clock (allowing sample taking 1o be triggered by exiernal
source)

@® Maximum sampling count limit switch-selectable from 253
bytes to 16K bytes (subject 10 memory chips actually used — see
later), stepped in powers of two. Continuous “no-limit™* option

® Automatic cessation of sampling when count limit reached (no
over-writing through count roll-over (o zero unless required)

& Choice of non-volatile serial memory capacity (chip size), from
32K bits to 236K bits per channel (2 megabits maximum in
total)

® 10-bit ADC sampling resolution

® Sampled duta value stored as (wo bytes

@ Automatic non-volatile storage of current sampling count valire
when current data logging session ended

@ Automaiic non-volatile storage of Rate and Memory factors

@ Recommencing data logging from same count at which previs
ous session ended (with S-byte gap imposed)

@ Option 10 reset logging couns and other paramelers at switch-on

® Simultaneous alphanumeric l.c.d. display of data vaiue at time
of sampling and as a recalled value following serial memory
storage

® Switch-pressed séléction of which channel’s data is shewn on
‘the l.c.d. during sampling

| Table 1. DATA LOGGER SPECIFICATIONS

@ Sampling can be interrupted at any time for data 1o be trans-

® Antomatie recall of currem count value plus Rate and Memory
timil factors at switch on )

@ User-selected automatic serial transfer of recorded datz 1o PC ar
9600 buaud, each channel in tum (data alse remains in on-board
memory chips ~ count reset only occurs when requested by the
user)

@ Asynchronous 2-line (data plus ground fine) wansfer 10 PC vig !
COM]1 or COM2

@ Daia transfer 10 PC automatically limited 1o current count valye

ferred, after which sampling can be resumed from the previous
count vaiue. This option available as many times as required
® Daia transfer as two bytes, 8-bit protocol, 0 parity, | stop bit
@ Channel number being transferred displayed on |.c.d.
© Duta input 10 PC via dedicated EPE serial-link  sofiware
(QBasic/QuickBASIC -and high-speed machine code sub-rou-
_ tine, at 9600 Baud)
® EPE linking sofiware simultaneously forthats and stores data
on hard disk (drive C) as; |
Eight uncorrected binary files
Eight ASCll-converted numeric-vafue lext files
Microsoft Excel tabbed compasile (all 8 chanpels) numeric-
text file (8 columns, row count according to sample quantity)
Four x duul-chunnel binary files for EPE Virtual Scope
® Choice of how many channels have dara recording chips
installed, from one 10 cight — may be upgraded 1o add more
chips if fewer than eight first chosen)
@ Datx retained when switched off (even if battery removed)
@ Digital buifers jor dats output and externat clock input
@ Prototype has run under DOS and Wins 3.1/95, on 20MHz "386

® [.C.D. display of current-count value

® L.C.D. display of clapsed time for curren) sampling séssion

10 120MHz Pentium (Win '98 comipatibility unknown)
@ Analogue signal input range 0V 10 +5V |

LOGGING CcIrCcUIT

Despite the obvious complexity of what
this Data Logger can do. the circuit js
remarkably simple. as are so many PIC-
based designs. The complete circuit dia-
gram is shown in Fig.1.

Of the five integrated circuits shown,
only two are actually essential 10 the cir-
cuit's operation: the PIC microcontroller
ICI. and the serial EEPROM memory chip
IC4. Apart from the liquid crystal dispiay,
X2, all other active devices are Jjust benefi-
cial voliage conditioners, whose roles will
be discussed as we progress.

What may norbe immediately obvious is
that, in fact, there are seven other serial
EEPROM memories in parallel with 1C4,
namely IC3 1o IC11. Each of the eight
memories siores data for just one analogug
channel and their circuit connections are
ideatical to that shown for IC4, Note,
though, that pull-up resistor R22 is com-
mon to all eight devices. 4

Anatogue data is input to the eight chan=
nels via sockets SK1 10 SK8 and is fed to
five inputs of IC4’s PORTA (RAO to RA3,
Plus RAS), and 10 the three inputs of
PORTE (REO 1o RE2}. These eight pon
connections are configured in software for
analogue data input.

Resistors R1 to RS provide a degree of
signal buffering to prevent data liné conflict
should the PORTA/E pins ever be active as
outputs when coupled 10 a data source.
Resistors R9 to R16 hold the daia lines at,
ground level (OV) in the absence of daia
mpui sources.

Op.amp IC12, which in series with the
data input line for chanfel |, .is an example
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of an active non-inverting buffer. Such a
buffer allows signals from a high imped-
ance source to be fed into the Data Logger
without placing a significant load on that
source.

Ideally, the op.amp should be one suited
10 d.c. signal input and allowing a rail-tp-
rail voltage swing ar its outpui. There are
many  instrumentation op.amps available
for this type of function, such as the
LTi218 for example (RS/Electromail).
However, if the signal leve! swing required
i5 typically between about |V and 4V d.c.,
practically any normal op.amp should suf-
fice, even a “standard” op.amp such as-a
type 741.

It has been assumed, however, that most
data sources likely 1o be used with the Daia
Logger will already have low-impedance
signal outputs thai do not require active
buffering. This being the case, their inpuis
are fed direcily into the PIC via the respec-
live resistors R2 to R&. Tt is also permissi-
ble 10 omit ICI2 (and resistor R17) and
link channel 1 input from R1 10 IC4 RAQ,
It is not permissible 10 input negative
voltages.

Should your data sources for channcls 2
10 8 not be low impedance fypes, repeats of
IC12's configuration can be constructed on
& picce of stripboard. Insert a 4700 resistor
In series with each non-inverting op.amp
input (pin 3), and take the signal ouput
from iis pin 6 10 the relgvant socket, SK2 1o
SK8.

The PIC and its sofiware take the +5V

-and OV rails as being the reference voliages

for A-10-D conversion. (As discussed in the
forthcoming mini twiorial article, in other

applications conversion can also be refer-

enced 10 the voltage preseni on pins RA2
and RA3.)

L.C.D. MONITOR

The liquid crystal display (l.c.d.) is a'so-
called “intelligent”" alphanumeric device
having (wo display lines. each having 16
characiers.

The software routine used 1o drive the
l.c.d. is the author’s “standardised™ routine
used with many FPE projecis — it has
become s “library ™ program that is merely
imported to any sofiware that requires -an
l.c.d. display, Tt will not be discussed here,
other than to point out that the Lc.d, con-

‘trast is controllable by use of VR].

SERIAL MEMORY
CHAIN

The chain of serial daia chips (IC4 1o
IC11) is jointly controlled by the PIC's
PORTC. Pin RC3 provides the elock sig-
nal. and RC4 carries the data. The data line
is bidirectional, not only in terms of send-
ing dat to the memories or reading it
back, but also in terms of exchanging
hand-shake signals at strategic poinis in
the automatic sofiware cycles. A fair
amourtt of program code is involved in this
and it is considerably more complex than
would be ihe case if purallel-data memo-
nes were being uscd instead of serial
access devices,

To the user. though, such complexities
are “transparent”. as they say. Whilst in
some applications the use of serial rather
than parallel siorage would carry a liming
penalty (serial is stower than parallel). This

Everyday Practical Flectrini ICSIETE August 1999



The configuratidifor the addsess pins of
ali cight possible memories is shown in the
inset ai the top right of Fig.1. Note that the
address pins only need lo be connecied to
the circuit if they are required 10 be set for
logic 1 (connected 10 the +5V rail). All
address pins have an internal pull-down
resisior to OV and can be left unconnected
if logic 0 is required on that pin. Hence JC4
not having any apparent connections 10 its
AQ-A2 pins. i

The p.c.b. has the required address links
incorporated as part of its iracking. You do
not have to concern Yyourself with it
However, if you decide 10 omit some mem-
ories, you should omit from the highest
downwards.

Instructions on whether the memory is (o
receive or play back data is also transmitted
as part of the address code.

The memory’s data pin is an open-col-
lector terminal and requires the use of a
pull-up resistor (R22 in Fig.1), typically of
10kQ (although the data shect discusscs
other value choices). Only a single resistor
is required, whether the memory count is
one or up to eight.

if all eight memories are not used, their
locations are still addressed by the soft-
ware. The data bits read back from nan-
existent memorics will all be at logic |
because of pull-up resistor R22. In this
case, the value read for cach of these bytes
will be 255 {65535 for a double-byie word
as used by the Data Logger).

The prototype Data Logger used six
Microchip 24L.C256 (236 kilobits each)
memories, leaving locations IC10 and IC 1
empty. The following Microchip 3-line ser-
ial memory choices are suitable:

Device Bit capacity  Sample lirth
24LC256 256 kilobits 16 kilobytes
24LC128 128 kilobits 8 kilobytes
24L.C64 64 kilobits 4 Kilobyies
24LC32 32 kilobits 2 kilobytes

SWITCHED SELECTION

Setting of the mode choices within the
PIC’s sofiware (us listed in brief in Table |
~ Specifications) is made via switches S1
10 83. Their use will be discussed more
fully later.

All three switches have puli-down resis-
lors connected across them 10 prevent the
PIC pins to which they are connected from
going open circuil. Capacitor C1Q is
included across S| to inhibit swiich-
bounce. a matter. more fully taken care of in
software.

PC LINK

Serial data is output to the PC-compati:
ble computer using two wires — the data
line plus a ground commection. Daa is
output from the PIC's RC6 pin (the one
dedicated within this type of PIC for data
output under RS232-type serial protocols):
An active data buffer is inctuded on the our-
put line, and is comprised of twbo 74HCO4
inverter gates, 1C3b and IC3c.

Connection 10 the computar's COM
port (either COMI or COM2) is via
SK11. This socket is a female 9-pin D-
confector into which a PC's standard
COM port connector cable can be
piugged, either directly or via an adaptor
(23-pin down 1o 9-pin). By “standard"" is
:meant the same type of conneclor cable as
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COMPONENTS

Resistors

R1 to R8, h
R17 47002 (9 of]
R2to R16 100k x 8 TALK
(RM1) sil page
commoned-resistar
module
R19 100k
R18 1k

R20 to R22 10k (3 off)
Potentiometer

VR 10k min: preset, round
Capacitors
Ci 224 radis) elect. 16V
C2,C5to.  100n min. caramic,
co Smm spacing (6 off)
C3,C4 10p polystyrene or min.

ceramic, Smm (2 off)

C10 1 radial elect. 16V
Semiconductors
D1 1N4148 signal diode
ICH PIC16F877 programmed
__microcontroller

IC2 78L0O5 +5V voltage
regulator, 100mA

lox] 74HC04 hex inverter

IC4 10 1C11 24LC256 serial EEPROM
memory (8 off) (see
text)

IC12 -op.amp (see text)
Miscellaneous

S1, 84 min. s.p.d.t. toggle switch
20

82,83 min. push-to-make switch
(2 off) :

SKi'to SK10 sackets fo suit (10 o)

Ly (see text)

'SKin 9-pin D-type female
cannector, panet
mounting

X1 -3.2768MHz crystal

X2 2-line, 16 character (per
line} alphanumearic l.c.d.
module

Prinled circuit board, available from the
EPE PCB8 Service, code 237; 8-pin d.il.
sacket (9 off); 14-pin d.il. socket; 40-pin
d.il. socket; plastic case with transparent
lid (see text); l.c.d. mounting plate (see
text). 9V PP3 battery and clip; p.c.b. sup-
ports 1o suil; connecting wire; solder lc.

Approx. Cost £ 4 3
Guidance Only’ From & .

excl. case and sockets.

is normally used between computers and
modems. i

Note that although the Data Logger only
requires (0 be connected (0 pins 2 and 5 of
SK11, the COM port lead requires that
other SK 11 pins should be linked, as shown
in Fig.] and the constructional diagrant,
Fig.2.
EXTERNAL CLOCK i

Sixty-two sampling raics can be sélecied
from the Data Logger’s internal clock (as
discussed later). An extemal clocking rate
can also be selecied, whose voliage swing
must conform 10 the “normal” +3V/OV
range. Inverter [C3a buffers the clock input,
and software invenis its output so that an
externally positive-going signal is that
responded to as the sampling trigger.

Note that the elapsed-time clock display
is inactive during external sampling {alfow-
ing faster sampling in this mode).

MISCELLANY

The PIC is operated at 3.2768MHz, as
sct by crystal X1. The clock rate is sub-
divided in the software to control the data
sampling rate and the elapsed-time
display. ;

Power is intended 10 be supplied by a 9V
battery, with IC2 rdgulating the voltage
down to +5V as required by the digital cir-
cuitry. None of the circuit bevond IC2
should be subjecied 1o a voltage greater
than +3V (+6V is definitely not allowed). If
a greaier voitage were o be applied. not
only could the Data Logger chips die, but
-also the computer’s COM port te which it
might be connected could seriously suffer.
Switch S4 is the power on/off switch.

Also included is the option 10 program
the PIC16F877 while in-situ on the pgb.,
using PIC Teolkit Mk2 and its software.
Resistor R18 and dicde D1 allow the +12V
programming_and OV reset voltages 10 be
‘safely applied 10 the circuit.

The PIC’s PORTD is not used by the
Data Logger. bu; there is plenty of program
mcmory Space available should readers
want to add code 1o make use of it (for dig-
ital data sampling, perhaps).

CONSTRUCTION

Details of the prinied circuit board com-
ponent layout and tracking are shown in
Fig.2. This board (as always) is available
from the EPE PCB Service, code 237.

Commence assembly by inserting the
wire links and then progress as you prefer,
no doubt in size order. It is recommended
that even if you don't want 1& use cighi
chanpels/memories, vou still insert the
sockets for them all — you could well wani
to expand at a later date.

It is also suggested that you usc pin
headers for all the off-board conneciions.
particularly those for the l.c.d. Pin numbers
are marked on lLc.d. modules.

Regarding sockets SK1 to SKI0, the
author used ten 2mm  single-sockels
because they are compatible with practical-
ly every other connection that he is every
likely to use in his workshop.

You are free [0 use whatever type of con-
nector you choose, 10 suit your own equip-
ment. preferences or whims. The choice
might affect the size of case required,
though. L

ENCLOSURE

Apart from choosing the case size, you
also need to decide if you want 10 use thé
Data Logger outdoors. If you do, it wilt
need a case thar is water resistant. even ‘if
not fully waterproof.

Apart from excursions into the garden 10
monitor the Musical Sundial (more in Pan
2). it’s in the workshop.ihe author expecis
to find prime dse for the Data Logger.
Consequently, a low-cost plastic case with
‘a detachable see-through lid was chosen
(saving the task of cutting an l.c.d. viewing
hole in an ordinary box).

The case seen in the pholos measures
150mm = §0mm x 73mm (1, w, h) but was
really just a bit too small. It is suggesied
that the next size up should be chosen.

The p.c.b, was secured 10 the base using
“normal” p.cb. supports. A rigid panel
‘(#nciched p.c.b. off-cut) was mounted
above the p.c.b. using stacking p.c.b. pillars
{the panel’s holes were first drilled-in line

Everyday-Practical Electionics/ETI, August 1999
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Fig.1. Complete circuit diagram for thé 8-Channél Analogue Data Logger.

Data Logger does not require significantly
high datwa exchange rales. consequernily,
serial devices provide a berter data siorage
solution becaise of their greaily reduced
size, and because fewer data and. control
lines arc needed.

The serial EEPROM devices used here
are manufacrured by Microchip {who also
manufacture the PIC) and require enly two

control lines (data and clock, plus ground);
irrespective of how many there are in the
chain (up to cight) or what capacity of daw@
storage they provide.

The memory with which the data is
exchanged is determined by an address
code sent out prior to each data byte being
sent or read back. Eight different address
codes: are available, allowing up 1o eight

Evervday Praciical Electronies/ETI. Augusi 1999

ieAtorics to be on the same control ling
pair. Each memory has three additional
pins (AD w0 A2) to which a 3-bit code is
hard-wired as part of the p.c.b. design (or
¢an be set by switches in other design situ-
ations). Only the memory whose hard-
wired code matches the code transimitted
by the PIC will réspond, the others remain-
ing inoperative al this time.
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IN TERFLAC

Robert Penfold
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VISUAL PROGRAMMING FOR PC ADD-ONS

T}{E SUBJECT of using visual program-
ming languages witgh PC addF-‘ons was
considered in the previous Interface arti-
cle, and we continue in the same vein this
month. As pointed out in the previous
Interface article, Delphi 2, 3, and 4 lack the
Port function, and do net support direct
port accesses. This is perhaps Eein a little
ecanomic with the truth though, because
all versions of Delphi are equipped with a
neat in-line assembler.

It is therefore possible to

transfers the value stored in O6tVal to the

- al register (the accumulator).

The out instruction then outpuls the
vatue in al to the address in dx Finally,
the pop instruction restores the contents
of the dx register from the wp of the
Stack. Note that two end instructions are
needed, one to terminate the assemibly
language routine and ane to end the sub-
toutine as a whole.

R o e 9o Pt Ot i Quey yae % attbe e e

As before, the contents of the dx regis-
ter are pushed onto the Stack, after
which a value of 32 is outpur to address
850. This sets the data lines of the port to
the input mode. Next the address of the
port to be read is loaded into the dx reg-

ister, and the data from the port is read

into the al register. The value in alis then
moved into variable InVal, the original
contents of the dx register are restored

g s -from “the  Stack, and
i Fi the assembly language

both read from and write to G Ewd . oy _=NMEBESAR L 2 Feme £ routine is terminated.
E e Shsemb o 5 e 15 e N
3 3 - R E ) 12 vzt =) as 1 TUCtio| ar
guage into Object Pascal Ar= [l ER I ———— =] [ used to place the value in
‘routines. This is not quiteas =~ 4 | InVal into string variable.
convenicnt as using the & [ S, and this variable is then
Port function, but it is not 28 [ assigned to the label
that difficult either aa B i where it is displayed on
Incidentally, Borfand's .| the screen. Of course, byte
C++ Builder would also o~ 1 = o= and string variables InVal
seem to be equipred with @ || == <l and S must be declared in
an assemble;,e and could @ [ “rtlessesl  the appropriate section of
presumably used with | el n =} the program.
user add-ons. However, e Dywa ] These methods of read-
C++_seems to be rathg‘t: | praa ; ing and wrgtin will work
more involved than Delphi | I e g = J with Delphi 1, but the Port
oF VisualBASIC, and it is Y | = *=_ ___d| function would seem to be
E;obably a language that is il | | i es meooasanaen  the better option with this
fter suited to program- LY r Soorise=nda version of the program.
Ming experts than dabblers, i e e b : e — = With the later versions of
] ¥ i I';‘:.]'I Delphi the built-in assen-
Well Stacked :.__;'__.3_, ST = S - - S | bler almost certainly rep-

Jeing the assemblet is
very straightforward, and it
15 just a matter of heading
your code with “asm” and finishing with

end”. One slight problem: is that you
tiust ensure that your assembly language
roufines do not interfere with the normal
operation of the computer. This means.
thatany changes made to the contents 6F
certain registers must be reversed before
the routine is terminated.

The simple routine that foligws is all
that is needed to write to a port. This is
equivalent to the speed control example
provided in the previous Inferfice (May
99) article.

begin ;

CutVal := ScrollBar-Pgsitidn;

asm

pushdx

mov dx, 888

mov al, OutVval

out dx, al

pop dx

end,

end, ;

OutVal is the byte-size variable used to
store the reading from the scrollbar, and
this must be declared in the approprate
part of the program. The assembly lan-
E}:ge routine uses indirect addressing via

e dx register to access the port, and the
push instruction stores the current con-
tents of this register on the top of the Stack.

Nexta move instruction is used to place
the port address in dx. In this example the
address is 888, but this can be any valid
address: A second move instfuction

390

{

Fig.1. The Visual BASIC 6 environment is similar lo.that of DelgHi.

For 16-bit transfers the ax register
should be used instead of the al register
There is a direct addressing mode where
the port address is supplied in the out
instruction, but this only supports eight-
bit addresses. User add-ons are normally

‘at addresses from 512 to 1023, making

direct addressing unusable.

Port Reading :

. Reading from a port requires aslightly
longer routine, but is still quite straighi-
forward. The following short program
reads from the printer port at base

-address 888 (&H378), which must gbvi-

ously be a bidirectional type. It should be
assigned to a imer component having-an

interval of about 25ms. Nole that a labal

component must be included on the form
to provide the program with somewhere
to print the readings.

begin

asm

push dx

mov dx, 830

mov al, 32

oul dx, al

mov dx, 888

in al, dx

mov InVal, al

pop dx

end, d,

Str (InVai, SY;

Label1.Caption = §;

and;

resents the eastest way of
obtaining  direct port
access. It is possible to
define input and output functions that
can be called up when required, but in
most cases it will be easier to simply drop
in the assembly language routines as and
when they are needed. ,

Note that Delphi 2, 3, and 4 produce 32-
bit programs that are only suitable for use
with Windows 95 and 98. Delphi 1 must
be used if programs that will run under
Windows 3.1 are required.

Note also that Windows NT does not
permit direct port accesses, and that it
requires the ports to be handled via the
approved and indirect routes. These rou-
tines will not work under Windows NT,
and could adversely affect the stability of
the operating system. ‘

BASIC Ins and Outs

Over the past two or three yearsa steady
trickle of letters from readers having trou-
ble using VisualBASIC to control their PC
projects have been received. The usual
complaint is that the Inp and Qut instruc-
tions do not work with VisualBASIC.
Although many GW and QBASIC instruc-
tions are included in VisualBASIC, Inp and
Out have both been omitted.

This is not to say that direct port access
is totally impossible with this flavout of
BASIC, but it is only possible with some
external help. This means using an add-in
such as a component or DLL file.

There are numerous add-ins of this
type available via the Internet, but these
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with the p.c.b. mounting holes below it). To
this panel was mounted the l.c.d.. again
using “normal” p.c.b. supports (see
pholos).

FIRST CHECKS

Once you ure content that a close-up
examination of the assembled p.c.b.
shows no signs of poor soldcring or
incorrectly placed components, a prelimi-
nary power-up test should be made. For
this test. regulator 1C2 should be the only
i.c. inserted. Also leave the led.
unconnected.

page in this issue. ey

If you intend 1o program the PIC your-
self then, uniess you have a programmer
capable of handling the PIC16FS7x
devices. you will also need PIC Toolkit
ME2 (which was specifically designed for
them and the PICI6x84 devices — PIC
Toolkit Mkl is not suitable). The
PIC16F877 configuration required is stated
at the begimming of the source code text file.

The software has been written in the
TASM dialect and is availeble from the
Editorial office on 3.5 inch disk. for which
a nominal handling charge is made.
Alicrnatively. it may be downloaded free
from the EPE web site. Details of these
two options are also on the Shop Talk
page.

‘Follow the insuctions supplied with the
software when installing it on your com-
puter — there are several files invelved, Rot
only for the PIC program but also for
inputting the serial data to a PC.

It is intended for running under MS-
DOS. not under Windows.

Connect a 9V baltery or power supply f
and switch on. With a meter. check that o] ol
+3V is present at the oulput of 1C2, within . -
about five per cent or so. 14 |

If all is well. and with the power off, thic . e ie £ g
PIC can now be inseried. Unless you intend KT ~to} |® = 3
to program it yoursclf, it should, of course o () cane oo ‘
have been pre-programmed, details of A Lo} e
which service are quoted on the Shopralk exs (o o] g3

N EXTEX | /

0,10 010 .

==

g;_lj!“'l___b

1

1E5

NEXT MONTH

In the concluding part next month we
discuss programming the Daia Logger.
using it. and trnsferving daw to a PC.
We also give data sheet numbers and
details for contacting Microchip.

Fig.2. Component layout and full size copper foll master
1rack pattern, plus off-board connection detalls.
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mainly go'beyond simple Inp and Out
commands, and can be quite expen-
sive. It is only recently that I have dis-
covered simple and cheap methods ot
providing basic port accesses.

If you are interested in using
VisualBASIC with your PC projects, or
if you require information about paral-
lel and serial port interfacing, it is'well
worthwhile paying a visit to the
Lakeview Research web site at
http//www.lvr.com. Apart from the
mformation, etc. at this site, there are
plenty of links to other sites where fur-
ther software and information can be
found.

Having tried various VisualBASIC
add-ons, 1 would suggest you use
Lakeview Research’s own freeware

panel meters and the like. In fact min-
imal programming is nceded for this
type of thing because VisualBASIC is
the most visual of visual programming
languages.

Practically everything required can
‘be placed onto the form using compo-
nents rather than lines of code. The
property window can be used to “fine
‘tune” the posilions of components.
The meter and digital readout pro-

0 50 1000 150 200 250
111 [N RN i (NN 1
Port Reading
96 [ ea >

Digntal Readout

gram shown in operation in Fig.2 was
in fact produced entirely by adding
components onto the screen.

|  Even the pointer is a line compo-
| ‘nent. An advantage of this is that the
| pointer can be moved simply by alter-
ing one co-ordinate. There is no need
to erase the previous vemion of the

DLL if you only require simple Inp
and Out instructions. The correct
download is “inpout32” for the 32-bit
versions of  VisualBASIC, or
“inpout16” for the 16-bit Windows
versions.

The author has only tried the 32-bit
version with VisualBASIC 6, and found it
to be very quick and effective. The DLL
file is placed in the Windows/System
directory of your PC, and the supplied
inpoutd2,.BAS file is loaded into
VisualBASIC before you start program-
ming.

This is done via the “Add File” option,
which is under the “Project” menu when
using version 6.0 of VisualBASIC. You can
then use Inp and Out, which work in
exactly the same way as their GW BASIC
and QBASIC counterparts. When the fin-
ished program is compiled It will incorpe-
rate the DLL file.

One definite drawback of VisualBASIC
is that, unlike Delphi, it is not a true comi-
piler. Delphi will compile a program into
a stand-alone .EXE file, but VisualBASIC
produces a group of files that can be used
to install and uninstall the program in
Windows 95 or 98. A simpie Delphi pro-
gram consists of one file about 200K or so
in size, but with VisualBASIC the total
size of all the files seems to be nearly ten
times greater than this. VisualBASIC pro-
grams are probably somewhat slower
than Delphi equivalents as well.

On the plus side, VisualBASIC is some-
what easier to use than Delphi, especially
if you have some experience at program-
ming in some other version of BASIC.
With the Inp and Out instructions added
it is just about perfect for producing the
software for PC projects.

VisualBASIC is something of an indus-
try standard, with a much larger user
base than any of its compelitors. It is per-
haps worth mentioning that some books
on VisualBASIC programming come com-
plete with a CD-ROM that contains the
“working model” version of VisualBASIC
6. From time to time this is also given
away on the cover-mount CDs of com-
puter magazines. :

The working model lacks the two CD-
ROMs of help filés that come with the
full program, and the compiler function
is disabled. It will save and load your
programs though, and they can be com-
piled and run from within the working
model. This is rather like GW and
QBASIC, where you have to run pro-

ms from within the programming
fanguage itself. This is clearly a less con-

venient way of doing things, but the pro-
grams are fully functional when run in
this way.

Fig.2. This virtual panel meter and digital readout
requires just six lines of conventional BASIC code.

On Form

Using VisualBASIC is very ‘similar to
using Delphi, with a similar program-
ming environment (see Fig.l). Like
Delphi it is event driven and vou have'to
adopt a more “bits and pieces” approach
to programming than you would use for
conventional BASIC programming.

In standard visual programming fash-
ion you start by designing the form lay-
out, adding any necessary buttons, labels,
etc. Any necessary code for each compo-
nent is then added. To read printer port
one at &H378 and print the results on the
screen you could use a timer component
{set at about about 25ms) and a label. This
code would be assigned to the timer:

Qut &H37A, 32
InVal = Inp(&H378)
Labelt.Caption = InVal

The first line sets the port to the input
mode, and the next reads the data lines
and places the result in.the varable called
InVal. With VisualBASIC you have the
option of declaring variables or simply
making them up as you go along. There is
little point in declaring them in short pro-
grams, but it is otherwise advisable to do
so. The third line prints resuits on-screen
via the label component.

In general it is better to prifit text via a
label rather than direct onto the form, as
this avoids the need to blank previous
readings. If you virite text to a label this
blanking is done for you. By altering the
characteristics of the label via the proper-
ties window it is easy to set a large font,
change the background colous, etc.

Good Graphics
VisualBASIC has good graphics capabil-
ities, and it is easy to produce pseudo

pointer because VisualBAS]C does it
for you.

In order to make this program work
it only requires the following six lines
of code to be assigned to the timer
component:

Qut &H37A, 32
% = |hp(&H378)
Labeli.Caption = X

X=X 20
X =X+ 500
Linet.X1 =X

The first three lines are ‘basically the
same as the previous example. The next
line scales the value in X tc suit the
VisualBASIC co-ordinate system. This
does not operate in terms of pixels, and
seems to be arbitrary. An offset is then
applied to allow for the fact that the meter
is offset from the left-hand edge of the
screen, and this value is then used as the
X1 co-ordinate for the pointer

Light Work

With VisualBASIC it is easy to produce
on-screen indicator “lights”, and the
shape component is the obvious basis for
something like this. Various shapes are
available, but a dircle with a solid till style
is the obvious one to use in this case.

This example routine could be applied
to a timer component, and it sets the
“light” to red if the value read from the
port is over 99, or to green if it is not:

Out &H37A, 32

X = inp(&H378)

IF X > 99 Then Shape1.FillColor =
&HFF& Eise Shapei.FillColor-=
&HFF00&

It is very easy to produce multi-calour
bargraph “displays, gauges, etc. Visual
programming languages are well suited
to control programs for PC add-ons, and
some practical examples wilt be provided
in future Interface articles.

