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12v 1BAhSEALED LEAD ACID BATTERIES,
new and boxed, unused pack of 4 £39,98 ref
CYC? or £15 each ref CYC6

AUTOMATIC CHARGE R Fo tre soove hirmeres crarpes
2 a orem, cmaDe Vel mackor ortutty, S howr zrae E10 el CYCS

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

IV1200S (1200 watt) £219

ECG MACHINES6v 10AH BATTS/24V BA TX &1
gverrcet EOG macwnal!  Veltores JSOXICK120mm o e
ot are controm I 8CEN S0REC. S0 detly, S5 Made Vucs o
LSOO OME ON IhE 183 ickaang viaeo out et On ine frore paned 39
tao Cild sochats for connecting e DOCy 3160803 I Senscrs not
AouGed. inaOf 2 5 By 10AM woalx iedd acd batts (generaly net n
good condon). poty's and & 247 24v Lo transiormar (e in)
00 53 Sew. May have ONd OF Dao Dromen knche o= cue 1 poor
Exage £1595 red V2

SODIUM LAMP SYSTEMS £75.70 complets sysaem
with 250w or 400 watt SON-T Agro butb, reflector with buib
hotdet and remots baliast and S IMTUNCELed) all you feed it
wite. 250W systam ref SLS81, 400W ratem 3482

PC SUPPORT HANDBOOK The urtimss technicst
Qulkde to buiiding snd maintaining PGS, Over 460 Ad paget
pached with techaical data and disgrams just £10 rel PCRX. I
you want 4 copis for £3) ret PCAKZ. Also availabie i 8 CO
P with Jgnottic programmes (o use with the boot €5 ref
PCaX1

D SIZE NICADS Tagged, 1200mA 1.2v pack of & for €6 rat
CYCS ot as & pach of 24 for £22 ref CYCH0

D SIZE SEALED LEAD ACID BATTERIES

27 2 Sah rEChapEIte woaee NES B LaTery e by Cysion
SC1aSmm (2ancatd D sde) sugoted as 8 pack o 12 o 20 oG YOu.
octons for tatery confgerong 6 12v a2 far 24, 2 28gh O ot
1000 Trete tateres are pOrticuarly Lsets M IRl YOU CBY TRNge
Thern IN your SYoMCE 12 OCLITISE STACE €02 (8 Dot badae: eoc) Pac of
12 £10 gt CYCA, pack of 20 €15 ret CYCS
HYDROPONICS DO YOUGROW YOUR OWN»
Ve Pave 0 A color FyeODORCS CRUAIOGUE BVRAROE COTRIN)
fLLTAT GuTOR FIEnGs envyomental contol, gt ftbngs. parts test
2QUDMEc? etz Rig for your free copy.

PC COMBINED UPS AND PSU e unt rss s
st of 202 w37, GIRAQNT MO DO CONTwCEarS g 12 penphea
bower 23cs B Cves ot trmxde = 3 1v T 2okt sediec feed ac
sa%res Bacap rme @ 8 mind 20 48 1080 o 30 mars & TaX ) Waaoe
Nt UK Ty Magrusn 1100r 2&0vac apat »Svat 354 -Svat SA +12v
3154 Qv BA ourpen 1TORROOC20MM rew 30 boat 39 98
Ret POLPS?

ALTERNATIVE ENERGY CD. pacxen with 1
CREDS OF ALTERNATIVE ENERGY RELATED ARTICLES PLANS
AND WFORMATION ETC €14 50 REF CD56

AERIAL PHOTOGRAPHY KIT 1 ket comes wih
Bt 1 Samerd! £ e Lp to SO0 et {150 M) tusmve over, 30 a0
BN (ACLOCaOR of T prownd teiow T rciart Ten netasms wh &1
Him s e paracte Tahas 110f6m SuE0ieO COMginty ot e, TG
nClang @ uncn pad ard 3 motars (ro i) £29 56 ref astro
PROJECT BOXES anctrer bagsn br you 2:¢ these 3man
ASS prowdt Do $TaA Ted Prroe KTEN KON’ LISE MRtV
200rm € x5 1C” COmpints wth Canwt rourded LED =i you WAl T
Kscs of Mt B, 20e heals MLOM, ChOS Messiors. Aoy et
Pack of 20 £15 ¥4 red NO?
TELEPHONES s.41nthas wark = 2 uge cetvery of techones
84037 rew 303 boxed T [4C CONBUCTON « Burmnatind iy 52
NG OF DLASe (Swizhadie) recal, recdi &g [ause PGhon 8 O
ARQET FatiTh B Quasly corstnaton OF whee oolour 300 B WITRG
W § SERNCRST AT 992 (80he 83 US OF moderma ) £you wah
Wrave s BT med lopten b comeent the Droncs Tese e L1 SSeacn
o BILX Phones £4.90 each ref PH2 10 off £30 ref 352

JHP MAINS MOTORS Srye prase 240 ot nea, 2
poig. IO 1ENTYR 2250 rpm. Bultsl SJOMmatioe felet Cveroad pro-
‘ector hpyro staf (40 16mn)Mace by Loesor £95 epcrn ref LEE S
BUILD YOU OWN WINDFARM FROM SCRAP
Hoha PLGICR G Grves s20p By Rep QUoe I Budeing wvad gecergt=ry A
oropeiory. Armgd wen thig DLOACIRON B0d 8 GO0 DDCH SCTED YR
could make you sof suMcent N shectrict €12 ref LOTEY
CHIEFTANTANK DOUBLELASERS9 WATT+J

WATTLASER OPTICS Couaieacactec briaser sacecer
ong rarge comms 225 DOutie DOa™ LS SECC £0 it i the Darrel
S BONR a3 O P 2 Seets SONSUCIr Wsers A Moty grne Uty
for sigreenant T miprange. ro Srout GAZET™S 3.t 1o MOD, rew prce
£30.0007 us? £353 Esch unt s teo gake,m Aryenude ryecoon
ases 129 we 113 watt S00rm awvesengn 28vic, GOOPT puise
ec The units 80 COMN & feceney I Oetect Tpfiected soras om
wpets £15 Ref LOTE

MAGNETIC CREDIT CARD READERS anD
ENCODING MANUAL £9.95 Cated won fyesss cesgec In
£33 STANATE CTRGL IS’ COTTIETE WATh CXntrOl elcttoncs PCB &g
NS COVENAQ EVNYIANG yOu 00U Wt 1 oW AhoLS what's aden
in Sl magrets stop on your catd! st £0 ¢4 nef BARDS
SOLAR POWER LAB SPECIAL 2: 65 & 13000
cote. 4 LED'S wrm. DaiZrer, swesh =ty o Mot €7 .99 REF SA2T
SOLAR NICAD CHARGERS 1 ¢ s wre £956 ot
62478 21 € wre 999 1ot 5247 YOUR HOME COULD
BE SELF SUFFICENT IN ELECTRICITY
Compretenrvve pare with 'a310f €10 0N SFEERINg BT RIS Sardin,
ontral gectones ok £7 el PN

AUTO SUNCHARGER 124500+~ soiar parat wen acce
80 3 Mete el M COM phg 12v 2w L12.59 REF AUGIDR]

STEPPER MOTORS aara rew stecone moors. #mmteng
hoies w<n 4T 14mmterg certres. 20mm srad € Mrvndaneter, S
orase, O TAsphase, 1 6 oeg sieo (200 stee) Bocy 58:38mm £14 55
earel STEFE pact of 4or £45 %, PG b venabie $oredcor Tier

i €18 ret STEFT

200mpg fromournew Velosolex
motorized bikes £695 inc vat

Sales 01273 383848
Hydrogen fuel cells

Our new Hydrogen fuel ©ells ace Tv at Up B 1A oulput,
Hydrogen input easily driven from a small electciosis
assemily or hom & hyirogen scurce, our demo model
uses 3 solar panel with the output leads in a glass of sah
watar to produce the hydrogen! Each cellla designedtobe
complately taken apart putback together and expanded o
what ever capacity you like, {up 10 10watts and 12v par
assembly. Calls cos1 ET® ref HFC11

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

PHILIPS VP406 LASER DISC

PLAYERS, scaar outrur, sust sut vour vioeo
DISK IN AND PRESS PLAY, STANDARD AUDIO AMD VIDEOD
OUTPUTS, FULLY TESTED AMD WORKING. £24.05 REF VP4OS
SMOKE ALARMS vars powwe: mace by the tamous
Gertcompary, ey Rt next DG RIAg Do oo, Pack o/ SE LS
ro? SS23 pack of 12 £24 f SE0¢

4AH D SIZE NICADS pack of 4£10 ref 4AHPK
SENDER KIT Cortans at comooners 1o bukd 2 AV tamsmoier
corpiets wih case £36 ref VS

10WATT SOLAR PANEL aronros sacon s tred
T2 2n03aed AlsTraum frame. Parsl meatres 7 by 1 with screw
el or 63ty comrecton Y X Tsolss panel £33 ref MAG4AS
Unframod 4 pack (3'x17) £58. 89 ref SOLX

12V SOLAR POWERED WATER PUMP pecent
r rany 12v OC uses, £0M 80 rtaes O Rydropones) Smal
370 Goroach yet powarh works orect Fom oo 10 wat 50 panel
nongrtsun MarhdfT? Masfiow s S 1Lpm 1 SA R ACALIBSS
SOLAR ENERGY BANK KIT 50x 6-x12"6v solar
panets{amorphous)80 diodes £99 ref EF112
PINHOLE CAMERA MODULE WITH AUDIO!
Sonrd DORIS SRR wit 0N BoatS aund | extrp sl At 28
SR (INCRAINg Merophone) Cas By covent svesaoce Can be
RQOe ©TOE BTN |, VBN B MESNOoL! COTOete wih 15 metim
Catie P and hivey cormractony €49 95 el OCBJ

SOLAR MOTORS tey motons wheeh run aute hacosp on
vOusges FOM3- 12wk Wona on et Sy smoThous § panels a0
YOu G un tham Fom e st 12rm oy 20mm ok £1 50 sacn
WALIOE TALKIES 1 MLE RANGE £31/PAIR REF MAGM
LIQUID CRYSTAL DISPLAYS Bargain prices,
16 character 4 ine, 62:25mm £5 99 re! SMC1640A

40 character 1 kne 154x16mm £6 00 ref SMCA011A
YOUR HOME COULD BE SELF SUFFICENT
IN ELECTRICITY Comprenensee clans wan isazs of rio
O Geagnng Systers. Sy, contd plectrorecs @2z E7 rof PV
AUTO SUNCHARGER 152300 saia pane ezh acce
N0 3 meTe Bad & opar phug 12v 2w £12.99 REF AUGTG
SOLAR POWER LAB SPECIAL 265 6y 120m2
o, SLED's wih. butzee, satton - romyor motoe £7.99 REF SA27
SOLAR NICAD CHARGERS 4142 sx» 15% el
EP476 2 ¥ C s2e £5 99 ref 674TT

MINATURE TOGGLE SWITCHES Trese o gty
Raarese el Mourt toggie saizhes measure i 2 ikrm ae 2
POlS CrANeOVEY BT WS Betclt 1A B 240vac of 3 A B8 Y2%vac
Corrpists wih morting ~ushers #°¢ N/ Seocied as o boxof 100
sanes bor £29 S5 ref SWTIS ora bag of 15 for £4 85 ref ST
VOICE CHANGERS rod ove of trese wrsts over your
PHORE MOLN LHeCe S0 YOU G0 SR YOS VOoR LBng the conToie on
me unt! Eacery operees (18 e/ CCO

REGISTER FOR OUR
ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

BULL ELECTRICAL

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

[MAIL ORDER TERMS: CASH, PO OR CHEQUE

WITH ORDER PLUS £4.60 P&P PLUS VAT.

24 HOUR SERVICE £6.50 PLUS VAT.
OVERSEAS (RDERS AT COST PLUS £3.50
(ACCESS,VISA, SWITCH. AMERICAN EXPRESS)

'phone orders : 01273 203500

FAX 01273 323077

Sales@bull-electrical.com

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

200 WATT INVERTERS :ogs gt v yous cor

OGATETe RNty SOCKEt 37C @ PTIC wih § 134 socket 30 yOu cast Bt
YOI a0 00eryied cevoes Fom your oo tacery €45 %4 el SS6€

THE TRUTH MACHINE te2s ¢ somecre myng by moo

TBMONS N e voe. D3t any o0erated wor'ks 7 Qener s Comvprilor:
373 on he phone and TV a5 well £42 45 rd TDY

INFRA RED FILM # wusepece of rectie rirarmatmtra:
will ity alow R IGETTowN Perfect iy coranting ordagry torshes.
HOPTE NEAGITE €0 10 FAIMIA OLPLT Oty UG 1737287 RGPT DU
ERsdy st srace € squae £15 el iRF2

33 KILO LIFT MAGNE Theos,mem 32mm damater wen

afarrng tbon ontne back for £34 Mooy Each magnetwe it 33 os,
4 magnets DOOG 10 2 DUFE Wil A% 30 rerptbie 112 ios! €195 ref

MAG3) Pack of 4 st £33 rog MAG3IAA
HYDROGEN FUEL CElLL PLANS Loxn of tormagon

0NhyI0OeN SITraQe A7 Lrocucticn. Pracacal £ Lt & Hydogen
ot ced {DOOC workshop facites regused) 8 set of FOPY
STIRLING ENGINE PLANS itemstrgriormatonpack
covereg a8 asoers of Sang engres. Scres o Pome Faoe
€Yt 08 TOM A a0l Car Vg ond canal (12 ed STIR?
ENERGY SAVER PLUGS sowes Lo 15 15% eactresy
W L) T 08, MCEITS LB 10 2A, MGTT Bl SN N 6f
£5 ea 1ef LOTT, 10 gk £85 1o LOTT?