W EPEMEY.
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Our regular round-up of readers' own circults. We pay
between £10 and £50 for all material published, depending
on length and technical merit. We're looking for novel i
applications and circuit tips, not simply mechanical or WIN A PICO PC BASED
electrical ideas. Ideas must be the reader’s own work and 0oscC I‘LLOSCO‘PE :

not have been submitted for publication elsewhere. © S0MSPS Dual Channs] Storage Ostiloscor
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word-processed, with a brief circuit description (between If yau have a novel circuit idea which would be
100 and 500 words maximum) and full circuit diagram of s 1o olner readers then a Pico Techndlogy
showing all relevant component values. Please draw all PC based csalloscops could e yours.
circuit schematics as clearly as possible. Evry six months, Pico Technology will be
Send your circuit ideas to: Alan Winstanley, Ingenuity awarding an ADC200-50 digital storage
Unlimited, Wimborne Publishing Ltd., Allen House, East oscilloscopd ior the best IU submission. In
Borough, Wimborne, Dorset BS21 1PF. addition, two single charnel ADG-405 wil be ‘
They could earn you some real cash and a prize! presented fo the runners-up.
I oo
Loop Aerial MW Radio - Back To The Futurel =
W 3 o ,7 l‘-._ o .
y ~doygh=oy |y === |2 s
=IE radio receiver circuil shown in Fig.la Bemween wms 6 and 7 of LI, wind one it ; LD
delivers a powerful 3W 10 SW intoa 40 “link wm”, L2, of quality braided micro- COPFER
8 ohm loudspeaker. It has excellemt tone, phone wire. This improves the directional v ki
selectivity, high directivity, and pood effect of the antenna. The screening braid, }
sensitivity. . soldered 0 i1s core (terminal “C”). is sol acm —
Although the first stage is a “crystal set” dered 10 OV, At the other end, the core of the e
with point contact diode (D1). the radio is  Wire {terminal "D"} is soldered to the centre — ;
self-conlained, requiring no carth wire. The  1ap of 13. which is approx. 40 wms of i ———— ./
design uses a loop aerial, such as were com- 30s.w.g. wire. with a 1ap in the middle a1 20 | N, e Ao
mon in the 1930%. tums. it is close-wound on a Sem (Zin.) diam- Sem PVG. FRE
Coil L1 is wound on a wooden H-frame cier piece of p.v.c. piping.
60cm square, the *“H’ being tumed on its side The value of wning capacitor VC1 is not
by 90 degrees (see Fig.1b). Four ilem long ch_ica]—howe\-e_r, the larger it is, the wider the G
cross-pieces are mounted on cach cormer of  luning range will be. Preset potentiomerer I scasen
the “H" 10 carry coils Lt and L2. Wind 12 VR conirols feedback in preamplitier IC1a, ~ONED HIRE
full ums of 30s.w.g. enamelled copper wire  and VR2 acts as a Volurme control. The output /
around the H-frame, spaced about 8mm apart. of ICIb is fed via L. filier components C7/C8
It helps to prepare the cross-pieces by cutting to power amplifier 1C2. which is wired in a :
notches for the wire. ‘ standard configuration. It is recommended that
The ends of this wire aré soldered 10 -2 langer conncctions should use shielded wire
300pF 10 500pF variable capacitor VC1,  (the braid being soldered to ground — OV).
which serves as the tuner. Terminal “A" is sol- Rev. Thomas Scarborough, Fig.1b. Loop aerial constructional
dered to the capacilor frame/spindle, and ter- Fresnaye, Cape Town, 'aetails. VC1 is soldered in paralle! vith
minal *B"is soldered t0 its fixed fins. Repuibiic of South Africa. 1 1 and mounted on the frams.

x] i v
(72T, 365 44A ) , r 300p - 5000
Ry
100
DY (]
aOASi, 100n
e s 18
e i
R3
c2 th
aan?
e
&3S
L2 & =5
"wn 0

[ — 2 = —= = - el = —— J

Fig.1a. Circuit diagram for the Loop Aerial MW Radio, .1-L3 are.éi(-cquied, -air-spaced. inductors
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Mayday Modiile - Distress

MAYDAY circuit for sending out an S.0S in Morse code is shown

in Fig.2a. The self-running binary counter 1C1 gencrates a low-ire-
quency divide-by-32 across the five selected outpuls Q5 o Q8.
Encoding logic then passes a series of pulses from Q5 through 1o the
transistor TR1, suppressing or merging them to form the well-known
“S.0.S" sequence in Morse. This is sounded on the piezo buzzer
WD1. Fig.2b iHustrates the counter states uscd Lo generate the code.

The encoder divides the 32-count field into four. The first and last
quarters are distinguished by QB and Q9 being equal, a condition
decoded at IC2d pin 3 of the exclusive-OR. This signal is the “letter-
select flag" — when high, a sequence of Q5 pulses representing letter
“S" is sent, and when low the letter "0 is formed by merging pulses
from Q5 and Q6.

A NOR gate [C3a detects the condition (Q6=Q7=Q9) at pin 10. This
occurs at the beginning and end of the first and last quarters, where it
helps generate the required inter-word and inter-character spacing, and
ensuring that “S” consists of three pulses and not four.

Although the timing for the characters and inter-churacter spacing 1S
correcl, the spacing between Mayday signals is only five units in this
design instead of the standard seven. Adding the three-diode circuit of
Fig.2c. extends the count by three if desired, 1aking advantage of the
fact that states 0, 1 and 2 (=32, 33 and 34) do not produce an outpul.
‘This emphasises the word-gap. :

A start/stop module is shown in Fig.2d. After 16 cries for help, Q14
pin 3) of the counter will re-set the flip-flop and disable the counter.
This circuit cannor be used with the “word-gap extender” circuit
Fig.2c.

Lastly, on the subject-of Morse SOS signals, did anyone notice the
vpeeps’ from HAMS Titanic's radio room in the latest movie? And this
in 1912! At least the 1958 film was realistic with crashing radio
sparks. s

Trevor Skeggs, Miltan Keynes.
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NiCad Discharge Unit -
I The Daxk

F NiCad cells are used in series, the prob-

lem of reverse charging of the weaker cell
‘can arise if the unit is allowed 1o totally dis-
charge. However, if the cells are not allowed
to.run down sufficiently, “memory’’ may set
in, reducing the cell's useful working life.
This is a particular problém in my pastime of
caving, where a flat battery is a nuisance, and
two flat batieries can be very dangerous.

Circuit diagram Fig.3 is designed to dis-
charge a 5-cell “Fx3" battery unit which out-
puts 5x1-2=6V. Tt should werk on four cells,

but the relay will not hold for 3-6V (3 cells).

The push-io-make switch S1 allows the
Darlington pair, made up of transistors TR1
and TR2, to latch the relay RLA. Current
passes through the “load™ resistors R4 and

RS, which were set 1o pass about 1A, As each
cell delivers 1-2V, the potentiometer was set
to tum off the Darlington pair at 5.GV by
using & variable supply.

‘Current to a cheap quartz clock from the
potential divider resistors R1 and R2 enables

‘one to find out how lang the unit has been run-

0

fing. Now 1 can completely discharge the

Everyday Practical Elecironics/ETI, Augtst 1999

Fig.3. Circuit diagram for a NiCad Discharge Unit

“Fx5" unit without having to watch for the
‘buib dimming, and while saving the lb, an

expensive halogen type, from unnecessary use.
Mark Lavendar, Catforth, Presion:
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Hi-Fi POWER AMPLIFIERS

i ILP 2000 SERIES POWER AMPLIFIERS ARE FULLY
ENCAPSULATED HIGH QUALITY MODULES WITH INTEGRAL HEATSINKS
AND CARRY A FIVE-YEAR GUARANTEE.

BY SELECTING THE APPROPRIATE MAINS TRANSFORMER
AND THE PROGRAMMING LINK ON THE MODULE THEY CAN BE USED WITH
40 OR §Q LOADS WITH THE AUTOMATIC ADJUSTMENT OF

[MPUT SENSITIVITY.

HY2000 30V HYBRID AMPLIFIER £11.50
HY2001  30W HYBRID AMPLIFIER WITH P.S.U: BOARD £17.50
HY2002  60W HYBRID AMPLIFIER £17.75
HY2003  60W HYBRID AMPLIFIER WITH PS.U. BOARD £24.75
HY2004  120W MOSFET AMPLIFIER £37.00
HY2005 120\ MOSFET AMPLIFIER WITH PS.U. BOARD  £47.00
HY2006  230W MOSFET AMPLIFIER . 56040
HY2007  240W MOSFET AMPLIFIER WITH PS.U, BOARD = £63.50

Hi-FI QUALITY AUDIO POWER TRANSFORMERS FINISHED IN BLACK
WITH HESIN FILLED CENTRES FOR MAXIMUM NOISE ABSORPTION
AKD EASE OF MOUNTING

ATDI04  FOR ONE HY2000'1 IN 40 MODE- £17.50
ATO308  FOR ONE HY2000/1 IN 8Q MODE £17.50
ATOE04  FOR OME HY2002/3 IN 40 MODE £€21.00
ATOS08  FOR ONE HY200273 IN 8Q MODE £21.00
AT1204  FOR ONE HY2004/5 IN 4Q MODE £26.00
AT1208  FOR ONE HY2004/5 IN 8Q MODE £28.00
AT2404  FOR ONE HY20057 !N 40 MODE £39.00

PRICES INCLUDE VAT & POST AND PACKING

ILP DIRECT LTD.

SPONG LANE, ELMSTED, ASHFORD, KENT TH25 5.U
PHONE+34 {0) 1233 750481  FAX+44 (0) 1233 750578

C.C.T.V. BOARD CAMERAS FROM £19.95

INDUSTRY HAS SLASHED THESE PRIGES 10
RIDICULOUS LEVELS| THESE ARE USA MADE -
NOT CHEAP CHINESE MODELS. READY BURT
WITH LENS ETG. BRAND NEVY 1999 STOCK—FULL
‘12 MONTH GUARANTEE WORKS FROM 8V-7P3
BATTERY OR OUR CAMERA PSU AND CAELE KIT
SHOWN BELOW.

i o ggsco IO |
LGTS OF 10 | 13in. image sensof SURVERLANGE. '
Eacry  £19.90 || wih2s8x352poels.  uctiing MoNTORIG, |
LOTS OF 5 £21.50 | | Autoins 270 1nes.8Y T panny WATCHING.
LOTS GF 2 £2385 || 1012V DC.30mA. S

A THEFT,
SALPLE £25395 Inciudes 3-6mm wids = :
Add PAP £3 ANY ORDE 2 fons. AIRD. OB 3 FVATIQN.
VAT IHCLUDED Plnhote Lens add £2.

C.
BRIMSH PAL S‘QSTE!-L

SECRET SPY CAMERAS
MICRO SIZE 16mm x 16mm
JAPANESE COTV TECHNOLOGY REDUCES THE |
| SIZE FOR EASY CONCEALMENT.
H_.‘Tg'sSEADQ £8 TO ARGV T 29X2SUM PRICES

Camera PSU and Cable Kit
A izl wotion or

1/3in. CCO BOARD CAMERA
WITH AUTO BACKLIGHT
R LT ONG Ais
123 §TE TRONKG | 5
%0 550 TV LINES widoo proroiag 37 3 DG e 0OE: T2 e s,
BESOUTION. adzior 'S 0 v Dn sockat & edrec fa STAAT dug or

220 630 PIXELS AND 6-2 LUX ?iosﬂ-imm:vb;s 2z phgoed s your TY roaesr o

. el TR :
LEVEL GIVEs RENZERASLE | MaPLING PRICE £24.60. OUR PRICE £12.50

Jamm b= ol - -

T Pk s CAMERA CASING WITH SWIVEL
our price £35.95 WALL BRACKET TO TAKE ANY.OF

iy gt OUR BOARD CAMERAS £3.50

Bell College of Technology
Almada Street

Hamilton ML3-0JB

Tel: 01698 283100

B YR
Fax: 01698 459790 BELL College

Make your
expertise pay!

in today's worid you need qualifications to obtain and keep
employment. Our open learming courses make obtaining those
qualifications as convenient as possible.
choose from our dozens of SQA accredited units, either
singly to update your skliis or as a group, to obtain a Higher
National Certificate.
«  Learn at your owm pace in your own home
+  Support from professional engineers via phone,
FAX and the Internet R )
= courses from Introductory Bridging Moduies
to HNC Electronics ¥
«  Units from Programmable Loglc Controllers
to Engineering Computing
DONT DELAY — we are walting to hear from you.
Contact: Laura Murdoch, Opern Learning Co-ordinator
Tel: 01688 283100 Extension 214.
E-mail: L murdoch@bell.ac.uk
Wweb: http://flotl.bell ac.uk/openlearning

member of the British Association for Open Learning
preview Centre for Financial Times Management

— ~ LASER POINTERS
Professional mode! fires a smail red iaser dot
gver 2“5'(‘) meuas'.dauih into executive baiipoint
pen with case and batls.

LIST £39.85 now £10.00
Gold-plated Keylob model

LiST £29.95 Now £9.00 ‘
Muli Keyfob with 5 fips fires'a dat, hotizontal
ifin2, star, arrows and circle

usTe412s Now £12.00

Add £3 p&p any quantty.

{Cnéy s0id 30 S0NOUE oF Ladesmen - Ao mingss Ui 21}

1/4in. COLOUR CCD

CAMERAS -

Japanese Twinboard '/4in. GCD and DSP
(digual signal processor) colour CcCTv
boards with popular 3-6mm wide angle lens.
High specification 280,000 pixels, electronic
iris, 330 TV lines and LUX levais 2. 12V DC.
Use with out camera PSU and cable kit (ses
zhove). Size 32mm x 32mm.

e £50,0

Augo model
534 £5.00

VISONIC RADIO TRANSMITTER/RECEIVER SETS
Comprises cmart remole control normzlly used as & panic button or medical
alert lor the siderly. Causes receiver 10 open of close 2 Circyit thereby trig-
gering a siren, automatic garage door or other device until button is released.
Range 25m indoors, 100m ouidcors. 8V PP3 batt. included. DTI approved
1340 licence exampt. MRP £47.85 set, Boxed with full insiuctions.

sampLE SET £15.90, 2 seETs £29, 5sETS £62

e

ULTRAGUARD POLYCARBONATE BELLBOXES.
White. 15in. x 10in. lassco-proof shape with crime prevention iabel. 118 dache!
hom siren, flashing Xenon siiobe, Nicad back-up batteries and full anti-tamper
system 2l Iactory fitted and sealed 12V PSU supplied. Gan be triggered by
simpiz bell-push, any atarm panel or the Visonic s=t shown above,

MRP 241.87, Now £16 - £3PP.

ALL GOCDS ARE BRAND NEV! i mes A.S.A. sy Order Hotlins
AND PERFECT. BULK BUVERS - - ke L
FLEASE ASK FORJOHN 1~ 51 Cambridga Rosd 01642 851256

= Middlesbrough Fax:
£ = j =
?fii&"#’él‘z’f:%m = TS5 SHL 01642 823173
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Everyday Practical Electronics are pleased to be able to offer all readers these

ELECTRONICS CD-ROMS

=% ANALOGUE ELECTRONICS
=" by Mike Tooley

‘Analogue Electronics is a compléte learning resource for’
this most difficult branch of electfonics. The CD-ROM
includes a host of virtual laboratories; animations,
diagrams, photographs and text as well as a SPICE
electronic circuit simulator with over 50 pre-designed

circuits.
FUNCTIONS

by Mike Tooley

scieen.

The companent values on all
circuits can be edited and the user
€an use the simulation engine to
see how the value of each
oomponent affects circuit
perlormance. You can, for nstance,
aiter requency and phase angle
and plot outputs on a virtual
oscllloscope or show load line
graphs elc.

COVERAGE
Sections on the CD-ROM inciude:
Fundamentals — Analogue

Slgnals {5 sections}), Transistors (4
sections}, Wavashaping Circuits (6
sections); Cp.Amps ~ 17 sections
eovering everything from Symbols
and Signal Connections to
Differentiators; Amplifiers — Single
Stage Amplifiers (8 sections),
Multi-stage Amplifiers {3 sections);
Filters — Passive Filtars (10
sections), Phase Shifting Natworks
(4 sections), Aclive Filters (6
sections); Osclllators — 6 sections
from Positive Feedback to Crystal
Oscillators; Systems — 12 sections
from Audio Pre-Amplifiers to 8-Bit
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Twin-T phase shifting ne'twork

ADG plus a gallery showing
representaive p.c.b. photos.

9 Includes SPICE circult
simulator with over 50
clreuits

® Unique virtual laboratories
® Editable assignments

@® Design parameters for clrcuits
included

: =S
e
ey 2w e

- ot i )

| e |

—e[menlleg |

® Complete hi-fi ampliiier case
sludy

5 Efectronic Circuits & Components pravides an introduction to
v elgctronic components and shows how th
= pre-designed circuits aflow students to fearn, expariment and check their understanding as
the CD-ROM. Sections on the disk inciude: Fundamentals: urils & multip!

0
AN —

[}
-
]
ul

Gallery-— Wideband Amplifier Microprocessor

7 Hobbyist/Student ........... Rl
Prices for each of the two CD-ROMs above ate: Institutional (Schools/HE/FE/Industry)

DIGITAL ELECTRQONICS

Digital Electronics builds on the knowledge of logic gates
«covered in Electronic Circuits & Components (below), and
takes users through the subject of digital electronics up to
the operation and architecture of microprocessors. The
virtual iaboratories allow users to operate many circuits on

FUNDAMENTALS

Fundamentals introducss the basics

of digitat electronics including binary
and hexadecimal numbefing
systems, ASCII, bazic logic gates
and their operation, monastable

.- action and circuits, and bistzbles —

inciuding JK and D-tyge flip-flops.

COMBINATIONAL
LOGIC

Multipie gate circuils, equivalzn! logic
tunctions and specialised logic
functiens such as majarity

vote, parity checker, scrambler,

hzif and fuli adders. Includas

fully interactive virtual

labaratories for all

circuits.

SEQUENTIAL LOGIC

Introduces s=quential logic
including clocks and clack circuitry,
counters, binary coded decimal
znd shift reqgisters.

DIGITAL SYSTEMS
A/D and VA converters and
their parameters, traflic light
controllers, memories and
microprocessors=— architecture,
bus systems and thelr arithmatic
logic units,

GALLERY

A catalogue of commanly used
IC schematics taken from the
74xx and 40xx series, Also
includes photographs of
common dighal integrated
circuits and circuit technology.

e £45 inc VAT
£99 pius VAT

Institutional 10 user (Network Licence).......... £199 pius VAT

(UK and EU customers add VAT al 17.5% to “plus VAT" prices)

ELECTRONIC CIRCUITS & COMPONENTS
+ THE PARTS GALLERY by Mike Tooley

circuits. Passive Components: tesistors, capacitors, inductars, transformers. X
Semiconductors: diodes, transistors, op.amps, logic gates. Passive Clrouils . Aclive
Circuits

The Parts Gallery - many students have a good understanding of electronic theary but
still have difficulty in recognising.the vast fumber of diffarent types of electronic
components and symbols.

The Parts Gallery haips overcome this problem:; R will he!p students 1o racognise
common electronic compenents and Iheir corresponding symbols in circuil diagrams
Selections on ths disk include: Components Lomponenls Quiz, Symbols, Symbols

L) ;--n ]
= fea] T e[veaeine

Virtual laboratory — sinusolds

Quiz, Gircuit Technology

Hobbyist'Student .................. o -+ ..£34 Inc VAT
Institutional (SchoolsHE/FEMndustry) ... .. ... woess . .£89 plus VAT
Institutional 10 user (Network Licence) . ............. £169 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT" prices)

the principles:and appiication of the most commaon types of

ey are used ta form complate circuits. The virdual laboratories, warked sxamples and
thay proceed through the sections on
es, eleciricity, electrc circuils, alternating

Circuit technology screen
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The Virtual PIC

Deluxe PICtutor-Hardware

Interested in programming PIC microcontrollers? Learn with PiCtutor by John Becker

Developed from John's EPE series, this highly acclaimed CD-ROM, togeiher vith the PICIutor experimental.
and development board, will teach you how ta use PIC microcontrollers with special emphasis on the
PIC16x84 devices. Trie board will also act as a development test bed and programmer far future projects as
your programming skilis develop. This interactive presentation uses the specially developed Virtual PIC
Simulator 1o show exactly whal is happening as you run, or step through, a program. In this way the CD
provides the easiest and best ever introduction to the subject. E

Nearly 40 Tulorials cover virtuatly every aspsct of PIC programming in-an easy 1o follgw logical sequence.

HARDWARE
Whilst the GD-ROM can be used on its own, the physical demanstration provided by the PICtutor

.Development Kit, plus the ability to program and test your own PIC16x84s, really reinforces the lessons

learned. The hardware will also be an invaluable development and prograrnming lool-for future work once you
have mastered PIC software writing.

Two levels of PiCtutor hardware are available — Standard and Deluxe, The Standard uhit comes with a battery
holder, a reduced number of switches and no displays. This versipn will allow users to complete 25 of the 39
Tutorials.

The Deluxe Development Kit is supplled with a plug-top power supply (the Expaort Version has a battery
nolder), all switches for both PIC parts plus I.c.d. and 4-digit 7-segment l.e.d. displays. it allows users to
pragram and control all functions and both ports of the PIC and 1o follow the 39 Tutcrials on e CD-ROM.

All hardware is supplied fully bullt and tested and includas a PIC16F84 electrically erasable programmable
microcontroller.

PiCtutor CD-ROM

HOBBYISUSIIALN wevvvevrseseeesercsserosenssssmencsssssssiassenn £45 INC. VAT
Institutional (Schoots/HE/FE Industry)............... 2ee.£99 plus VAT
Institutional 10 user (Network LICENCE)....uruireiescnne £199 plus VAT
HARDWARE

Standard PICtutor Development Kit ....... e Frafl Lt | £47 Inc. VAT
Detuxe PICiutor Development Kit o ieinnnnnens £99 plus VAT
Deluxe EXPart VersIoN......orsrmciiosssmnissssiosssanasias £96 plus VAT

(UK and EU cusiomers add VAT at 17.5% o "plus VAT™ prices)

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton | designing your circuit |

singdy salect your madutes fromt tne wade choica avaiabe,

Developed from Max Horsey's Teach-in series A Guide lo Modular Circuit Design (EPE Nav read how they work 25 join them up ki make your creul

‘85 to Aug ‘96). This highly acclaimad sefies presented a range of tried and tested analogue : i |
and digital circuit modules, together with the knowledge to use and interface them. Thus i - —F ot O

allowing anyane with a basic understanding-of circuit symbals 1o design and build their own ,‘E—- b : !

projecis. = ond A g ! i =5
Essential information for anyone undertaking GCSE or “A” level electronics or technology -and i i:] 2

for nobbyists who want ta get to grips with project design. Over seventy different Input,

Procassor and Qutput medules are illustrated

information an construction, fault finding and components, including circuit symbels, pifiouts, W r g

powar supplies, decoupling elc.

Single User Version £19.95 Inc. VAT
Multlple User Version £34 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT  prices)

AWeb-Browseris required for Modular Circuit

and fully described, together with detalied "y

| T
f’*wﬂ@ﬂ"
k- i
H 1 .
H g
§: cutpat

| nput peesestnr i
*f sound that | couid design a circut withixat my teacher's help

‘ And it warked! Everything was 10 hand — wiich cips 0 use —~

| and which pins axd what.™ Andrgw Presion (GOSE student)

Design — one is provided on the £PE CD-ROM No. 1 {see below) bul mos! modarn computers are supplied with one.

Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM,
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for PICtutor or Modular Circuit Design).

i[] | enclose ¢heque/PQ in € sterling payable’

i ] Please charge my Visa/Mastercard: € .. ........ ..:.. Card expiry date: ... .iverneeaananns

(Mgll Order Only)

{oWYIMBORNERUBLIERING LTD I0RE s Direct Book Service is a division of Wiinborad
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Special Seties

RAYMOND HAIGH

This new series is prepared with the electronics enthusiast and experimenter
very much in mind and is intensely practical. Tried and tested circuits are
fleshed out with component values, and their vices and virtues are exposed.

PART 2: COLPITTS OSCILLATOR AND ITS VARIANTS

principles of oscillators, and covered the Hanley eircuit in
some detail. This month. frequency stability is considered
and the Colpifts oscillator and its variants are explored.

FREQUENCY STABILITY

Above 5MHz or so, drift becomes an increasing problem with LC
oscillators, and above 10MHz frequency stability is almast impos-
sible to achieve without recourse to complex circuitry.

The main causes of drift arec mechanical instability, variations in
supply voltage, excessive loading on the oscillatar tuned circuit, and
changes in temperarure. Temperature changes can be externally
imposed, or they can arise from the consumption of power by the
oscillator,

Sound construction, a regulated power supply and the vse of a
buffer amplifier, will do much to overcome the first three causes. The
problem of temperature fluctuations, which modify the characteristics
of all of the oscillator’s components, is'more difficult to overcome.

REDUCING DRIFT

Whether mounted on prinzed circuit board (p.c.b.), stripboard, or
lagstrips, oscillator components and wiring must be rigidly fixed in
position. Completed assemblies can be proiected against vibration,
and made more rigid, by a liberal application of beeswax or by
auaching components 1o the board and 10 one andther by a viscous
non-water-based adhesive.

Avoid double-sided printed circuit boards for oscillators. The two
layers of foil can form capacitors which vary with temperature and
shift the frequency of oscillation. If unscreenad coils are mounted
on the board, etch away the area of foil beneath them to avoid any
possible capacitance cffects.

Oscillators should be isolated in a séparate metal “séreening”
enclosure. Again, if unscreened coils are used, make the case suffi-
ciently large for the sides und ends of the coils 10 be spaced from it
by at least one coil diameter in order 1o fimit the reduction in the
factor caused by the metal screening. Locate the box away from
draughts and sources of heat.

INDUCTORS

In the quest for low drift, aif-¢ared coils are the firs# choice fol-
lowed, in order of preference, by coils with dust iron cores, then fer-
rite cores, ferrite cups, dust iron toroids and, least preferred, ferrite
toroids. However, the ability to adjust induciance often overrides
the desire to minimise drift, and slug and cup tuned coils are wide-
ly used. Similarly, the high @ factors and minimal external fields of
toroidal coils are advantages which frequently dictate their use.

Coil formers musi be rigid and have good dielectric properties. The
range of commercially produced items available to the home

I AST month’s article dealt with the history and general
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constructor is now very limited, but plastic pipes used in the plumbing
and electrical industries can be pressed info service. PV.C. electrical
canduit is of particular interest, as its thick walls inypart rigidity.

Single layer coils should be tightly wound. When adjoining tums
are touching, the entire winding can be held in place by the appti-
cation of a thin coat of clear cellulose without unduly affecting the
performance of the coil.

Spaced windings of heavy gauge wire can be secured by apply-
ing cyanoacrylate adhesive (Superglue) along the turas of the coil.
Piled coils should be held within bobbins and wound with only a
light tension on the wire. Unless they are to be exposed to ‘wide
humidity changes. it is best not to impregnate them.

Beeswax can be used to lock cores in position, but the effects of
dimensional and permeability changes caused by shifts in 1empera-
tufe have lo be minimised by the compensating action of the
capacitors in the tuned circuit.

CAPACITORS

Variable tuning capacitors should be air-spaced and of goed qual-
ity. Silver plated brass vanes are 10 be preferred to aluminium (they
are usually only available in values up 1o 150pF). and double bear-
ing rotors are more stable than the single bearing type.

In the early days of radio, silvered mica components were the
first ¢choice when a fixed capacitor had 10 be connected into a wned
circuit. Their temperature coefficient is, however, rather unpre-
dictable, and modemn practice tends towards the use of polystyrene
dielectric capacitors, which have a slight negative temperature coef-
ficient. (This can compensate for the positive coefficient of dusl
iron toroids).

Ceramic capacitors, which are manufactured in a range of posis
tive and negative coefficients, including zero change types, are
available in close increments of value from 1pF to 220pF. Avoid, in
tuned circuils, ccramic capacilors intended for coupling and

Frequency Stability

Driit becomes an increasing problem in all LC oscillators as the
‘frequency of operation rises through the h.i. spectrum. its' main
causes are:

{1) Mechanical instability.

{2) Power supply voltage variations.
| (3) Excessive and variable oscillator loading. ¢ =

{4) Temperature variations, externally imposed or internaily

generated.

However well constructed, simple LC oscillators cannat, by
themselves, be made sufficiently drift free for use in transmitters
radiating much above 10MHz. They will, however, give a more
than adequate performance in receivers operating up to 30MHz.
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decoupling. The lower @ and uncertain temperature coefficient of
these components is likely to impair performance.

When all the mules of good construction have been followed. the
only simple means of reducing residual drift is to subslinte different
fixed capacitors until the 1emperature coefficient has been optimised.
The Colpitts oscilialor, where scveral capacitors are wired, direcily
or indirectly, across the tuned circuil, is ideal for this éatment.

RESISTORS

Although quarter-watt resistors are usually adequate for most
low-powered oscillator circuits, the greater bulk of higher rated
types reduces the heating effect and the resistance changes which
this causes. Increasing the power rating of pate and base bias resis-
{ors to one or two watls can prove beneficial.

TRANSISTORS

The internal capacitances and pont impedances of transistors arg
affected by changes in temperature, supply voltage and signal volt-
age. These effects can be minimised by keeping the supply voliage,
and the amplitude of oscillation, as low as possible consistent with
reliable operation.

Tt is usually easier to obtain good results with field-effect transis-
tors (f.e.t.s). Their high gate impedance, and the simpler biasing
arrangements which result, are largely responsible for this. However,
fel gme impedance falls as the frequency of

provision for modulating the r.f. output will also be useful. A buffer
amplifier capable of meeting these requirements, and of modifica-
tion 1o suit the needs of individua! constructors, is detailed in Fig.1.

A two-stage circuit, where transistor TR1 is a dual-gate MOS-
FET configured as a source follower, is shown in Fig.la. Arranged
in this way, it presents a very high impedance 1o the oscillator, and
an appropriately low impedance feed for the bipolar, common emil-
ter amplifier TR2. Although the dual-gate MOSFET does not yield
any vollage gain in this mode, it does provide a significant power
gain.

INPUT CIRCUIT ,

Oscillator input to the MOSFET TR1 is via d.c. blocking
capacitor C1. This component should have the lowest passible value
consistent’ with sufficient output being obtained irom the buffer
amplificr. It is best selected by experiment, and for this reason no
provision is made for it on the buffer amplifier p.c.b. Its value will
range from 1pF 1o 100pF. Gate resistor R2 ensures correct biasing.

The gain of TR1 is controlled by presct potentionicler VR which
séis the voliage on gate 2. The r.f. signal can be modulaied, on is
way through TRI, by varying the gate 2 voltage at audio frequen-
cies. A suitable modulation oscillator is described later.

Switch S1 connects bypass capacitor C2 into circuit when mod-
ulation is not being applied. This switch should be ganged with the

operation rises through the hf and vh.f. spec- [
rum, and the advantage is a diminishing one, |

With care, bipolar transistors can pive very i!
acceptable results. Circuits based on the use of
semiconductors of this type have, therefore,
been included.

Whether using a f.¢.t. or a bipolar transistor, ok
always choose a type with the highest transcon- |
ductance (Yy) or gain (hg) for a given fr. ‘
Whilst transistors will often oscitlate up to their bt
rated upper frequency limit or f7 (the frequency | aF s .

at which gain falls to unirty), it is good practice o=
1o select a device with an ft at least three times,
and preferably four or five times, as high as the
maximum operating frequency. These measures B

will ensure reliable starting and oscillation, and | seucg 0
permit supply voltages 1o be kept low to min-
imise drift.

OSCILLATOR LOADING

Some cnergy has 1o be taken from the oscillutor,

"z

and the resultant loading affects the Q factor and
operating frequency of its tuned ciscuit. The load-
ing must, therefore, be constant and as light as
passible in order 10 maximise frequency stability.
A buffer amplifier. placed beiween the
oscillator and the load, is essential if high per-
formance is to be achieved. Even when the oscil-
lator incorporates isolating circuitry (e.g., the
Dow variani, see Part 1) it is still desirable for
additional buffering measures to be provided.

BUFFER AMPLIFIER
A buffer amplifier should have a high input

“4) WITH DUAL-GATE MOSFET IN COMMON DRAIN{SOURCE FOLLOWER) MODE

o
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: g gl
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impedance 1o minimise dumping on the oscillator
circuit. Its output impedance should be low 10
enable it to muintain a reasonably constant signal
level over a range of load impedances. The signal
vollage produced by a few of the oscillators is
modest and some gain is, therefore, desiruble. i
Readers may wish 1o use one of the oscillator
circuits to form a signal generator, and
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Buffer Amplifiers

A buffer amplifier is essential if drift is to be
reduced lo a2 minimum, and a circuil diagram
which can be widely adapted to suil individual
needs is given in Fig.1. All versions feature a | |
high input and low outpu! impedance.

The full circuit has a voltage gain of
approximately 26dB, an output of 2V r.m.s.,
and a reasonably flal response from 100kHz
to 100MHz. Provision is made lor gain adjust-

TR panerET)
L=

b) DUAL-GATE MOSFET (COMMON SOURCE)

é) FET .(sdt‘iﬁﬁé‘rduowm)

TRI FE
F254, BF241 Ny
A ne 25315
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ment and the application of audio moedulation.
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Flg.1. Circuit diagram for a butfer amplifier with alternative front ends.
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switch which cofthects the power supply to the modulation
oscillator. Resistor R3 and capacitor C3 decouple the input stage
from the supply line, and the signal output, developed across source
(s) resistor R4, is coupled to the base of transistor TR2 by d.c.
blocking capacitor C4.

OUTPUT CIRCUIT

Bipolar transistor TR2 is arranged as 4 common émitter stage.
Bias is applied to the base (b) by a resistor chain formed by RS, R6
and preset potentiometer VR2. The inclusion of VR2 enables the
voltage to be optimised for a wide range of transistor types. Emitter
(€) bias is provided by R9. and C7 functions as a bypass capacitor.

The buffer circuit output is deveioped across TR2 collector (c)
load resisior R8. The value of this componemt has been chosen 1o
ensure a reasonably constant gain over a 100kHz 10 100MHz fre-
quency range, and an acceptabiy low output impedance. Its value can
be reduced in order to lower output impedance, but this will be at the
expense of signal voliage. Capacitor C8 acts as a d.c. blocker.

Resistor R7 and capacitor C6 decouple the stage, and the r.f.
choke, L1, and capacitor C3, isolate the entire buffer amplifier from
the power supply. The inclusion of a radio frequency (r.f.) choke is
very much a good-practice measure in circuitry of this Kind and, in
almost every case, a low value resistor (10 to 100 ohms) could be
substituted without any deterioration in performance.

With a 12V power supply, the output from this circuit (Fig.1a),
just before the onset of overload, is 2V r.m.s. (almost 6V peak-to0-
peak): more than enough for most signal generator or mixer pur-
poses. The input required 1o produce this output (with VRI and
VR2 set for maximum gain), is approximately 0-1V r.m.s. Voltage
gain of the amplifier is, therefore, some 20 times, or 26dB. Setting
the volitage on gate 2 of TR to zero reduces the gain of the unit 10
around 6 times, or 15dB.

COMMON SOURCE

If desired, MOSFET TR1 can be made to provide voliage gain by
configuring it in the cominon source mode. The circuit arrangement
for this is depicted in Fig.1b, where the output is now developed
across drain load resistor R3. Source resistor R4 has a lower value
in-this circuit, and resistor R10 and capacitor C3 decouple the stage.

This configuration should only be adopted when a dual-gate
MOSFET stage is used on ils own, or when the gain (h;,) of tran-
sistor TR2 is low (e.g., a BF]99). Combining a common source
input with 2 high gain output stage is likely to result in instability.

The buffer amplifier also works well with a j.f.e.t. arranged as &
sousce follower input stage, and a suitabie circuit is given in Fig. lc.
It will not, of course, be possible to apply audio modulation to the
buffer in the same way if this cireuit is used, nor will it be possible
to adjust the gain of the amplifier.

The dual gate MOSFET and the j.f.e.t. input stages can be used 6a
their own as oscillator buffers. Isolation will not be as great as that
afforded by the two-siage ampiifier, and the output voltage available
with the source follower configuration will be less than that supplied
by the oscillator itself. In this connection, it is worth noting that a
1310 jf.e.t. will deliver a higher output voltage than a 2N3819. The
output from these sim-,
ple, single stage fe.1.
buffers can be varied
by substitnting a 1
kilohm potentiometer

Colpitts Oscillator

With the Colpilts oscillator circuit,
feedback is applied via a tapping in the )
luning capacitor. Like the Hartiey (where | for the drain or source
the inductor is tapped — see Part 1), it | load resistor.
can be configured in either parallel or =

T E e
e "@@ Lot &
—t= T tt .-,,-»]
i | @) —

% —e +

o 4 TO +12V

e e 1 _’@
R ¢ )

Fig.2. Printed circuit board component layout and full-size foil
master for a dual-gate MOSFET buffer amplifier. The p.c.b.
also caters for different front ends. (See EPE PCB Service.)

CONSTRUCTION - BUFFER AP

The two-stage buffer amplifier is best assembled on a small p.c.b.
A suitable component layout, based on Fig.1a. together with a full
size copper track-master is given in Fig.2. This board is available
from the EPE PCB Service, code 238. Provision has been made for
all of the alternative front-end arrangements described earlier.

Construction should be fairly straightforward and should start
with the smallest components working up (o the largest. It is prob-
ably best to leave the transistors until last. Check the finished board
against the circuit diagram. Note that capacitor C1 is off-board and
do not forget the single link wire.

Connect the buffer to its own regulated output from the power
supply, and house it in a separate metal enclosure, which should be
located as close as possible to the oscillator in order to minimise the
length of connecting leads.

COLPITTS OSCILLATOR

Having covered the measures which have to be taken in ordér o
combat drift, we can now consider the next oscillator circuit in the
series, the Colpitts and its variants.

It will be recalled that feedback was applied lo a tapping on the
tuning inductor in the case of the Hartley ¢ircuit. With the Colpitts,
feedback is applied via a tapping in the tuned circuit capacitance:
Because of this. untapped, single winding coils can be used, and
band swilching is even simpler than with the Hartley.

series fed rmodes, and simplified circuit
diagrams dspicting the two arrange-
ments are given in Fig.3.

The shunting of the parts of the main-
tainlng device with fairly large amounts
of capacilance contributes to the circuit's |
repulation for frequency stability, and it
is widely used by radio amateurs as a
narrow band oscillator. Quiput does,
however, tend to vary with the setting of-
the tuning capacitor to a greater extent
than with other LC circuits.

The basic Colpilts oscillator has, per-
haps more than any other, been modi-

fied and developed by a succession of
designers who have all attempled to
reduce even further its already low level

a) SHUNT FED

b) SERIES FED

of drift.
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o | Fig.3. Simplified circuits for-parallel (shunt).and series-fed Colpitts oscillators
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Moreover, the transistor poris connected to-the tuned circuit are
shunied by fairly large amounts of capacitance, and this tends 10
swamp temperalure related capacitance changes within the device
itself. The Colpitts and its variants can, therefore, be made less
prone to drift than other circuits.

With most (but not all) Colpitts arrangements, the need 1o have
fixed capacitors across the tuned circuit in order to maintain oscil-
lation restricts the frequency coverage produced by a variable
capacitor. Whilst this can be an advamtage in circuits designed to
cover a narrow band of frequencies, it is a drawback when wide
coverage is required. Moreover, the signal output from the Colpius
oscillator is more dependant upon the tuning capacitor setting than
some circuits, and this also militates against wide coverage.

Despite these drawbacks, the opportunity to minimise drift has
made the Colpitts and iis variants popular when narrow frequency
bands (e.g.. the amateur bands) have to be coveraed. 1t is adopted
almost universally when'a simple variable frequency oscillator is
required in receivers operating at v.h.f. and wh.f.

BASICS

The commonly.encountered versions of the basic Colpitts circuit.
are shown in Fig.3. In Fig.3a, the tunad circuit formed by inductor
L and capacitors CIA and CI8 is connected between the gate (g)
and drain (d) of TR1. The source (which is grounded) is, in effect,
connected 1o the tapping in the tuned circuit capacitance. Thisis a
parallel or'shunt fed amangement.

In Fig.3b one end of the coil L is-grounded and the feedback is
developed across an r.f. choke. The drain (d) is connecled into eir-
cuit via the power supply, and this circuit is, therefore, termed series
fed. The impedance of the tapping point can be varicd by changing
the relative values of the two capacitors. Reducing C/A and increas-
ing CIB will lower the impedance presented to the feedback con-
nection and the damping on the tuned circuit.

The capacitors are often of equal value, especially with the . ver-
sion depicied in Fig.32. However, when the oscillator is used for
more demanding applications, better performance can usually be
achieved by making the relative value of C[B as large as-possible
consistent with reliable operation.

SPOT-ON COLPITTS —

resistor R1, and the signal is developed across R2, the collector ()
load resistor. C3, C4 and C6 are d.c. blocking capacitors, and poten-
tiometer VR1 permits the adjusiment of the output voltage, Bypass
capacitor CS makes the unit immune to changes in supply imped-
ance (ageing baueries), and its value is related 10 the low operating
frequency of the circuii.

The unit is suitable for applying modulation to an r.£. signal gen-
erator, and it works well with the buffer.circuit described previous-
ly. When used in this way, VR1 sets the modulation depth.

Output voliage falls as the load impedance is reduced, but fre-
quency remains pretty constant. {The signal level is 0-25V rm.s.
when the load is reduced to 1k). Because of this there is some inter-
action between the output control potentiometer and the buffer
amplifier (Fig.1) gain control preset VR1.

The circuit oscillates vigorously, and can be used to generate spot
frequencies with a tolerably good waveform from below 100Hz up
to 10MHz. Above 10MHz, operation becomes erratic.

WIDE BANGE COLPITTS

A Colpitts oscillator with fixed feedback capacitors is not partic-

Aularly suitable when wide and continuous frequency coverage is

required. A version of the shunt fed circuit, in which feedback is
applied to a tapping in the vartable uning capacitor, is, however,
somelimes used as a wide coverage oscillator, and this arrangemeni

is depicted in Fig.5.

Because of the grounded feedback connection, a twin-gang vari-
able capacitor, VC1a and VClb, can provide the feedback tapping
and also tune the switched inductors. The moving vanes, connecled

by the spindle, form the tap, which is conveniently connecied 10

ground. The fixed vanes are connected to cither end of the inductor.

The effective swing of a 360pF unit is, of course, reduced to
18GpF, but continuous coverage from 150kH2 to 15MHz can be
Gbiained with five switched inductors (six Toko coils will probably
be required if coverage between 300kHz and 500kHz is included).

A high input impedance fe.t.,. TRI, has 1o be used in order lo
cnsure reliable starting and oscillation over the full swing of the
tuning capacitor V1 on all ranges. C2 is a d.c. blocking capacitor,
Tesistor R1 ensuras correct biasing, and diode D1 limits oscillation

A Colpitis circuit suitable for generating a O 48
1kHz spot frequency is given in Fig.d.
Bipolar transistor TR1 is used as the main- e
taining device in this shunt fed arrangement, q:mem'
and the wned circuit formed by L1, C1 and
C?2 determines the frequency of oscillation. 4_,
Bias is applied to the base (b) of TR1 by .
SCAGT
i I T
Parallel or Shunt Fed e
Colpitts Oscillators : Qw - o
Two examples of the shunt fed Colpitts t o —-I* y I—o
oscillator arrangement are given. The first, e L
depicted in Fig.4, generates a 1kHz audio (ASEACCE RS
lone and can be used for modulating an &
- —Or -

AF signal generator or for providing a test |

signal. .
A.good output voltage is developed with
a wavélorm of reasonable purity. The cir-

cuit has the virtue of great simplicity, and generator.

Fig.4. Circuit diagram for a Cojpr‘trs 1kHz a.f oscillator for modulating an r.l. signal

an untapped, single winding inductor is all
that is required.

It could, with advantage, be substituted
for the Hartley oscillator in the metlal detec-

tor circuit givan in Part 1. With appropriate
tuned circuit components, it will oscillate
from below 100Hz to above 10MHz.
However, above 10MHz its operation
becomes erralic. \

How the basic Colpitts oscillator can be
configured to give continuous coverage
from 150kHz to 15MHz is shown in Fig.5.
Although this arrangement generales a
near periect wavelorm, the Hartiey (last \
month), Butlar and Frankiin {next month)
circuiis are to be preferred when a simple,
wide coverage oscillalor is required.
Quiput from these circuits is more consiant
over the luning capacilor swing, and they
will operate up to 30MHz and beyond.
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Fig.5. Circuit diagram for an r.f. oscillator, covering 150kHz to 1 5MHz, using an f.e.l.
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amplitude in order to prevent forward conduction of the f.e.i’s gate.
An output is developed across L2, a radio frequency cboke, and resis-
tor R2 functions as a @ spoiler preventing erratic operation being trig-
gered by ils natural resonances. C4 is a d.c. blocking capacitor.

Potentiometer VR acts as the source bias resistor, and its slider
{moving contact) is connected to the r.f bypass capacitor C3.
Moving the slider towards earth (OV) leaves an increasing portion
of the resistor unbypassad. The resulting nezative feedback reduces
the gain of TR1 and improves the output waveform.

By this means the ¢ircuit can be adjusted to produce a near perfect
sinewave, but this is at the expense of output voliage. Signal output
also varies with the setting of the tuning capacitor (it reduces by
approximately 60 per cent as the vanes are rotated from half mesh 10
fully open). The quoted output voltage is with the tuning capacitor
set al half mesh and VR adjusted 1o give the best waveform.

Above 15MHz. the circuit will not oscillate over the full swing of
the wuning capacitor, and operation becomes increasingly erratic as
frequency is raised. More refined versions of the circuit could, no
doubt, be persuaded ro give coverage up to, and beyond, 30MHz.

Wide coverage can be obtained with much less bother with the
Hartley, Butler and Franklin oscillators, and new 1win-gang capaci-
tors are expensive. The circuit has, however, been included for the
sake of completeness.

NARROW BANLD COLPITTS -
Bipolar Transistor Version
In the bipolar transistor version of the narrow band Colpitts oscil-

Table 17 Narrow band Colpltts osciliators
Tuned circuit components for bipalar and f.e.1. versions.
(See Fig.6 and Fig.7 for circuit diagrams.)

éand

Toko Base Cl.w G2 2C3-5C4

MHz coll L1 wirlng pF pF pF pF
1-8  154FNBAG43BEK A - - 180 470
35  154FNBAG439EK B —- — 180 470
7 KXNK3767EK B 2 - 180 470
[ 10 KXNK3767EK A 27 - 180 470
14 KXNK3767EK A 22 - 82 270
18 85 tum type S18 - i0 18 82 270
21 8-5 turn type S18 — 15 - 56 180
24-28 55 turn type S18 - - - 39 82

Notes: (1) The type S18 coils have ferrite cores. (2) See Fig.17 for
base wiring details. {3) When a swing reducing capacitor, C1, is not
provided, the fixed vanes of tuning capacitor VC1 must be connect-
ed directly lo the “nol” end of the inductor.

The gate (g) of the f.e.1. is grounded (OV) through coil L1 and the

‘usual gate bias resistor is not required. Diode D1 should, however,

be wired into circuit to limit oscillation amplitude.and prevent for-
ward conduction of the gate.

A radio frequency choke, L2, has to be used as a source (s) load
in order to ensure reliable oscillation with the fe.1. version of the
circuit. Resistor R2 spoils the Q of the choke and avoids any ten-
dency for its resonances to affect the operation of the circuit.

lator, shown in Fig.6, the wning capacitance is
made up of & pair of series connecied feadback
capacitors, C3 and C4: and two capacitors, Cl
and C2, which limit the effect of variable tuning
capacitor VCI1. By restricting coverage in this
way, the full 180 degree swing of the variable
capacitor is required in order to traverse the
band, and this ensures the lowest possible tun-
ing rate (a very desirable feature when attempi-
ing to resolve weak, amateur single-sideband
transmissions).

Capacitor C5 acts as the d.c. blocking capac-
itor (because of the comparatively high value of
this component, the circuil cannot be regarded
as the Seiler variant, which is covered later),

TRARSISTOR

SEETABCE | FOR DETARS OF L1, 2, 3 AND C4 ]
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and resistors R1 and R2 bias transistor TRI.

Resistor R3 and capacitor C6 are decoupling
components, and C6 also ensures that TR1 col-
lectar (c) is connected directly into the feedback
circuit rather than via the power supply. Output and feadback volt-
ages are developed across emitter (2) load resistor R4 and the r.f.
signal is extracted via the low-value d.c. blocking capacitor C7.

Every port of the transistor is shunted by a capacitor, and this
helps to minimise the effect of small changes in capacitance within
the device itself. The values of C3 and C4 should, therefore, be as
high as possible consistent with reliable starting and oscillation, but
they may have to be 1ailored 1o ensure that the desired frequency
coverage can be obtained with a particular coil and vanable
capacitor combination.

START-UP

Tuned circuit components for this standard Colpitts arrangement;
are lisied in Table 1. The values quoted for C3 and C4 will ensure
reliable starting and operation with a wide range of transistor types.
However, the use of a BF494 r.f. transistor limits the reduction in
output which occurs as the frequency of operation increases.

Individual constructors may find it possible to improve the out-
put waveform and/or further reduce drift by increasing the value of
one or both of these capacitors. If this is done, the values of the
other wned circuit capacitors (and possibly the inducior) may need
changing in order to restore the siated frequency coverage.
Increasing the values of C3 and C4 will reduce the output voltage.

On ranges where swing reducing capaciior C1 is not fitted, the
fixed vanes of VCI must, of course, be connected 1o the *hot” end
of inductor L1.

NARROW BAND COLPITTS -
F.E.T. Version

A Colpitts oscillator with & field-effect transistor (f.e.l) as the
maintaining device is shown in Fig.7. The tuning and feedback
capacitor arrangements are.the same as those listed in Table 1 for
the bipolar version.
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Fig.6. Circuit diagram for-a narrow band Colpifts oscillator

Resistor R1 and capacifor C5 decouplé the circuit from the power
supply, and C35 also ensures that the drain {d) of the transistor is
effectively connected into the feedback circuit. (This is a series fed
oscillator, and feedback would otherwise depend entirely upon the
drain being connected through the power supply.)

Output is taken from the source of TR1 via d.c. blocking capaci-
tor C6. In order to minimise loading on the oscillator, this compo-
rient should have the lowest possible value consistent with sufficient
voliage being supplied 1o the accepling circuit.

Signal output from this oscillator is significantly higher on the
two lower frequency ranges (approximately 2-5V r.m.s.). Making
the value of C6 small will, therefore, also have the desirable effect
of evening out the signal level, as it will impede the lower frequen-
cies more. (Output is greater because the vatues of feedback capae-
itors, C3 and C4, have been reduced in order to ensure coverage of
the 1-8 and 3-5MHz bands with a 50pF variable capacitor.)

SEILER.COLPITTS VARIANT -

Bipolar Transistor Version

A radio amateur, E. Q. Seiler, published a variant of the Colpitts
oscillator in 1941. Developed during the valve cra, he originally
described it as a “Low-C Electron-Coupled Oscillator™. Two up-
dated semiconductor versions are given in Fig.8 and Fig.9.

Seiler’s modification provided for the “grid” of the valve (now the
base (b) of a bipolar transistor or the gate (g) of a f.e.t) to be tapped
down the tuned circuit by adding another capacitor, C3, to the fead-
back chain connected across the coil L1. In the original valve version,
this is a 100pF preset component which can be reduced until oscilla-
tion is only just maintained. By this means, the isolation of the valve,
from the tuned circuit, is made as great as possible, thereby enhanc-
ing the frequency stability of the basic Colpitts circuit.

It can'be likened 1o the Lampkin variant of the Hartley-oscilla-
tor (see last month), where the base or gate of the maintaining
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Table 2: Narrow band Seiler oscillator -
Tuned circuit components for bipolar transistor versidh.
(See Fig.8 for clrcuit diagram.)

Band Toko Base c1 €2 4 C5
MHz coil L1 wiring REVEpE" pF-_pE
1-8 154FNBAG43BEK B - - 120 270
35 154AN7AB440EK D - - 82 270
7 154FNGAG439EK A 27 - 120 270
10 KXNK3767EK B 15 - 120 270
14 KXNK3767EK A 47 — 120 270
18 85 turn type $18. — 47 - 120 270
21 55 turn type S18 - - - 82 180
24-28 55 turn type S18 - — =1 dlih6a ko5

Notes: (1) S18 coils for the 18MHz and 21MHz bands have ferrits
cores. The coil for the 24MHz and 28MHz bands has an aluminium
core. (2) A parallel, fixed tuning capacitor, G2. is not required on any
range with the bipolar version. (3) See Fig.17 for base wiring details.

device is tapped down the tuning inductor 1o achieve the same
result. 3 !

Because of their low base impedance, bipolar transisiors do not
lend themselves as readily as f.e.Ls to this ¢ircuit. and reducing the
value of C3 below 300pF excessively attenuates the signal available
at the base and inhibits oscillation. In the interesis of consistent
performance with a range of trunsistor types, the value of the addi-
tional capacitor has, thercfore, been fixed ai 360pF for the bipolar
version of the circuit.

This is only a modest improvement over the | nF capacitor spec-
ified for the basic Coipitts oscillator. However, any reduction. in
tuned circuit damping is worthwhile. and constructors interested
in experimenting with the bipolar version can use this value as‘a
starting point and reduce it unti! retiable oscillation is only just

.

7
68

| SEE TARLE 2 FOR DETALS OF L 61, C2 CLAND CS

Fig.8. Circuit diagram for a narrow band Seifer varianQof
Colpitts oscillator. i 3
maintained. “Table ? gives the values for the remaining {uning
capacitors when C3 is 560pF. One or more of them will. of course,
need increasing if C3 is reduced in order 1o restore the stated

coverage.

SEILER VARIANT.~ F.E.T. Version

The valve-like characteristics of field-effect transistors (f.c.£5)
‘makes them more suitable for the Seiler variant. A circuit diagram
is given in Fig.9, and the functions of the various components have
already been described in connection with other f.e.i. maintained
gscillators. There is no d.c. path between the gawe of TRI -and
ground, and resistor R1 has to be provided in order to ensure comect
biasing.

n
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Nérrow Band'

Oscillators

“The Colpitts oscillator is widely used
for coverage of the h.tf. amaleur bands.
¢ Bipolar and fe.t. versions of a basle
Colpltts circuit are illustrated in Fig.6 and
Fig.7.
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o Seiler's adaptation, which attempts to
further improve frequency stability by
lapping the grid, base or gale of the
maintaining device down the chain of
feedback capacilors, Is depicted In Fig.8
.and Fig.9. .

| Clapp tried 1o improve on the basic
circuit by adopting a series tuned, as
opposed (o a parallel tuned, LC network.
Bipolar and f.e.l versions of Clapp's

SEE THALEY FUA DETALS OF LY. €1, €2 C3 AD O

modification (sometimes known as the
Gouriet-Clapp ciscuit) are given in Fig.10
and Fig.11.

[

Fig.7. Narrow band Colpitls oscillator using an f.e.t.

Another variant which atiempls to
Imprové on the basic Colpitts oscillator
by modifying the tuning arrangements is
the Vackar. Alternalives are given in

Fig.12 and Fig.13, where a 7 network
has bean substituted for the original par-

I
gL SR, (e00) =
— = os d
2210

I SEEIA&ESWDEW.SG:LI;CI.W.CBAOL‘—.‘EJE}S

allel tuned circuit.

The various Colpilts arrangements all
have their advocates. Performance dil-
ferences between them are slight, but
they have probably been listed above in
ascending order of improvement, wilh
the Vackar as the most drift free. They
must, however, te buifered, well con-
structed, and the tuning and feedback
capacitors selected with care, ii the
claimed low levels of drilt are lo be
achieved.

Table 1 to Table 5 list the values of .
tuning componentis for all of the narraw
band Caolpitts varianis. These circuits
will, however, cover wider bands |
desired, oscillating over the fuli swing of
a 365pF variabte capacitor, and down lo
100kHz and below, if appropriate induc-

g
3
g

[APPACX 075V RLIAS.)

1 (+]
P —

tors. and feedback capacitors are fitted.

Fig.8. Narrow band Seiter variant of Colpitts-oscillator using-an f.e.t. ==
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Table 3: Narrow band Seiler oscillator
Tuned circult components for fiald-efiect transistor version,
{See Fig. for circuit diagram.)

Band Toko Base C! C2 €3 C4 cC5
MHz coil L1 wirlng pF pF pF pF pF
1-8 154FNBAB43BEK B — 82 47 120 270
35 154FNBAB43BEK A 56 — 47 120 270
7 154FNBAB439EK B 10 27 47 120 270
10 KXNK3767EK B 15 15 560 82 120
74 (56) (47) (120) (270)

14 KXNK3767EK A 22 18 550 82 120
(27) (56) (47) (120) (270)

18  8-5turntype S18 — 22 120 560 82 120
(47) (120)(120) (270)

21 55lurniype 518 - B2 82 560 82 120
(47) (39) (120)(120) (180)

24-28 5-5turn type S18 - 82 -— 560 39 82
(120) 567 (B2) (82) (120)

Notes: (1) The S18 type coils all have ferrite cores. (2) The figures
in brackels are the component values for the Dow and Goral ver-
sions. (3) On the 24MHz to 28MHz bands, the '56pF capacitor, C2,
is required only for the Goral version. (4) See Fig.17 for base wiring
details.

The ubiquitous 2N3819 is likely to prove too docile for this cir-
cuit with the capacitor values specified in Table 3, so a J310 is
strongly recommended. If difficulty is encountered in oblaining this
particular fe 1, a dual-gate MOSTET (e.g.. a BF981) with its gates
strapped together will probabiy perform weil.

Dow and Goral versions of Seiler's modification are discussed
later. These variants oscillate more vigorously than the basic fe.t:
amangement, and enable the value of C3 10 be kept low.

CLAPP'S COLPITTS VARIANT

Our next modification 1o the Colpitts oscillator is the Clapps’
variant. Depicted in Fig.10 and Fig.11. it was also conceived during
the valve era.

An American engineer, L. K. Clapp was the first 1o publish the cir=
cuit. However, & British inventor, Geoffrey Gouriet, had already
developed it during the carly 1940's, but wartime restrictions pre:
vented him making his findings known. Sirictly spéaking, therefore;
it should be called the Gourict-Clapp variant.

It involves the substitution of a series tuned for lie paratlel wned
circuit used in the original design. Advocates of the arrangement
claim that it displays improved frequency stability.

The formulae relating frequency, inductance and capacitance are
the same as those used for parallel mned circuits. However, with
series tuned circuits. maximum  is realised when the ratio of
inductance to capacitance is as high as possible (with parallel mned
circuits, capacitance should be kept high in order 10 maximise 0).
The series tuned circuit presents a low impedance 1o the base or gate
of the maintaining device, and this results in a better malch, espe-
cially when a bipolar iransistor is used (parallel tuned circuits pre-
sent a high impedance at resonance).

CLAPP'S VARIANT -

Tt

SEE TABLEA FORDETAS S CFLL CLCR TR ADCH

Fig.10. Circuit diagram for a narrow band Clagp variant oi
Colpitts oscillator.

Table 4: Narrow band Clapp osciilators
Tuned cireuit companénts for bipolar and f.e.t. versions.
(See Figs.10 and 11 for circuit diagrams.)