12V OPERATED SMOKE BOMBS Tyse 3matv
Qe AN I SMOAR CRCEIYR. BT SRt wid £ 2 FOOM 1 3 vty
shont space of med £14 96 rgf ST Type 2 @ 20 smaler cannsiens
{sc2ade for cock eQUETens fres etc) anG 1 goet Mocuie for £25
re2 SB2 Type ¥ o 12v bgger and 20 e carrtees (4% rgl 589
HIPOWERZENONVARIABLE STROBES uwsts
12v PCH 2R Wit 1y DO STTDS Il B3NS COFSTD SHConcs 27
SpRec Qortrol pXertometed Pertect IO rianeeting propecty  etc
TOeSrm $2vac opermen €8 e red FLSY pack of 1O E£49 ret FLSD

NEW LASER POINTERS 4 5ma, 75 mets ange. nana
PO U2 UNE ON twd AA SaTa S (8u0phed) §70nm £29ref DECAGL
HOWTO PRODUCE3ISBOTTLES OF WHISKY
FROM A SACK OF POTATOES Cororerarsre 270

Dape DOOK COvers ) aagects o spat procutan YoM everydly
maasis nckdes constnucton detaiy of serpie it [12 e MS)
NEW HIGH POWER MINI BUG wins a2 dic s
£00 metrew 23 3 3 Cays use PO 3 PRI Uve 1 OF W0 S0y g
i9ss an 1 5Qus e and 3 107 voce pomgp nge. £28 ReFLOTIN
IR LAMP KIT sucates for ooty camenns, enstees the camea
© te used N XN yaness’ €8 ot EF 133

INFRA RED POWERBEAM rancrec tattory powersd

amp 4 nch reflector, gnves ou2 powWerts ure £A37ed WPt pertect or
CCTV u3e ngrescres eo: £29 ref PBL

SUPERWIDEBAND RADAR DETECTORCetecs

Dot recar a0 e, XX B A DN, 504 CEMENDS. SN 38 KNown
speed deleclon Syslems. 30 degree cowvadage. frontAr
erareoudey 1 102 Tad 6 23 on viscr o oxsh £145

LOPTX wace vy Sarmsung tor coour TV £3 ascr ref S582
LAPTOP LCD SCREENS 222,175 €12 rar 5541
WANT TO MAKE SOME MONEY? STUCK
FOR AN IDEA7 we rawe cotaed 140 tusness maruss trat
30 YOu TRMEION 07 S8EENG LO SAETEN LUkIesses. yOu Devise
Mese 2 YO emS T UBNg Ihe text et on your PC ASC netoed §
re Setfcan erating you D eUroauce (4G sel) e manuss 23
much 23 you Ma® £14 et EPTS

HIGH POWER DC MOTORS, PERMANENT

MAGHNET 12 - 24v cpevaton protatly st 14 horve power.
tewoy madtures 100m 3 T5mm witn 4 G0 1 Smm outDul 37® wen B
rachised % on R Foong & s=T3ie vsng D fao Treaded bots pro-
iruang from (re frort. (22 ref MOT2

' Online

web catalogue

t bull-electrical.com

ELECTRONIC SPEED CONTROLLER KiTro
the above motr is C15 ref MAGIT Syve £5 € you buy them both
Boethey 1 mottr Dius 5308 cOrToAeY MR & £41, ofer prce £36 el
UOTIA

INFRA RED REMOTE CONTROLS rage &> Tvs
D mEy have Other Lees pack of 100 €35 ref (REM

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

On ourweb sites you can

1. Order online.

2, Check your premium bonds.

3. Enter our auction or buiid your own.

4. Add E<commerce to your own site.

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

6. View our web camera.

7. Invest in our future.

http://www.bullnet.co.uk
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PIC MICRO-PROBE hy Jim Main 870
A hardware 1001 10 help debug your PIC software

MAGNETIC FIELD DETECTOR by Robert Penfald » 879
Where's the attraction? Find out with our Starter Project!

INGENUITY UNLIMITED - SPECIAL hosted by Alan Winstanley 897

Serial Port Splitter; Elderly Person Monitor: Réchargeable PP9 Battery;
Class-D 30W Audio Amplifier; National Lottery Predictor; Tumble Dryer Alarm;
Narrove Band Vision; Squash/Badminton Scorer; Time-Lapse Unit for
Camcorder; Audio Limiter

LOFT GUARD by Terry de Vaux-Balbirnie 905
A lofty way 1o keep your power bills low|
GINORMOUS STOPWATCH - 2 by Ned Stojadinovic 926
Adding giant digits to your Stopwatch display
-

Series and Features
CIRCUIT SURGERY by Alan Winstantey and lan Bell 883
Op.amps; Fusible resistors d
INTERFACE by Robert Penfold 885
A serial approach to PC add-ons
NEW TECHNOLOGY UPDATE by lan Poole 888
Curly nanotubes could determine the nature of future transistors
PRACTICAL OSCILLATOR DESIGNS - 6. Resistor/capacitor
oscillators by Raymond Haigh 891
Worked examples and circuit info for hands-on constructors
TEACH-IN 2000 - 2. Capacitors and RC Timing by John Becker 914
Essential info for the electronics novice, with breadboard experiments and
interactlive computer simulations.
NET WORK - THE INTERNET PAGE surfed by Alan Winstaniey 938
Jet Scream; Help Us 1o Help You; Brow-beaten; Help-line
72290«[47‘5 and 5@1’0&5&5
EDITORIAL 869
NEWS - Barry Fox highlights technology’s leading edge 874
Pius everyday news from the world of electronics
SHOPTALK wiith David Barrington 882
The essentlal guide to component buying for EPE projects
READOUT John Becker addresses general points arising 909
CD-ROMS FOR ELECTRONICS 912
Parts Gallery + Electronic Circuits and Components; Digital Electronies;
Anatogue Electronics; plys PICiutor, plus Modular Circuit Design
ELECTRONICS MANUALS 924
Essential reference works for hobbyists, students and service engineers.
BACK ISSUES Did you miss these? 832
DIRECT BOOK SERVICE 934

A wide range of technical books available by mai! order, plus more CD-ROMs

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 937
PCBs for EPE projects - Plus EPE software

ELECTRONICS VIDEOS Our range of educational videos 941
ANNUAL INDEX 1999 939
ADVERTISERS INDEX 944

FREE cATALOGUE - MAINLINE FLYER UK issues only
between pages 900/901

TELCAN - Unfortunately this feature, advertised last month, has been
held over due to lack of space

Our January 2000 issue will be publishod on Friday,
3 Decomber 1999. Seeo page 859 for detalls.

Everyday Practical Elecironics/ETI, December 1999

Readers Services e Editorial and Advertisement Departments 869

857
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Converts your colour monitor into a QUALITY COLOUR Tvit

TVSOUND &
VIDEO TUNER

CABLE COLPATIRLE *

sord - a0 el 4 wolt autko amgifior e ow loved MR 2ucko oupt e
Frovaaxt as stdvd Board niw - Ly guarartead

TELEBOX ST for composte video ty

TELEBOX STL a3 ST bui (ned weh riacral spesket £39.50
TELEGOX MB Mukband VHFAJHF. Daband lurer 6995
For overseas PAL wrtons state $.5 of § mi: 1ound tpeaficaton
“For cable / hyparband signal recepton Telsbox MB should te ton-
nected 10 @ Cadbi hype service. Shoping on all Teledox's, oode (8)

Siate of the art PAL (UK spec) UHF TV tuner module

with composite 1V po vioeo & NICAM hi f stereo sound

Oulputs. Micro slectronics all on cna smal PCB 732160

X 52 myn erabis hdl conyrol via a simple 3 wire

18M pc typa computer. compiate with simple working pro-

9fsm and documantation. Requives +12V & + 5V DC 10 operste

BRAND NEW - Orcker as MYDO. Only £48.95 cooe (B)
Seo www.distel.co.uk/data_my00.hem for picture ¢ fuil cetails

£38.55

FLOPPY DISK DRIVES 2%" - 8"

Al unts (uniess siated) aro BRAND MEW or 1emoved from clen
baanad new oqurunt and are fuly tesied. slgned and shipped to
you with a lull §0 day guarentes. Call or 1ee our web site
woww.distel co vk ior over 2000 unkisted drives for 1047e3 OF repalr,

3% Mitsubishi MFASSC-L 1.4 Meg Laptops only €25.95(6
3N Mitsubishi MFISSC-D. 1.4 Jag. Non aptop C18.558
5% " Teac FD-S5GFRA 1.2 (ior 1B pc's) RFE £10.85(6)
5% Taac FD-5SF-Q3-U 720K 4080 (for BBCs o1z) RFE  £29.958)
5% BRAND NEW Mitaublshl MFS5018 360K £22 95(8'
Table 100 case with niegral PSU lor HH S%° Fioppy / HD €29.95(8
§° Shugart 800801 B° 55 relurtashed 4 tesied £210.0(E)
87 Shugart 810 6° SS HH 8/and Meow CI195.00(E
47 Shugmt 551 8° Gt $i30d rekurbashed & lested £260.00:E.
0" Miasubishi M2854-63 double scsed NEW £295.00(E)
8 Mitsubishl M2895-63-02U DS stmine AEW ME‘
Dual 8* cased crves with inlegra) power supply 2 ME™  CAS9.00(E,

HARD DISK DRIVES 2%4" - 14"

2%’ TOSHIBA MK1002MAY 1.1GD laptop(12.5 mm H) Hew (79.95
2%* TOSHIBA u.-czmmmzlscohaur MNew £89.50
2" TOSHIBA MK4309MAT 4 3Gt taptop (8.2 mm H) New £1065.00
2% TOSHIBAMKEA0GMAY 8 1Gb laptop (12.7 mm H) Mew€190.00
2W° 10 IW’ conversion kit for Pe's, compiete with connectors £14.$5

19 mm

3’ FUJI FK-309-26 20md MFM LF RFE
3% CONNER CP3024 20 mbd IDE VF (or equaiv.) RFE

£59.95
£59.55
£59.00
£49.00
€49.9%
£69.9%
€69.95
£99.00
€£1$5.00
£1§4.00

3%° CONNER CP3C44 40 md IDE LUF {or equnv.) AFE
I%° QUANTUM 40S Prodrl ve 42mb 1 VF, New RFE
SW” MINISCRIBE 3425 20md MF LU UF [oc equrv.) RFE
$%' SEAGATE §T-238R 30 mb ALL IF Refurd

SW° CDC 5420551 40mb HH MFM UF RFE tested

54 HP 97548 850 Mo SCSI AFE tosted

54" HP €3010 2 Gt:yte SCSI ditferential AFE lested

6' HKEC D2246 85 Mb SMD nlertace, Mew

8°  FUJITSU M2322K 360Mb SMO LF RFE festod £195.00
8" FUJITSU M2392K 2 G5 SMD UF AFE lasied LM5.00
Many other arives in steek « Shipping on ail drives is code (C1)

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

THE AMAZING TELEBOX

IC's -TRANSISTORS - DIODES
OBSOLETE - S u BULK
10,000,000 items EX STOCK

%@ ITOR SPECIALS
ghes SpGCI ication
Mitsubishi FAJUISETKL 147 SVGA Muttsync colour monay wih fre

for MAJOR savivGs
CALL OR SEE OUR WEB SITE www.distel.co.uk
ne of the 1
monitors you will ever see -
028 dot pich be and rescifion of 1024 x 768 A
| vanety of routs 30w conecter 19 & ot of compnt

)
"‘ At this price - Don't miss it!!
B3 PCs in OGA. EGA VGA & SVGA
COMMODORE

] @oapiale, Wy swihey and LOW TION MPR
spocfeation. Fuly guarartor 1 EXCELLENT wne
wiad coiton

Order as
Ti & Swivel Base €475 Only £119 &
YGA cable tor 1804 PC y -
Extemal cabies for othur types of camputers svaitsbie - CALL

Ex demo 17° 0.28 SVGA Mitsublshi Diamond Pro
monitors, Full multisync efc.
Full 50 day guarantoe. Only £198.00 (E)

Just tn - Microvitec 20° VGA (800 ¥ 660 res.) colour monitors.
Good SH coadition « from £239 « CALL for Info

PHILIPS HCS3S {same sty as CM3833) atractvely styed 147
colour manitor with both RGB and stendard composiie 15.625
Khz video Inputs va SCART sockel ard separate phono jacks
Intogral audo power amp and speaker foc sl audio visusl uses,
Will conngct drect o ga and Atard BBC computers ided! for il
video monlitoring / security spplications with ditect connection
10 Mot cofour cameas High quaity with many jeatures such as
front maledmﬁ:'p controts, VCR cofraction button ete. Good
used conddion - testead - guaraniood

Oenngions. vi14' 112w sisw 0. ONly £99.00

PHILIPS HCS) Urra comzac & coloar videc Moniar wih stan.
dard composhe 15.625 Khz video nput e SCART socket Ideal
for al montoring / securfty appications. High qualty, ex-0Guomant
fuly tested 4 guaranieed (DOSSOM MINOr SCrcen Bums). In attrac.
Eve square black clastc case measuring WI10° x MI0® x 13W" D.

240 V AC mains powered Only £79.00 )

KME 10" 15M 10029 high cefniion colour Monkors wih 0 28" oot
pitch. Supert clarly and modorn styling.
Cperates trom any 15.625 whz sync RGB vided
source, with RGE analog and com
such as Atari, Commodare Am gag
Aschimaces & BBC. Moasures only 134 x 12" =
11”, Good used condition. Only £125 g}

20" 22" and 26" AV SPECIALS
Supsitly made UK manulacture. PIL al sold s1ate coour monicrs,
compie’s with COMpaste viieo 4 optionsl sound input. Alttractive
leak style case. Perfect for Schoots, Shops, Disco, Ciuts. stcin
EXCELLENT iate used condidion with fu 90 day guarantes.

20",..£135 22°..€£155 26"...£185@m

We probably have (ho larges! range of video monlicrs bn
Europe, All sizes and types lrom 4° to 42° call {or info.

DC POWER SUPPLIES
Virtually every type of power
supply you can Imagine.Over

10,000 Power Suppliies Ex Stock
Call or seo our web slie.