=

‘Band Toko Base Ci €z €3 ¢4
MHz colf L1 wiring pF pF pF pF
18 154FNSAG438EK B - 100 GBO 1500
35  154FNBAS43BEK A - 56 270 470
7 154FNBAB439EK B 27 82 270 470
10 i54FNBAB439EK A 27 68 180 270
14 154FNBAB439EK - A 10 22 120 180
18 KXNK3767EK B 10 27 82 120
24 KXNK3767EK B 10 15 82 100
24-28  KXNKA767EK A 18 15 47 82

Notes: (1) See Fig.17 for base wiring datails.

VACKAR COLPITTS VARIANT -

Bipolar Transistor Version

First published in 1945, the Vackar oscillator, like the Clapp, is a
Colpius variant involving a modification to the original ning
armangements. With the Vackar, a 7T-section mined circuit is used to
achieve the necessary 180 degree phase reversal in the fesdback loap.

A circuit designed around a bipolar transistor is given in Fig.12,
where the combination of capacitors C1, C2 and variable capacitor
VCL, together with L] and C4, comprise the 7T-section tuned cir-
cuil. Trimmer capacitor VC2 and C3 form an auenuition network.
limiting the amount of feedback applied to the base of TRI.
Keeping feedback as low as possible. consistent with reliable start-
ing and oscillation. does much to ensure a good. harmonic-free
waveform, minimal loading on the tuned circuit, and reduced drift.

Bipolar Version

A bipolar version of the Clapp circuii is
given in Fig.10. where C3 and C4 are the feed-
back capacitors. and the series tuned circuit is
formed by 1.1, C1. VCI and C2.

Transistor TR is biased by resistors R1, R2
and preset potentiometer VRI. Presét VRI |
allows adjustment of the base voliage to suit
individual devices. Details of ihe tuned circuit
components are given in Table 4,

CLAPP'S VARIANT -
F.E.T. Version

The circuit diagram of a f.et. raintained
Clapp oscillator is given in Fig.] 1. There is no
d.c. path benween the gate of TRI and ground.
and resistor R1 must be provided 10 ensure the
correct binsing of the transistor.

—— —

1945
N1 %

O 13/

H

it

The functions of the other passive components
have been described in connection with éarlier cir-

SEE TABLE 4 TOA DETALLS OF L1 Gt GATIAND Y

cuits. The inductors and capacitors scheduled in
Table 4 also apply to the fe.t. version.
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Fig.11. Circuit dlagram for a narrow band Clapp oscillator using an Le:t.
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Feedback coupling capacitor VC2 is tradi- |

tionally a high quality air-spaced trimmer.
These compoenents are expensive and no longer
so readily available, and constructors may wish |
to try substituting a modemn (and inexpensive)
miniature preset capacitor with a film-dielec-
tric. A component of this kind would not be
suitable for permanent inclusion in the circuit,
but it could be used to determine the minimum |
amount of capacitance needed (o maintain
oscillation and then be replaced by a fixed
capacilor with an appropriate temperature cocf-
ficient.

In the original Vackar oscillator, the relative
values of the two capacitors which form the
“legs" of the JT-section wned eircuit are main-
tained, as closely as possible. at a 6:1 ratio (the
capacitor at the collector {c) end of inductor L1
is the larger of the two). The two capacitors

ouT -
[ARPROX. 1V RIS

which act as the attenuation network are also
kept at approximately this ratio (the capacitor

. <0~
SEE TARESFOR DETAIS OF LT, G, C2 03, 2D G4

i1

between base or gate and ground is the larger).
_ Ensuring reliable oscillation and securing the
desired frequency coverage with a particular

Fig.12. Citcuit diagram: for a narrow band Vackar variart of Colpitts oscillator.

coil and variable capacitar combination tends to
shift the rclationships away from this ideal.
Nevertheless. even compromised versions of the
circuit are capable of good frequency stability
and of producing a waveform of excellent puri-
ty.

The emitter and base biasing components

shown in Fig.12 should ensure satisfactory
operation with a wide range of bipolar transis-
tors. In this design, the output signal is devel-
oped across L2, the radio frequency choke
which forms the collector load for TRI.

Tuned circuit and feedback attenuation com- |
ponents are scheduled in Table 5.

VACKAR VARIANT -

F.E.T. Version

An f.et. version of the VacKar oscillafor cir-

SEE TABLEEFOR DETALS OF LI C1, C2 CI AND G4

cuit is given in Fig.13. The source bias resistor
R2 and its bypass capacitor C3 must be provided
when a J310 fe.t is used or the circuit will not
oscillate. They can be dropped when a 2N3819 is the active device.

The tuned circuit and attenuation network components listed in
Table 5 are also suitable for this version.

EXTENDING FREQUENCY COVERAGE
- Using Colpitts at V.H.F.

The Colpitts oscillator is often encountered in equipment work-
ing at v.h.f. and u.hf. Indeed, it is almost a standard feature in the
front-ends of VHF-FM receivers,

Table 5: Narrow band Vackar oscillators
Tuned circuit components for bipolar and f.e.1. versions.
(See Figs.12 and 13 for circuit diagrams:)

Band Toko Base ct C2 €3 c4
MHz coll L1 wiring pF pF pF pF
1-8 154FNBAB43BEK B - 82 47 800
35 154FNBAB43BEK D - 82 47 800
7 154FNBAB439EK A - 100 47 800
10 154FNBAB439EK D 33 100 27 470
14 KXNK3767EK A 47 B2 i0 470
18 KXMNK3767EK A 47 82 i0 220
1§ 21 KXNK3767EK A 47 5 10 220
24-28 KXNK3767EK A - 27 10 100

Notes: (i) See Fig.17 for base wiring details.

Table 6: Colpitts osclllator for V.H.F. operation
Tuned circuit components. {See Fig.14 for circuit diagram.)

Frequency Toko Core
range MHz coll L1 material
30-50 &5 turn type S18 ferrite
50-85 35 turn type S18 no core
85-120 1-5 turn type S18 no core
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Fig.13. Narrow band Vackar oscillator using an fe.t.

A basic Colpitts circuit where the component values have been
chosen 1o ensure reliable oscillation between 30MHz and 120MHz
or more is shown in Fig.14. I is very similar to the parrow band
bipolar circuit given in Fig.6, bul here the value of the feedback
capacilors, C1 and C2. is lower, the variable tuning arrangements
are simpler. and the emitter resistor has been replaced by a radio
frequency choke in order to ensure sufficient feedback.

Many v.hf. versions of the Colpitts circuit are ofien configured
in the paraltel, or shuni fed, mode depicted earlier in Fig.4, and the
internal capacitances .of the transisior can function as the tapped

££E TABLE 5 FOR DETAR S OF &Y

Fig.14. Circuit diagram for a v.h.f. Colpitts oscillator.



feedback capacitor (the base/emitter and the collectorfemitter
capacilances replace the C1/C2 combination of Fig.14). This can.
make the circuit difficult 10 recognise.

When the internal capacilances of the active device function in
this way, and particularly when the wning coil is connected between
base and collector (or gate and drain, or grid and anode), this
Colpitts variant is often called an ultra-audion oscillator after one of
Lee de Forest’s earliest valve circuits.

Inductors for this circuit can be hand-wound with 18s.w.g.
22s.w.g. enamelled copper wire, and be self-supporting. Readers
who prefer to use commercially produced coils could use inductors
from the Toko range. Suitable types, 1ogether with the approximate
coverage given by a 30pF variable capacitor, are listed in Table 6.

Stray inductance and capacitance have an increasing effect with
rising frequency, and connections must be as short as possible or the
upper limit will be curtailed. Frequency stability leaves something
i0 be desired (the simplest f.m. receivers incorporate drifi correction
measures), but the circuit can be used, in conjunction with the
buffer amplitier described earlier, as a simple signal generator.

DoWwW VARIANT

Dow’s system of electron coupling was described last ménth-in
connection with the Hanley osciltator. The technique can also be
applied to the Colpiits circuit and its Seiler and Clapp variants.

In 1931, Dow published a circuii in which the cathode, control
grid and screen grid of a pentode or tetrode valve are connecled in
an oscillatory circuit, and the signal is extracted via the anode. The
only medium linking the actual oscillator with the signal take-off
point is, therefore, the electron flow through the valve, hence the
circuit’s name. Loading on the oscillator is greatly reduced, and
frequency stability thereby improved.

A duat-gate MOSFET can be used (o simulate Dow's modiiica-
tion, and a suitable circuit diagram is given in Fig:15 where the

ARSI T IZSE:

o,
i
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Fig.17. Base connaction details for Toko Coils.

lechnique has been applied to a Colpitts/Seiler oscillator. The tuned
circuit arrangements are identical to those already described and
depicted in Fig.9. Here, however, a double-gatc NMOSFET, TR1, has
been substituted for the j.fe.t., and the output is developed across
drain load resistor R4, Resistors R2 und R3 fix the potential on gate
2, which is grounded at r.f. by capacitor C6.

The dual-gate MOSFET oscillates ‘more readily than the j.fe.i,
and the values of C3, C4 and C3 can be modified in order 10 reduce
damping on the tuned circuit and improve imipedance maiching at the
feedback injection point. Altemnative values are quoted in Table 3.

The isolation afforded by the structure of a solid-state device is
not likely to equal that achieved with an evacuated valve.
Nevertheless, this circuit is superior to the basic bipolar and f.e..
versions, and the reduced wmed circuit damping improves fre~
quency stability and makes output level more constant.

Solid-staie Dow circuits can display a tendency

_INgies

encountered when the modification shown in Fig.15
was made to the basic Colpitts circuit (Fig.7). or to the
Seiler and Clapp variants (Fig.9 and Fig.11).

i frequency problems do arise, try reducing the
supply voitage. If this fails to effect a cure. change
the radio frequency choke to one of different induc-
tance, and/or increase the value of the Q spoiling
resistor R3.

GORAL VARIANT

The Goral oscillator circuit development invoives
the insertion of an emitter follower stage into the feed-
back loap and is shown in Fig.16, where the modifica-
tion has been made 1o the Clapp/Colpitts escillator, It
can also be applied. with equal success. 10 the basic
Colpitts circuit, and to the Seiler variant.

' _I ‘towards frequency doubling. This problem was not
e

| EEE MR EIFORDEARS OF LI, O G2 CA G AN £

The improved power gain of the two transisior com-

{
|

—y =
g j bination makes the circuit much more ready 1o oscil-

Fig.15. Circuit diagram for a narrow band Dow/Seiler Variant of Colpitls

oscillator.

late, and the valucs of feedback capacitors. C3 and C4.
.€an be optimised for minimum tuned circuit damping
and drift. This process is further assisted by the low

5 v ‘impedance of the reedback connection from the emit-

ter {e) of TR2, via potentiometer VRI.

Signal output is developed across collector (c) joad
| resistor R3. and the isolation. although slight, of the
take-off point. from the tuned circuir, also helps to
reduce damping and dntt.

Resistor R4 and capacitor Cé decouple the addition-
al stage. and C7 funciions as a d.c. blocking capacitor.
Potentiometer VR 1. which forms the emiuer load for
TR2. enables the level of feedback to be set as low as
possible. Minimising feedback improves the output
wavetorm (it can be made near-perfect with this
arrangement). reduces s harmonic content, and
improves the frequency stability,
| Althougha 2N3819 f.e.. will function in this circuit
| the 1310 specified enhances performance and is very

SEF DEALE 4 FORCETAS OF LA, O, £2, C3 8D G

= much to be preferred.

- Next month: The construction of a stabilised power
-supply. simple probes 1o cnable r.f. voltages to be mea-
sured with ordinary test meters. and the Armstrong,

oscillator.
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Fig.16. Circuit diagram for a narrow band Goral/Clapp variant of Colpitts

Butler, Franklin and Meissner oscillators will be
described.
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VIDEOS ON
ELECTRONICS

A range of videos selected by EPE and designed to provide instruc-
tion on electronics theory. Each video gives a sound introduction
and grounding in a specialised area of the subject. The tapes make
learning both easier and more enjoyable than pure textbook or
magazine studv. They have proved particularly useful in schools,
colleges, training departments and electronics clubs as well as to
general hobbyists and those following distance learning courses etc

3 BASICS

VT201 ta VT206 is a basic elecironlcs course
and is designed to be used as a complete
series, if required.

VT201 54 minutes. Part One; D.C. Clrcuits.
This video is an absolute must for the begin-
ner. Series circuits, parallel circuits, Ohms
law, how to use the digital multimeter and
much more. Order Code VT201
UT202 62 minutes. Part Two; A.C. Circuits.
This is vour next step in understanding the
basics of electronics, You will learn abouf how
coils, transformers, capacitors, etc are used in
common circuiis. Order Code VT202

VT203 57 minutes. Pari Three; Semicon-
ductors. Gives you an exciling look into the
world of semiconductors. With basic semicon-
ductor theory. Plus 15 different semiconduc-
tor devices explained.

Order Code VT203

©
s
!

rliggHilll

VT204 56 minutes. Part Four: Power
Supplies. Guides vou step-by-step through
different- sections of a pewer supply.

Order Code VT204
VT205 57 minutes. Part Five; Amplifiers.
Shows you how amplifiers work as you have
never seen them before. Class A. class B,

class C. op.amps. etc. Order Code VT205
VT206 54 minutes. Part Six: Osdiliators.
Osclilators are found in both linear and digi-
tal circuits. Gives a good basic background in
-oscillator circuits. Order Code VT206

—_—
= |

e e ey I
HatlP " e &Y each
/ inc. VAT & poslage

|l Order 8 or more get one extra FREE
| Order 16 get two exira FREE H
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VCR MAINTENANCE
VT102 84 minutes: Introduction to VCR?
Repair. Warning. not for the beginner
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow rhe signal from the input to
the audiovideo heads then from the
heads back 1o the outpur,

Order Code VT102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belts in most VHS VCR's. The viewer
‘will also become famitiar with the various
parts found in the tape path.

Order Code VT103
DIGITAL

Now for the digital serles of six videos. This
serles is desigmed to provide a good ground-
ing in digital and computer technology.

VT301 54 minutes. Digital Cne; Gates begins
with the basics as you learn about seven of
the most common gates which are used in
almost every digital circuit, plus Binary
notation. Order Code VT301

VT302 35 minutes. Digital Two; Flip Flops
will further enhance your knowledge of digital
basics. You will learn about Octal and
Hexadecimal naotaiion groups, flip-flops,
counters, etc. Order Code VT302
VT303 54 minuies. Digital Three; Registers
and Displays is 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 wil}
learn .about digital-to-analogue and ani-
logue-tosdigital converter circults. [

Order Code VT304
VT305 56 minutes. Digital Five; Memory
Devices introduces you to the technology
used in many of today's memory devices. You
wifl learn all about ROM devices and then
proceced Into PROM, EPROM, EEPROM,
SRAM, DRAM. and MBM devices.

Order Code VT305
VT306 56 minutes. Digital Six; The CPU
gives you a thorough undersianding in the
basics of the central processing unit and the
input/output circuits used o make the system
work. Order Code VT306

ORDERING: Price includes postage to anywhere In the world.

OVERSEAS ORDERS: We use the VAT portion of the price to pay for afrmail postage
and packing, wherever you live in the world. Just send £34.95 per tape: All payments
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 #hd
cardholder’s address if different from the defivery address.

Orders-are-normally sent within seven days but please allow a maximum of 28 davs,
longer for overseas orders.

Send your order.to: Direct Book Service, 33 Gravel Hill, Merley, Wimborie, Dorset
BH21 1RW (Mail Order Only)

Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE
Tel: 01202 881749, Fax: 01202 841692
Dus to 'the. cost we cannot reply o overseas orders or queries by:Fax:
E-mall: editorial@epemag.wimborne.co.uk
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most complete video ever produced on a.m.
radio. Begins with the basies of a.m. trans-
mission and praceeds to the five major stages
of a.m. reception. Learn how the signal is
detected, converted and reproduced. Also
covers the Motorola C-QUAM a.m. stereo
system. . Order Code VT401
VT402 58 minutes. F.M. Radio Part 1. EM.
basics including the funcfional blocks of a
receiver. Plus rf. amplifier, mixer osciliator,
i.f. amplifier, limiter and f.an. decoder stages
of a typical i.m. receiver. Order Code VT402

VT403 58 minutes. F.M. Radlo Part 2. A con-
tinuation of f.m. technology from Part 1.
Begins with the detector stage ouiput, pro-
ceeds to the 19kHz amplifier, frequency dou-
bler, stereo demultiplexer and audio amplifier
stages. Also covers RDS digital data encoding
-and decoding. Order Code VT403

MiSCELLANEOUS
VT501 58 minutes. Flbre Cptics, From the
fundamentals of fibre optic technology
through cable manufacture to connedors,
transnmitters and receivers.

Crder Code VT501
VTS502 57 minutes. Laser Technology A basic
introduction covering some of the.common
uses of laser devices. plus the operation of the
Ruby Rod laser., HeNe laser, ‘CO, gas laser
and semiconductor laser devices. Also covers
the basics of CD and bar code scanning.
Order Code VT502

Each video uses a mixiure of animated current
flow in circuits plus text, plus cartoon instruc-
tion etc., and a very full commentary to get the
points across. The tapes are imported by us and
originate from VCR Educational Products Co,
an American suppller. We are the worldwide
distributors of the PAL and SECAM versions of

ihese tapes. (All videos are to the UK PAL stan-
'dard on VHS tapes unless you specifically
request SECAM versions;)
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Constructional Project

SOUND

ACTIVAT.

BART TREPAK = , =

Showing how a logic gate can be used as

an audio amplifier and a voltage switch.

many circumsiances, especially

when ‘hands free'’ operation of a
piece of equipment is required. They arc:
ofien used, for example, 10 automatically
swilch on a 1ape recorder (or a digital solid
state equivalent) to record a sound or con-
versation withour “wasting™ tape during
quiet periods.

Many inexpensive casseite recorders
have a remote swiich input to enable the
recorder {0 be swiiched on from the micro-
phone and a circuit of this type can easily
be connected to it to starnt the recording
automatically.

As well as this, souhd activaled switches
can be useful in applications such as inter-
coms, baby alamms, security alarms or
photographic work, and there are no doubr
many others.

This circuil arose from a requirement for
a basic microphone interface to logic cir-
cuits without having to build one from
scratch each time. Since it was not built for
any specific application, a pumber of out-
puis were provided, including an amplified
version of the sound waveform. With a few
additional components, however, the circuit
can easily be used as & sound-operated
switch with other equipment. 1

It is suited to being supplied by a 9V PP3
battery. The choice of case has been left to
users, to meet their own requirements.

CONSIDERATIONS

Most circuits of this type published over
the years use a microphone signal which is
amplified to a suitable level by an op.amp.
The signal is then rectified and fed to a
comparator which switches when the signal
exceeds a certgin level. This is then used o0
switch a relay or other device, which in um
controls an appliance.

The problem with using op.amps with
digital logic is that the output of most
op.amps does not switch fully between the
supply rails. Thus, with a 5V supply for
instance, the ocutput will typically switch
between G-5V and 3V. This is not too much
of a problem if & relay driver transistor is io

SOUND activated switches are useful in
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be connected to the outpui, but it may' nol

work satisfactorily with a logic circuit
unless extra interface components are used.

Many of the low-cost op.amps (e.g. 741)
also require a supply voltage greater than
that at which most logic circuits operate.
This means that a separate supply would
need to be used, together with level shifting
components 1o bring the ouiput swing with-
in logic levels.

As well as this, differential inputs,
although improving performance as regard
to hum or interference, require a positive
and negative supply which is not often
available in logic circuits.

This circuit overcomes the difficulties
encountered in using op.amps and provides
a variety of outputs for virtually any appli-
cation. The component count is very low =
only 17 low cost components are required
(and that includes the microphone).

The circuit will operate down to abouit
3V, drawing a current of less than 0-3mA.
Al 5V, the supply current is around 1mA
and even at 9V is only around 3mA, which
compares quite favourably with an op.amp
design. The circuit can be used at up to
13V, although the current drasin is then a bit
excessive.

LOGICAL AMPLIFIER

Since a logic level output is required and
w¢ are oot after hi-fi standards, a logic gate
is used as the input amplifier. The, circuit
uses two of the six inverers inside a 4069

b T, |
Fig.1. Basic CMOS 4069 inverter.

CMOS chip 10 ampliiy the signai, Whith.is
picked up by a small electrel microphone.
The 4069 is one of the cheapest devices in
the CMOS range and with the addition of a
single feadback resistor, which effectively
biases the output to mid-supply voliage, it
makes a very useful amplifier.

The internal circuit of one CMOS 4069
inverter (cxcluding the input protection
components) is shown in Fig.1-and consists
of two transisiors: a p-channel apd an
n-channel MOSFET.

It must be noted, however, that mosi
devices in the 4000 CMOS series contain a
buffer following the logic funciion, utilis-
ing two cascaded inverters of the type
shown to achieve sharper input-output volt-
age characteristics and reduced swiiching
times. They are Jabelled *B** for buffered
(e.g. 4049B). whereas the unbufiered types
are labelled “UB™ (e.g. 4069UB).

In normal oparation, if the input is held
at OV, the cutput of a logic inverter will be
at the positive supply rail with the p-chan-
nel ransistor conducting and the n-channel
device cut off. with the device drawing
only a minute leakage current.

This will also be the case if the -input
voltage is increased slowly until (typical-
ly) the mid-point is approached, when the
p-channel device will begin to wrn off and
the n-channel device turn on. The supply
current will also begin to rise because both
transisiors are now conduciing, The
device will now operate as a linear ampli-
fier and as the input voltage is fusther
incréased. the output wiil continue 10 fall,

SLOPING OFF

Because a butiered device has a fairly
high gain (especially if two such devices are
cascaded) a small increase in the inpwt volt-
age will cause such a large oulput swing that
the output will switch completely, with the
n-channel device hard on and the p-channel
transistor hard off (see Fig.2a) and the cir-
cuit drawing a microamp or less.

With the UB device. this action is more
gentle (as shown in Fig.2b) and a situstion

can easily be arranged where both
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L il

another inverter
(IC1b), which ampli-
fies it further. The out-

I e TR i put signal from IC1b
can be tapped at test
point TP1, from wher2

SUSERLY it may be used to feed a

Sho— ,/ & suitable power amplifi-
) & T\ svaeny

er, depending on the
\ application. |

‘ As mentioned: earli-
er, this signal is not by

£ 0

unbuffered (b} CMOS inverters.

transistors are conducting and the device
functions as a stable lincar amplifier, with
the output at about the mid-supply voltage.
Since both transistors will be conducting in
this state, the current flow will be in the low
milliamps range and will depend on the
supply voliage.

The major limitation of this circuit as an
amplifier is that its gain also depends to a
large extent on the supply voltage, as does
its relatively high output impedance which,
together with any load capacitance, deter-
mines the bandwidth.

At higher voltages, the cutput impedance
is lower, giving an increased bandwidth. It
is also not the last word in hi-i1 from the
point of view of distortion or noise but,
despile this, the sensitivity of the unit is
sufficient to enable it to respond fo a sound:
at normal conversation level within one or
Iwo metres.

The electret microphone used.also has @
buili-in amplifier to reduce its output
impedance and noise pick-up, and this no
doubt helps. A problem is that, because the
gain tends to be somewhat higher at low
voltages, the sensitivity of the unit is high-
er with a 5V supply than at 9V. This can
also be seen from Fig.2b, which shows the
iransfer characteristic for the 4069UB ar
5V and 10OV.

CIRCUIT DIAGRAM

The circuit diagram of the Sound
Activated Switch is shown in Fig.3. The
microphone is hiased by resistor R1 and the
a.c. signal coupled to the input of the first
inverier, ICla, which is biased. into its lin-
ear mode by resistor R2.

The output of this stage consists of an
amplified version of the sound signal and

a) 40498 CMOS INVERTER :b),.zmagba' CMOSINVERTER
Fig.2. Comparison of switching slopes for buffered (a) and

c o any means in the hi-fi
calegory. It will be
about 1V peak-to-peak
for normal conversa-
tion levels. Louder
sounds will obviously
tesuit in.a larger output {with increasing
distortion) limited by the supply voltage:
Tnterestingly, while distortion obviously
increases as the output approuches the
upper and lower supply limits, this amplifi-
er progressively “rounds off*’ the signal
peaks in a manner more reniniscent of a
valve amplifier, rather than clipping them,
as would occur in an op.amp.

ouUTPUTS

CMOS inverters, cven the UB types:
have a relatively steep input logic transfer
characteristic. With a 5V supply, an input
change of less than 1V produces an output
swing of nearly the full supply: With a 10V

:supply, an input change of around 3V s

" required to do this.

Since the transition occurs at-around the
smid-supply voltage. connecting the output
of the amplifier stage (which is biased to
the mid-supply rail volitage) to another
inverier would result in the output of this
stage oscillating Jbetween the two supply
rails, due to stray noise (both audio and
«electrical) reaching the input.

By placing a potential divider (R4/R5) at
the output of amplifier IClb, the input of
the next stage. ICle, will be held slightly
‘below its threshold voltage and the output
of this stage will remain at the positive sup-
ply (logic | level) when there is no sound
reaching the microphone.

When a sound is picked up by the miero-
phone, the outpui of the ampliiier stage will
swing between the logic tevels in sympathy
with the signal and, since the threshold of
the next inverter, IClc, is at around half the
supply rail voltage, each time this voltage is
excecded, the output of this stage will
switch to a low level. This is illustrated in
Fig 4, which shows the waveforms at dif-
ferent points in the circuil.

Inverter IC1c, therefore, provides faster
switching, with its output pulses coinciding
with the peaks of the sound picked up by
the microphone.

This may be useful in some applications
where, for example. the frequency of the
sound. needs to be measured, but could not
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Fig.3. Complete circuit diagram for the Sound Aciivated Switch.
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be used o switch on a tape recorder, for
which a steady “on” signal is required. This
condition is achieved by using the negative-
going outpul of IC!c 1o charge up capacitor
C4 via diode DI.

The diode prevents the capacitor from dis-
charging when the output goes high again.
When a sound is picked up by the micro-
phone, the voltage on this capacitor will
therefore fall to the negative supply, causing
the output of inverter IC1d to go high.

When the sound ceases, capacitor C4
discharges via resistor R6, until the volizge
at the input of 1C1d eventually rises abové
ihe logic threshold, causing the output of
IC1d to switch low again. By varving the
vatue of R6 andfor C4. the length of time
for which the output of ICId stays high
after the sound has ceased can be varied 10
suit the application.

The relatively gentle nature of the
input/output  characteristics of  the
unbuffered 4069 inverter, coupled with the
slow discharge of C4 via R6. means that the
ouiput of [C1d tends 1o swiich uncleanly.
With the inverter now spending more time
in the linear region while C4 discharges,
intermittent oscillation can occur and its
output is not suitable for connecting o
other logic circuits. The two final inverters,
ICle and ICIf are therefore combined with
resistors R7 and RS fo form a Schmin
Trigger circuit, which uses positive feed-
back to sharpen the response.

CONSTRUCTION

Component and track layout details of
the printed circuit board are shown in Fig.5.
This board is available from the EPLE PCH
Service, code 240.

Assemble the components in order of
size, and use a socket for IC1. Remember
that the i.c. is a CMOS device and should
be handled accordingly. discharging static
electricity from yourself before handiing ir.

Two shert pieces of tinned copper wire.
such as discarded resistor leads. need to be
soldered carefully to the two pads on the
back of the microphone capsule. Although
it is not apparent from the circuit symbol,
electret microphones have a built in ampli-
fier and must therefore be connected io the
circuit with the correet polarity. The OV ter-
minal is the one connected to the metal
body of the capsule.

Use terminal pins for off-board wiring
connections lo other circuitry, as required
by the application.

APPLICATIONS

Depending on the application, the out-
puts of the unit can be connected to a vari-
cty of devices.

Output TP1 provides the amplified. but
otherwise unmadified, microphone signal
from IC1b.

Qutput TP2 provides a roughly rectangu-
lar waveform having the frequency of the
original signal. Since it switches between
0V and the positive supply ril, it may be
used as an output to other logic circuits for
further processing, such as frequency mea-
surement.

Outputs TP3 and TP4 provide logic low
and logic high levels for as long as the
sound persists. Output TP4 can be used
directly for interfacing with other logic cir-
cuits or, for example. (o the relay driver
shown in Fig.6.
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Fig.5. Printed circuit board component
layout and full size copper foil master
track pattern.

The relay can be used to switch on any
appliance, e.g. lape wcorder. lamp eic..
depending on its ratings.

To prevent the relay from switching on
and off during short periods of silence. the
value of resistor R6 or capacitor C4 may
need 10 be increased. This should be done
by trial und error: 1oo small a value will
cause the relay 10 keep switching on and off
very often, while 100 high a value will
result in the relay staying on for a tong peri-
od afier the sound has ceased.

For applications where a longer deiay is.
required. and where the device may be trig-
gered by a loud initial sound which then
dics away, the value of C4 may be
increased to allow lower valucs of Ré 10 be
used. It is possible 10 use elecirolyiic
capacitors here and. in this case. the posi-
tive terminal should be connecled 10 the
positive supply line.

Fig.6. Interfacing to a relay.

COMPONENTS

A2, e, B7 ook o SHOP
R3 1M TALK

R5 330k
{see text) page
R6 4M7 (see text)
A8 470k
Capacitors

. Ci, G3, C4 100n ceramic (3 off)

C2, G5 100p ceramic (2 off)

Cé 10 radial slect. 18V
Semiconductors

D1 1N4148 signal dicde

IC1 4063UB hex inverter

Misceéllaneous
MIC1 | alectrel microphone,
2-terminal
Printed circuit board, avallabls from thz
EPE PCB Service, code 240; terminal
pins, 14-pirt d.i.l. socket; connecling wire;
solder, elc.

Approx. Cost

Guidance Only

PHONE TRIGGERED

A useful application for this circuit would
be to switch on a lamp to signal that the rie-
phone is ringing. This would be helpful in a
noisy office or workshop. or perhaps at home
for someone who is hard of hearing.

For this sor1 of application to be success-
ful, it is important to ensure that there are
no “false alarms™. Frequent trips o the
telephone, only io find that the lamp has
been triggered by a passing car or some
other noise and not the phone; will not
endear you to your granny!

Place the microphone close 1o the tele-
phone and reduce the circuit’s sensitivity so
that oniy the telephone can make a loud
enough sound. This can be done by
decreasing the value of RS, using trial and
crror or by fitting a preset. The maximum
value should not exceed 470k (with R4 as
specified) as values greater than this may
prevent the circuil from operating properly.

Performance could be further improved
by choosing a value for RS to keep output
TP4 high only for the duration of each ring
(around 2-2MQ with C4 at 100nF). This will
cause the lamp to flash in the characteristic
UK telephone ringing pattern, making it not
only more noticeable, but easier to recognise
in the event of riggering due io other noises,

Fig.7. Baby alarm application.
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which would cause the lamp 10 flash in-a
different way.

BABY MINDER

Another application would be as a baby
alarm, as in Fig.7. Here, output TP4 would
be used to control the output of an audio
amplifier switching it (or the loudspeaker)
on when a sound is detected.

The actual sound (from output TP1)
would be fed to the amplifier input allow-
ing the baby siuer 10 hear if the baby was
crying or simply stirring and thus deter-
mine whether or not it needed attention.

P.A. CONTROL

A similar application could be devised
where, for example, public announcemenis
need 10 be made during which the normal
background music has to be interrupted. It
should be appreciated, however. that
although the circuil is fast, it still takes time
to operate, especially if a relay is used for
the switching. It could be found that the
beginning of any announcement is nel
transmitted.

In such applications, the use of a trans-
mission gate such as the 4066 quad ana-
logue multiplexer is recommended 1o
switch the signal. A possible scheme is
shown in Fig.8, Here the four gates within
the 4066 arc used in pairs and centrolled by
autputs TP3 and TP4.

Since TP3 is normally high, the signal at
the music input will be transmitted to the
volume control, while its lower end will be
held at OV by the other transmission gate
connecied to ocutput TP3. Whenever an
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Fig.g. Application as a camera flash
trigger.

announcement is made; these two gates
will switch off and output TP4 will go high
swilching on the other (wo gates.

The audio signal from the microphone
will then be applied to one end of the vol-
ume control potentiometer, while its other
end will be grounded. The relative volume
of the music and announcement signals can
therefore be set as required.

Note that neither of -these circuils ‘take
iinto account any d.c. offset voliages which
may exist in the signal path. These would,
'of course, have to be decoupled 1o ensure
‘that there were no sudden thumps when the
speaker or the inputs were switched. The
ivalues of R6 and/er C4 may also need 10 be
adjusted (or best results.

In tliis applcation, the pérson making
the announcement would, nodoubt, be very
close to the microphone and so the sensi-
tivity would need 10 be suitably reduced by
using a lower value for R5.

FLASH TRIGGER

Finally, the circuit could also be used:as
a sound-operated flash trigger to photo-
graph such things as bursting balloons,
breaking glass etc. Most flash guns operate
by placing a short circuit on an input and,
as in this case the speed of operaticu is
imporiani, a thyristor is a betier device 10
.use than a relay.

As shown in Fig.9, The thyristor can be
connected o output TP4, which will take
the gate positive (via a resistor of, say,
1kQ2) when a sound is detected, triggering
.the thyristor and operating the flash. The
operation must. of course, be carried out in
‘a darkened room with the camera shuiter
open so thut the film is only exposed when
the tlash operates.

However, since such uses were not the
author’s primary reason for building the
circuit, the above applications are only
given as “design-ideas™ and have not been
built or tested. Other uses for the circuit
will no doubt ocecur 10 readers.
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Regular Clinic

CIRCUIT
SURGERY

ALAN WINSTANLEY
and IAN BELL

Our team of in-house circuit surgeons take the lid off an apparently éinzple-looking
multivibrator circuit whose operation has often defied explanation until now. More on
Live Supplies and transistor substitutes as well.

ET us sift through this month's post bag
and commence with a comment regard-
ing the mains supply.

Electric Enlightenment

Apropos your item “Live Supplies” in the
duly 1999 Circuit Surgery, in the mains-
power designation LN,E the L stands for
“line” —not “live”_ It is an abbreviation of
“aciive line" which describes that con-
ductor from the supplving rransformer's
secondary winding which is at an elevated
electrical potential and which provides
active power; and distinguishing it from
the neutral conductor providing the return
path to the other end of the transformer's
secondary winding, and which neurral
conductor is held at or near zero or earth
poteniial by being connected also to earth
ar the supplyving transformer and usually ar
intermediate points.

The neutral (N) conducior is not intend-
ed to provide a rowte for active-to-earth
faulis. The absorption of earth faults is the-
safety function of the appliance’s earth
ferminal. whick may be connected usially
fo a separare earthing conducior or
direclly to earth at the consumer's supply
terminal.

Active Line

The electrical potential difference
benveen the active line of the a.c. supplv
and the neuntral conductor is maintained by
control at the generating source at a spec-
ified value (now 230V rm.s. single phase
in Britain as subjugared by the European
Union).

“Live” means that which is living as
opposed 1o dead. Far from being a suppli-
er of life, comacr with the active line can
have just the contrary effect!

The explanation may be considered
pedantic by some of your readers bur des-
ignations have the meanings properly
ascribed 10 them which should nor be
adulterated even though it is currently
often thought clever 10 do so (although, of
course, excuse may be made for those
who have nor been exposed 10 enlighten-
ment as per Epeeti’) JH. Eastaugh,
Chesham.
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The information provided last month
concemning earthing is correct, but hope-
fully this month’s follow-up article on
power distribution will clarify the tech-
migues of earthing and other aspects of the
mains power supply. Whilst you are, of
course, right to say that *“Line™ is the ¢or-
rect technical term applied 1o a phase, it
can be a virtually meaningless expression
to the average electronics hobbyist or non-
electrician. Everyone knows what the
“Live" is, hence I deliberately used Live in
Fig.3 last month and not Line.
Manufacturers of British mains plugs man-
age to skirt around this problem by simply
designating the live terminal as “L".

In actual fact, electrical engineers talk in
terms of line-to-line volltages. Thus, a
415V three-phase transformer has 415V
berween any 1wo phases. An actual vollage
of 240V (415+V3) exists between the star
point and an individual line. Similarly, the
15-75kV (line-to-line voltage) power gen-
erator 1 walk about in this month's feature
actually has 9-1kV induced into the indi-
vidual star-wired windings.

In Harmony

The domestic supply is siill provided at
240V but due to the murky workings of the
EU, and becausz areas of Europe still use
220V, the Curopean supply was officially
“harmonised” at 230V. (Imagine if they
applied the same methodology to British
roads, we'd be told that officially, we-drive
on the right.) e

Your final sentence caused a wry smile. 1
do hope you will agree that far from “adul-
terating™ any terminology for the sake of it,
it is considered pan of the job to interpret
and translate into Everyday language the
often esoteric jargon and highly complex
practices used in the efectricity industry.

I would perhaps add that generally
speaking, it is acmally mwuch harder 10
write such material because no prior tech-
nical knowledge on the part of the reader
could be assumed. ARW.

Mysterious Multivibrator
Some very simple-looking circuits have
an operation which is mare complex (or

hard to explain!) than their apparen! sim-
plicity would suggest. M.L. Unsted, East
Sussex writes:

Although I jind EPE an excelleni maga-

zine for someone new [0 the subject, with
usually good explanations of circuir oper-
aiion, sometimes though, a relaiively sini-
ple circuit design comes along which does
not behave as I would expect!
_One such article is rthe Lighting Up
Reminder, in the March 1998 issue. [ tried
the circuit on a protorype board, measur-
ing voliages at different points with a
meter and an oscilloscope.

Could you explain why transistor TRI
furns off when its base is being pulled neg-
ative by TR2 collector, and the already
posiiive base-emitter voliage of TR2 is fur-
ther enhanced via capacitor C!, by the
rapidly rising voltage across resistor R2 as
TR! turns on? | can see that when TRI
does wun off, the base of TR2 will be dri-
ven several volis negative, thus giving a
delay between puises. A qilestion worthy of
Circuit Surgery [ think?

In view of our new series on Practical
Oscillaior Designs, we felt this design was
worth  revisiting. The Lighting-Up
Reminder circuit is re-drawn in Fig, 1. The
Editor tells us that the circuit description
was deliberately omitied because there was
more (han one opinion concerning how the
circuit operated in reality!

_ The Surgery writers were interested (o
discover another published use for this
type of circuit that also lacked the accom-
panying explanation, It is a Variable Speed
Merranome by B.B.Babani in First Book of
Pracrical Electronic Projects (published
20 years ago). .

The l.e.d. D1 and resistor R2 are replaced
by a 16Q loudspeaker, R is a 230kQ pot
plus a 22kQ resistor and capacitor C! is
15¢F. The transistors are different too, of
course. No text accompanies the circuit.
only the schematic is given in the book!

Relax _
The circuil'is actually an astable mulfivi-
brator, because it continuously swilches
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belween rwo stales. However, it could also
be described as a relavation oscillator as it
spends almost all of its time in one of the
states. The transistor multivibrator circuits
we will deseribe here are perhaps good
examples of simple circtits that have a
large number of possible applications for
the hobbyist (limited only by your
creativity!).

There has been some debate in the EPE
Leuess pages on the merits of such simple
circuits compared with more sophisticated
PIC based projects. Apart from being use-
ful in themselves and simple lo construct, a
big advantage of experimenting with small
transistor circuits is they can help under-
standing of fundameniat concepts that can
be put to good use in a wide variety of
designs (including interfacing PiCs to the
“real world").

OV
mé
e
TR2 +]
a1y |8 2 -
<)
L] RZ ~

VAt 1000 %
o=

TR3

2P1033

reasonable 10 assume that one transistor is
off and the other is or, and that the circuit
oscillaes by periodically switching
between these two states. Thus we can start
by assuming that TR | has just switched off
and TR2 has just switched on.

When ransisior TR2 was OFF. its col-
lector would have been almost at the sup-
ply voliage +Vee, whereas TR 1 which was
switched on, would only have had a base
volitage of, say, 0-6V. Thus, the voliage
across capaciter C2 just bzfore TR2 wmed
on would have been nearly equal to the
supply voltage +Vee (ignoring the 0-6V
base-emitter vollage for simplicity). _

At the instant that TR2 wms on, C2 still
helds its charge and has a voltage of +V¢¢
across its plates. Note that the transisiors
switch much faster than the capacitors can
either charge or discharge. so that the voli-
age ucross C2 just before and just after the
transistors have switched, is the sume.

Transistor TR2 is fully on and its collec-
tor valtage is very low, in fact for simplic-
ity we can assumé TR2's collector is at OV.
Remember that C2 still has V¢ across it
‘but now the more positive plate is fixed at
0V, s0 the other plate must be at a voliage
of (Ve less than this). which is —Vee.

Fundamental

This is a preny fundamental pdimt. The
megalive vollage may ssem strange in a Cir-
cuit which only has a single rail power
supply (+Vcc) but occurs because capaci-
tors are able to store charge, and hence
have a certain voltage “across™ them while
we switch the fixed voltage at oné plate.

Fig. 1. Redrawn circuit diagram for the
basic Lighting-Up Reminder, 1aken
from the March '98 issue of EPE.

=0 #Vop

—0 OV

Fig.2. A well recognised astable multi-
vibrator circutt.

Classic Astable

For the benefit of readers unfamiliar with
multivibrators, it is worth taking a look at
a more popular (and possibly easier 10
understand) circuit for a classic two tran-
sistor astable multivibrator. The circuit dia-
gram is shown in Fig. 2: old hands will
know straight away that the “crossover” in
the middle of the circuit is a hallmark of
such a multivibrator: the transistors are
wired in a cross-coupled fashion - i.c. the
collector of one is connected the base of
the other via one of the capacitors.

If one transisior is switched ON (it does
not matter which one) its cotlector (c) will
be at a low vollage, and hence it will tend
10 turn the other transistor OF F by sending
its base (b) terminal low. It is, therefore.

O Voo

=0 DV

Fig.3. Circuit diagram for the muiti-
vibrator part of the Lighting-Up
Reminder.

The voliage “across™ il remains the
same, 50 a new fixed voliage for one plate
must mean a new vollage relative to GV for
the other plate. Such voltage shifting is put
to good use in some circuits, for example
to generate differemt voltages from those
available directly from the power supply,
however. in this case the negative vollage
is just a conmsequence of the circuit’s
swiiching action.

Rewrning to our analysis of Fig.2. We
recall that as transistor TR2 has just turned
on the base of TR1 which is at — Ve due
to the voltage across C2 and note that this
is also consistent with our assumption that
TR has just switched off.

The situation does not stay like this for-
ever because capacitor C2 now siars
charging from —Vgc towards +Vec
through resistor R3 (remember the TR2
collector side of C2 is fixed at OV at this
point). However, C2 never manages 10
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‘charge all the way 10 +V e because as soon

as it reaches about +0-6V TR will turn on
causing the circuit to swileh again. The
process just deseribed is repeated. but this

‘time with C1 charging to tum TR2 back

on.

The speed at which the circuit oscillates
can be deiermined using the standard
cxponential charging equation for a capac-
itor. We can estimate the time TR1 is off by
using a time constant of C2R3, charging
from a vollage of 2Vce. uniil it reaches
Vee, giving a time of 0-7 C2R3. The total
period of the oscillation is 0-7 C2R3+0-7
CIR2.

This is only approximate. as we have
jemored the 0-6V base voltage. This formu-
Ia is only valid if the transistor’s base-emit-
ter junctions are not driven into reverse
breakdown by the negative base voltage,
which will happen if you use a sufficiently
Yarge Vee.

All Together _
The figst point to make about the

“Lighting-Up” ‘multivibrator of Fig.1 is

both transistors are either on or off logeth-

.er. Note that the circuit uses complemen-

tary transistors (ome npn and one pnp).
unlike the classic circuit in Fig. 2 which
has two transistors of the same type. It also
employs a single capacitor for timing,
rather than two.

For the purposes of understanding the
multivibrator action we can simply remove
preset por VR1 and wransistor TR3 as these
serve only to hold both muliivibrator tran-
sistors off when the light level is high. We
can also remove the Led. (D1) and the
supply decoupling capacitor C2, as these
are not essential to description of the oscil-
lation process. This leads 1o the simpler
version.of Fig.3 which-can be analysed as
follows.

Start by assuming both transistors are
fully ON, so TR1's collector is pulled up to
-erc and TR1 base iSjUSl 0-6V below the
supply rail {TR1 being a pnp type, remem-
ber). This is nol a stable situation because
capacitor Cl will continue to ¢harge — base
current flowing out of C1's negative plate
while an equal current flows 1o the positive
plate via TR1's collector.

While the transistors are switched on, the
collecior of TR will stay fairly constant at
its Vcge (collector-emitter saturation volt-
age, about 0-2V) below Vcc. so as Ci
charges, the base-emiuer voliage Vg of
TR2 will drop. At some point this will
cause TR2 to start to turp off, whichin m
will ura off TR1.

As TR] twums off, ifs collector voliage
will drop towards OV. the voltage across C1
will not, be able to change quickly enough
to keep up with this, and so the voltage at
the base of TR2 will be pushed lower by
C1. This regenerative action wili tum TR2
off even more and hence TR off more still,
a positive feedback effect resulting ina very
rapid switch-off of both transistors.

This happenad so quickly that the volt-
age across C1 will still be about (Ve —
Vage — Vicgay) volts, but now TR1's collec-
tor is at OV so TR2's base will be at
approximately — (Vo — 0-8) volts. At this
point C1 will start to charge towards +Vee
via resistor R1, but as soon as it reaches
-about +0-6V TR2 will wim on causing TR1
to tumn on as well and pulling TR2’s base
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even higher via Cl (again this

Second letter — function: C —
" low power audio: D — power
transistor audio: F — HF low
power; L —HF power; S —low
power swirching: U = power

is positive feedback effect giv- rtz ;
ing fast switching between 1
states). TR2 ™

Capacitor C1 will rapidly base P
charge wwards +0-6V on its - ™
negalive plate and (Voo - -
Vgae) 0N its positive plate due TR1 o
to the high base current in TR2 |  jcollectar| I
and collector curremt of TRI.

This brings us back to the point

switching.

A suffix leiter may be used (as
in the BC184L and BC214L used
in the Mind PICkler) but this has

no standardised meaning.
American devices use the

where we started and thus the
circuit osgillates.

Fig.4. Screen waveform Tor a Lighting-Up style astable (9V

supply, arbitary timebase).

Simulation

When any doubt exists over the opera-
tion of a circuit, it is common 1o analyse it
by using a computer-based simulator
package. The circuit is “built’ on-screen
and can then be tested and sampled. We
did this with the oscillator and simulated
circuit waveforms are shown in Fig. 4.
The upper waveform is a simulation of
TR2's base; TR1’s collector is below. An
arbitrary timebase and 9V supply are
assumed.

As long as Ci and RI are reasonably
large the time during which TR1 and TR2
are on will be very short compared 10 the
time which they are off. The current taken
from the power supply will be small dus-
ing the off period (if R1 is lurge) but may
be very high during the on period (if R2 is
small). This is one reason why the circuit
is suitable for the lighting-up reminder — it
provides short high current pulses to the
l.e.d. but does not have a large continuous
current drain.

The value of R2 must be large enough to
preveni excessive current flowing in TR2'
collecior. The value of R1 must be large,
not only 10 give the long time period
described. but also to ensure oscillation
oceurs. If R1 is too small it will provide
enough current to turn TR2 fuily on all the
time. preventing oscillation. I vou want a
longer “on™ period then a resistor can be
placed in series with C1, however, if this
value is too large the circuit may fail to
oscillate.

Transistors in a PICkle

From a reader of our Internet-only edi-
tion of the magazine EPE On-Line
{(www.epemag.com) came the following

query:

! want to build vour Mind PICkler hut
could not find the transistars over here in
the USA. Do you have different product
nwmbers in the UK? If you do, this will
make your projects harder for us to build —
I have been very happy with vour maga-
zine until [ rried 1o build the Nind PICkler
project. (Via AOL.)

Yes, in Europe we do have .our owh
semiconducior ranges that may seem pret-
ty alien compared to the devices you're
accustomed 10 in the USA. Europe does
have a very active semiconductor industry
of its own you know!

Most of our project contributors use
European devices plus a small number of
2N types. A range of 2N transistors is
available from larger UK vendors but BC
device types are as common over here as
your 2N types are in the Siales. We zlso
have a number of readers in Japan. though
I must confess that we have never, as far
as 1 can recall. used Japanese "25"
rmnsisiors.

My main -reference - Towers'
International Transistor Selector (ISBN 0:
572-02121-6) — describes the European

The muldvibrator

used in the Lighting-
Up circuit (and the
Memonome) is just <
‘one of a number of
similar circuits which
employ two comple-

mentary transistors (o
At

a make a muldvibra-
tor. In gencral these
circuits are used to
provide short pulse
waveforms  (which
cian provide flashes or
clicks), they also pro-
vide sawtooths if the
capacitor voliage is

——0 +VCC a:halvel
Cout
—il—
-b

-0 oV :

Ct T
used. i

L' AV

A couple of other —
cxamples are shown
in Fig. 5, which you
might like to experi-
ment with. Unlike the earlier circuits,
both these circuits have the transistors in
series.

You can find yet more multtivibrator cir-
Cuits of varidus types on 4QD’s web pages
of “inleresting circuits' at:

www.dqd.co.uk/cets/mvibs.hitml.  /AMB,

bl14

Fig.5. More coriplementary transistor multivibrator circuits.
Can youfigure out how they vwork?

“Pro Electron” type numberisig system for
transistors as follows,

First letfer — material used; A —
Germanium; B — Silicon: C -~ Gallium
Arsenide: R — Special compound (exam-
ple. Cadmium Sulphide as used in light-
dependent resistors).

“JEDEC” (Jaint Electronic
Device Engineering Councils)
code of 2N prefixes for all ran-
sistors, thyristors and triacs and
‘itis from this family that you are seeking an
-equivalent. "'m afraid it’s part of the “deal”
of hobby elecironics that one may need lo be
resourceful at times and perhaps find aher-
naiives to devices used in a prototype.

This applies not only 10 semiconduciors
but perhaps some hardware items (e.z2.
relays or transformers) as well. The
designer will always make 1t clear if
device types are critical, and the Shoprall
column must also be consulted as regards
componeni-buying matters.

Concemning the Mind PICkler, according
to Towers® equivalents are as follows:
BC184L. — 2N5210; BCZ14L ~ 2N3087.
There seems 10 be nothing special about
these small-signal iransistors. Other types
should work equally well. The collector-
emilter voltage is 50V maximum rating,
collector current rating 200mA and gain
hgg 250.

However, it is obviously .imiportant to
observe the pinouts, and it will be seen from
the p.c.b. layout that we made the transistor
conneclions crystai-clear. The collector is
the centre pin in the p.c.b. design, and alter-
native devices will probably need to be ori-
emaled o make their wires fit. Both the
2N5210 and 2N3087 are e-b-c (standard
TOY92 plasiic packages) not e-c-b per the
board which means twisting the tansistor
body so that its leads fit correctly.

It is true that occasionally there are-minor
problems for overseas readers when “spe-
cial” transisiors are called for. If this causes
& problem we will ry 1o suggest an equiva-
lent upon request but they may not have
been tried and tested in the design.  ARW

CIRCUIT THERAPY

Circuit Surgery Is your column. I you
have any queries or comments, please
write to: Alan Winstantey, Circuit Surgery,
Wimbome Publishing Lid., Allen House,
East Borough, Wimbomne, Dorset, BH21
1PF, United Kingdom. E-mall
alan@epemag.demon.co.uk. Please indi-
cate if your query is not for
publication.. A personal reply £
cannol always be guaranteed f
but we will try to publish rep- L

resentalive c—ep=mes
answers in ¢°
this column.

ENTER THE CHAT ZONE
The EPE Chat Zonz on our vieb site is
now open as a way ler readers to exchange
infarmation, views, hints and tips in virtually
real time. :
http:liviww.epemag.wimborne:co.uk/
wwwboard
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£9 BARGAIN PACKS

VIBRATING REED FREQUENMCY METER, 55-85Hz
Crder Ref; 673,

BUMP "H GO SPACESHIP KIT. Order Ral: 9P9.

10 TDK AUDIO TAPES. Order Ref: SF12.

2-TOHE HORN KIT. Ortie: Red: SP15,

TY REMOTE CONTROL, mada by Phiips, this-wil con-
trod atmast every TV recserer or video, Order Raf: 6F20.

£10 BARGAIN PACKS

100A TIME SWITCH, ex-eisctncity beard. reconditionad.
Ordser Rel: 10P12.
MAaXiHUM DEMAND INDICATOR, 230V AC. Ordsr Ral:
108135,
TANGENTIAL BLOWER FAH, 28in. long fan with motor
middle. Order Ref: 10P 15,

POWEH STATION TYPE VOLTMETER in Gin. iameter
matal case. Order Ret: 10P25.
ALUMINIUM CASE, 19%x12%xB, ve
Crdet Rel: 10P40.
POWERFUL WATER PUMP, operated by hazavy duty
mains motor. Orde: Ret: 10P75.
DOUBLE BLOWER, mains oparated, sult gresnhouse of
workshep, Order Ref: 10P84.
FLUORESCENT COHNVERTER by Phps for 3x@in,
fbes. Ordar Ral: 10P88.
COMPUTER DRIVER, M5-DOS 4.01, Order Rel: 10P99
MOTORISED DlSPLAV 12x10A micro mans swilchss,
drrven by mains maier. Ordor Ref: 10P101.
CHAT r2f. SES.31, 8in, Oader Rzl 10P104,
HOT VIRE PANEL METER, &in. Order Ref: 10P105.
DA';I'A RECORDER, Sharp rel. IT400. Crdar Rl
10P110.
AMSTRAD MODEM SM2400, may need sttentign. Ocder
el 10P111,
SOLENOID WATER VALVE, Dandoss, 12V DG or 24V
AC, Order Raf; 10P118.

POWER RELAY, 4x10A changsover conlacts. Odder
Ral: 10P134.
10A AMMETER for RE. Qrdar Ref- 10P144.
BENCH SOLDERING IRCH on base, Mile storags seded.
Ordar Ral: 10P145.
PRECISION VOLTAGE PANEL METER for exact read-
g betwean 109 and 125V AC, Order Rat: 10P146,
SHARP DISK DRIVE MZ1F11, Ocdst Rsh: tOPLIAT.
FULLY EMCLOSED CROMPTON PARKINSON MAINS
WQTOR, /5 h.p. 875 r.p.m. Order Ref 10P148.
12 COPPER CLAD BOARDS, varous sizes from 6x3 1o
12x12. Order Ael: 10P150.
ALARM FCR HOUSE OR CAR, utrasotiic, reatly casad,
ready-to-use whan battery fited. Orcer Ref: 10P155,

7 good candition.

EVEN BIGGER BARGAINS

8ln. MOHITOR by Phips, new, mads i wark with OPD
computer, £15. Order Aek 15P1.

METAL CASE tox 9in. monitor, suppéed a5 2 A&t pack
£12. Ordar Ral: 12P3.

gin. TUBE by Phifips, as usaed in our moenitor, £12. Order
Rel: 12F7. y

B!G AMPLIFIER BOX, £56x178x120mm, £12. Oder
Rsh: 12P20.

AMSTRAD din. DISK DRIVES, 2 with diftering faults,
shouid be pessble to maka one gocd cone, £15. Coder
Ral: 15P43.

ULTRASOMIC ALARM for housa o car, complete wih
eaternal hom spaakar and V2V power supdly, £18. Cidst
Ral 18P3.

100 ASSORTED COMPUTER GAMES, no mare than 5
ot any cne typs, deal for remaking, £20. Order Rsh
20P12, y

MULLARD t4in. COLOUR TUBE, ref. AQ37580X, £15.
Ordar Rat; 15P78.

MAINS STEP DOWN TO 115V TRANSFORMER, this is
1000V a5 auto byt has a3 separals winding o give 00V
115V ieoiated, €25, Order Rek: 25P18.

3In. DISK DRIVE, £28. Ordar Ref: Z3P8.

SUPER 8 CINE PROJECTOR without sound. Crder Rzi:

e ot ,
SUPER 8 CINE PROJECTOR with saind, 48, Ordar

Ref; 4871,
PSU CASE, sizs 255x115x210mm, bdack case with
anekad sdver front and fiated ing handles Sman ki
reference 5098 or 5007, £12. Order Aet: 12P20.
8. FLUORESCENT TUBES, brand naw, in makers
wrapeings, box of 12; €12, bt you must cofect. Order
Ast 12P11.
DIGITAL PANEL METER, comas compiste with detads
of how 10 usa R to display amps or voRs, £11.50. Cidar
Raf: 11.5P2,

250m TWIN SA EXTENSIOHN LEAD, this &5 deal for most
gardening !oc&s rubbe. but treated so that it can? perish
thecugh c., £20. Orar Raf: 20P35
EMERGENCY LIGH’Tth UNIT with perspex cover, oon-
t=ing rechargsable battaras and an inverter unt 1o power
tha Infernai Ruorescent tube. regular price over £30, our
prica £15. Order Ref: 15P32.
SOIL HEATER, 100W transiormer and wire, $12. Cidar
Raf: 12P33.
SPEED CONTROLLER o 12V QC molors up 1o 18
hp., kit of pants £12, Oxder Rt 12P34, or made up £20,
Oreder Ref 2G6P39.
SOLAR PANEL, 15V o wil bickdz charga car tattery,
£15. Osder Rof: 15PT2:
CAMCORDER BATTERY CHARGER, cuits mast cam-
corgers, £15. Order Rel. 15P73.

'SPECIAL 12V RECHARGEABLE BATTERY. This

is the Jap mzde Yuasa. It is sealed so can be used
in any position. £3.50 sach or 5 for £15. Order Rel:
3.5P11. The batteres have a capacity of 2-3AH
which may be a kil low for some jobs but ramem-
ber you can join them in parzliel te give a high
amperage.

FOR GUICK HOOK-UPS.

You canl bos! lezds with a

ctoc chp ezch endl. You can

have a set of 10 l==ds, 2

each o 5 assorted colours

with insulatad crocodie clips

on each end. Lead length 4
3gem, £2 per sat. Ordar

Ral; 2P459, - s
BIG 12V TRANSFORMER. It is 55VA so over 4A.
Beautfuly made and well insulated. Live parts are in
a plastic frame so cannct be accidenially touched,
£3.50. Order Ref: 3.5P20.

TWIN 13A SWITCHED SOCKET. Cood Briush
mzke, white, qude standard size so suitsble for flush
mognung of In a surface box, £1.30. Otdar Ref:
1.5P61.

1mA PANEL METER. Approximatety 80mm x S50mm,
front engraved 0-100, price £1.50. Order Raf 1/16R2.

BUY ONE GET ONE FREE

ULTRASONIC MOVEMENT DETECTOR. Nicely
cased, Ir2e standing, has intarmal alarm which can
be sienced. Also has connections for external
speaker or fight. Price £10. Osder Rel: 10P154.
CASED POWER SUPPLIES which, with a few
small axtra components and 2 bit of modiying,
weuld giva 12V at 10A_ Originally £9.50 each, now
2 foe £9.50. Order Ret: 8 5P4.

3 OCTAVE KEYBOARD with piano size kays,
beand ngw, previous price £950, now 2 for the
pece of one. Omder Ref; 8.5P3,

VERY POWERFUL BATTERY MCTOR. intendsd to
oparate portzble scrawdriver. It s 2¥n. long and 1Ydn.
diameter. Has a good length spindie. WA operals wilh
considarable power off any voltage betwesn BV and
12V dc. Prica £2_ Ocder Ref: 2P455.