TEST EQUIPMENT & SPECIAL INTEREST ITEMS

MITS. A FAJMSETKL §4° Industial 3p6< SVGA monkors

£245
FARNELL 9-60V DC O 50 Amps. banch Powet Supplos

£955

FARMELL APX080 0-30V DC @ 80 Amps, bench Suppy  £1850
TRV 10 400 kY « 400 Hz 3 plucse pOWS SOLITOS - 43 Slock £POA
18M 8230 Typo 1, Token ring base und draor €760
Wayna Kesr Audo froquency response analyser £2500
IBM SIF5501 Toxen Rng ICS 20 port 'obe moduids €752
18M M AU Token ring dstribution canel R228 - 23-5050N €55
Al 503 Low crstorton Osciflator 92 10 330KNs, IEEE £550
ALLGON B360.11805- 1880 MHZ trybrig powor combuners €250
Trend OSA 274 Data An r with G703{2M) 64 Vo €POA
Maresnd 6310 Programen 2 10 22 GH2 sweep Qganeratoc £6500
Mar¢on! 2022C 1 -1GH2 AF signai genarator L1550
Marcond 2030 opt 03 10KH2-1.3 sgnal gencealor New £4535
HP1650B Logic Analyser £3750
HP3781A Patiern penerator 4 HPI792A Enor Detector £POA
HPEE21A Dup Programmabie GPIB PSU O-7 V 160 wants  £1800
HPE264 Rach mount variabie 0-20V @ 20A metered PSU Le7s
HPS1121A OC 16 22 GHy fow channet test set EPOA
HP2130A opt 020 300 MH2 puise generator, GPIB oic 7900
HP A1, AD E pan HPGL high sceea drum piotters - from £550
HP DRAFTMASTER 1 3 pen high speed plonter €750
EG G Brookoeai 95035C Pracison lock n amp £1800
View Eng. Mod 1200 compuiensed mipecton Lysiem £POA
Sony OXC-3000A Hoh CCO colour TV cameda £995
Keithley 590 CV chpacitor f votage analyset £POA
Racal ICR40 dual 40 channel voice 1eCONT 3 £37%0
Fiskers 45KVA 3 ph On Line UPS - Kew Canicries 5500
Emecson AP 130 2 SKVA industral spec UPS £2100
Mann Tatly MT645 Hﬁ spaed ng printer £2200
inlal SBC £8&/133SE Multibys 286 system. 80 Ram £94s
Siemens K4400 64KDb 1o 140MD demus analyser £2650

DISTEL on the web 1! - Over 16,000,000

£1850
£1150

HP60I0A 0-200V DC @ 17 Amps banch pcwe: supply
Intal SBC 486/125C08 Enhanced MuRbus (MSA) Hew
Nikon HFX-11 (Ephiphal) #xposure control unk £1450
PHILIPS PMS518 pro. sgral genorawr €250
Motorola VME Bus Boards & Components List SAE / CALL £POA

Trlo Q- 18 voz tneas, metorec 30 amp bench PSU. New £550
Fufitsu MI04IR 600 LPM high soced band printer €150
Fujitsu M3I0410 600 LPM pranter wen network interface £1250

Perkin Elrner 2998 Infrared spaCt/ophotomass
Patkin Elmar 597 Infrared ometer
¥G Elscisonics 1035 TELETEXT Margin Meter  £3250
UghiBand 60 outpul high spec 2u rack mount Video VDA's  £455
Sakonic SO 150H 18 channgl digital Hybrd chan recorcer  £1595
84K 2613 Mxrophone pre amp £300
Taylor Hobson Tallysurd ampitier | recorae:
A0C 55200 Carbon doxde Gas catector / mondor

BBC AM20/3 PPM Mater (Ernast Tumer) « deive gactroncs

ANRITSU §654A Ogc-ul -2 5G wavelorm monitor £5650
ANRITSU MS900181 0.6-1.7 uM optical spectrum anahysor CPOA
ANRITSU MLS3A Qplical power mater £950
ANRITSU Fdwe optc characterstc tes: st CPOA
R&S FTOZ Dua! sound unit £650
RAS SBUF-E1 Ysion moduiator €775

WILTROMN 66308 12 4 / 20GHz AF sweep penerator

TEK 2445 150 MH2 4 traco cscdoscope

TEK 2465 300 Mn2 300 MHE odciioscono rach mount
TEK TDS120 £00ht dgRal reakeme « cish drive, FFT otc
TEK TDS524A S00Mh2 dghal reetome + Colour Ipay #MC
HPISESA Ot S07 20H2 10 40 Mh2 spectrum analyser
PHILUPS PW1730/10 60KV XRAY genaraior § accessores CPOA
CLAUDE LYONS 12A 240V Phate avio Yol regs £325
CLAUDE LYONS 100A 240741 Aphase auio vol regs £2900

-ELECTRONICS -
e | S0 2
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YLARS

qene o ese smes e s & 2 ALL MAIL TO I(-)ONMDO;\J SH?P
s s R s e Lt Dept PE, 29735 Osborne Rd pen Mon - Sat 900 - 5:30
T : E . : HE Thornton Heath 2% Whlo L ad
ssns v gee & . . Surrey CR7 8P0

Open Mon - Fri 9.00 - 5:30

Urnentes ana Lol Ausorros - mewmam
(B)=LS 50, (C)=08.50. (C1) £12 50, Oyl 15 00,
of 3@ @ uradss saied QU el r S0y A
%o siock Desasts b vome. Top CASH proes s

M. Thorrion Heath &
Seinurel Part SA Rat Sutom

AJ proag for U Mainiand LK customen aod 17.5% VAT 10 TOTAL oratr srhourt. Msnmesm odir D10 Bora Foke a000urt et acceuted $om Gowomimant, Schos!

00U cr €50 Creguais ovie €100 ave sutsect 10 10 workng Arys osoranoe. Carage charpes (ARE100, (At)Ee 00,
(E)=C18.00 (Flef2000 GpCALL Alow approa 6 days bor shepng - s CALL. A3 Qo0 Sagpited 10 0w Sarau Candtont
CANUES O 3 R0UM IS Case Dass Al ngits reserad 15 Change proes / ocfeaurs witiou
Srpius QOO A3 19drrarhe, FaAames $i acknowieaged € Decay Enroracs 1999 E & OE 0749

Visit our web site
wwnv.distel.co.uk
email » admin@ disiel.co.uk

Surplus always
wanted for cash!

19" RACK CABINE
QP gy /K CAEINETS

Virtually New, Ultra Smart

Less than Half Price!
Top °“‘"§ 197 rack cabnets made n UK by
+Optima Enclosures Lid. Units tesluia
Cesigner, emohad oryle kochable front door,
full nesght hockable hall isuvered tack door
and Wuvered temovable 31 pancls. Fully
agustabie imsecnal i struts, ready punched
for any conliguration of eqpmeont mounting
plus ready mounted integral 12 way 13 amp
SoChe! twilched mans gairbution Strg mabs
these racks some of Ihe most versatile we
fave ever soid. Racks may be slacked .00 by 0o and therelon
1eQuire Only two 3:3¢ DANEIS 10 11ANd Lngly of IV mukiple bays.
Overal dmensons are: TT%° Hs 22W° O x 22° V. Order aw:
OPT Rack | Compiats with rencvadio sico pansis.  £345.00 (G)
OPT Rack 2 Rack. Less 10e canels £245.00 (GY

S PPEPIREET I
2UCENEIILI L2 EOPESE
PIECLiLINII {2 E008),

Over 1000 racks, shelves, accessories
19" 22" & 24* wide 31046 U high;

Avalilable from stock !
32U - High Quality - All steel RakCab

Mase by Eurocral Enciosures Lid (o he highes! possible spec,
tack featnees all steel consiruclion wih removable
330, front and back doors Front and back doors are
hinged for exsy accass and al are lockabio with
o socure 5 lever barrel locks The front door
Is construcied of double walled ztea! with a
‘designer slyle’ smoked acryfic liont pancd to
enabdio salus NACACrs 10 Do seen through the
pane! y#t reman ynobtrusve, Inteenally the rach
features fulty siotted reinforced vertical hn'nz
membeis 1o take ihe heaviesl of 15 rac
equip The two bio verbcal sinds
{exiras avadabie) are pre punched for standard
‘cago nuts”. A mains digtribution panel avernal
Iy Mountd to the bOMOM rear, praveades B x JEC 3
pin Euro socksts and 1 x 13 amp 3 pin switched ?
utitity socket. Oworall ventlation is provided by
ICuvered Back 000 and doubio skrined Lop secton
1P 8nd 3334 kunres. The top panel may be removed for fang
of inlegral fand 10 the sub plate ale. Other laatures include: fneg
Ca110r8 NG A00r Wveid: s prepunched ulddy canel st lower rear kr
cabie / connecton acoess e n excelient, slighnly used
condition with keys. Colour Royal blue. € rlernal dimensions
mmalG25H X &S0 60 W (64" Hx 25 D2 23W W)

Soid at LESS than 8 third of rakers price I}

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

12V BATTERY SCOOP - 60% off I!

A specal buk puchase fom a cancelisd export order brngs you
the most savings on these ultra hgh spoc 12v BC 14 Ay
rechargeabiy banerias Made by Hawhker Energy Lid, type SBS1S

featyring pure lead plates which ota: 3 tar suzence Lhed & guaren-
toed 15 Lw sarvice Lo Fully BT & BS6290 approved S.opled
BRAND NEV and boired Dmensons 200 wicie, 137 Noh, 77 o?n
MG boR lerminaly. Fuly guaraniesd Curtent makers prce cvir

“"Dur Price £35 each «; or 4 for £99 n

g your naxT redy F
sy, Octal Cracte. Hermelcaly Scaled
Contnenta!. Contaciors. Tine Delay. Reed. Mercury Werted, Solid
State. Pnnied Cucur Mou:rmc , CALL or ses our webd site
www.distel.co.uk bor more aton. Many cCscite npes from
stock Save fEXTs

Undoubted’y & miracie of modern tachnology &
our spocial buyng power | A qualitly product toa.
furing 3 ftully cased COLOUR CCO cameia al a
gve away orce b Unt features hull autolight sensing lor
use in low light 4 high lighi
spplications. A 10 mm fxed tocts
wido ang'e lens gives sxcellenl focus
end rasclution from ciose up 10 long
tange The composhie video outdut wl
connect 10 any compasde monacr of TV
(via SCART socket) and most vides
fecorders. Unt runs from 12V OC o
> ideal for securnty & portable applica-
Hons whar@ Mans power POt Svakabie
Overal demansions 66 mm wids £ 117 deep z 43 hi
BRAND NEW 3 fu?y guaranteed wen usar data, t

. Supphed
of appica-

tiong includng Securty, Homae Video, Wed TV, Wed Cams otc, et
Webcel »LK33  ONLY £99.00 or 2 for £180.00 ()

SOF

RE SP

NT4 WorkStation, compleie wi g service ac! !

and licence - OEM packaged. ONLY £89.00 s,
ENCARTA 95 + COROM, Not ine Latest - but 8t (his price 1 £7.55
DOS 5.0 on IW dashs wh concise booas cw GBasic €14.95
Windows for Wockgroups 3.11+ Das 6.22 on 3.5° disks £55.00
Wordpertec! § for DOS suppsed on IH° g:skg with manual £24.9%

shipping charges for software 15 code B

items from stock - www.distel.co.uk

ALL @ ENQUIRIES

0208 653 3333

FAX 0208 653 8888

Px Ao Oroes e
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NEXT MONTH

SCRATCH BLANKER

It seems that reports of the death of vinyl discs have been somewhat
exaggerated. While it is true that new vinyl records are not made in
significant numbers any more, there is a thnving second-hand
markel. In fact many types of record are now hotly collected,

including some that were manufactured quite recently. Interest in vinyl
records may still be quite strong, but the drawbacks that resulted in
compact discs laking over have not gone away.

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

This stereo circuit provides a delay of less than one millisecond
lo the audio signal so that “clicks™ can be detected and removed
belore the listener hears them. Make listening to your old vinyl 2

pleasure again.
FLASHING
SNOWMAN

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

This profect is very much in the flashing soap dish tradition, It is just
a polystyrene ceiling tife fitted with some l.e.d.s that flash. It is a simple
but amusing Christmas decoration that should raise a smile or two.

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

FROST
ALERT

Vehicle manufacturers strive to make

our driving experience ever more

comfortable. Such items as ride
control, poveer steering, electronic engine
management, and alr-conditioning now appear as
standard fit on many vehicles and as a result we
become more and more detached from the outside
environment. One of the most important considerations
would seem to be the quality of the road surface, a
factor that directly affects our style of driving.

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

keep you informed.

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

Everyday Practical ElectronicsiETI, December 1999
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NO ONE DOES IT BETTER

DON'T MISS AN
ISSUE - PLACE YOUR

ORDER NOW!
Demand is bound to be high
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WWEILLANCE

PROFESSIONAL QUALITY KITS

No. 1 for Kits

Whether your r
electronics SUMA DESIGNS has a kit to fit the

uirement for surveillance equngment is amateur, professional or you are just fascinated by this unique area of
ill. We have been designing electronic surveillance

equipment for over 20 Years

and you can be sure thal all our kits are very well tried, tested and proven and come complete with full instructions, circuit
diagrams, assembly details and all high quality components including fibreglass PCB. Uniess othetwise stated all transmitters are

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

Genulne SUMA kits avallable gply direct from Suma Designs. Beware Inferlor imitations!