D.C. MOTOR WITH GEARBOX. Sizs 60mm long,
30mm aiamsier. Very poweriul, cpsrates ofl any d.c.
voitags between 6V and 24V. Sp=ad al 6V i5 200
pm but Figher with higher vaitages ol coursa. Poca
£3 Qrder Ref: 3P 108

MOTOR SPEED CONTROLLER. For d.c. motors up
to 24V and any power up 1o 1/ h.p. Thay regduce by
imermittent full voltage pulses so thera should be no
toss of power. In kit form £12. Ordar Ral: 12P34. Or
mzde up and tested, £20. Ordzr Ret: 20P38.

VERY THIN DRILLS. 12 assoried sizes vary be-
tween 0-6mm and 1-6mm, price £1. Order Raf: 128.
EVEN THINMNER DRILLS. 12 that vary batwzen 0-%
and 0-Smim, poca £1. Order Ref: 129,

BT TELEPHOME EXTENSION WIRE. This is proper
heavy-duty cable for running around tha skirtng
board when you want o maka a parmanent exien-
son. 4 cores propetly colour coded, 25m length, only
£1. Ordar Ref: 1067. :

A MUCH LARGER PROJECT BOX. Size
21Bmmx 130mm x 85mm with bd ard 4 screws. This
i5 an ABS box which normaily retads at around £6. All
brand new, price £2.50. Ordar Ref: 2. 5P28.

LARGE TYPE MICROSWITCH with 2m. lsver,
changeover contacts rated a1 15A al 250V, 2 for 3.
Crder Ref: 1/21R7.

BALAMCE ASSEMBLY KITS. Japanese mede,
whan assombled doal for chemical experments,
compleie with tweezers aod 6 weights G5 10 §
grams. Price £2. Order Ref: 2P444.

CYCLE LAMP BARGAIN. You can have 100 &V
0-5A MES buibs for jus! £2.50 or 1,000 lor £20. They
are beautdully made, shghtly larger than the standard
63V péot bulb so they weukd be ideat for making
displays for aight lights and simiar apclications.
DOORBELL PSU. This has a.c. vollage odlpul so is
ideal for operating most doorbells. Tne unit Is tolafly
enticied so parfecty szfe and it piugs Into a 13A
sockel. Price onty £1. Order Rai: 1/30R1.

FLASHING BEACON. Idea! for putling on a van, a
tractor or any vehicle that should always be seen.
Uses a Xenon tube and has an ambsar colour dome.
Separate fuing base is included so unlt can bs pul
away H desired. Price £5. Order Ref: 52267.

MOST USEFUL POWER SUPPLY. Rated at 9V 1A
this piugs into 2 13A socket 'is really nicely boxed,
£2. Order Rel: 2P733.
156V MOTOR WITH
GEARBOX. MNolor ©
mourisd on the Gearbox
which has intsrchangs-

tng speeds,
Crder Rsf: 7P26.

EVEN BIGGER BARGAINS

goow WOOFER by Cha'enger, &in., 4 ohm, €18. Crdar
al; 1§53,
250v/ \WOOFER by Chatenger. this is 10in., £29. Crdsr
Rzf: 29F7.
365-DAY TIME SWITCH, hgs two 18A channals, £35.
Order Ref: 35P7.
12V LEAD ACID BATTERY by Yy unsp=Eable,
2-3AH, can be paraBgled forhighar afmperage, batch ot 5
for £15. Ocder Ral: 15P77.
FIELD TELEPHONE, ex-GPQ, just neads 3 pair of wiras
{0 join togeiner, £18& exch. Ocdar Rel: 1674,
1,000 CYCLE LAMP BULBS, 6V 0-5A. £20. Crdar Raf
20P38.
35mm PANORAMIC CAMERA, has super wida lans,
waal for habday viawing, is focus free and has an extra
brght ana ciear viswiinder, beand naw ang guarantead,
indrvidualy boxed, £6.50. Crder Ref: 6.5P2.
LIGHT ALARM, coudd be used io wam when 2 cupbasmd
doot s cpened. bghl shining on the und makes the bel
i), cotrplstaly bull and really cased, requires only a
battery, £3. Ordes Ref: 3P155.
WATEA LEVEL ALARM, b= @t batk, sink, cetar, sump of
any other thing that could fiood, this davica will tef you
viten the waler has rissn to tho presel fevel, adustiabe
ovar quite a usafyl range, rsatly cassd for wall mounting,
ready 10 work when battary fited, £3, Crder Ral: 3P156.
BIKE RADIO, in lact, i's mora than a radic, #t's an alarm
and a spotiight, the rado is battery operatad, of coursa,
and neads 3 A\ cels, only one bend but this 5 tha FM
bandwwl:e:e‘.ﬁﬁarfnl andz.ccmﬁu: Dleta with
nandiebar cips, price 04, Ordar Rel: 'P72
ULTRA VIOLET VIEWING UHIT this I8 a wery neat
meta) encdosure abaul the 525 of a Bin. cuba, the famn
and control gear are in the top compartmant and an cpen
spacs with a platform below afiows you 1o inspsct paper
or other ohiects under the UV Ight. mlended for 230V
miEns operation, ptica £12. Crder Ref: 12P35.
4-SOCKET MAINS ADAPTOR, wo wouid say that this ks
idea! for the handyman, but no doubt many of you will
say it's aiss for the  hanaywoman! Wil t2ks up o a kad
of 13A and 4 units can bs used at ona tme, has a nean
mdcator 1o show the power s on, pace £4. Crder Rel:
4P102.
HODERN TELEPHOMNE HANDSET, keal homa or office
extansion, £2. Ordar Rt 2P4
CASED POWER SUPPLY FOR MODELS, mains
cperated, gixes variable voltage from &V fo 12V and
reversibie, dzal modst rains, efc., £12. Odder Ret: 2P3.
INSULATION TESTED WITH MULTIMETEH intemaky
genarates vollagas which snable you to read insulation
dectly in megohms, tha mulimeter has four ranges,
ACBC volts, 3 ranges DC miamps, 3 rangss resistance
ard 5 amp range, these msluments are ex-Britich Tele-
com but in very good condition, tested and guaraniesd
OK. probzbly cost at keast £50 eacn. youss for onty £7.50
with laags, carrying cass €2 extra. Order Ref: 7.5P4.
REPAIRABLE METERS, we have soms of the abave
testers bul sighty fachy, cot working on a¥ ranges.
shaukl e reparable, we supply dagram, £3. Ordar Raj;
3P{T6.
PIANO ON A KEY CHAIN, athcugh 1t 15 quits smal, cnly
20mm long, it will pay any tune, instructions with it tell
you which kays to press for "Happy Barihday™, “Twinklz
Twinkie Litls Star”, “Jingla Bels” and ~London Bridgs™.
t & aizo a brght 5ght, |t has a Kiis lamp which can be
operated by tha end swich, battery oparated (fist in-
pilce £1.50. Order Rel: 1.5P38.
SOLAR EDUCATIONAL KIT, 2 kit comprising 400mA
solar module, sun poner DC molor, connecing lead, fan
impaler and selection of tumtabls discs. Suppied com-
plete with booklel exgplaining the pracipiss and appbca-
ters of solar energy. This kit is an «deal educational
introduction to salar power, goca £5. Order Raf: 5P160.
EQUIPMENT COOLING BLOWER, near enough 5n,
sare and 1VEn. thick, bul a realy good mever, mains
oparated, price €4, Ordar Rel: T15L.
SOLDERING IROHN, supe: maid powared with kbng-His
ceramc elemen. haavy éu'ty 20V for the axtra specsal
job, compleiz with plated vire stand and 245mm la=
£3. Codsr Ref: AP221.
SOLAR POWERED NICAD CHARGER, 4 Niad bat-
teries AA (HP7) in 2bcul 10 hows or 2 in only € hours, 1
I about 2 hours. It is 3 compists boxed unit which you
cEn about, prica £8. Order Ratl: 6P3.
MINI BLOW HEATER, 1K\, dea! for under desk or
ainng cupbcard, efc, nseds only a fmpls moummg
frame, proe £3. Order Rel: 5P23.

TERMS
Send cash; PO, eheque of uote’ creoi card number
—orders under €25 add £3.50 service charge.

St;i:rbndge Lane, Bulney,
u'ssex RH17 5PA
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CT BOOK SERVICE

BOOK OF THE
MONTH

' Ei pﬁﬁf@nﬂ'rchasec beone

Augym | 1999

HOW ELECTRONIC THINGS WOCRK ... and
vhat to do when they don't

Robert Goodman

Al 'some time or another, almost every
housshold electronic product, ba it your VCR,
your PC, or your cellular phone, will ex-
perisnce some type of glitch. Many of the
so-called extensive repsirs made by high-
priced repair shops actually involve adjusting
@ few components or replzcing a faw cheap
parts. Other times the problem is beyond the
average do-it-yourselfer, and an expert is
sequired. The trick is knowing how and when
to periarm ihe repair yourself, and whan 10
call in the pros. book will provide
the do-it-yourselfer with a3 heavily illustrated
guide to performing basic traubleshooting
and repair on the most common electronic
equipment, safely and cost-effectively. This is
an American publication.

# Provides a basic introduction to trouble-
shooting and safety requirements.

% Provides a brief avarview, easy-10-use
schematics and photographs far each of
the most common houssetiold devices.

¢ Writen for a novice do.t-yourselfer and

zssumes no prior troubleshcoting and

rapair experience.

Contains the most common problems and

solutions for each davice discussed.

260 pages ‘Dider code MGH3 JALX

EPE BOOKS

TEACH-IN No. 7. plus FREE SOFTYWARE
ANALOGUE AND DIGITAL ELECTRONICS COURSE
Babhshed by Evaryday Practreal Elecironics)

n Yinstanley and Keith Dye B. Eng(‘l’ech]AMlEE
This highly acclaimed EPE Tasch-In seriss. which inciuded
the construction and use of tha Aini Lab and Micrp [ab
test and develocpment  units, has bean put toasther @
bock form. Addiionally, EPT Educationel Sofrware have
developed 5 GCSE Electronics softwate program to ¢om-
pliment the course and 2 FREE DISK covering the first two
parts of the course is inciudad with the boak

An int=resting 2nd tharough tutorial series aimed speci-
Fcelly st ths novice or comiplets beginnes in electronics.
The sarizs is designad 1o suppoft those yndenaking efther
GCSE Electronics or GCE Advanced Lewvels and starts
with fundamemal principles.

#f you are 1zking elactranics or technelogy &t school
o college, this book is far you. If you just want 10
loarn the basics of electronics or t2chnology you must
make sure you sea it. Teach-ln No. 7 will be invaluable
i your are considering @ caraar In electronics or even
it you are slready training in one. The Mini Lab and

arg ensble tne construction and testing of both
demonstration snd developmant circuits. These leam-
ing aids bring elzctronics to in an enio,able and
lmemnnqr\ i you will both see and hear the eleciron
in zctiont ticro Lsb micrpprocessor sdd-on system
will appaal to higher fevel studenis and these deveiop-
ing microprocessar projects.
160 pagss | Order codeTT7] e

PROJECT CONSTRUCTION

PRACTICAL REMOTE CONTROL PROJECTS
Qwen Bishop

Provvddes 3 wealth of cirguits and circuit eodulss for uss in
remate control systems of all kinds; ulrasonic, infra-
red, eptical fibre, cable and radio. There are instructions
for buiding fuunzen novel and practical ramote control
peojects. But thes 18 not zll, a5 each of these pmiects
provides a modst for buikding dozens of other relatzd
cirtuits by simply modifying pans of the design stightly to
syt your own requirements. This book telis yous how,

Also included sre techniques for connecting a PC to
a remote controd system, the yse of a microcontrolier
In remote controd, a5 exemplified by the BASIC Stamp,
and the spplication of ready-made type-approved 18MHz
radip tramymitter and receiver moduiles to remote control
Systams.
169 psges

PRACTICAL ELECTRONIC MODEL RAILWAY
PROJECTS

R A. Penfold
The aim of this book is 1o provide the madsl raiway
enthugisst with a number of useful but reasonably simpla
projects that are easily construtled from readhly availsble
compontnits. Stripboard Isyouts ahd wiring disgrams are
prowvided for each prodsct. The projects covered include:
constant voltage cantrolier; pulsed controller; pushbutton
pulsed ¢ s putsed ffer with simuiated inertia,
nwmenmrn and braking; sutometic signals; steam whistie

sound effect: two-tone homn gournd effect; autematic two-
1g0e horn 2ffect; sutomastic chndfer.

The final chapter covers the intraesingly popular sub-
jest of using 8 computer ta contral a model railway la!
including cutuits for computer-based comtrollers and sig-

nalling systems.
Ordes. code BPIEA 1£4.89

151 pagas

APRACTICAL INTRODUCTION TO SUAFACE
MOUNT DEVICES
Bill Mooney
This book takes you from the simplest possible “startin Lﬁ
paim o a high lavel of competence in handwaridng wi
surface mount davices (ShiDal. The vider subject of SM
technology @ also inroduced. so giving & fezfing for its
depth and fascination.

Subjects such 28 p.cb. d chip controi, scidering
techniques and specialist tools for SM ara fully explained
and developed 2s the book rmgreiaes Soma usaful con-
structions! projects ars also included

“V/hilst the book is melnly intendad as an introduction, it
5 2is0 an invalushle refersnce book. and the browsser
shouid find it engrossing
120 pages Diider. cothii BEA11 ‘€439

616

Ordder code BPS13 £5.99

FAULT-FINDING ELECTRONIC PRAQJECTS
R A. Penfold
Starting with machenical fauhs such as dry joints,
short-cizcuits sic, coverage includss Enear circuits, using &
mater 1o maks voltzge checis s?hnal tracing techniques
and fault finding'on ¥ e final chepter covers
ways of testing a wide range of elsctronic companen:s,
such as rasistors, czpacitors, operaiional ampiifiers,
dicdes, trensstars, SCRs and trizcs, with the aid of only'a
l’-r'.AFd amount of test equipment.

Tha construction and usz of 8 Tristate Continuity Tester,
& Signal Tracer, & Logic Probe and & CMOS Tester are also

includzd.

136 pages Ordior coda BP3GY £4.99
TEST EQUIPMENT CONSTRUCTION

RA. A Penfold

This book describes in detail how 1o ccﬂs’.ruﬂ “some
simpla and ingxpensive bt exremaly useful, pieces of

‘test equipment. Stripboard layouts are pr-wdz:i for

sl desgns, tegether with wiring disgrams where ap-
propriste, plus noles on construction end use.

Tha following deygns zre inclisded:~
AF Generator, Capagitanca Mazter, Tesy Bepch Ampifiar,
AF Frequency Mster, Andio Mulivolimater, Analogue
Probe, High Resistance Voitmeter, CMOS Prche, Transis.
tor Tmax. TTL Proka.

Tha dasigns zra suitabla for both nevcomers and more
axpssitnced hobbyists. -
102 pages , + £189

go;-ll 70 DESIGH AND MAKE YOUR OWN PC B
Penfold

Daats with the sxmp e methiots of copying printed circuit
board designs from magazines snd bocks, and covers
all ezpects of simpie p.c.b. canstrustion including pboto-
graphic mathcds and d»:-s'nmng Your ovin pobs

&6 pagss DiideT codé BRI2ZY £399

ELECTRONIC PADJECT BUILDING FOR BEGINNERS
R A Peniald
This book i for complete’ beginners 1o electronic pr
building. it providas 2 comphata introduction to the prw.al
side cf this fasci hblyy, including the foliowing topies:
Componant & ich, and buying tha right pans;
Resistor colour codas, capacitor value marngs, &ic;
an !::mng the right tools for the pb So&iemg. vith sdvice
on how to prud Bvoid “dry” joints;
h azsy work of uur-afm ; Corstnuction n'tz:hndt
ng sripacard, custom pnnud circut bouds pe'n
nmrm board, surfaca moumt boards and w.rbv.'appmg
finishing off. "end edding panel labeis:; -?
prw:camvnrt induding simpiz methods of au‘:ﬁrﬁnu‘
Tnfact averything ngvu n2ed to knov, in order to get started in
this absorbing snd creative hnhtr.:.

135 pagss Ovier cod BPIY2 £495

-

The books listed have been |
selected by -Everyday Practi-
cal Electronics editorial staff
as being of special interest
to everyone involved in elec-
tronics and computing. They
are supplied by mail order
to your door. Full ordering
details-are given on the last
book page.

'FOR A FURTHER SELECTION
OF BOOKS SEE THE NEXT

TWO ISSUES OF EPE.

Note our UK postage costs
just £1.50 no matter how
many books you order!

RADIO / TV
VIDEO

ELECTRONIC PROJECTS FOR VIDEO
ENTHUSIASTS

R A. Panfold A o 3
This book provides & number of practical designs. for
video zccessories that will help you gat the best results
from your camcorder and VCR. All the projects ute
inaxpensive components that arz readily availabla, and
they are eesy 10 construct Full construction detsids are
provided, including stripboard layouts and wiring da-
grams. Where appropriaste, simple sstting up procedures
zre describad in detail; no 123t equipment 15 nasded.

The ptojscts ~gvared in this book inclhude: Four channal
audio rnixer‘ Four channel stereo mixer, Dynamic ncise
limiter {DML}, Autematic audio f2dss, Yidzo faders, Vides
wipers, V‘idv.-o crispengt, Maing porwat sunply unit.

109 pages Order cods BPISE £4.55

SETTING UP AN AMATEUR RADIQ STATION
L D. Pocle
The sim of this beok is to give guidance on the dacisions
which have to ba mada when <2tling up sny amazieur
radio_or short wave listening station. Often the ex-
p=zrience which is needad is learned by one's mistakes,
hoveever, this can be expansive. To help overcome tive,
guidance is given on many scpects of setting up ano
% an efficient station. it then proceeds to the
steps thst necd to be taken in gaining & full transmitting
licenca '

Topies covered include: The equipmant that fs
nceded; Setting up tha shack; \Which asrists to usa;
Kathods of eanstriction; Preparing for the licence.

An escential zddiion to the library of all those taking
thelr-first stzps in amsteur radio.

£5 pages £2.5¢
EXPERIMENTAL ANTENMNA TOPICS
H. C. Vright

Aithough nearly a century hes passad since Marconis first
demons‘aaﬂon ot radio eommunitation, there Is st re-

search and expanmant ta ba camied out in the fisld of
antenna design snd behivinur,

The sim of ths experimenter will be to mzks a
measurament or canfm a pnnciple, and this can b2 dana
with relatively fragile, chortdife apparatus. Bacause of this,
devices descnbed this book make lberal use of
cargboard, cocking foil, pla=tic bottles, cst food tins, &t
-hbﬂ matansls are, in genaml cheap to obtain and eef_:lv

worked with simple 10ois, encouraging the trial-and-2rror
phitoscphiy which leads to innovation and discovery.
Although prifnarily a practical boow with text clossly
sup,,:\n_j by dizgrams, some formulze whith can be
used by ra%g:lﬂnrward substintion end some simple

graphs have st been included
72 pages Order code BPZT8 £3.50.

25 SN;\PLE 1MDOOR AND WINDOW AERIALS
E. M. Noll

Miany pao;l—: lrve in fisis and epanmems or ather types-of
accommodation where outdoor 2acisls 2re prohibited, or
a lack of garden spacs sic. prevints esenats from baing
erected. This doss nct masn you have to forga shortwsve
Etenirg, for even a 20-fost length of wite sretched ot
along the sring board of a room can produce accept-
abis resutts. Howeves, vith some addiional sifont and ax:
perimentation one msey well ba able to improve perfor
mance furthee
. This concies book tefls tha story, and shows the reader
how to constret and usa 25 indoct and window azrisis tha:
the suthoe has praven ta be sure performers.

Much infoemation is a'so given on shorhvave bands, serial
directivity, tims zonés. dimansions eic
50 psges Drdes code BP136 £1.76
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KCITING BOOKS

Specially imported by EPE

Bebop To The
Boolean Boogie

By Clive (call me Max) Maxfield
ORDER CODE BEB1 £24.95

An Unconventional Guide to Electronics
Fundamentals, Components and Processes

The Fareword by Pete Waddell, Ediior, Printed Circuit Design, reads:

“Personally, | think that the title of this tome alone (hmmm, a movie?)
should provide some inpul as to what you can expect. But, for those
who require a bit more: be lorewamed, dear reader, you will probably
leam far more than you could hope to expect from Bebop
o the Boolean Boogie, Just because of the unique approach
Max has to technical material. The author will guide you from
the basics through a minefield
of potentizlly boring theoretical
mish-mash, o a Nirnana of
understanding. You will not suf-
fer that fate familiar 10 every
reader: re-reading paragraphs
over and over wondering what
in the world the author was

ing to say. For a limey, Max
shools amazingly well and from
the hip, but in a way that
will keep you interested and

ReROP B

you may not only leam sorne-
. | thing, but you may even enjoy
the process. The only further
! advice | can give is 10 ‘expact
5 the unexpected'.”
| This book gives the *big pic-
ture” of digital elsctronics. This
indepth, highly readable, up-lo-the-minute guide shows you how
electronic devices work and how they're made. You'll discover how
ransistors aperate, how prinled circuit boards are fabricated, and
whal the innards of memory ICs look like. You'll also gain a working
knowledge of Boolean Algebra and Karnaugh Maps, and understand
what Reed-Muller logic is and how il's used. And there’s much,
MUCH mwore (including a recipe for a truly great seafood gumbo!).
Hundreds of carefully drawn illustrations clearly show the impor-
tant points of each topic. The author's tongue-in-cheek British humor
makes it a delight to read, but this is a REAL technica! book, ex-
tremely detailed and accurate. A great reference for your own shelf,
and also an idzal gift for & frie
understand what it is you do all day. ...

By Importing these books ourselves we have managed to
make them avalfable in the UK at an exceptional price.

amused. If you are not vigilant,.

or family member who wants to:

Bebop Bytes Back

By Clive “Max” Maxfield and
Alvin Brown

ORDER CODE BEB2 £29.95
An Unconventional Guide To Computers

‘Plus FREE CD-ROM which includes: Fully Functional
Internet-Ready Virual Computer with Interactive Labs

The Foreword by Lee Felsenstein reads: *

"1_The more timg you spend with this book and its accompany-
ing CD-ROM, the more you'll get out of it Skimming through it
‘won'l lake you where you want 1o go. Paying serious aftention, on
the other hand, will teach you more about compulers than you can
imaginz. (You might also see a few Qeautiful sunrises.)

2. The labs work on two levels: on and under the surface. Whzn
you're periorming the labs

you'll need 1o look for pat-
“terns that oulld up from in- Bebop BYTES BﬂCk
dividual evenis. : ;

3. When you're done' Al'\ qnconvenflunaf Guide T‘:
ou won't ook any different.
ou won't get a trophy or a

certificate to hang on your
wall. You'll have some
knowledge, and some skill,
and youll be ready fo
find more knowledge and
develop more skill. Much of
this will be recognisable
only to someone who has
the same knowiledge and
skill,”

This follow-on 10 Bebop
0 the Boolean Boogle is a
multimedia extravaganza
of information about how
computers work. |t picks
up where ““Bebop " left off, guiding you through ‘the
fascinating world of computer design . . . and you'll have a féw
chuckles, if not belly laughs, along the way. In addition to over
200 megabytes of mega-coo! multimedia, the accompanying
CD-ROM f{for Windows 95 machines only) contains a virtual
microcomputer, simulating the motherboard and standard
computer peripherals in an extremely realistic manner. In
addition to a wealth of technical information, myriad nuggets of
trivia, and hundreds of carefully drawn illustrations, the book
contains a set of lab experiments for the virtual microcomputer
that let you recreate the experiences of early computer
pioneers.

If you're the slightest bit interested in the inner veorkings of
computers, then don’t dare to miss this one!

Audfo and Musfc

VALVE & TRANSISTOR AUDIO
AMPLIFIERS

Jahn Linsley Hood

Thie is John Linsley Hood's greatest work yat, dﬁs‘:ribir;g'
ihe milestores that have marked the development of
audic zmplifiers since the earliest days to ths fatest
sysiems. Including classic amps with vatves at thair hzart
arad exciling miw designs using tha latest compongms,
gns book iz the compiate word guida to audio amp
jesign.

Contents: Aclive componenis; Valves or vacuum tubes;
Solid-state devices; Pessive compenents; Inductors and
trareformers; Capacitors. Resistors, Switches end electni-
cal contacts; Vonrsge emplifier stages using valves;
Valve audio amplifier layouts: Nagative feadback; Vaive
operatzd power ampiifiers; Solid s1ate vohage amplifiars;
Early solid-state audio amplifisrs, Contemporary powsr
smpifier desions; Praamplifiars; Powar supplizs (PSUs);

250 pag=s Order codi NE24 £19.99
AUDIO AMPUFER PROJECTS
R. A Penfold

Awida rangs of usehd apdio amplifier progects, esch project
festures s cireut o , &n-explsnation of tha crcuit
operstion ard a sm‘md Lyout disgram. All construc.
tional detadis are provided aloog with 8 shopping fst of
componants, and nete of the designs requares the use
of any 1esi equipment in order to set up propery. All
the projects are designed for susighiforward assembly on
simpla Srowil boasds,

Cucets include: High vmpsdarce mi presmp, Low
impadance mic preamp, Crystal mic preamp, Guiter and GP

eampiifisr, Scratch and rumble filter, RIAA prezmpifier.

ap2 preampifan Andio Gmiter, Bass and trebla ton2
control, Loudness fier, Loudness contred, Simple graphic
equaticer, Ee3ic sudio mixer, Smzil (300} sudic povier
amp, € watt audio praver amp, 20032 watt power amp and
povar supphy, Dynamic rosa limiter

A rmust for sudio enthusiasts with more senss than
maoney|

116 pagzs Didercede PG113 £9.55

‘MAKING MUSIC WITH DIGITAL AUDIO

12n Waugh
i thes peactical and clasrhy-written book, tan Waugh explaing
2!l aspacts of the subjsct from drgital 300 basics to putting
together a8 €ystam 10 Suit your own music requirements.
Usirg the minimum of technical isngusgs, the book explaine
exactty what you nsed to know about: Sound and digital
audio, Basic dighal rec principtes, Szmpls rates and
tesciuticns, Consumar sound cards and dedicatad digital
audio carde. Y

On 2 practical fevel you will l2a:n sbout: sample edit-
ing, dignal muiti-trecking, digital FX process’ng, integrat-
ing MID! and dightal sudio, using sample CDs, mastering
to DAT and direct 10 CD, digiml sudio and Muhimedis.

This book is for every musician who wants 1o be 2 pan
of the moes) imponant development in music since the
ivention of the gramophone. It's afferdabla, i's fexibla,
i's poweerful Brd it's here nowl t's dighal and it's the
futura of music maeking.
235 pages

f1495
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CIRCUITS AND DESIGN

AM INTRODUCTION TO PIC MICROCONTROLLERS
_Robznt Panfold

Designing your owm PIC based pr?ge_ns may seem 3
daunting tz:k, but it is really not tob ditficult providing you
have soms pravious expenence of lecacnics. The FiC
precessors have planty of vssful fastwres, but they are still
reasansbly simple and sraightforward to use. This beok
“should contain everything you need to know.

Topics cowered include: the PIC regisier sat; numbading
SYTIETSE; Detwise operatons and rotation; the PIC instnsciion
sal; using intarrupts; Lsing Lhe analogue to digiat convarter;
clock cimudts; using the razl tme clock counter (RTCC);
wsing subvoutines; driving seven segmen: displass.

166 psges Order code BP354 £5.99

PRACTICAL OSCILLATOR CIRCUITS
A Flind

Exiangive coverage & Given 1o Circulls ySNG C3pacanTs and
resistors to control frequercy. Desiars using CMOS, timer
i.c.s and op.amps are =il descnbad tn datsil, with a spacial
chapiar on “wavelform generstor” ica Hafiabls “white” and
“pink” noise generatcr cirtuils are also included. \

Varicus circuits using inductors and capacitcrs are
corvered, with emphasis an stabla low frequensy gensr
atien. Some of these are emarzingly simple, but 2re still
very usetul signal sources.

Crystal ostillstors have their own chapter. Many of the
circuits shown are readily availzbiz special ics for
simplicity and refiabifity, and offer sevesal output fra.
quancies. ly. complels constiectional dataile are
given for an audio sinewava generzioe,

133 pagss Order-code £4.99

PRACTICAL ELECTRONIC CONTROL PROJECTS

Owven Bishop t L !

Explsins elsctronic control théory in smple, non-
mathematical tarms and is illustrated by 30 practical
designs sastable for the student of hobbyist te build.
Shows haw to use senscrs 35 input to tha control system,
&nd hyw to provide ouviput 1o lamps, hesters, solengigs,
raimys and mators.

Computer based control fs explained by practical
examples thal can be run on 2 For ci=nd-alona
systems, the peojects use milcrocontrollers,  such
a5 the inexpsnsive and easy-to-uze Stamp BASK
micsacontrolisr. Thesa projects are chosan to introduce
and demonstrala as many aipects as possibie of the
programming languzge and techniques.

188 pagas hder code BPITY £5.99

PRACTICAL ELECTRONICS HANDBOOK -

Fourth Editlon. 1an Sinclair.

Containg all of the everyday indormation that amyona

working in slectronics will nead. w5
U provides 3 peactical and comprehensive collactioh

of circuits, rules of thumb snd design dsts for profes-

sional engingers, students and enthussists, and thare-

fora encugh beckground 1o aliow the understanding and

developmant of a rangs of basic circuits.