UTX Ultra-miniature Room Transmitter

Smales! room transmitter kit in the world! Incredible 10mm x 20mm incuding mic. 3.
12V operation. 500m range £16.45
gx Micro-miniature Room T;_ansmillerm ; :

{-sedng micrg-mirkature Room Transmitter 17mm x 17mm inchuding mic. V-
12V operabon. 1000m range £13.45
STX High-performance Room Transmitter

mance barsmifler with a buflerad ur.g.ﬂ
range Measures 22mm x 22m, including mic. 6V-1
VTSGO Hzlgohﬂ;power Room Transmitter
excelent range and perlormance.
Sua 20mm .msv-m operation. 3000m range
VXT Voice-Activaled Transmitter
Trggers only when sounds are detected Ver; low standty cutrent Variable sensi,
and delay with LED incicator, Sze 20mm x 6/mm. 4V operation. 1000m 11-9‘-:19‘1
m Mains Powereféioom Tgnsmmer
drectly 1D 240V supply for long-term mondoring,
Scze 30mm x 35mm. 500m range
SCRX Subcarrier Scrambled Room Transmitter
Scrambled from fhis transmitter cannot be monkored without the SCOM decoder
connécied to the recerver, Size 20mm x 67mm. 9V operaton. 1000m rarge  £22.95
SCLX Subcarrier Telephone Transmitter
Connects 't telephone tne amywhare, reques no battenes. Output scramdied so
tequires SCOM connacted to recerer. Sze 32mm x 37mm.1000m rarge  £23.95
SCDM Subcarrier Decoder Unit for SCRX
Connects 10 receiver earphone socke! and provides decoced 2ude output to head-
phones. Sze 32mm x 70mm. SV-12Y operasion £2295
ATR2 Micro-Size Telephone Recording Interface
Conracts between lelephone ine (anywhere) and casselis recorder. Swiches tape
alomatcaty 2s phone is used. Al conversations reccrmSmlsfmxaam
Powered from kne £13.45

siage kor greater stabdty and
V operation, 1500m range £15.45

£16.45

£19.45

Y%k Specials k&%

DLTX/DLRX Radlo Control Switch
Remote controt anything around your homa or garden, outside lights,
alarms, pa?lng system elc. System consists of a small VHF transmitter
with digital encoder and recelver unit with decoder and relay oulput,
momentary or aiternate, 8-wa: T&d LLL switches on both boards sel your
own unique security code. size 45mm x 45mm. RX size 35mmx
80mm, Both 9V operation. Range up to 200m.
Compiete System (2 khs)

Individual Transmitter DLTX

individual Receiver DLRX

MBX-1 HI-F1 Micro Broadcaster

Not technically a surveillance device but a great Ideal Connecls to Lhe

headphone oulput of your HI-Fl, tape or CD and transmits Hi-Fl quatity

10 a neatby radio. Listen to your favourite music anywhere around the

house, garden, in the bath or in the garage and you don't have to pul
r with the 0J's choice and boring wallle,

Size 27mm x §0mm. 9V operation. 250m range £20.85

£50.95
£19.95
£37.95

Derr. EE

SUMA
DESIGNS
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THe WonrksHors, 25 Main RoAp.
BaxreriLey, Near ATHERSTONE.
Wanrwicusvire CV9 2LE

VISITONRS STRICTLY BY APPOINTMENT ONLY

UTLX Ultra-miniature Telephone Transmitier

Smatest tel transmutier K avadabie Incredble size of 10mm x 20mm!
Cannacts 10 bna (amwhere) and smiches on and off with phone use

All comersaton transmited. Powered from kne. 500m range

TLX 700 Micro-miniature Tel e Transmitter

Best-seling telephone transmtier. Being 20mm x 20mm A 5 eas’er 10 assembie than
UTLX. Connects 10 kne (anywhers) and satches on and off with phone use. Al con-
versabens ransmited. Powered from Ene. 1000m rangs £13.45

STLX High-performance Telephone Transmitter

Iﬁ::perbmame transmitter with butiered output stage providing excelent stabity
and performance. Connects 1o ine {amahera) and w'.cbesonaruoﬁmwseuse

M comversations transmitied. Powered from kne.

Size 22mm x 22mm. 1500m range £16.45

TKX900 Slgnalllng'rracklng Transmitter

l‘m:sms a ConbNuUoUS stream o mnopu!sesmm»amnemnewwrdaa;bwbrw
o tragiung purposes power output greng ranga up 1

Su 163mm. 9V operabon s £2255

CD400 Pocket Bug Detector/Localor

LED and pezo e puise siowly, rate of puise and pitch of lone increase as you

approach signal. Gan control 2%ows pnponting of source.

Size 45mm x S4mm. 9V opsraton £30.95

CD600 Professional Bug DetectorriLocator

Multicolour readout of signal sirength with varable rate bieeper and vanable senstuy

used to delect ard locate hidden transmiters. Switch 10 AUDIO CONFORM mode 10

dstnguish betwesn localsed bug transmession and normal legtimate sigrals such as

pagers, celular, taxs etc. Sze 70mvm x 100mm. 8V operation £50.95

QTX180 Crystal Controlled Room Transmitter

Narrow band FM transmater for the witmate in privacy. Operales on 160MH2 and

requires the use of a scarvier racener o our oaxmo h.usee cataicgue).

Size 20mm x 67mm. 9V operation. 1000m rangs £40.95

QaLx18g Cr!gtal Controlled Yelephone Transmitter

As par QTX b.:twnectsmle*ephonehmonwﬁubommesdmm

20mm x 67mm. 9V aperation. 1000m rang2 £40.95

QSX180) Line Powered Crystal Controlled Phone Transmitter

As per QLX180 but draws power requiremants from kne. No batteries required.

Size 32mm x 37mm. Ranga S00m

QRX 180 Crystal Con‘trrolled FM Receiver s

For mondoring any of the Q' range iransmitiers. High sensify SECH0N Sup-

pl-edaspu-mﬂmw'ednmﬁereaaymoomedmboamwmm;seu?

up Output 10 haadphones. 60mm x T5mm. §V operation

A build-up service Is avallable on all our kits If required.

UK customers piease send cheques, POs or registered cash.

Please add £2.00 per order for PSP Goods despatchad ASAP
[ ——— 5
VISA

£15.95

£35.95

allowing fr cheque clearance. Overseas customers send
Sterling Bank Draft and add £5.00 per order for ghipment.
Credt card orders welcomed on 01827 714476,

QUR LATEST CATALOGUE CONTAINING
MANY MORE NEW SURVEILLANCE KITS NOW
AVAILABLE. SEND TWO FIRST CLASS STAMPS

OR OVERSEAS SEND TWO IRCS.

Tel/Fax:
01827 714476
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£1 BARGAIN PACKS

- List No. 3

1 item per pack unless otherwise slated.
souﬁ CELL. w@ grve 100mA cf tree siactnery. Ocder Rt
PLAST!C FAH BLADES. 3in. damess, push on 5ondie. DACK

of 2. Order Rt 633

PC GAMES in cases lor remalong, pack of 8. Order Ral 645
PEZO NOISE MAKERS, standard sae. pack of 2. Order Rgt

QFFTOMMUWMW cask ol 2. Order Ret 648
COVERS. sult Plazo sounden. ¢, Nevd Z2Tum hold, pack ol
€. Oroer Aat. €51,

10A MICROSWITCHES wih screw Jermanaig. mans yo2a6,
pack of 2. Order Rel: 662

PCB MOUNTED RELAY, SVSV col. 2 chasgeover SA con-
tacts. Order Ret: 655

CONTROLLED 4-ROCKER SWITCH, 3 of is sweches carvo!
o Of uniess the fir matier s ON. sUt W biow heaters, oc
Oroer Ret: 656

033uF 1000V CAPS, dedl o put In seres with T15V 24W
MOIOrs. pach of 4 Order Aot 672

COPPEA CLAD PANEL, s2e 120 X SN SDPrOLTALMy.
mmﬁml’csarnmmbwulm
Ordar 683

10GM COIL OF CONNECTING WIRE. Oruer Ret: 625,

D.C. UCTOR. artra ofcem. noods e cuTent 50 wil work
wih 3ol ool Order Rel: 557,

SUB MIN PUSH SWITCHES, pach of 2. Order Agl: £38
CERAMIC BEADS, 302l Naulation whers Neal o Aame. pach
<! 100. Oroer Ret: 630

Gin. LENGTHS OF Win DIAMETER PAXOLIN TUBING.
mahe usels tes? proas. ofc., pack of ). Order Rat: 651,

1920 VINTAGE RESISTORS, you've crotadly Pever seen BNy
Quite Thy hese, pack of 2. Order Ret: 655

440V ALC. CAP, &uF,
POWER SUPPLY UNIT, outpst Y 100mA do. Order Ret

o]

AMFMW TUHING CAPACITOR. o spaced weh Win spincle.

Oroer Rat: 742,

2;3; PLUG BARGAIN OFFER. You got 1 kr £1. Orser Ret:
L]

DP/DT ROCKER SWITCHES lor motos reversng, eic. pach of

2. Octher Rt 748,

HOISE TRANSPARENT SPEAXER MESH, 120 x 9in . pach

of 4. Orcer Ret. 744

UO—HIES‘I TOUCH CHANGEOVER MICAOSWITCHES,

Orer Ret: 748,

PAIH mLALN IKSULATORS pack of £, sutabie cabun
aerais esc Oroer Aet 748,

WSJPSU , AC. output, 15V 150mA and § 5V S0mA Order
3 CHANGEOVER CONTACT RELAY w2n col. sutabia ky
12v AC. or &V D.C. Order Ret: 753

LEVER-OPERATED IIICROSWT‘I'CNES A2-QUDTRnt. DILN
Wm My Lty would De replaced, nuu‘o.wa-r

PROJECT BOX, e mm'.‘h?y 100mm 1 75mm ¢ 24mm,
&3 i @ & metn heat sk Order Ret: 758

Ex-87 msmuuimnmmamwrymrm ras
many usedul parts. Oroer Aot 760,

Mmm ARM wh camond it/us. néw 8nd unusad Oroer

. T84,
RUBBER FEET, f¢ corners of square chasess. pach of 20.
Order Ret. 763
24Y BAKELITE ENMCASED AC. OR D.C. BUZZER. Oroer
Pat T74.
COMPONENT MOUNTING TAG STRIP, 32 tags cach side.
Order Ret: 779,
:.I'lgo POTS sach fCed doubie-pols selich, pach of 2. Orer

(=]

CO VICROSWITCHES Coaraiad By & wire cONtal 10 sHnde
wmgm cack of 4, Order Rat: 786
MULTI-TAQ MAINS PANEL. nas 12 133 10 take WL push-on
conneciors. Order Ret: 792

REED SWITCH. fat nstead of round 80 many mors ¢a0 be
stacihed i a smal area Ordler Rpt 798

VERY THIN DRILLS (0-3mm), pack o 12. Order Ref- 797,
ROCKER SWITCHES. sprg-ioades wih changecver 10A
XV contact, pacxk of 2. Orcer Ret. BOO.

::r»ggcmcun BREAKER. TA, pushounon coerated Order

IN-LINE SWITCH intended lor giecinc biarast 1D Ghe varachs
heat, bu! otnously has otrer uses. Orer Ret: 805

PLUG FOR CAR LIGHTER SOCKETS, each hpvng intermat
fuse. pach of 2. Orcter Rat: 829

MAINS TRANSFORMER. 12V-QV 12V, §W, Order Ref: 811,
10M OF MAINS YOLTAGE FLEX wih screen and outer PVC
rautaton. Oroer et 818,

13A ADAPTORS 1 each 1@ 2 phuGs. pack of 2. Orde: Ret:

a0,
O-1uF 250V MAHS WORKING SUPPRESSOR CAPACITOR,
pack of §. Orcer Ret:
::'NGB‘I;AIN JUNCTION BOXES 13A, 230V, pacn of 3 Croer
1

FLUSH PLATE LIGHT SWITCHES, SA whae pach of 2
Crsor Ret: BOS
OCTAL VALVE BASED, Pasoiin, cack of 4, Order et 12
GERMAMIUM TRANSISTORS, OC4S e, pack of 82
argcried. Ocger Ret: 15
LIGHT SENSITIVE TRANSISTORS. rel. OCP70. pack of 2
?C?:DS*EA?ER CROSSOVER. for mid-range

v twester ana
wooter, Orser Ret: 23

SUB-MIN TOGGLE SWITCK. pole changeover 30 can
D8 L0 7 (St ONGI. pach Of 3. Re! 1066
TELEPHONE WIRE for permarent eatensions. made o BT
:;uummm.-mwwc.m.wm-
TY REMOTE CONTROLS. € & does not sut your TV, you
m&:lhmm FM bug. ez, muzom-

SA BRIDGE RSCTIFIEHs wilh {Ced heatsini, wea car bat-
I‘v of 2 Order Ret: 1070

c CLE mBULBS 6Y O-3A. pack of 10. Onser Ret:
IM 'IZVauS:EMER. WAWDrOD! 50 sulilye or NNOorS o

INTERSTAGE RY%ANS?F:ORMER for
SEARSSLEY  CparAtONn
Order Ret- 1/ACI2.

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

12V 8A D.C. POWER SUPPLY. Totally
enclosed with its own cooling fan. Normal
mains operation. Price £11. Order Ref: 11P6.
D.C. MOTOR WITH GEARBOX. Size 60mm
long, 30mm diameter. Very powerful,
operates off any voltage between 6V and 24V
d.c. Speed at 6V is 200tpm, speed controller
available. Special price £3 each. Crder Ref:
3P108.

MOST USEFUL POWER SUPPLY. Rated at
9V 1A, this plugs into a 13A sockel. Is really
nicely boxed. £1. Order Rel: 2P733.
GROWERS PLEASE NOTE: We now have a
very useful 100W soil heater. This is essen-
tiaily 5V 20A power supply, completely en-
cased and with built-in cooling fan. We supply
with it 10m of cable with instructions on how
to couple it to give the recommended 10W
per sq. ft. or 5W per sq. f1. or a very low 2-5W
per sq. ft. Price for compiete L.c.u. £15. Order
Ref: 15P79.

BIG 12V TRANSFORMER. !1 is 55VA s¢ over
4A. Beautitully made and well insulated. Live
parts are in a plastic frame so cannot be ac-
cidentally touched, £3.50. Order Ret: 3.5P20.
BIKE RADIO. In facy, it's more than a radio,
it's an alarm and a spotlight. The radio is
baftery operaled, of course, and needs 3 AA
cells. Only one band but this is the FM band
so will receive Radio 1 and 2. Comes com-
plele with handlebar fixing clips. Price £4.
Otder Rel: 4P72.

INSULATION TESTER WITH MULTIMETER.
Intemnally generates vollages which enable
you to read insulation directiy in megohms.
The muitimeter has four ranges AC/DC volts.
3 ranges DC milliamps, 3 ranges resistance
and 5 amp range. Ex-British Telecom but In
very good condition. tested and guaranteed,
probably cost at least £50 each, yours for
only £7.50 wilh leads, camying case £2 each.
Order Rel: 7.5P4.

REPAIRABLE METERS. We have some of
the above lesters but faulty, not working on all
ranges, should be repairable, we supply dia-
grams. £3. Order Ref: 3P176.
FOR QUICK HOOK-
UPS. You cant beat
leads with a croc clip
each end. You can have

a set of 10 leads. 2
each ol 5 assorted
colours with Insulated
crocodile clips on each
end. Lead length 36cm,

£2 per set. Order Ral:
2P459.

RECHARGEABLE NICAD AA BATTERIES.
You can have these at a bargain pnce of 50p
each, but you have 10 buy a pack of 10 which
would give you a 12V rechargeable battery.
However, it is quite easy 10 divide into 2 x 6V
rechargeables or 10 x 1-2V rechargeables.
Order Ref: 5P287. Made by Varta.

1.5V.6V MOTOR WITH
GEARBOX. Motor is
mounted on the gearbox
which has interchange-
able gears giving a*®
range of speeds and
motor torques. Comes
with fult instructions for
changing gears and
calculating speeds, £6.
Order Ref: 7P26.

SMART HIGH QUALITY ELECTRONIC KITS

CAT.HO. DESCRIPTION PRICE
£
1005 Touch Swmcn 287
1010 ‘S pul S10000 MEET WiTh MONAOr™
output 193t
1016 Loudspearer protecton ung 1
1023 Dyname: hgad preamp 25
1024 Merophond preampider 207
1025 7 wali hedi power ampifar 253
1026 Running tghts 460
1027 NC cad battery charger AIn
1030 grmmer 25
1039 Starec VU meter +.60
1042 AF generatcr 250H2-160H2 1.7
1043 Loudross sterec und in
1047 Sound swiach 529
1048 Elsctronc tremmostat 368
1050 3-mput M- stereo preampbtier 12 42
1052 3-rput Mono masy %3]
1053 Electronic metronome 322
1054 2-irput nstrument muer 276
1057 Casselle haad preamplhegr iz
1059 Teisphone ampider 260
1062 5V 0-5A standsed supply tor TTL 230
1064 + 12V 0-5A stabdised supply AT 2
1067 Stereo VU meter with leads 9.20
1068 18V 044 SIASELEA pOwer Suppiy 253
1070 Hi-fi preampidiar TA7
1w 4-nput selecior €90
1080 Laqust level senser, rain atarm P 5]
1082 Car volmater win Le.ds T.38
1083 Video sgnal amother 276
1688 DC comerter 12vio v er 7-5versv 259
1086 Kz 10 igh! 1or your car <€)
1093 « Windscrean wiget conuoler 368
1094 HOTa4 AAm Sysiem 12.42
Y1058 thermomater weh Le 4 daplay 1150
$101 Dodar tester 1.60
1102 Sterec VU meter weth 14 Lad s 5687
1106 Thermomater wih Le d.s X
107 Etecironcs 1o heip win the pools. 3e8
112 Louaspeaher proteciion with dlay 260
115 Courtesy kpht delay 207
1118 Tine swrich with trac 0-10 mns 114
1122 Tetaphcnre cal relay iga
1123 Morie coce generator 184
1126 Mgrophong proampicher 160
1127 hicrophone tone controf 450
11282 Power Rasher 12V de 253
[RE ] Stereo sound o ight 526

BUY ONE GET ONE FREE
ULTRASOHNIC MOVEMENT OETECTOR. Noely
cased. free standang. has mternal giarm wheh can
be sdences Also has coomectons for daternal
spearer of foht. Price £10. Occar Ret: 10P154
CASED PO SUPPLIES whech. with a few smal
eitra components and a b of moddyng, would ghe
12V &1 10A. Originally £6.50 each. now 2 tor £950
Ocoer Rel: 5 5P,

J-OCTAVE KEYBOARD with pano size keys. brand
r-ur 2vious _price £9.50. now 2 lor the pree of
r Rel: 9 SPS

TOROIDAL MAINS

TRANSFORMERS

Al with 220V/240V prmary windng
224V - 24V 25VA_ prce £3 Croer
Rel. 3P245.
IOV« IOV T20VA, price £8. Croer
Aet: BPG2,
10V + 110V 120VA, prica £8
Orger Ral: 3PGI.
IS5V + IS5V a1 150V.CA, poce £8.
Oroer Ret: EPGS.
35V « 35V 220VA, prce £9. Orger
Red: 9PG4.
S0V + 50V, prce £4. Order Ael
2P132
110V + 110V al 220V would gve 110V al 2A or 220V a1
1A, price £10. Orger Ret. 10PGS
110V + 110V at S500VA woultt give 110V at SA or 220V at
neay JA price £2%. Order Rl 25PGS.

SUPER WOOFERS
A 10in. 3 ohm with power rafing of
250W musc and normal T50AY.

Hommgl soling price for thid o
ESSHMI’. !r can buy a1 £29
and carrage. Crder

Rer 29 7 The- socondt One & an
Bn. 4 ohm. 200W music. 200W
normal. again by Crasenger, prica
£10. Ocdar Fet: 18P9,

Deduct 10% from these prices if you ceder in pars or can
colect These ate all brand new in maker's packing.

TERMS
Send cash. PO, cheque o %0'9 creci! card number
- orgers under £25 add £3 50 service charpe.

J & N FACTORS

Pilgrim Works (Dept. E.E.)

Stairbridge Lane, Bolney,
Sussex RH17 5PA

Telephone: 01444 881965

8562
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! New from FED - PIC 16F877 Chips and Support !!
PIC & AVR Programmers, Development kits and C Compiler

PIC 16F877 20 MHz - £6

Microchip's latest EEPROM device - 40 pin, 10 bit A/D convert-
ers, master/siave lIC bus, full duplex USART, 8K ROM, 352 bytes
file registers, 256 bytes internal EEPROM, upwardly compatible
with 16C74/16C77, but instan! erase and rewrite. Supported by
our programmers, PICDESIM and our new C Compiler.

PIC 16F8BT7 devices, 40pin DIP device, 4MHz - £5.50, 20MHz - ££6.00

Supports all PIC 16Cxx, 12C6xx devices

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

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

b

Forest Electronic Developments

60 Walkford Road, Christchurch, Dorset, BH23 5QG.

E-mail - “robin.abbotu@dial pipex.com™

; Web Site = “hitp/idspace. dial pipex com/robin abbott FED™
=== 01425-274068 (Voice/Fax)

PIC, & AVR Programmers -

PiC Senal - Handies serialty PIC dewices In 2 40 pm mutt-with ZIF
socket 16C55X, 16CoX, 16C7X, 16C8x, 16FBX, 120508, 120509, PIC 14000 eit.
Alsg In-Circut programming Price: £45.%it, £50built & tested,

PIC it - Programs 8 & 18 pin desces © 160505, 16C55X, 16C61,
16CE2X. 16C71, 16CT1X, 16CAX, 16FBX, 12C5089, 12067172 eic. £25%8

AVR = 1200.2313.4134 8515 in ZF. Price: £40 kit £45 built & tested.

Programmers operate on P seria) mtertace. No hard to handie paratel
cable swappng | Programmers supplied with instructions, + YWindows
319598 NT schware Upgrade Programmers from our web site |

AVR, PIC, Scenix - Windows Developmemnt

AssemoienSimulator aliows cevelopment of your AVR, PiC or Scena projects in
ooe Windows progtam. Incorporate multpie files, view help fie nformabon dectly
hom ccoe, edt within project. busdtrask errors directly in source, then simydate
Mary brezkpoin types. fobiow <o in source. sa! bréakpomts i source. Run,
single step, or step over. Logie Analyser Displayl Input stimull includes clocks,
direct values and serial date. Profiler - examing and tme frequenty cafned rou-
tines use the miormabon to optimese out bottie necks. PIC Version Simutates up 10
50 tmes taster than MPSIM |

Cost £20.00, Specify PICDESIM (inclut.ie-s Scenix) or AVRDESIM version

PIC BASIC Products - See our web site for detalls |
16C74 version (8Kbyte EEPROM) - 20 MHz
£30.00 Kit,£35.00 Built & Tested,
Compiler Available - runs identical code

Prices are fully inclusive. £3d £3.00
for P&P and handling 1o each order.
Chequew/POs payabic to Forest
Electroaic Developments. er phone
with credit card details.

=
VISA

SPECIA

SPECTRUM ANALYSERS — Limit

WP, BIGLE Nt:f9.l‘. ol O JACHATLNETN
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P 41208 o mun by YXPP0 HO0MF s
b, wqm:mw‘mWJ
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Quantity

BAX 2R 4era 5 ] Wmmvomlou
LOVANTEST BRI 106 7306 o |upio et oD phase mod. Led dec,

IR Xrg Vo foa sl | Meptacard erery. i, 5L V"ﬁ
P41 & i ¥ @
KSE) Lo VR . FLUKE SCOPEMETERS
B S VERRE Lt 4
SUMCNe_  Femrwoo [ VO008 333699, ol ince .

SOME
ferage e Unused tom (A0 1 1650

MARCONI TF2015 - o] QLR SIPPLY loow MOV
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A Clasgsic Bonch Multraeter

..

STEWART of READING
@ 110 WYKEHAM ROAD, READING, BERKS. RGS 1PL :
Telephone: (0118) 9268041, Fax: (0118) 9351656
Calers weicome Sam-5 30pm Monday 1o Frday (otner times by arrangemaent)

:‘WWWW” Eﬁ Sofatron T045 - 4% Dot brgit
[ A e —T uwm-nm®
TEXTROMD ;7:tws PEYIEA {40M: it cnaat _ __EIS
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TEXTROND TR54L3 sl 230u-2 -PC Cornut 0 C oty P
WP (AR da race SOMMT. DS - 0% ]
L I e R gl i
GOAD & el race, Ml 100S . 900 UAYY OTHEN FOWER SLPPLES AVLLARLE Sewtvey  Unsed £ IR |

gu?mnnl = GUARANTEED. Manuals sugplied
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‘instantly” anywhere
in the world -
buy from the web.

TAKE A LOOK, A FREE
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issues) costs just $9.99 (US)

864

SooN Cfen ceats e Y SRl PR F 4
tb'h-n:nw«thmtw ek

e o%
F4RGeT comendy Jrost e Sy 1in- £24%
Gang e ® 0TI §1258 sact |
955 10. £7 98 100+ TA rarssy 2 o {100

!
%’
!
i

&Y zasery ey

JPG ERECTRONICS
276-278 Chatsworth Road
C‘aeﬂelhdd 540 28H

Visa orders:
el (012-!6)2"202 Fax: (01245} 550959
Caligry weicoass .33 am 40 530 pon
Mondsy o Saturday

VARIABLE VOLTAGE

TRANSFORMERS

INPUT 2207 2407 AL S0.60HZ OUTPUT 0V-26TV
PANEL LOUNTING
PAP

O-4xVA 35 amo mas moo 800
{L4% 84 ing VET)
1KYA S a7 M 8525 fefe]
(082 39 inc VAT)
SHROUCED
0SXVA 25 sroman TMX0
\u-num
1A S wme M £4625
(mnuvn'p
20vA 12 o i £53.00
.m!mvtn
MVA IS aTomas (86D mso
E190,43 ing VAT)

SCCA 25 a0 gz 15000 [+ Carrage 4 VAT)
By eect YON P E0ONIE KNPEN TCH O D Sy

SICVA ISOLATION TRANSFOAMER
ot el 240V AL Ouat vid 34 138 sacsae 280V AC
oty G Mounted B IDENCaT S2 W Narde
oerrdly ec Proe £35.00 carwge pact - YAT €41.13)

TOROIDAL LT. TRANSFORMER
Preary 02637 AL Sacorawy O30V - 00V SOTA
Faing b0t puppied

Proe [29.00 cymage pac « WAT (129 38,

COMPRENENSIVE RANGE OF TRAWSFORMERS—

AP= ESCLATION & AJTD

NGV IOV AL e el cmec s Amwrcar ool
rd maing 040 07 COB" TN 00 Joglatee B o
Qmireary

ULTRA YIOLET BLACK LIGHT BLUE
FLUORESCENT TUBES

&% 43 ma2 €14 00 ieadeis o) €14 45 rc VXT}
220 wa2 1900 izabas oryh 10 2 rc h
120 8wz (M0 - Tiocdo €4 43 nc VAT
e 8 maz 1 5%+ Ko plp €328 o AT}
G 8 =am 1154 - 500 0l 28 e AT}

230V AL BALLAST KIT
Froewin g o UMD Sk KN M)
T ove Lo 57 25004000 ezt (SO0 Sedtty Srecrg
R RETTL 9 GEns L KTE
Ot faserghs o Uf NUBE vaisn b Gemodd | Ruh
SrEth KOS PeB te0hote POS FQFE

Ay '-l.’ gvia;a-u‘:tmm e
Sppresson

iscn Wegrt 42 aiee Pnu 130 - VAT Ex-wwe-
nouse. Carace or regest
24V DC SIEMENS CONTALTOGR
Tm:'fnmcez O 312 2 8 NC 2307 AC 10A,
Coreasss Sorew o Din Rat baing S2e H 120
W 45evn a D TSR Brard New Pros 7.8 b
phe ac VAT,
“;ﬂ:c‘wt:‘stwwms
shiv
% £=es Sou pd o f'rcuaa ! nu'tsz
wWisa T £rae
ww 5!%5 Mm% sone
g Fram fide TiRs pul
ﬁarﬂ. l‘ muuﬂsuu,
SEries 0084

AXIAL COOLIHG FAN
2y AC 120 scury 1 30ern 3 pade 10 wam
Low Fazise @ Orur}nmnlowvﬂ
Oowr vollagiet 80 Juws BrdaDe bOM R0Ch,
Peais Walorm o egaet

INSTRUMENT CASE N

Wb, e L s
38 & 19em Deer

e el - la'm'-l

K sasy asoer~ory of p.r CoTOONerts

29 fran o-ﬂ-cmwl’rqnlls

el A A~ VAT 2 08 £28.20 e >

DIECAST ALUARISUM BOX
rieerad 139

Brane cww

WASHNG MACHNE WATEN PULw

BLUE WY Lawp Brans npw 240V AC tar
GES Uercury Vg g sutatie & .Q ety of puTosest e 1)
e wilh 3 420V PF. Bala Proe erouoet plo & VAT
Orey (3054 tnel 24 & VAT

l\m-“.\i

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWICK, LONDON V/4 588

Monday Frogy Tel: 0161.995 1560

Arpie

FAX: 0181-935 0549 Parry Soace

Evervday Praciical Elecironics/ETI, December 1999



Transform your PC.... Into an
oscilloscope, spectrum analyser
and multimeter...