Contents:  Passive componants.  Active  discrete
compenents, Discrelz  companent circults.  Séniing
companznts, Linzer 1C.s, Digital 1.Cs, Microprocessos
and mictopiocessar systems, Transferming digital data,
Oigital logue  conversi Computer aids In
slectronics, Hargwsre componenis and praclical work,
Standard metric wire table, Bbllography, Tre HEX scale

index.
Order code NE21 £1499

40 psgas

COIL DESIGN AND CONSTRUCTIONAL MANUAL
8. B. Babani

A compiete book for the home construcior on “how to
maiz" AR, IF, audio and power coiis, chokes and trans-
formers. Practically every possibla type is discussed znd
calculabons necessary are given = explained in daislt
Although this book 5 noy twenty years ofd. with the
exeeption of toreids and pulse iransformers file has
changed in coll design since it was written,

9 pages £3.99

OPTOELECTRONICS CIRCUITS MANUAL

R M. Marston

A useful singlevglumea guide o the optoeiectronics
device user, specifically aimad at the practical dasign
engineer, technician, and the exparimenter, =5 well as the
elecironics student snd amatesr, it daals with the subject
in an easy-to-tesd, down-tc-canh, and ron-mathematicsl
vl compfehansive mannes, explsining the basic prin-
ciples and characteristics ¢f the oes! lnown devices, and
oresenting the reader with many practzel spplications
and ovar 209 circuits. Maos: of the Les and other devices
used zie expensive and readily sveilable types, vdth
universally recognized type numbers.

182 pagss Ordes code NE14 E14.59

'OPERATIONAL AMPLIFIER USER'S HANDBOOK

R. A. Penfold

Tre fest part of this book covers standard cperations!
amplifer based ‘hﬁ‘}irg blocks™ (integrator, precision
rectifier, function gederatar, amplifiers, etc), @d con-
siders the ways in which modem devices can b2 used
1o ghve suparior pedformance In each one. The sesand
pant desenbes & number of #actical circwsts that exgicit
modern operational ampiifiers, such 23 high stzeeratz,
uitrz low noise, and tew input offzet devices. The projzcts
indude: Low noist tape preamplifior loys nmu?wm
preamplific. 3udio poveer amplfiers, d.c. power con-
trollers, opto-isolator Gudio link, audio miliivot metar
temperature Manitos, low distorticn zudio sgnal ganar
aior, simple video fader, and many monm. |

120 pages £495

.A BEGINNERS GUIDE TO CMOS DIGITAL ICs

R. A Penfold
Getting stasted with logic dirouits can bz dificub. sinze
many of the fundamemal concepta of digital design tend
10 seam rathss ebstrect. and remate from obraously usetul
spphcations. This book covers the basic thegry of digital
electronics and the use of CMOS integrated circuits, but
does not lose sight of the fact that digital eiectronics has
numerous “reEl world™ spplications

The tapics caversd in this book Includ=: th= basic con-
cepts of logic circuits; the functions of gates, imverters and
other lagic “builkding blocks™; CMOS logic i.c. characteris-
tice, and thelr advantages in practical cirouit design; ascil-
tators and manostables {limers); Mpdiops, binsry dviders
snd birary coypters; decads countzrs and dusplay drivers.

The emphasts is on 2 practical treztment of the subjact,
and all the fircuits sre bes=d on "veal” CMOS davices. A
nutnber of the circults demonstrats the wes of CMOS logc

‘Les in practicsl applications.

119 pagss [ Order code BP333] £4.93

AUDIO AND MUSIC |

J

INTRODUCTION TO DIGITAL AUIO
{Second Edition)
l2n Sinciair
Digital recording metheds have exisied for many years
end have becams famifiar to the professional recording
engineer, but the compact disc (CD) was the first davica to
bring awdio methods into tha home. The next step s the
appzarance of digital sudio tape (DAT) eguipment. -
Al this devalopment has involved maihods and circuits
that are totally afen to the technician ar keen amatour
who hzs previowsly worked with sudio circuits. The prin-
ciples znd praciices of digital eudio cwe (infe or nothing
Lo the traditional finzar circuits of the past, and are much
mor2 compeehensibla to today’s camputsr engincar than
the oldes ganetation of audio erginears.
This book i3 intended to bridge the gap of understand.
Ing for the technician and enthusisst. The principles and

{mail order only).

1 Pl D AN ettt s e iasnnf i

BOOK ORDERING DETAILS |

Our postage price is the same no matter how many books you order, just add £150 to
your fotal order for postage and packing (overseas readers add £3 for countries in the
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO,
cheque, international money order (£ sterling only) made payable to Direct Book Service
or credit card details, Visa or Mastercard - minimum credit card order is £5 —to:

DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW

Books are normally sent within seven days of receipt of your order but please allow 28
days for defivery (more for overseas orders). Please check price and availability {sse iates|,
issue of Everyday Practical Electronics) before ordering from ofd lists. \

For a further selection of books see the next two issues of EPE.
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202-881749
Fax 01202 841692. Duc to the cost we cannot reply to ovarseas orders or quadies by Fax.
E-mail:editorial@epemag.wimborne.co.uk

f '~ BOOK ORDER FORM

= o ot e e e i iy e H RS A A AR« = « e o 50 G SN e 0

: AGOrEsS e e e L T

| Signature:

ID | enclose chaque/PO paysbla to WIMBORNE PUBLISHING LTD FOrS oo o f e oo

I ] Please charge my VisaMas1argard £ .ovvooo....

|

: Please send book order e0des: ... i it ton e

Card expiry date ....

-contzcls and equaliser urits.

mathods a2 explaingd, but the mathamancal background
and theary is avolded, glher than to state the end product.
128 pagss £2.85

PROJECTS FOR THE ELECTRIC GUITAR

J. Chetwin

This book & for anygne Tnterested in the elactric guaar h
explsins how tha electronic functions of the insprumen:
work togethes, and inchsdes infgrmation on the various
piciups and transducers that can ba fitted. There ara com-
plate citcui diagrams for the major of instrumsnt,
as well as a sefaction of wiring modidications 2nd pickup
svitching circuits. Thes2 can be used to help you create
YOUr GwWn custom vAring.

Along with ths slectnic guller, sections are also in:
cluded relating to zcoustic mstruments. fuaction of
specialisad plezoslectric pickups i explained and there
&re dstaiizd instructions en how o your own
coritact and bridgs transducers. The projects range frem
simpls preamps and tone boosters, to complsts active

92 pages £4.85

MIDI SURVIVAL GUIDE

¢ Lennard
Yrhzther you're 8 beginne: or a seasoned pro, the MIDI

‘Survival Guife shows you the way. No maths, no MID)

theory, just practical advice on starting up. zetting up
and ending up with a working LMDl system.

O#ar 40 cabling diagrams. Connest ths, scund
medules, sequancers, drum machines and multitracks.
How to budgst and buy secondhand. Using switch,
thru and merget boxes. Transfer sdngs batween
different szquencers. Get the best out of Genzral MIDL
Understzang MID! implementatian chans, No  MIDI
theory.

104 pagzss Temporarity out ol print

PRACTICAL ELECTRONIC MUSICAL

EFFECTS UNITS

R. A. Penfold

This book provides peacticz| circuits for & number of
glectronic musical effects units. ATl can be built a1 rala-
tively low cost, and uss s1andard. readily available com-
ponants. The projects covered include: Waa-\Waa Units;
Distortion Units; Phaser; Guitar Envelopz Shanar;
Comgpressor; Tramolo Unit; Mets) Effzzts Unit: Base
and Trable Bocstars; Graphic Equelizer; Parameiric
Equaliser. The projects cover a range of complaxities,
but most are we!ll within the capabilities of1the average
glectronics hobbyist. Nons of them require ths use of
test equipment and severa) ara suiteble for near
beginners.

102 pages £4.95

‘LOUDSPEAKERS FOR MUSICIANS

Vivan Copel
This beok cantains aifl that 3 working musiciah feeds bo
ko about loudspeakers: the different types. haw thay
wurk, the most sultable for different Instruments, for
cabarel work, acd for vacals. it gives Uips on construct-
ing cabinets, wiring up, when and where 10 usa wad-
ding, and whsn nat to, what fittings are available, finish-
ing, how o ensure they travel well, how to connect
multi-spzaker arrays and much mofa.

Ten practical enclosure designs with plans and cem-
ments e given [n the last chaptes, but by the tims
yow've rzead that fer you should be abla to design your

Tl
164 pagas Ordér.cade BP29]. £4.99
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SURFING THE INTERNET ——

NET WORK

ALAN WINSTANLEY =

LCOME 10 our-monthly column written specially for users of

the Intemnet — which includes most of our readership. New on
the EPE web site (www.epemag.wimborne.co.uk) is the arrival of
the Modern Clectronics Manual (MEM) and the Electronics Service
Manual (ESM), the two constantly-updated manuals which are
available on a no-risk subscription basis from the publishers of
-EPE. You can now read about the contents and structure of each
Manual. and by the time you read this it will be possible to purchase
on-line via a secure order form.

EXPLORER 5 COMES OF AGE

The war of the browsers seems to have rather subsided as the dis-
tinctions between different types are becoming increasingly
biwrred. In many cases, maimnstream consumer users have adopted
Imemet Explorer by default because it arrived with their desk top
operating system. and they know of no alternatives ner how 10
install them. The rise of Microsoft Internet Explorer together with
the adoption of “URLs with evérything™ are cxamples of how
Microseft terned on a sixpence and re-invented itself to embrace the
Internet. Hewleit Packard is currently doing the same as regards
e-commerce.

Abowt five yéars ago the National Center for Supercomputing
Applications at the University of Ilinois crealed amongsi the rirst
popular browsers (NCSA Mosaic) for Windows and also for Unix
users. Access to the Internet from a Windows PC needed some tin-
kering under the bonnet with Mosaic .ini files and separately
installed Winsocks, but much of this was simplified when Windows
95 came along.

It is Netscape. originally founded on NCSA Mosaic know-how
which was then rewritien, which did most of the running in the 2arly
days of web browsing with its Navigator browser. Spry persevered
with the Mosaic browser and this was to be made available to
CompuServe users for a time. All in all. getting Internet access was
a tricky operation involving a Jot of perseverance and some software
skills, with flaky software, slow connections and a tiny handful of
ISPs.

The carliesi screenshots of browser windows taken in the mid 90s
had neither a Microsoft Windows logo nor a Netscape “N”’, but the
distinctive Mosaic “S" globe taken from the NCSA logo (examples
of which are at hitp://www.ncsa.niuc.edu). Netscape then
embarked upon the progressive development of its browser, which
at the time became the best browser bar none. [ have a copy of
Netscape 1.22 for Windows 3.1 which fiued onto a single floppy
disk, and was in use before Microsoft even appeared on the Intemer
browser scene. at a time of 9.600 or 14,400 access speeds!

Early versions of Intemer Explorer were best held and used at
arm's length, and regular readers will know that | deliberately hes-
itated before installing MSIE 4.0, especially as 1 had taken a strong
disliking to the loathsome “Active Deskiop™. It was. therefore, with
some foreboding that 1 decided 10 1ake the plunge and use Explorer
5. 1 have to say that [ have been very pleasantly surprised.

Installation was somewhat slow but flawless. and Thave vet 1o s¢é
any efror messages or problems. Surfing seems slightly more reli-
able, with fewer Javascript error messages. Much of whai MSIE 5.0
is about is hidden behind the familiar-looking Explorer interface,
but oné improvement which readers will enjoy is the browser’s
reatment of FTP sites, which now appear as familiar-looking
Windows folders. The process of anonymous FTP is much more
rclizble and easier than before. Off-line browsing also works wetl:
so that vou can view web pages held in yvour cache. even when dis-
connected. The browser seems at last io have come of age:

HIDDEN WORNMS

In previous Net Wors: columns I explained the differences
between computer viruses, Worms and Trojan Horses. These are
malicious codes which are easily transmitted via the Internet, both
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by E-mail and also by file trunsfers. Remember the gelden rule that
no file attachments should ever be run unless you are quite certuin
that they are from a known. trusted source. Recall that you cannot
suffer a virus attack merely by reading an E-mail, but you can intro-
duce a damaging virus by running an attachmeni. Opening
Microsoft Word to read an attached .doc file constitutes rugning an
‘autached file,

Hot on the heels of compuler viruses reported in earlier Net Work
articles. the latest Worm 1o escape is<Worm.ExploreZip, also
known as W32.ExploreZip. This has some Melissa-like chamctér-
istics in that it propagates itself by using the Inbox of Microsait
Outlook (including Express) or Exchange mail systems lo send a
message in reply to any unread muails. It also launches Windows
Explorer whenever Windows is booted up, and it contains a Trojan
Horse. an invitingly innocent-looking file which will cause damage
when executed.

The originating message will arrive in the form of ihe message
“Hi <username>. I received your email and I shail send you a reply
ASAP. Till then, 1ake a look at the atiached zipped docs. Bye”™. An
execulable file is attached 10 the message.

Incredibly. people fall for it. it has already reponedly daimaged
some major institutiens’ networks and E-mail systems which had to
be shut down until they could be disinfected. The Worm will also
seek out and infect any mapped drives on a netwark, and those
machines will in tum mail out the Worm to its own unread mails.
Thus the Worm multiplics and infects other systems.

Once again it is stressed how dangerous it can be 1o open and nin
-an attached file from an untrusted source. In the case of
Worm.ExploreZip, a file called zipped_files.exe is attached to the
innocent-looking E-mail. If it were a Zip file then it would have a
.7ip extension. and the .exe is an obvious clie that the file is really
.an execulable program.

When the attached .exe is run, the Worm will not only reside on
the infected system and launch itself every time the Windows PC
is booted up. but it will also seek and destroy a variety of file
tvpes. EPE readers may be dismayed to note that one susceptible
file type has the .asm extension, the source code files used in PIC
microcontroller programs. The Worm will also hunt out and delete
anv *.c, or ®.h or *.doc files (and more besides) both orrthe hosi
machine and any others attached via a local area network, so if
ever thers was a reason lo .créate regular backups, this Worm
-illustrates it -

Escaped Worms now make big-news and this one was reparted on
CNN a day or so before it made it 10 the quality press. You should
mike a point of checking the anti-virus web sites as described pre-
viously. A uiility file called kill_ez is provided by Symantec, who
-also describe a manual method of deleting the Worm: an update for
Norton Anti Virus quickly became available but for some the news
camie.too late.

TROJAN TROUNCED
As a final waming — half an hour beforé writing this [ feiched the
latest virus update for my Nornon software fron: Symantec. | then run
a check over my small retwork. and lo and behold, Norion reported
a Trojan Horse. [t turns out that it is the Pentium P3 serial number 1.D.
exploit about which I reposted Iast month. Ir is there, residing on a
‘hard disk (of an old Pentium pre-MMX machine) and | didn’t even
"know about it. Hard disks are gelting bigger, programs can contain
thousands of files and eat prodigious amounts of space: it is so easy
.10 forget about individual files which in a moment of forgetfulness
i{lasting several ohnoseconds) could be launched and inflict damage.
Here’s one Trojan Horse which has been firmly put down.
As always | have listed some interesting URLs on the Net Work
‘web page of the EPE web site. Please do get in touch if you know
of any sites which may be of interest to our readers. My E-mail
‘address is alan@epemag.demon.co.uk.
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Pnn'ed circuit boards for certain EPE constructional presects are available from the

CB Service, see Gst. These are fabncated in glass fibre, and ara l‘u? drifted and
ro er tinned. All picas indlude VAT and postzge ard packing. Add €1 par toard
for armal outside of Europe. Remittarces should be senl to The PCE Sarvics,
Everyday Practical Elscironics, Allen House, East Borough, Wimbome, Dorsel
BH21 tPF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we canno! reply to
orders or queries by Fax); E-mali. orders@epemag. wimborna.co.uk . Cheques
shouid D2 crossed and mads payable to Eventiay-Practical Electronics (Paymem.
In £ sterling only).
NOTE: While 95% of our boards are held In stock and are dispatched wiihin
seven days of recelpt of order, please allow a maximum of 28 days for
dallvery — overseas readers allow extra il ardered by surface mall.
Back numbers ar pholostats of articles are available it required - see the
Back Issuss page tor detalls.
Please check price and avaliabliily in the latest issue

Boards cen only be suppliad-on a payment with ordar basis.

Special KNOCK DOWN SALE of PCBs.
We have a lew p.c.b.s left from past projects thesz are being
ofiered at the knock down ﬁnce of £2.00 each
—~ no matter what size they ar® (some of
these boards are worth over £15.00 each)
while stocks last. This price includes VAT and

K post — overseas orders pleasa add 50p
postage (or £1 per board for airmai ostagF

Print Timer, 874; Stereo HiFi Controfler - Power
Supply, 886 — Maln Board, 887 — Ex pansion/Displa
Boards, {pair} 888; Power Controller 505; Active Guilar Tone Control, 207;
TV Oft'er {pair}, 903’909 Vidgzo Medules -~ 1 Simple Fader, 910; Video |
Enhancer, 912; 12V 35W PA Amplifier, 930; *National Lnt!ery Pre—mctcr.
935; MID! Pedal, 938; Club Vote otaliser, 939 Ramp Generater — Logic
Board (?;oublmsvaed p.lh), 944 - Analogus board, 945; Microcontrolizd
3-Digit Timar, 533; Low-Range Ohmmeter Adaptor, 926; Vandata - Boal
Control Unit, 953 ~ Display Unil, 854; Capacilor Check, 955

Any of the above for just £2 each inc. VAT and pé&p.
Back numbers or photostals of anicles are available sea the
Back Issues page lor delaits.

PROJECT TITLE Order Code Cost
Drgital Delay Line [INOVISHL| 958 £8.04
50Hz Field Meter 959 £8.32
Temperature Waming Alamm (Teagh-In '96) 960 £8.15
Siereo "Cordizss " Headphones FDECSs T

Transmitter 961 £8.04

Receiver 962 £7.66
*EPE Met Office - Sensor/RainfallVane 9537965 £11.33

Spiral ransparency Tres with above o.e.b.
*EPE Ms! Office — (JANGE |

Computer Interlace (couble-sided) 964 £7.69
Aud:o Signal Generatar : 969 £6.58
Automatic Camera Panning (Teach-In "98) 972 £6.63
Printer Sharar 973 £9.93
Vari-Speza Dice (Teach-In "86) TEEB'86) 974 £5.69
Mains Signalling Unit — 2 12V Capacitive PSuU 975 £6.07
Mutti-Purpose Mini Amplifier [MARSA 1| 976 . £6.12
High Cumrent Stabilised Power Supply 979 £6.62
Mind Machine Mk 11l - Sound and Lights 980 £7.39
Infra-Zanper Transmitter/Receiver
{Teach-In '86) 981/882 (p1) £8.01
Bat Band Converzt/B.F.0. 1/APRIOS 8B4ab £5.80
Hearing Tester 985 £6.87
Event Counter (Teach-In 86) 986 £8.39
8.F.0. and Bzt Band Converter 984ab £5.80
Versatile PIR Detector Alarm 988 £6.76
Kind machine Mk ill = Taps Controlier 289 £6.70
Midi Analyser 932 £6.74
Countdswn Timer (Tezch-In '95) 983 £9.44
Sarzh's Light JUNESE 996 £7.17
Home Telephone Link 897 (pr) £10.72
*PulStar 998 £3.50
YU Display and Alarm 3 4499 £7.02
Ultra-Fas! Frequency Ganeratar JULYIS6 b

and Counter— Oscillater1.C.D. Drivar 994,995 (pr} £12.72
Timed NiCzad Chargsr 100 £6.99
Single-Station Radio 4 Tuner 101 £7.02
Tvan-Beam Infra-Red Alarm —Transmitter/Raceiver | 102/103 (p) £10.50
*Games Compzndum 104 £6.09
Kong “Cordiess™ Hazdphones AUG'96

- TransmitteriReceiver 980/851 (pr) £10.16
Component Analyser {double-sided p.th.) 105 £12.18
Garden Mola-Ester 1056 £6.07
Mobie Miser 107 £6.36
Bika Spaado 108 £6.61
*PIC-Tock Pendulurn Clock [SEBRTDE) 109 £6.31
Power Check - 10 £6.42
Analogue Delay/Flanger 111 £7.95
Draught Catector 1uz £6.22
Simple Exposure Timer 113 £6.63
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PROJECT TITLE Order Code | Cost PROJECT TITLE _ _ Order Code | Cost
Video Fade-t0-White OCT 96 114 ean| || [FADE TdE Maawidro 20 i
Direct Conversion B0m Racalver 118 £7.52 Electronic Tharmosiat
Vehicle Al=rt 117 £6.55 T-Stat 208 £4.00
10MHz Function Generator— P};ﬁgﬁl Beard Hg ggg PhizzyB : i €14,95
= . A-PCB B-CD-OM C-Prog :Micrecantroller Bae (A)(B)(C) each
TopEaE S T TS 78| | 13Wey in R e ; Yo
n lea ontro ) €785 E z I
D.C. 1o D.C.ccmg\(erters — N=gative Supply Gensrator | 122 £5.85 Is;'_ﬂ._f,g ":?laevgbecc-der s:; ;ggg
- Step-Down Regulator 123 £5.01 y 2 o 5 i
. —SiepUp Regulator 124 512 | [ DampSat 209 £450
*PIC DigialAnaiogue Jachometsr 127 €723 Hangdhe!d Function Canerator 213 £4.00
Stereo Cassette Recorder *Fading Chnstmas Lights 215 £5.16
Sieacyob%CHPSU lgg g;g-} PhizzyB IO Board (4-s2ction) i 216 £3.95
*Earth Resstvity Meter JAN ST = pekia e Hoaclen Game £10 e
Carent G=n. — Amp/Rect. 1317132 (pr) €12.7 Phi B'UOB L 21; £3l 5
Theremin MIDICV Intertace (double-sided p.Lh.)- 130 ise1) | £40.00 nizzy8 /O Board {<-section) 9
Mains Failure Waming 126 $6.77 Altemative Courtasy Light Controller 217 £6.72
Pacific Wavas 136 I5.00 Light Alarm 218 678
Zﬁigomcsrg-eMEntm Controllgr — 1 g_; %5}75 *Wirgless Monitoring System — Transminer 219+2a €992
1 Che emingsr I 8T 1 16 Reczwver 220+a £8.56
Video 'Negative Viawer s 135 §§.75 #*PIC MIDI Susiain.Pegsl Sofiware only - -
Tri-Colour NiCad Checker gy / 138 £5.45 *Viireless Monilonng System-—2 SS A G Ses
Dual-Ouicul TENS Unil (plus Free TENS info.} 139 £7.20 EM T Rec Adant 2192220 Feb'og
*F ”,H.garas— Vi eel:el Eter CAPRIL'S7 }2; %g‘ég *.r;""é a‘r?gsD'-'iche:;:tr:r 2213' 2 g g7 27
418MHz Ramote Cantrol :g‘lreaggg?gter e 25:3-‘. A Light d 252 535
P‘UBW*Pupdh Frebe 145 56.10 Smoke Absorber s 223 £5.94
i :T’ﬁg"m - :“g 23;51 iﬁ%?nm&éﬁaaa odule i 2233 5213
CQuasiBell Door Alet EINETE | 133 €658 | | Mechanical Radio (cair) : 206488 | £7.20pr
2M F.M. Recalver 144 £7.69 Varele Evari 0 s
G PIC-ATuner 149 c7 83 * ersfule Even Counter i ) 207 Eu.B?
Vindaw Closar— Trigget 150 €491 *PIC Teolkot Mk 2 MAY'SS ] 227 £8.95
— Closer 151 €4 47 AMUF .M. Radio Remote Control
Child Winder Protection Zone Transmitter 228 £3.00
—;ransmmer :553 Eggg Receiver 228 £3.20
—Haceiver J a! TUNE 64
Pyrotechnic Controliar 155 geog | IRMLTISIR S 4 thieR = =t
*P|C Digilogue Clock 156 £7.39 udio Frequency Mater k! ©B.
Namow nge Tharmomater . 158 £6.37 *EPE M‘DOd_PleEr JULY'S9 233 £§7B
Tlicropawer PIR Delecior — 1 - JULY'97 152 T5.69 12V Battery Testar 234 £6.72
Infra-Red Remote Control Repaater Intruder Detamrent 235 £7.10
'?-ium-pfcggct F-C-Bg | 932 £3.00 L.E.D. Strobascops a32 £3.00
Karaoke £cho Unit — M(i;ho BEOEF% . :gg gg;g (h'uhti-project PCB)
— Mixer Lo . = =
Computer Dual User Intariace 161 £6.70 Ultrzsonic Punciure Finder . AUG'S9]] 236 £5.00
*PEsT Scarer s 162 £6.60 *8-Channei Analogue Data Logger 1237 £8.88
Variable Bench Power Supply AUG'ST 8932 TI00 Bufter Ampiifiar (Oscillators Pt 2) 238 £6.96
Universal Input Ampfifier 146 £6.55 Magnetic Field Detective 239 £58.77
ggopowgr PIR Detector ~ 2 Cantrobler }g gg»gg Sound Activated Switch 240 £6.53
mce-ORLecem_ EToa 130 5TS Fre_azer Alarm {Muiti-proiact PCBI _ 832 £3.00
Soldering Iron Controlier 157 £6.62 e o = - =
#PIC Noughts & Crosses Game 165 g£7.82 . L]
Micropower PIR Delactor— 3
Alarm Disarm/Reset Swilch 188 £5.72 Software programs ior EPE projects marked with an asterisk  are
_rening Salety Device e 167 £5.12 Hab! 3.5 inch PG ible di iy g
= 7 avaflabte on 3.5 inc -compatible disks or frée from our Intemel
gi_c"}%f ggg,g"g%‘fg& [ "OGT97,- | }gg L site. Four disks are available: PIC Tutorial (Mar-May '98 issues);
*'F‘IC ater Descaler P 170 £6.80 PIC Toolkit Mk2 (Mar-Jun 99 issues); PIC Disk 1 {Apr '35-Dec '98
*EPE Tms Tacing il KT issues), EPE Disk 2 {Jan ‘99 issue to current cover date). The disks
Auto-Dim Sediiugn 172 £6.63 are obizinable from the EPE PCB Service al £2.75 each (UK) to cover
Partabls 12V PSUICharger 173 £6.61 our admin cosis (the software itsell is freg). Overseas (each): £3.35
Car Immobilisar ) DEC'97 175 £1.00 suriace mail, £4.35 each airmail. All files can be downloaded free from
Sﬁf?az%m’;safgyuw Bleeper) :;g %:7!'32 our Internet FTP site: ftpyittp.epemag.wimborne.co.uk.
T 5 & .64 I R R R R R R A s e e e R R RS R R R i ——————————————————.
2a-Waz Pedal (Mult-pro;ect FEB'S8 632 £3.00 i i
Vi e % |=%|! EPE PRINTED CIRCUIT !
Anajoque Board (per boarg) 177 £734 | 0 I
*Water Wizard 180 £7.69 1 1
|8 88 BOARD SERVICE
et B sare M | ] | |
e Handy Th -85 i : ; 3
Y, e {ooubie-Sged) Lo e : Order Code  Project Quantity Phice :
*Audio System Remote Centrolier —PSU 185 £7.05
t4ain Board 188 [ty [l 4 AT : : 3 1
Simple Metal Detector | APR'S8 ] 34 v 3 e bmieclpay 1 i R y
}ﬁ?ﬁ-pm}ecl £LB) i 932 o B !
Single or Duz!-Tracking Powear Supply 187 o700 1 INAMRL 4 i 515 it sl Tel e i S s ol S 0o 1]
*RC-Meter 188 €785 | 1 ]
Secumy Autp-Light g  MAY'S8 ) £e.10 At .
Steren Tone Control plus 20W Stereo AF ) Address........iit e T . e r——yb o = !
Tone Control 190 er7s | 1
20¥¢ Amplifier 191 £8.58 1 P T T A e T T T T T P PP PSR PP i
wiD&ce Lot 192 £8.05 ) i
EPE Mood Changer JUNE98. 193 £7.75 | enclose payment of €. ...lchequesPO in € sterling only) to: .
*ﬁmggzasgng%ﬁ Programmer 3 2y el 1 O pRmanLY {heam MRy
3N 20ah 1 £
Test Boarg 5 - 195 £8.59 : Everyday :
*Reaction Tier oftware only _ - = [T | i i f
*PICI16xB Toohd JULY/98 38 556 | 1 Practical Electronics L. 1
*Greenhouse Computer | & Access (MasterCard) or Visa No. 1
S s S i Minimum order for credit cards £5 I
Fioat Charger 139 T5.59
Lightbulb Saver 202 £3.00 ! I
Personal Siereo Am?mﬁ ek} ey il !
*g"u : ect; %?Bn Link 200 £g,32 : ¥ !
reenhouse Ras £8.32 T oy
*PIC Altimetor - - 201 a1 : SIGNBIIR. crceroneerrraemrnaenare e B et Card Exp. Date......ooocecian :
v ry ¥ T g
i%zgﬁﬁ%cé?am&; QC1 98 ggg %-’,ég_ i Pioasa supply nama and addeess of cardhoider # differant from tha address shown |
iR Remole Gon 1 NOTE: You can arder p.c.b s via our Intemet site on a secure server. |
Transmitter 205 €3.00 p
RAacaiver 206 €350 } L i htipJ/www.epemag. wimborne.co.uk ) 1
————— o e oM oeR e oo el o O o e T e
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[PRACTICAL|

ELECTRONICS

ELECTRONICS

TORAY IDTRRAAHGRAL

Everyday Practical Electronics/ETI reaches twice as
many UK readers as any other independent monthly
hobhby electronics magazine, our audited sales
figures prove it. We have been the leading
independent monthly magazine in this market for the
last fourteen years.

I'you want your adverlisements to be seen by the largest readership at the most economical price our classified and semi-display

ages offer the best value. The prepaid rale for semi-display space is £8 (+VA

e 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 Elecironics. VAT must be added. Advertisements, together
with remittance, should be sent to Everyday Practical Electronics/ETI Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex

CO16 OED. Phone/Fax (01255) B61161.

per single column centimetre {minfmum 2-5cm)

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as.above.