The ADC-200 range of PC based oscilloscopes offer[—
performance only previously available on the most expensive | :
“benchtop' scopes. By intergrating several instruments into | :
one unit, the ADC-200 is both flexible and cost effective. L]

Connection to a PC gives the ADC-200 the edge over traditional
oscilloscopes: the ability to print and save waveforms is just one example. | =" '
Units are supplied with PicoScope for Windows which is powerful, yet mis=r E =T ]

simple to use, with comprehensive on line help.
Applications Features
¥ Video ¥ A fraction of the cost of comparable benchtop
V¥ Automotive oscilloscopes
V Electronics design WV Up to 100 MS/s sampling -
¥ Production line tests ¥ Advanced tigger modes- capture e’
¥ Fault finding one off events. ’ R'i‘;:‘.o
¥ Education ¥ Up to 50 MHz spectrum analyser A
_ | ¥ Large buffer memory ”‘*m..? )
All units are supplied with ADE-200/100 £499 , i

software, cables and power

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

ADe-200/20 £299

A scope at your fingertip

Onee oscilloscopes were heavy and'dlumsy to handle, but over the years they have'become simaller
and smaller. The latest devefopment in this field has just arrived:a digital storage oscilloseope in i
handy stim housing, scarcely longer than a pencil and about as thidk as your thumb. Despite its simal]
sizegits performance canimatch that of a servige oscilloseope,

ICO

Technelogy Limited

¥ Can use PC dlSplay L

V¥ Sample rates from,
V¥ On-the-spot measurements 50ns to 1ms

V¥ Hobby electronics : + W Up to 20 MS/s
¥ Measurements in amplifiers .
V¥V Production line tests

Prices exclude VAT
Call {7 .. FREE softwar@demonstratiourdisk or visit ouravelssite



ELECTR O NI

C s

EE208 135 Hunter Street, Burtoh-on-Trent, Staffs. DE14 2ST

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

LTD

All Prices include V.A.T. Add £3.00 per order pbp. £6.99 next day
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MAIL ORDER ONLY e CALLERS BY APPOINTMENT

EPE MICROCONTROLLER]
Pl. TREASURE HUNTER
| The latest MAGENTA DESIGN — hlghly
stable & sensitive - with 1.C. control
I of all timing functions and advanced
| pulse separation techniques.
| & High stability

drift cancelling
| & Easy to build

r--

I GBuse

1 ® No ground
effect, works
in seav:ater

® Detects gold,
silver, ferrous &
non-ferrous
metals

& Efficient quartz controlied
microcontroller pulse generation.

g ¢ Full kit with headphones & all

hardware

LKIT 847, ..o £63.95

PORTABLE ULTRASONIC
PEsT SCARER

A poverful 23kHz uhrasound generator In
a compact hand-heid case. MOSFET output
drives 8 specisl sealed wansducer with in-
tense pulses via 8 special tuned transformer.
Sweepmg frequency outpu! i designed to
gwc maximum outpul withou! any special
setting up.

KIT 842........ccovcniveranene £22.56
MK. I ACOUSTIC PROBE

e NEW DESIGN

® HIGH SENSITIVITY & POWER

Pichks up wibrations ampidies, and drives
haadphones. Sounds from engines, waiches,
pipes and speach through watls can be heard
clearty. Useful for mechanics, instrument
sng‘?ncers and nosey parkars! Very effective
avice.

KITEBT6.). 5 e s £29.85

DC Motor/Gearboxes
Our Popular and Versanile DC

motor/Gearbox sefrs.
Ideal for Madels, Robots,

2®
’\ " )
Buggies etc. 1'5 to 45V a @

Muifi ratio geartox
gwos wide range of speeds.
LARGE TYPE - MGL £6.95
| SMALL - MGS -£4.77

Stepping Motors

MD38...Mini 48 step...£8.65
#035...5td 48 step...£9.99
MD200...200 step...£$2.99
MD24.. Large 200 step...£22.95

"the incoming water supply with

pests away from newly sown areas.

PIC PIPE DESCALER

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

An affordable cireuit which sweops

variable frequency electromagnetic
signals. May reduce scale formation,
dissolve existing scale and improve
lathering ability by altering the way
salts in the water behave.

Kit includes case, PC.B, coupling
coil and all components.

High ¢oil current ensures maximum
effect. L.E.D. monitor

KIT 868 .........£22.95 POWER UNIT......... £3.99

MICRO PEsT
SCARER

Our {ates! design — The yitimate
scarer for the garden. Uses
special microchip to gve rancom
delay and pulse time. Easy 0
build retiabie crcuil. Keeps pets/

play areas, elc. Uses power source
from 9 to 24 volts

® RANDCM PULSES

o HIGH POWER

o DUAL OPTION

KT BB T 5 0505000 i poiBaiminEe srmasicts =i £19.99
KIT+SLAVE UNIT.....ooivinnnnnes £32.50
WINDICATOR

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

BT O o s T s 5 o St i £28.00

* TENS UNIT *

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

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

KIT 866.... full ki including four electrodes £32.90

1000V & 500V INSULATION
TESTER

Superb news design. Regulated

g

output, efficient circuit. Dual.
scale meter, compact! case.
Reads up to 200 Megohms.

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

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

‘| TEACH-IN 2000 -

EPE
TEACH-IN
2000

Full set ol top quality NEW
components for this educational
series. All parts as specified by
EPE. Kit Includes breadboard,
wire, croc clips, pins and ali
components for experiments, as
listed in Introduction to Part 1.
*Batteries and tools not included

KIT 879 £44.95
MULTIMETER £14.45

I
. SPACEWRITER 2\'\

An inngvative and exciting
J prorect Wave the wand through
the alr and your mossage spplans
] Pragummsble te hold any message
Cames pre-toaded "si'
Y m?s Kt includesy e

' up to 1
with "ME

12V EPROM ERASER

A safe low cost eraser for up to 4 EPROMS at s Sme
# kess than 20 mintes Operates from a 17V supply

lowed. Safety intanoch prevents contact with UV

RUT 70 b i ot s £29.90

SUPER BAT
DETECTOR

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

A new circuit using 8 full bridge” audio
amplifier i.c., internal
speaker, and head- ;
phonetape socket. The

latest sensitive transducer,
and ‘double balanced mixer’

give a stable, high peformance
superheterodyne design.

KIT 861

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

Based on our Mk! design
and preserving all the
features, but novw with
switching pre-regulator for
much higher efficiancy. Panel
metars indicale Volis and
Amps. Fully variable down to
zero. Toroidal mains trans-
former. Kht includes punched
and printed case and all
parts. As featured in April
1994 EPE. An essential piece
of equipment.

866

EPE

16CB4/16F84/16CT71
Al £5.90 each

Keep pets/pesls away from

COMPONENTS, PCB & CASE
e EFFICIENT 100V

PROJ ECT newly sown areas. fruit, -
vegetable and flower beds, OP t’
PIC chitdren’s play areas., palios W T
S etc. This proiec't produces si«
intense pulses of ultrasound
P’ngammed P_ICS for which deter visiting animals. '-".":g
all" EPE Projects | o xyT INCLUDES ALL “TN

fPEs
i SCARER ¢ |

Kit No. 845..........0.... £64.95

("some projects are
copyright)

PICt6FB77 now in stock
£1 0 inc. VAT & postage

TRANSDUCER OUTPUT e UP TO 4 METRES

o COMPLETELY INAUDIBLE RANGE
TO HUMANS e LOW CURRENT DRAIN

Evervday Practical Electronics/ETI, December 1999



SHVIES N oNelel VNN EPE PIC Tutorial

INCREDIBLE LOW PRICE! Kit 857 £12.99

| I, P i -
INCLUDES 1-PIC16F84 CHIP
SOFTWARE DISK, LEAD Power Supply £3.991 | e Progr .
CONNECTOR, PROFESSIONAL EXTRA CHIPS: - -ln iz
PC BOARD & INSTRUCTIONS ‘ XTRP|CC16F854 £4.84 @ Start by lighting I.e:d.s and do 30 tuljmals_tg Sound
Based on February ‘96 EPE. Magenta designed PCB and kit. 3 3
PCB with ‘Reser’ switch, Program switch, gv regulator and @ PIC TUTOR Board with Switches, Lé.d.s. and on board
test LiE.D.s. and connection points for access to all A and B programmer
port pins. .

PIC TUTOR BOARD KIT
PIC16C84 LCD DISPLAY DRIVER Includes: PIC16F84 Chip, TCP Quality PCB printed with

Component Layout and all components® (*not ZIF

INCLUDES 1-PIC16F84 Kit 860 £19.99| || Socket or Displays). Included with the Magenta Kit is a
WITH DEMO PROGRAM disk with Test and Demonstration routines. c
SOF TWARE DISK, PCB, Power Supply £3.99| || (1T g7 ...... £27.95, Built & Tested ...... £42.95
INSTRUCTIONS AND | FULL PROGRAM SOURCE Optional: Power Supply - £3.99, ZIF Socket - £9.99
16-CHARACTER 2-LINE | CODE SUPPLIED - DEVELOP | || €5 Diapiay £7.99  LED Display 66,90

Lo0 DMET Ry YOUR oW ampLicaTion . | || LCD Display o .99 LED Display .............. \
Ancther super PIC project from Magenta. Supplied with PCB, | [ - FIC Téofﬁjvé

industry standard 2-LINE x 16-character display, data, all

components, and software to include in your own programs. 2 i o L S
1 L] - .
Ideal develpment base for meters, lerminals, calculators, 5 SIEADMPLE POWER SUPPLY OPTIONS £-20V

unlers, timers - Just waiting for your application! i = AL;'.' S‘ﬁrrcgwGG%N%EFQCSBQHTV.?SRE&&T%%S LT .
PICT6F84 MAINS POWER 4-CHANNEL || Rnsureyz it S iy
CONTROLLER & LIGHT CHASER KIT 878 . .. £22.99 with 16F84 . . . £29.99 with 16F877
o WITH PROGRAMMED 16F84 AND DISK WITH

# SUPER UPGRADE FROM V1 e 18, 28 AND 40-PIN CHIPS

SOURCE CODE IN MPASM Now features full &-channel SUPER PIC IPROG RAM MER
o ZERO VOLT SWITCHING chaser software an DISK s
. g:;g';ﬁi‘;ggﬁ PATTERNS ol A e e READS, PROGRAMS, AND VERIFIES
& AR L TR igdtea a1 B e WINDOWS™ SOFTWARE
e 12 KEYPAD CONTROL own applications. Software e PIC16C6EX, 7X, AND 8X
e SPEED/DIMMING POT. source code 8 Il wean || | @ USES ANY PC PARALLEL PORT
e HARD FIRED TRIACS 54 Toliowe ey, e USES STANDARD MICROCHIP @ HEX FILES
K. 855 £39 95 e OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
it ’ LOTS OF OTHER APPLICATIONS e PCB, LEAD, ALL COMPONENTS, TURNED PIN
‘ P|C TOOLK|T V‘I SOCKETS FOR 18, 28, AND 40 PiIN ICs. £29 99
i i :
o PROGRAMS PIC16CB2 and 16782 @ ACCEPTS TASM AND MPASM CODE e SEND FOR DETAILED Kit 862
R e T P i Bl s S ISR INFORMATION - A Power Supply £3.99
*Needs QBAS!C or QUICKBASIC SUPERB PRODUCT AT AN IS ABEEMBLER
kre71... £13.99. Built and tested £21.99 UNBEATABLE LOWPRICE. | oo vmRe  £11.75

PRy ey | PIC STEPPING MOTOR DRIVER

MAIN BOARD - FULL XIT£131.95 BULT .......... £149.95

VOPORTKIT ............. £16.99 suvt ... £24.99|[mebesees ™ Kit 863 £18.99
W A S . £12.49 rowersurpLY. £3.99 | || DEMO PROGRAM, FULL SOURCE CODE SUPPLIED
8-BIT SWITCH/LATCH £7.95 INT. MODULE .£10.45 | || SOFTWARE DISK. ‘
'''' . ; . . INSTRUCTIONS ALSO USE FOR DRIVING OTHER
AND MOTOR. POWER DEVICES e.g. SOLENCIDS.

68000 oFRinaar Ao
o NEW PCA DESIGN R

* B LiHz 68000 16-8IT BUS
® MAKUAL AND SOFTWARE

/ KlT 621 Ancthar NEW Magenta PiC project. Drives any 4-phase unipolar motor - up
' 299.95 to 24V and 1A Kit inctudes all components and 48 step motor. Chip is

pre-programmed with demo software, then write your own, and re-program
¢ ON BOARD the same chip! Circuit accepts inputs from switches etc and drives motor in

» 2 SEAIAL PORTS . o SV REGULATOR response. Also runs standard demo sequance from memory.
e e S N P
. o X

1 8-CHANNEL DATA LOGGER

Mini-Lab & Micro Lab | (Lo Bt it ies, Qo
ectronics feach-in '

Logger or 85 2 lest bed for many other 16F877 projects. Kit

includes programmed chip, B EEPROMSs, PCB, case and all components.
As featured in EPE and now
published as Teach-In 7, AH

KIT 877 £49.95 inc. 8 x 256K EEPROMS
parts

are supplied by Ma?ema.
Teach-in 7 is £3,95 from us or
EPE

Full Mini Lab Kit - £119.95 -
Power supply extra - £22.55
Full Micro Lab Kit - £155.95

AL e LD L TR All pricesinclude VAT, Add £3.00 pEp. Next Day £6.99
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk
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TIME LINE

With the millennium fast approaching (or maybe you feel we should be accurate
and wait for the end of 2000 to cclebratc?) we have decided 10 produce a scries of
anticles describing the development of electronics over the last 100 years. Our
fricnds and Editors of EPE Online, Max and Alvin in the USA, are producing it for
us and they asked a number of people to suggest- significant developments they
thought worthy of inclusion. We passed this request on 10 some regular contribu-
tors in the UK and their responses just about covered everything we could think of.
It should make a fascinating series and it should expose one or two myths about
who invented what first.

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

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

ON-LINE CONTACT

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

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

take a little longer.

AVAILABILITY

Copies of EPEETI are avadable on subscription
anywhere i the world {see on.':?hl), from all UK
newsagents (dstnbuted by COMAG and from the
foliowing slectronic component retadsrs: Omni
Electronees and Maphin in S. Afnca. EPE can also be
purchasea from retad magazine outlels around the
worid. An Internet on-fine version can be purchased
from www.epemag.com

SUBSCRIPTIONS

Annual subscriptions for defivery direct 1o any
address in the UK: £26 50. Overseas: £32.50 stan-
dard akr service, £50 express armail. Cheques cr
bank drafts (in € sterfing only) payabis to Everyday
Practical Electronics and sent 1o EPE Sub. Dept.,
Allen House, East Borough, Wimborne, Derset
BH21 1PF. Tel: 01202 £81749. Fax: 01202 841692.
E-mall: subs@epemag.wimborne.coui Also via
the Web al: hhip/iwaw.epemag.wimporne.co.uk.
Subscripbons start with the next available issue. We
accept MasterCard or Visa. (For past issues see the
Back Issues page.)

BINDERS

Binders to hold cne velume (12 issues) are availabie
from the above address. These are fmished in bive
p.v.e., prinied with the azine loga in gold on the
spine. Price £5.95 plus £3.50 pdp (for overseas
readers the pasiage s £6.00 to everywhere except
Australia and Papua New Guinea which cost
£10.50). Normally sent wilhdn seven days bui please
allow 28 days for delvery - more for overseas.
Payment in £ sterling only please. Visa and
MasterCard accepled, minimum credit card
order £5. Send, fax or phone your card numbor
and card expiry date with your name, address
ele. Or order on our secure server via our web
site. Overseas cuslomers - your credil card will
be charged by the card provider in your local
currency af the existing exchange rate.
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Advertlsement Copy Conlroller:
PETER SHERIDAN, Yimborne (01202) 882299

READERS' ENQUIRIES

E-mall: techdept@epemag.wimborne.co.uk
We are unable 10 offer any advice on the use,
purchase, repair or modification of commercial
equipment or the incorporation or modification
of designs published in the magazine. We
regre! that we cannot provide dala or answer
queries on arlicles or projecls that are more
than five years old. Leiters requinng a persona!
reply must be accompanied by a stamped
sell-addressed envelope or a sell-
addressed envelope and International reply
coupons. Due to the cos! we cannol reply
lo overseas queries by Fax.

All reasonable precautions are taken [0 ensure
that the advice and data glven to readers is
reliable. We cannot, however, guaraniee it and
we cannot accept legal responsibility for it.

COMPONENT SUPPLIES

We do nol supply electronic componenis or
kits for building the projects featured, these
can be supplied by advertisers (see Shoplalk).
We advise readers lo check that all patls are
still availzble belore commencing any project
in a back-dategd issue.

ADVERTISEMENTS

E-mall: adverts@epemag.wimborne.co.uk
Although the proprietors and stafl of
EVERYDAY PRACTICAL ELECTRONICS/ETI
take reasonable precautions 10 protect the
interests of readers by ensunng as far as
practicable that advertisements are bona fide.
the magazine and its Publishers cannol give
any undertakings in respect of statements or
claims made by adverlisers, whether these
advertisements are printed as part of the
magazine, or in inserts.

The Publishers regret that under no &ircum-
stances will’'the magazine accepl kabiity tor
non-receipt of goods ordered, or lor late
delivery, or for faults in manutacture. Legal
remedies are available in respect of some of
these circumstances, and readers who have
complaints should first address them 1o the
advertiser.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

We adwvise readers thal certain items of radio
transmitting and telephone equipment which
may be advertised in our pages cannol be
legaily used in the UK, Readers shoulg check
the law before buying any transmilting or
teiephone equipment as a fine, confiscation ol
equipment and/or Imprisonment can result
from illegal use or ownership. The laws vary
from countty to country; readers should check
local laws.
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Constructional Project =

JIM MAIN

A neat little tool to help debug your
PIC microcontroller code!

when developing PIC microcontroller

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

In fact. your PIC chip is probably
whizzing away inside some loop or other,
or resetting itself several thousand tinies a
second. You'li be none the wiser.

BUGS AND OPTIONS

There are various solutions 1o debug-
ging your code and indicating whalt’s
going on inside your chip. You could be
using a softwarc simulator. such as
MPSIM. You might have some l.c.d.s
attached to a spare port and be lighting
them up at various stages of your code to
se¢ how far you're getting. You might.
perhaps, have a serial port in your project
and be sending the odd characier to
indicate position” — you might even be
fortunate enough to have an in circuit
emulator (you wish , . .),

All these debugging micthods arc well
and good. but suffer from disadvantages.
MPSIM requires time and effort to set up,
and if you're running on-chip peripherals
such as serial ponis, PWM. 12C. SPI eic.,
then its use becomes very limited.

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

SINGLE PIN SOLUTION

An answer 1o this situation is to use an
existing output pin to output a very shon
duration Debug word (of around 64ys).
There are two advaniages to this:

IF there’s one thing which irks most

1. The code is held-up oulputting the
Dcbug word for a minimum amount of
time.

2. It may be possible 10 use a pin that is
ourrenily being used for other output
dutics.

870

Advaniage 2 needs some further expia-
nation. Idcally. this output pin will be
soinething like a processor status L.e.d. pin

or at least a pin where a short duration
word isn’t going 10 upsel whatever is con-
nected 1o it {a relay. for instance. should
ignore a word of less than 100 micro-
seconds or so). In this way, the debug word
is transparently output on the pin.

The Micro-Probe described herve is con-
nected lo the target output pin and “listens ™
for any valid dcbug words coming from
that pin. There are cight possible Flag
codes. It does not matter whether the output
pin is held high or low before the word is
output — the probe will pick up the pattern
in cach case.

CIRCUIT

DESCRIPTION

The Micro-Probe has a very simple cir-
cuit and uses the ever-popular PIC16F84 in
its 10MHz version. It is such a simple cir-
cuil, in fact. that it does not really warrant a
printed circuit board. Conscquently. it has
been designed onto a picee of sinipboard,

With reference to the circuit diagram in
Fig.1. the PIC. IC1. is set up in a crystal-
timed configuration with a 10MHz crystal,
X1, and iwo 15pF capacitors. C3 and C4.

Note that because the PIC is to be operated
at 10¥fHz, it must be configured for the
HS crystal opiion prior 10 it being
programmed.

The 3V power supply for the PIC is con-
nccted to the circuit by means of two flying
icads with test clips on the ends. The clips
allow the power to be obtained from the
supply of the circuit under test. Since it
would be very casy 1o mix up the polarity
when connccting into a target circuit. diode
D1 is included to protect the PIC.

A power-on Le.d.. D3. is taken across the
supply in serics with ballast resistor Ri.
You can then tell straight away if onc of the
power ¢lips has fallen off?

The signal from the targel circuit comes
in via diode D2. This drops the incoming
signal voltage level by the samc amount as
D1} {so that you are not over-volting the PIC
with respect 1o the supply). R2 is a pull-
down resistor for the PIC's input pin RA4.
All other Port A pins are configured as out-
puts in the software and can be lefi
unconnected.

Four bi-colour l.e.ds are connccted 1o
Pori B via ballast resistors R3 to R6. These
l.e.d.s are actally two lLe.d.s in one pack-
age. connected back-to-back across each
other. Depending on the direction of the
current. the Led. illuminates
cither red or green. so with four
led.s. cight signal indications
can be displayed.

If you prefer. you can replace
the bi-colour l.e.d.s with eight
individual le.d.s. emembering
to add a ballast resistor 10 cach,

When a valid word is received
by the Micro-Probe. one or
mere of the l.e.d.s will light.

SOFTWARE

The software for the Micro-Probe #s split
into two-parts - the code run by the Aicro-
Probe itself, and the Target code you have
to add to the target application 1o output the
debug words,

It should be noted that the Target pro-
gram has been wnitien specifically for use
within programs that are intended to be
asscmbled through MPASM (Microchip’s
own assembler software).

The Target code cannot be used with
programs written in TASM (the Shureware
asscmbler language used in many EPE pro-
jects). Nor can the £PE PIC Toolkit {(both
MK1 and MK2) interpret the Include
instruction embodied in the Target

Everyday Praciical ElectronicsiET], December 1999
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Fig. 1. Complete circuit diagram for the PIC Micro-Probe.

program. Experienced programmers, how-
ever, should have no difficuity in re-writing
the small amount of code involved to suit
the TASM/Toolkir structures.

TARGET MACROS

Looking at the Target code first. this
allows you 1o add macro-routines 10 vour
program. Macros are very powerful and
flexible balch-type commands which
consist of instructions to the compiler to
generale code al compilation time. An
cxample of using the macros to generate
the debug words is shown in program file
YOURPROG.ASM.

First of all. it is important to be ablc to gen-
erate the cormect duration of pulse for a num-
ber of target clock frequencies. The macros
generate the correct duration of pulse for an
integer number of megahertz frequency (1. 2,
3 ctc.). It is pecessary to point out that your
target processor should be crysial or ceramic
resonator clocked — RC (resistor-capacitor)
clock generation is not really accurate or sta-
ble enough for the Micro-Probe.

In YOURPROG.ASM it will be scen that
the clock speed (CLK) is defined for
16MHz:

#DEFINE CLK .16 ;SPEED IN MHz

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

The pin of the target circuit which the
Micro-Probe is 10 monitor is defined in
YOURPROG.ASM as Ponn C pin 7:

#DEFINE DEBUGPIN PORTC,?

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

MACRO ROUTINES

These ane three distingt Macros: PIN X,
SYNCWORD and DEBUG X.

Al the lowest level is the macro PIN X.
This takes an argument of O or | and sets or

clears the selected output pin accordingly.
[t then loops for a number of times accord-
ing to the clock frequency (defined by
CLK) to time the lengih of the pulse.

The macro SYNCWORD siarts with a 0
for the start bii. followed by binary 10} to
uniquely identify that this is a debug word.
It does this by calling PIN X four times
{c.g- PINO.PIN |, PINO. PIN 1).

Macro DEBUG X is the one you call from
the body of your code with the relevant argu-
ment, where you want 1o signal that the code
has reached that particular point. DEBUG
first calls SYNCWORD, and then adds the
3-bit codde for the relevant Flag point Finally,
a stop bit 0 is added 10 the end.

USING MICRO-PROBE

Where you want to signal a point having
been reached in your code (say entering a
subroutine). then add the line:

DEBUG X (where X = | 1o 8)
For example:

DEBUG 1 lights the first l.e.d. green
DEBUG 2 lighis the first le.d. red
DEBUG 7 lights the fourth Led. green

If your target application makes usc of
intermupis, then make sure that you disable the
global interrupt enable bit (INTCON.GIE)
before calling the Macro. This is (0 ensure
that an interrupt does not happen halfway
through a debug word. destroying iteliming.
Re-enuble it as required afierwards (sce
YOURPROGASM .

When vou want to resct and tum off all
the l.e.d.s. just remove onc of the power
leads 1emporarily (or fit a Resct switch if
vou like).

INCLUDE FILES

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

DEBUG.INC

into C:\PROGRAM FILES\MPLAB\

Everyday Practical Elecironics/ET1, December 1999

When you want 10 add debug code 10 an
application, just put the command:

INCLUDE DEBUG.INC

below your processor-specific Include line.
and then add the CLK and DEBUGPIN
definitions.

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

The CLK and DEBUGPIN definitions
can safely stay in your application.

BIT-BANGING

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

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

Assuming that the output staried off low,
then the first sample will occur somewhere
inside the finst 1" of “i01™ (the
Syncword). The pin is resampled six
cveles later (2-4us) 10 make sure that the
sample point is not too ncar the leading
edge of the first pulse. Thereafter. the pin is
sampled every 8us 1o sampie cach pulse in
the same place.

If the Syncword is wrong. then the
process is abandoned and the sampling
process starts from the 1op.

Once the three bits of daw have been
obtained, we have u number between 0 and
7. This is mubtiplied by four (by performing
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the RLF instruction iwice)} before being
added 1o the program counter (a computed
GOTO).

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

In the Pont writing section
(LED_EXIT). the shadow register
LED_REG is written to Port B and lights
the relevant l.e.d. before looping back o
the top.

CONSTRUCTION

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

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

It is likely that the stripboard will be
larger than you neced. If so, use a sharp
knife 10 score the smipboard where you
wantl 1o cut it {on the copper side). It should
crack cleanly over the score when you bend
it with a pair of plicrs. File down the rough
edges.

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

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

COMPONENTS

Resistors See

A1, R3to R6 gg% SHOP
R2 4k7 TALK

All 0.25W 5% carbon film P
or beiter. -

Capacltors
1 100 radial elect. 16V
C2 100n caramic
C3,C4 15p ceramic (2 off)
Semiconductors
D1, D2 1N4001 1A S0V rec. diode
(2 off)
03 red Le.d., 3mm
D410 D7  bi-colour (red/green) l.e.d.
(40
IC1 PIC16F84-10P (10MHz
version),
prepregrammed

Miscellaneous
X1 10MHz crystal

Stripboard, with central separating
strip, 26 = 15 holes (see text); plastic
case, 75mm = 56mm = 25mm; 18-pin
d.i.l. socket; nuts and bolts, M3 x 20mm,
countersunk (2 off); spacers, M3 x 6mm
(2 off); probe clips. miniature, one each of
red, black, yellow; exira-fiexible wire for
probes; connecting wire, solder etc.