————— =
RES YARIABLE VOLTAGE D.C. BENCH POWWER SUPPLY .
o to 20 volis d.e. al 1 amp contnuous, 1-5 amps peak, Miscellaneous
fuly variable from 1 to 20 volts. Tkm e
Gt e £45
faesy mjs Post £4 G.CS.E. ELECTRONIC KITS. at pocket PROTOTYPE PRINTED CIRCUIT
Gl 240 voil a.c. money prices. S.ALE. for FREE catalogue. SIR- BOARDS one offs and quantities, for details

Inpist: Fully smocthed, size 23cmutomuegem
RADIO COMPONENT SPECIALISTS
) 337 WHITEHORSE ROAD, CROYDON =
SURREY, CRO 2HS. Tul: 0181-684 1655 =
120 o Tl ma, gt vi2 LI vRE, STt Saratormers. e, i o,
Prors or ! o wwa U2 Ly Qi

s¥4A% ASTRA Desk Top Accounting

: are you wosvied that your custornan

€ will trmvisd om wsing the Euro and s
leave yon off their lin of sopplizn

soe www. Astradr 001tk for 3 Pan-Europem
sulution o help you with this looming problem
SXS Systems Lid. Bretton Cogr. §26 578, UN

BRAND NEW SINCLAIR SPECTRUM
& QL PARTS

X WCRODRIVES €15, INTERFACE ONE £20,
CARTRDGES 16 FOA £15. 30 FOR £54.
CL BOARDS S5, 84 7, POFULATED WITH
J5 ROMS, £30. UNFOPULATED, £12; MICRODRAIVES
£10 EACH, TOP & BOTTOH CASES €15,
MEMBRANES £15
THE P,C., MAC and QL's “Liitle Friend™
MAC LINK 810~ P.C. LUNK £25 — GL LINK €12
CAMBRIDGE Z58 A4 NOTEBOOK
COMPUTER AVAILABLE AGAIN £99,
RECONDITIONED £50
O4LY 1° THICK, 4xAS BATTS. 20 HOURS VIORK.
LCD SCREEN. 72 Crs, 6 LINES. 32K AAM, EXTRA
AAMS & EFRONMS, 8 pin D SERIAL PORT, AQM HAS
BEC BASIC, WPROCESSOR. SPASADSHEET, DATA
BASE, MP/EXPOART TO FC eic, VE2 TERVINAL
W.N. RICHARDSON & CO.
PHONETAX 01434 6713155
RAVERSMEAD, CHALFONT ST FETER
BUCKS. 519 ONB.

128)C-FND 512K — 024

x
=
=
s
-
m
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=
=
==
<L
=
o
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~ 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 !

LOND@IN ELECTRONICSUCOLLEGE
(Dept EPE) 20 PENYWERN ROAD

EARLS COURT, LONDON'SWS5 95U
TEL: 0171:373 8721

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics enthusiasts by
personal contact and thraugh & quarterly
Newslatigr,
For membership details, write (0 the
Secretary:
Kr. M. P. Moses,
5 Park View, Cwmaman,
Aberdare CF44 6PP
Space donated by
Everyday Praclical Eleclronics

§22

KIT Electronics, 52 Severn Road, Clacton,
CQO15 3RB.

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Production. Antwork
raised from msgazines or draft designs &l low
cost. PCBs also designed from schematics.
Produciion assembly also undertaken. For
details sead to P. Agar. Unit 5. East Belfast
Enterprise Park, 308 Albertbridge Road,
Belfast, BTS 4GX, or phone/fax 01232
738891,

VALVE ENTHUSIASTS: Capacitors and other
pants in stock. For free advice/lists please ring,
Geoit Davies (Radio), Tel. 01788 5747724,

P.C.B. SERVICE. For more details phone Mr
Belr, 01673 842338,

Master s dedree 1o

dour - st Brrthday2e

. HND IN MECHATRONCS FULLYIME FAST TRAOE |
Study for HND in 5 ‘brasd based” area, preferred by
procexs and manuficuning industries Indusrry now
reeds engineers who are muhi-skliled because of
the diversz technokogies

This HND covers arers such s PLC, PICS,
hydraufics, pacumatics, CADR industrial coatrol,
mechinics, eleztrical and electronia

Teaching and leamning sirategies sre "varied and
flexible and University College Wartington fosters
and mainnins in stmosphere that i friendly and
informal. Those students ‘wuhing 1o obmain 2 degree
and/er chartered soatug or 3 masters degire® . on
completion ¢an do to by ageeement with 3
‘prestigious northern Univertity.

° 1 a pordie Wyou are dedvinp 1hsal thit yeat 1o olxba s
fam o degres b Mechzronacs by the 1=t thae youg pepsd |
Fot furthe Information plesse

& .'éb X
contact Hubent Ward or Pat g%&‘
Hamilton on 01925 494494 Ftan®
quoting reference na HE18/6/99

University TN
Coilege 5. b
s A8 Warringion  —ecvea—

CHECK THIS OUT!
Twd complete KITS for £1, Podedes poh ang a3 pariz On3 |
Bual LE D. Flasher Unit 2nd one Single-pad Touch Switch. |
PLUS frze code paok of 10 Smm Led.s 2055 10 iW4i0ts.

Send £ plus teo 20 ciass siamps 2:
. J. Spriggs
190 Dentons Green Lans, St. Halens,
Karseysida WA10 6RH

| EPE text Riles: fpubrdocs

send s.a.e_to B. M. Ansbro, 38 Poynings Drive,
Hove. Sussex BN3 8GR, or phonc Brighton
883871, fax 01273 706670.

NEW AND USED COMPUTERS, spares
etc. at keenest prices. e.g.: 386 min 2MB RAM,
20MB HDD, desktop case, kevboard and
cables, 12in. VGA mono monitor, £35. 486
DX33 min. 8MB RAM, 120MB 1iDD. desk top
case, kevboard and cables, 14in. VGA colour
.monitor. £165. Many other sysiems available.
‘Whatever you need. Phorie/Fax 0181 853 3374
tor prices.

PIC PROTOTYPING KIT. Evrocard size. On-
board RS2132, voltage regulation and protection,
in-circuit programming. Large prototyping ares.
Kit includes serial and programming cables, For
dewils send an AS s.ae. to: Frank Cembrolz,
93/B St Johns Road, Biddulph. Siaifs, ST8
6LL. UK. hup://www.a-fu-netcom/main.him.
Tel. 01782 518356.

SINGLE BOARD COMPUTER: PICi6F8d
89C2051. ACRY0S1200 and 68HC11 with real
time elock, 12C EEPROM.-R8232, RS485, 12§
KB-1MB EPROM Emulator. Fax 8352 2952255
(Hong Kong), hup://www.wvtek.com.
SECOND USER TEST EQUIPMENT FOR
SALE: Scopes, generators, dmms, etc. HP
Tektronix. Datron. Hameg, Marconi, Fluke,
etc. Low prices. Also somz non-working
equipment for parts, experiments, -etc. Ring
or E-mail for list. 07930 144803 or
bford@ miteciclcom.com. ‘
POWER SUPPLY MODULES, £2.99!
Regulated 1 amp, 9-25V d.c. variable, electronic
protection and led. K.LA.. | Regent Road.
Hkley L829

EPE NET ADDRESSES

EPE FTF site: fip:/ftp.epemag.wim-
borne.co.uk
Access the FTP site by typing the above
into your web browser, or by setling up an
FTP session using appropriate FTP soft-
ware, then go ino quoted sub-direclories:
PIC-prajact source code files: jpub/PICS
PIC projects each have their own folder;
navigate 1o the correct folder and open #,
then felch all the files containad within.
Do not iry to download the folder itself!

8azsic Seldering Guide: solder.tx(

EPEZ TENS Unit user agvice: tens.doc and |
tens.txt

Ingenuily Unlimited submission guidance:
ing_unlt.ixt

New readers and subscribers info:
epe_info.txt

MNewsgroups or Usenel users advice.
usenet.txt

Ni-Cad discussion: nicadfaq.zip:and
nlcad2.zip

UK Sourcss FAQ: uksourcezip

Writing for EPE advice: writedus.ixl
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£r FREE INFORMATION

' FREEPHONE 0500 581 557 |
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VARIABLE VOLTAGE

5 KVA I:DLA'DON TR.JSFGN.HEN
Az tiow, Ex Symaad,

TRANSFORMERS

s
INPUT 225V/250V AC S2SCHz DUTPUT owisoy | OO "t'n;f L SYun W mm.u
MOUNTING

PAREL MO

s Al 24v G SIEATERS CONTACTOR 3
OTVAZSAMRMIN ENE  issaccvAn | ID23THEZEIAPLND E2NCTNAS TOA
HVA 5 amp £45.95 €7.00 Cortarrs Sorem of O Emgsr.-ahtm
==t s L2 \'llﬁmxp'ﬁf‘n.a'-"dha'ﬁ'ce £7.53 il
- B v VAT | oot
osVAZS s rar S0 50 | 113103 1 VacumTepen Rl
EA7.00 o VAT) i, sroea, 505 gl anp ﬁ’ﬁ Mod ¥ R ]
1KVA 5 ame M £3526 €700 | pEr roons I B3te Mewreng dion e 158
(EE?_S-’EVAQ Eres. SERIES 400 o ¥ 21z
2KYA 10 atgimar DRSO g From maudeg g, tias 15D |
{E9536 r:Vﬂ] EAFox P-tendr«!-nﬂv;- £ E3.TTE£2 8,
VA e DEEED SERIES 200 £7.64.

£ QH:VAT) AXLAL COOLING FAM

VA S zrorar  £150.00 (« Carse & VAT, mwleﬁ.—.—.»,:-xux&-r-smmm

Lome Hoise 20 Price £7.29 e -.Lp&,,amvxr.
By Srid o e Prpociy. Heerest proes b 22 oty s
HOVA ISOLATION TRANSEQAUER Farzts imerhons your £nQanes.
Tt dead 240V AC. O via 3 124 mocst 200V AC INSTRLAJENT CASE

cortriesy Rt Tored R iiTEgan: tes mn rargs | DG new

Taerrady foad Fre 35,00 cyre 20 - VAT B0LAH
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Detalled Instructions with Schematics
High Quallty Scr=zn Printed PCBs
High Guallty Components

Dur PinAuei Range bikiides

Transmittars from 0-05V¢ to I5W
FM Stereo Coders

Audio Compressor Limiters
Antennas

RF Power Amps

Dut Kits AT Also émllalﬂo
nd Tésted

WE DELIVERY WORLD-WIDE AND
ACCEFT WAIOR CREDIT CARCS

email infoRveconica.to bk

Professional 88-108MHz FM Broadcasting Kits

W Prodespionad P P Traeasysar S Leancad Use i Sa U

Visit our Website at hitp/www.veronica.co.uk

Contact Us Now Foz A Free Brochure

Tel 01274 883434  Fax 01274 42B665
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—_ AL A_
/\*ﬁmmgl\ r
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TORODAL LY. TRANSFORMER
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Farg beft avpd DIECAST ALULLIEUM BOX

Pro= £2%5 () oot Wi Peernd FOH ke bpmal 1ite 2bovn
e YAT GO 1561 B0m ot F-6n £9.93 kel D4 & vAT 2
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;—u'mqmet‘mnrsarpskﬁaehh.-sg- | 65om s WESmmx 0 B, arm s @'&lehﬂ
vy, 6 AP 25 ow £3 99 Tl plp 4 VAT

e O Oy 400 £13. 08 vl LA A VAL
ULTRA VIOLET ELACK LIGHT HLUE

FLUORESCENT TUEES SOLID STATE EHT LIIT ‘

2 £3 waz £14.00 (rfers o) ££16.48 e VAT) %{Méﬁﬁiﬂ

2129 rat £2.00 [ca%en oriy) 1£10:58 rc VAT) Esedy emerified for 20 w0, X 807 10 eortrous.

122 w3 SO0 - Tiopdy PEEZ e VAT | ° = - Dotern Of satss I
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EPROM ERASURE KIT
Biidy youe own EPROM ERASURE for 2 mactcnat e
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TEST m:‘mur.qanfs

conTACT
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COVERT VIDEO CAMERAS

Black -and White Pin Hole Board Cameras
with Audio. Cameras in P.1.R., Radios,
Clocks, Briefcases etc. Transmitting
Cameras with Receiver (Wireless).
Cameras as above with colour.
Audio Surveiltance Kits and Ready Buiit .
Units, Bug Detector elc.

A.L- !LECTRONICS

Please phone 0181 203 0161 for free catalogue.
Fax 0181 201 5359

.New DT approved Video Transmitters and Receivers (Wireless)
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JPG ELECTRONICS
£76-27T8 Chatswarth Road
Wvglefﬂek! sS40 zall

W ofde
Tt d]_z.xs)zuzoz Fax (01246) 550059
-s....- 2 mJoad'laSlI:l
o Saturday

Miliions of quality components
at lowest ever prices!
Plus anything from bankruptcy — theft recovery
— frustrated orders — over productions etc.
Send 50p stamped self-addressed label or
envelope for clearance lists.
Brlan J Reed
6 Queensmead Avenue, East Ewsll,
Epsom, Surrey KT17 3EQ
Tel: 07775 945386

Mall Order UK only.

Lists are updated and only 40 are seni oul every 2 wesks. This:
normally ensures thal orders can be fulfiled where only a few
thousands of an item Is available. (Payment is relurned if sold out. | do
not deal in credit notes). This will sometimes entall a delay of up to
eight waeks — but the prices will be worth the wait!

Buy 10 x'€1 Special Packs and choose another oné FREE

SP1 15 x Smm Red LEDs

RESISTOR PACKS = C.Filrh _

5§ each valve —iotal 385 0-25W €250
RP7 10 azhvatie —total 730 (-25W €400
BP0 1000 popular valuas 025V £580
AP4 5 eamn vave eyl 365 05W
RFE 10 sath wmiue-iot=! 730 050 £8.35
APt 1000 popuiar values 5V EBAL

SP133 20 x IN4O04 giedes

grz 12 x 5mm Green LEDS 8P134 15 x TN4GDT dindes

583 12 x Sttum Yelow LEDs SP135 6 x Min. shida saiiches

8Pg t5 x 3mm Red LEDs SP136 3 x BFYS0 transisiors

SF7 12 x 3mm Gresn LEDs 8P132 3 % W005 1-5A bridge reclifiars
SP10 100 x IN4148 dodes SP138 20 x 2-2/63V redial elect caps.
SP11 202 1H4001 diedes SP140 3 x W4 1-3A brigga rectifiers
sm2 30 x 1N4002 diodes SP42 2 x CMOS 4017

£Pig 20 x BC182 ransisiors SP143 5 Paits min. crocodds cips
SP20 20 x BC18+4 ransistors {Red & Biack)

sP21 20 x BL212 transistors SPIL5 6 % ZTX30 trarsisions

sp23 20 x BL549 wansisiors SP146 10 x 2N3708 transsiors

SF24 4% CMOS 001 SP147  5x Stnphoard 9 strips x
§F25 4 x 555 Gimars 25 hales

.SP2s 4% 741 OpAmps SP151 4 x 8mm Red LEDs

SFz8 4 x CMOS 4011 SP152 4 x 8mm Grean LEDs

SP2g 3x CMOS 4013 gPa3 4 x 8mm Yaliow LEDS

SP3 4 x CMOS 4071 SP154: 15 x EC543 transistors

8P36 25 x 10725V radka! elect. caps. SP15S 3 x Striphoasrd, 14 s50ips x
‘SPa7 135 % 100735V racial slact caps 27 haias

8Pz 30 x 47016V radial elect caps.  SPIRD. 10 x 2N3804 rransisions

5P40 15 x BU237 transsions SP161 10 x 2N3%A5 transistors

5P41 20 x Mooed transistors SP185 2x LF351 CpAmps

SP42 200 x Mied 0-25W CFrestors SP167 & x BC107 bansistoes

SPa7 S x M. FE svilches SF158 8 x £G108 transistors

SP102 20 x 8pin DIL sockats SPI73 20 x 183V radal elect caps.
SP103 15 x 14.pin DIL sockets SP177 10 x 1A 20mm quick blow
SP104 15 x 16-pin DiL sockets fuses

SP105 4 x 74LS00 SP1B2 20 x 2-7/3V radia! elect caps,
SP1G9 15 x BUSS? ransistors SP183 20 x BUHT transistors

SP111 15 x Assorted potyester caps SP187 15z BC239 transistors
SF112 4 x CHOS 4093 SP191 3 x CMOS 4023

8P115 3 x 10mm Red LEDs spi1e2 3 x CMOS 4066

SPt16 2 x 10mm Gresn LEDs SP183 20 x BC213 tansistoes.
52118 2 x CMOS 4047 £P19s 8 x OARQ dicdes

SF120 3 x74LS33 SP1gs 3 x 10w Yodow LEDs
SP128 20 x Assonted ceremie disc caps  SP197 6 x 20 pin DIL socke!s
SP130 100 x Mixad 05\ G.F resisiss SP188 5 x 24 pin DIL sockets

SP131 ZxTLGTY Op Armps

11999 Calalogue now available £1
inc. P&P of FREE with first order.
PAP £1.25 per order, NG VAT
Orders 10;

Eﬁafﬂood Electronics,
7 Williamson S, Mansfield,
Noits.\NG19 6TD.
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’ LU IER VD ETEY™  #PRICES INCLUDE V.A.T.xPROMPT DELIVERIE \
ROSS/O - #LARGE [A4] S.AE. 60p STAMPED FOR CATALOGUE
OMP MOS-FET POWER AMPLIFIERS FLIGH =3,J A noew range of quality loudspeakars, dasignad 1o take
HIGH POWER; TWO CHANNEL. iﬂ LoUD ~ﬁ 5| advantage ‘of (he latasi joudspeaketr lochnology and
e bos St !lh- anclosure designs. All models uliliza high quality sludio

5K ELECTRONICS cast aluminium loudspeakars with factory fitted grillas, wide dispsersion constant

diraclivily horns, extrudad aluminium corner prolaction and stesl ball corners,
complimented with heavy duly black covering. The enclosuras are filted as standard
with top hais for optional loudspeaker siands. The FCi5-300 mcorpn@les alarge

1000's 16 X & inch horn. All cabinsts are littad with the latest Speakon“connectors

SOLD lor your convanience and safely. Five models to chooss from.
TO PRO o = -
USERS a
E
, :
THE RENOWED MXF SERIES OF POWER AMPLIFIERS ¥
FOUR MODELS:- MXF200 ( 100V + 100W j MXF400 (200\ + 200W) é—

MXF600 (300W = 300W) MXFS00 (450W + 450W)

ALL POWER RATINGS ARE RM.S. INTO 4 OHMS, WITH BOTH GHANNELS DRIVEN | PLEASENOTE:. POWER ATinGS
FEATURES: » Independanl powot suppes with two 1o1cdal transtormears « Twin L ED Vu Melers E:gllﬁ?nrvﬁgl:h‘?hmi:#-s. Al

* Level controls » Wumunated onfod! swiich » Jack/XLRE inpuls » Speaken oulputs + Standard 775mv || : aE
@puts o Open and short circud proof * Latest Mos-Fels 16s stess lree powér delivery into v wally any e ENCLOS&?SA%%:CSS:E“%

52l ¢ Fghsion rate = Very low aistoriion » Ahminium cases » MXFEGT & MXF 900 1an coslzo with 0. ¢ — 12212 inch spaakar

tovaspeaker and thermalproteclion . il FG15-300 WATTS Freq Rangé 35Hz- 20KHz, Sens 10148, Sizs HE95 W502 Datmm
USED THE WORLD OVER N CLUBS, PUBS, CINEMAS, DISCOS ETC | - ; ! Ghsid i ERIGES. B2USNG fr Lo
MXF200 Wig" DIf” H3} ™ (2U) ibi FC12.300 WATTS Freq Range 45Hz- Z0KHz. Sens SBGB Size HG00 ¥/ 405 DSﬂﬂmm

£5..  MXF400 Wi9™ Di2°  H5%" (3U) , - y a7 FICE:: £248.00 par pair
* SIZES:- MXFG00 W19° D13 H5:' (3U) ib{ FC12:200 WATTS Freq Range 40H2-20KHz, Sens 97dB, Size HE00 W405 D300mm.

.~ PRICE:- £199.00 par palr
| o 7 MXF900 W19™ Di4%" H5!" (3U) ibi FC12-100 VWATTS Freq Rangs 4514z- 20KHz, Sens 100:!3. Slzc H546 "J'laa%mgmm
| PRICES:- MXF200 £175.00 MXF400 £233.85

E RICE:- £179.00 per pair-
MXFE00 £329.00 MXFD00 £449. 5 E= R b1 WN12-200 WATTS Freq RAsnge 40Hz-20KHz, Sens 97:!:;3 SléeEHﬂs Wugﬂ E BCS"T-x
S - £125.00 EA
| SPECIALIST CARRIER DEL._£12:50 EACH | SpECIALIST GARRIER DEL- £12.50 per pair. Wedge Monitor £7.00 each
7 - Oplianal vaal Slsnds PRICE.- £48.00 per pair Dalivary:- £6.00
[ )

COLOSSUS POWER

z - HIGH POWER LOUDSPEAKERS
THE COLOSSUS RANGE OF LDUDSFEAKE
ARE DESIGNED FOR USE IN SUPERIOR HIGH
e — PDWER QUTPUT SYSTEMS. ALL MODELS ARE 3 (¥
‘ : . COLOSSUS 12MB:-* 12 INCH » 450WATT R.M.S.
P m<_‘ = é—)<—\ * §00 WATTS PEAK « Senz 98 dB.+ Rec Freq.55 Hz.
ASS5MID TOP\ 4 BASS'M'D;,\‘DP N\ Mip/TapP « Frequency Aange <0 Hz-3.5KH2PRICE £129.00
CONFIGURED 3 WAY 2 WAY BASSIMID COMBINED '2- WAY MID/TOP COMBINED COLOSSUS 15XB:-+ 15 INCH * 600WATTS R.M.S.
FEATURES: « 1200 WATTS PEAK » Sens 99 dB = Res Freq.d5 Hz
‘ :rh;;ﬂﬂ; W3y Sieted Actve cr:sTs Oaﬁ&sﬂcfah’a x'ﬂ may). mocsed 12 4% WU case Eacnchancell « Frequancy Range 30 Hz-1.0XHz PRICE £159.00
35 ti7ee lgvel conlrois Sass, a4 Top T¢mavabie front |35Cia 350ws 3CCEss 10 the program™able DL
$miches 1o 20051 Ihe croas-osze frequency Base M 1257250150002, Ma-Top 18 Ji5H., N 312203 per GOLOS,SUS 18XB:-* 18 INCH = 600WATTS R.M.S.
sztave. Thg 243 way seector swuches are also accessca by removing the lrant fascia. Fachstaseo chansa | ¥ 1200 WATTS PEAK eSens 100aB.» Hes Fraq.30 Hi.
can 0o configured separately. Pass lvedl Swilcnes are mooeporated op sagh channsl, Komnat 77smv)| * Frequency Range 27 Hz-1.0Kz PRICE £183.00
epulirutpat Fuly companbic with OMP Aack Amphilies and Mateles ALL MODELS AAE OELIVERED CARRIAGE FREE[UK ONLY)

PRICE:- £117.44 + £5.00 P&AP

OMP 0 To 0 e 0 0D SUPPLIED READY
BUILT AND TESTED
|| Theso maduies row engy A stk wide reputabon (o quasty rekabily sndporiomarcs sl areaksheo wice Four
miais 578 vidabie 10 st the noeds of the proessonal ord Pobdy market te inchstry, L esurs, bhstrument sl and
tefislc When comparng prces WO TE hat 51 models nclude b odal power UGy, infegral hea! saw. gaass fixe
Ihelzja a|ng 16FChadn?eItSI'l:M SBFIBS O' StUd]o Quallty MIXBFS P[:IB ard dre erouits 1 power @ compathe Vumeter Al modeds 2:e opon znd shorl circut peool
fe ldeal For Fixed Installation Stage And MObllB Use. THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

‘OMP/MF 100 Mos-Fat Ouipy! poser 110 walls
A LLS into 4 ohois, frequency respense Hz - BOKH2
30B. Darmping Factor »200, Slew Rate 45V/uS, THD
1ypical 0.002%, Input Senstivity 500mV, SNHA
“1i0aB. Size 300 x 123 x 60mm,

PRICE:- £42. 85 + £4.00 PAP

OMP/MF 200 Mos-Fat Ouiput power 200 watls
RALS. into 4 chms, frequency respogse 1HZ - 100KHZ
-3dB, Dampmyg Factor >300, Slaw Rate 50V/uS. THD.
typical 0.001%_Input Sensilivity 300mV, SNR -104dB
S22 300 x 155 x 0Omm.

PRICE:- £66.35 + £4.00 P&P

. 'OMP/MF 300 Mos-Fetl Output power 300 walls
AM.S.imo 4 chms. Irequency response tHz - WOKHz
-ZaB, Damping Fscioy >300, Slaw Rate GOVIL.S THD.
lypical 0.001%, tnput Sensilivity S00mV. SN A, -11048.
'Size 330 x 175 x H00mm

PRICE:- £83.75 + £5.00 PAP

« 48y PHANTOM POWER

* BUILT IN POWER SUPPLY
% 230V AC/S50Hz2 .
= PEAK INPUT LEVEL LEDS
« PRE FADE LISTEN {PFL},
* SUB MASTER OUTPUT
+ COMBINED XLR/! Y JACK

* 60mm FADERS * CH.MUTE
+ 2 STEAEO AUX.SEND/RETURNS
* CONSTANT PAN CONTROL

*+ 3 BAND EQO WITH MID SWEEP
= HEADPHONE/CONTROL ROOM O/P
& CDITAPE INPUTS & QUTPUTS
+ BALANCED INPUTS & OUTPUTS
* BUS ASSIGN SWITCH

* MONITOR SEND

PRICES:. S"M1202 4MONC WIC/LINE 4STEREQ INPUTS £299.00 FREE
5PM1502 BUONO WIC/LINE.4STEREQ INFUTS £389.00 UX PAP

* 4 STEREQ INPUT

CHANNELS OMP/MF 450 Moe-Fet Outpit power 450 walls
+ 2 DJ MIC INPUT AMS into 2 ohms, frequency response Hz - 100KHz
CHANNELS -3dB, Dampng Faclor »>300, Siew nca’le Jﬁs\lﬁjg
2 2X7 BAND GRAPHI THBD. typical 0.001%, Input Sensitivity 500mV, :
Eéugusggs Ry -11008, Fan Coalzd. D.C. Loudspeaker Protection, 2
= 5 et L 2p 3 15
& HEADPHONE Szcond Anfi-Thump Beizy. S:ze 385 x 210 x 105mm

PRICE:- £135.85 +£6.00 P&P
OMP/MF 1000 Mos-Fat Quiput power 1000 watls:

MONITOR WITH BFL
+ ASSIGNABLE

| GCROSSFADE RAMXS. nto 2 ahms, 725 watis ANL.S. into 4 chms,
= * DIGITAL ECHO frequency tesponse Hz - 10KH:z -3dB, Damping
L. STERE0 DISCO JAIXER WITH:- » 2X7 GIAPHIC =QUAL SERS +2 MONO MIC INPUTS «DJ MiC Facter >300. Stew Rate 75V/uS. THD. typical

VITTH FADER, TALKOVER AND VOICE NGEA v4 STEREG CHANNELS WiTH  INDIVIDUAL
FADEQS AND ASSIGNABLE CROSSFADE #CHANNELS SWITCHABLE TURNTABLE (MAG
CARTRIDGE), CD, LINE. TAPE, ETC. *ECHD WITH BALANCE, REPEAT AND OELAY
vHEAOPHONE MONITCR WITH SAEFADE LISTEN »CHDICE OF 6 sour.n TS «STERZO
WMOHO SWITCH «2 XLEDVUMETERS «MASTER FADER « QUTFU
*SIZE - 282X2:0X 115mm $POWER:- 230V AC 50/65H2 PRICE:- £169 G0 + £5.00 P&P

LWETTIEI001 CYBERWAVE FMM 1000 °
* IDEAL FOR:- LIVE BANDS, PUBLIC ADDAESS & KARAOKE ETC.

+ ON/STANDBY/OFF SWITCH WOUNTED ON MIC BARREL FOR EASE OF USE A B4 s
* 100 HOURS BATTERY RUNNING TIME. 1 PP3 (NOT SUPPLIED} ; B K ELEC I RONICS
+ SINGLE CHANNEL AF MICROPHONE 174.23 OR 174.56MHz ( = )

+ MAINS ADAPTOR FOR RECEIVER SUPPLIED * FM LOCK INDICATOR UNIT +* COMET WAY, SOUTHEND-ON-SEA, 2

0.002%. Input Sensitivily 500mV. SNA -110¢B, Fan

Cooled, D.C. Loudspeaker Prolection, 2 Second

Anti-Thump Delay. Size 422 x 300 x 125mm
PRICE:- £261.00 + £12.00 P&P

NOTE MOS-FET UODULES ARE AVAILABLE 4 TWO VERSIONS
STANDARAD - INFUT SENS S0OmY, EAND WIBTH 150xHz 03
FEC [FARDFESSIONAL EQUIFMENT COMPATTGLE) - IKPUT SENS
7ESmV, BAKD WIDTH SORH: OHUER STANDARD QR PEC

& VOL CONTROL ON RECEY s - 5 5
o) CEIVER. PRICE:- £115.99 FREE UK P&P i ESSEX, SS2 6TR. ! 7 @
Iﬂﬁéﬁé‘.’ﬁ*s‘;’é@a&é HEIAL OROZAS EAC ‘E%&%‘;Léé";'”““ ~ TEL.: 01702 527572 FAX.: 01702-420243
) COUNTERCAEDT CARD OBERS oSt 4 Web:- http://www_bkelec.com E-maii:- Salesebkelec.com




Electronics, Electrical &
Mathematics Principles Y6

If you are looKing for an easy and enjoyable way of sfudying or improving

your knowledge of electronics and maths then this is the software for you.

i Electiomcs. Elcctncal and Malhematics Prmcipies V6
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