£19

incl; case

Approx. Cost
Guldance Only
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Fig.2. Component layout and stripboard track-détails for the PIC Micro-Probe.

Preferably use insulating sleeve on all
the wire links 10 prevent shorts and then
solder in all the components. observing
polarity for the diodes and the elcctrolvtic
capacitor. The bi-colour l.e.d.s have the red
anode denoted by the fonger lead. so make
surc the short lead goes to the position
marked as Rk on the layout diagram.

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

At first. only solder in
one lead of each l.ed., so
that you can adjust the
height 1o fit the box before
soldering in the other one.

ENCLOSURE

Use a small plastic case
for housing the Micro-
Probe. Drill two holes in
the bottom of the case for
the smipboard*s mounting
screws. Use a countersink
ool so that the counter-
sunk bolts will sit flush
with the surface,

Drill a 2mm hole in one
end for the signal wire,
and a Smm hole in the
other end for the power
leads to pass through via a clamping grom-
met. (When you mount the sipboard. you
may need to file its top end to clear the
grommct.)

Solder the leads directly into the-bdard at
the positions indicated. Pass the leads
through the case and tighten the grommet
to clamp them.

The lid of the case is drilled with 3mm
holes to line up with the l.c.d.s coming up
from undemeath. If you gauge the height of
the Le.d.s correctly, then with the lid on the
box, they will protrude slighily above the
surface. Make a paper template with the
positions of the 1.e.d.s on it and tape this to
the lid prior 1o drilling.

Put both bolts through the bottom of the
box and slip on the Smm spacers, followed
by the stripboard. Thread 3mm nuts onto
the bolts and tighten. Put the lid on the box.
guiding the l.e.d.s through the holes and

4 85 499 9o

tasten using the screws supplied with the
box.

Saolder spring loaded test clips onto the
ends of the wires now protruding from the
box and you have yourself a completcd
Mlicro-Probe!

TESTING

Power the unit from the target board
using the power clips and attach the signal
probe to the required pin. The power-on
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-
»
Y
.
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8
-
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le.d. should be illuminated, if not check
vour connections and circuit.

With the Debug Include file in your
default directory. put the clock and pin def-
wnttions into vour code, as discussed earlier.
Enter a Debug command (¢.g. DEBUG |
into your code.

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

Finally. label the front panel and your
Micro-Probe is ready for action!

RESOURCES

Sofiware for the Micro-Probe is avail-
able on 3-5-inch disk from the EPE PCB
Service. code EPE Disk 2 (there is 2 nom-
inal handling charge). It is also available
free from the EPE FTP site. Sce Shoptall
for more details of both options. a
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PIC BASIC

Write your PICmicro programs in BASIC!
Quicker and easler than “"C" or assembler Expanded BASIC
Stamp | compatible Instruction set. True compiler provides
faster program execution and longer programs than BASIC
Interpreters. 12CIN and 121COUT Instructions 1o access
external serlal EEPROMs. More user variabies Peek and Poke
Instructions to access any PICmicro register from BASIC.
Serlal speeds to 115k baud. In-tine assembler and
Call support (call your assembly routines). Supports
PIC12C67x, PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 92x and
PIC16FBX/PIC16F8xx microcontrollers. Use In DOS or
Windows Compatible with most PICmicro programmers.

The low-cost PlcBasic Compiler (PBC) makes it easy to
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 microcontroller. The
easy-to-use BASIC language makes PICmicro programming
avallable to everyone with its Engfish-like instruction set. No
more scary assembly language!

With Support for 16F877 and Smart Memory Card

The PicBasic Pro compier runs on PC compatibles. I
can creale programs for the PIC12C67x. PIC12CEG7x, PIC14Cxxx,
PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x and PIC16FBx and
16F8xx microcontrollers. The PicBasic Pro Compiler Instruction set
is upward compatible with the BASIC Stamp !l and Pro uses BS2
synlax. Programs can be compiled and programmed directly inlo a
PICmicro, eliminating the need for a BASIC Stamp module. These
programs execute much faster than their Stamp equivalents. They
may also be protected so no one can copy your code!

Pic Basic - £49.95

Pic Basic Pro — £149.95

Supplied with full 168-page manual
Free PiC MACRO compiler

Free program Editor

Free Windows Front End

and sample basic programs inciuding
code to support 1M Smart memory card

“JAAIBS BINJ8S INC BlA BUIN-UQ J9PIO PUB 3N 0" |IIumOoId mmm//:diy
swe.b0.d aidwes pue |enuepy DI1SY8DId 26ed-g91 (N} 3yl peojumog

PIC PROGRAMMER KIT

out.

This handy ltthe programmer is easy to build, taking
no mote than 30 minutes to assemble and test. The
Protessignal quahy PCB is double-sided, through-
plated with solder resist and screen pnnling to aid
efficen! assembly. It is supplied with driver software
0 run in DOS on a 3858 PC upwards and under
Vindows S5 on 486 or Pentum and a Disk tull of
interesting projects. Ups and dala sheets for PIC
devices, including FREE Assembler and Simutator.
Only £15.00 including Delivery and VAT
{requtes 9-pin D-type 1o 9-pin D-type cable o con-
nect 10 seral port of PC). CABLE £5 INC. VAT AND
DELIVERY

Now with WINDOWS SOFTWARE DRIVER!

Programs Ihe Popular PIC 16C84, 16F84, 24xx serios serlal memory devices.
Connecls fo the serial port of a PC and requires NO EXTERNAL power supply.
The kit Includes Instructions lor assembly, clrcult diagram and component ldy:

‘..lld I

(€)1996 mikreEngineerng _mu;

This must be the best value for money.
£10 Inc P&P & VAT - a "MUST BUYI"”

Tel: 01353 666709
www.crownhill.co.uk

PIC Micro CD ROMs NOW TWO CD ROMS!

Packed with Informaticn. PIC MICRO data sheets, Programs and Dlagrams, Ap-
plication notes, POF Viewer includes PING-PONG and TETRIS with videc and
sound out of a PIC'BA. BASIC language ASSEMBLY routines! Data sheels on
thausands of Micro-comrollers and support parls categorised by manulacturer.

H = H . Unless shown as in VAT and P&P, all prices
Crownhill Associates Limited iuiives ts pes and 17 5% Vac
The Old Bakery, New Barns Road, Ely, Cambridge, CB7 4PW

Fax:01353 666710
E-mail: sales@crownhill.co.uk

PIC ™

e Low cost rogrammer for PIC12Cxxx,
PIC12CExxx, PIC14Cxxx, PIC16C505, 55x,
6xx, 7xx, 84, 9xx, PIC16CE62x and PIC16F8xx
microcontrollers .

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

e Runs off two S9-volt batleries or optional AC
adapter

e Connecis to PC parallel printer port

e Software upgradeable for future PICmicros

® Includes “8051" style PICmicro macro
assembler

o Avallable assembled and tested or
as bare board with diskette

8 MERAREREZE |

pa—

i
|

r “m“l Batt Ol":j—‘

EPIC Programmer £49.95
or £35 if purchased with
PIC BASIC or PIC BASIC Pro
25-pin Parallel Cable £5.95
PIC16F84 £1.90 each
PIC 16F877 4MHz £5.75 each
PIC 16F877 20MHz £6.75 each
PIC 16F876 4MHz £5.20 each
PIC 16F874 4MHz £5.35 each
PIC 16F873 4MHz £4.75 each
PIC 12C508/509 £0.65 each
24LC116 £0.75 each
24L.C32 £0.75 each
25LC65 £1.50 each
PIC 16C622 £2.50 each
Call for other PIC devices
All PICs stocked!

il Low power, easy
¥ cerial interface

LCD DISPLAYS £7.50 each
(2 x 16-line) Ideal for use with PIC Basic & Pro

Pay via:
ACCESS, VISA or SWITCH
Secure On-line ordering
wivw.crownhlil.co.uk
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A roundup of the latest Everyday

News from the worid of

f
N.ews
‘ . . .

electronics

PIRATE-PROOF CDs

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

NE\V TECHNOLOGY spells bad news for
people who use a PC 10 copy music
CDs or send them over the Internet. British
company C-Dilla has found a way 10 let a
music CD play on a home hi-fi, but not on
a PC’s CD-ROM drive.

Computer softwarc companics, includ-
ing Microsofi and Lotus, aircady use C-
Dilla’s SafeDis¢ system to stop people
copying ROM data discs.

SafeDisc puts the program malerial in
an encrypted wrapper which can only be
unwrapped when a digital key code on
the disc matches an authorisation code
entered into the PC. The key code is
pressed into the disc so that a ROM drive
¢an rcad it but a CD-recorder cannol
copy il. So onty the original disc will run
the program.

UNREPEATABLE DREAMS

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

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

The ROM standard provides more pow-
erful error cormrection for data than is necd-
ed for music. ROM drives are designed 1o
handle e¢ither music or data discs.
AudioLok adds false ervor cormection code
to a music disc. An ordinary music CD
player simply ignores this exira code and
plays the disc as normal. But a ROM drive
reads the false code and rejects the disc as
unplayable. This stops the owner scnding
the music over the Internet or copying it
onto a blank disc.

A prototype Audiol.ok disc duly played
on a CD music player but refused 1o play
or copy on a PC. Peter Newman says he is
confident that he can also stop a consumer
music CD-recorder making a copy,
because these devices are already designed
aot to copy CD-ROMs. He expects
Audiolok to be ready for commercial
launch in a ycar.

Magcrovision of the US has now bought
C-Dilla for around $18m. Macrovision
developed the systems which film and
TV companies already use to stop peo-
ple copying videos. Now the company
can offer the same option 10 the music
industry.
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a reality. Barry Fox reports.

NOTABLE PARADOX

Paradoxically C-Dilla’s breakthrough
and Macrovision takeover come just as
the music industry’s Sccure Digital
Music Initiative group has agreed with
the electronic companies to allow own-
ers of CDs to “rip™ copies into a PC
(www.sdmi.org). There had previously
seemed no foolproof way 1o stop
copying altogether.

Says Paul Jessop. Director of
Technology at the music industry's world
trade body the Iniemational Federation of
the Phonographic Industry:

“Although in general the recording
industry welcomes people listening o
CDs on computers, the ability to make
discs that cannot be copicd on computers
may be of considerable intcrest 1o some
record companies.™

Chinese and Chips

NEC Corporation and *partner
Shanghai Hua Hong (Group) Co. Lid.,
have officially opened their joint-ven-
ture semiconductor plant, the largest
in China. Concentrating production on
Dynamic Random Access Memories
(ORAM)~ production capacity is
expecied to expand to 20,000 walers
per month by the end of year 2000.
Currently supplying their home mar-
ket, the company proposes to eveniu-
ally manulfaciure for world markets.

NEC pioneered the concepl of C&C,
the integration of Computers and
Communications. They employ in ex-
cess of 150,000 people around the
globe.

For information, browse:

httpJiwvsw.nec-global.com.

MAGENTA LOGS ON

s
SOOIy

SPECIALIST kit and component suppliers Magenta Eleclronics have intro-
duced their own superb kit version of John Becker's 8-Channel Analogue
Data Logger (EPE Aug/Sep '99).

An enhancement welcomed by the author is the direct mounting of the lig-
vid crystal display directly onto the main p.c.b. using rigid stand-olf pillars.
This makes the assembly considerably more robust than the original pro-
totype. The inciusion of the switches on the p.c.b. is also an enhancement.

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

For more information contact Magenta Electronics Ltd., Dept EPE,
135 Hunter Street, Burion-on-Trent, Statfs DE14 25T. Tel: 01283 565435.
Fax: 01283 546932. E-mall: sales@magenta2000.co.uk. Web:
httpZ/www.magenta2000.co.uk.
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GET STUFFED AT CYNTHIA’S

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

OT that we'd ever suggest you stop

chatting up your favourite local bar
wench, but from behind her bar
Cynthia’s really got what it rakes 10 get
you drooling! Ah, Earthlings. we have a
tale to tell of sensuous cosmic delighis
and entertainment that you'll enjoy when
Cynthia responds to every finger-tip's
request! She’s well programmed 1o serve
you!

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

CYBER CHAT

Cynthia and Rastus are two 2-
metre high robots, each with their
own cavernous and glittering bar
area from which they scrve the
cocklails and other drinks you've
ordered through their 75-option

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

Described as  “Mulii-national®’, the
selection. quality and competitive pricing
of the food is comparable 1o that served in
many good restauranis around the planet,
and these's a special menu for ““mini-
droids*!

The walls, floots and ceilings are cov-
ered in a silvered metal skin and well inter-
laced with great expanses of mirmors. Any
camera flash itas a half-life of a thousand
years (or so it scems). So does the image of
the drinkers and diners - echoing down to
the ends of the universe.

Myriads of light emitting diodes enhance
the entire lengths of the “populated™ areas.
Those in the bar slools appear to be in con-
stant twinkling and ascending orbit through

the transparent stems. Cynthia’s
and Rastus’ dominance at the end
of their respective supra-spacial
cavemns enhances the fecling of
outer-worldliness; and hints at their
possible “genetic™ origins. There is
the profound fecling that Cynthia is
a distant rclative of Marvin, the
‘robot  who, relucianily, was
involved in **Hitch-Hiking Through
The Galaxy™.

EVOLUTIONARY

RELATIVITY

As 1o whether Cynthia is an
ancestor of Marvin, or his
descendent, will probably never

keypads. Rastus is a bit of a DI as  Richard Becker (Cynthia's Conceptual Parent) requests be ascertained. the space-time
well. As with any Earthly (or even Roger Gay (Cynthia’s Behaviourist) fo hand over the decla- Shronosynclasticparafundibulum
Earthyl) bar tender. these two saion that Cynthia will always converse in a polite and ©f the polyversc is far too muli-
cyberoids respond 1o your orders socially acceptable manner. At the time that this reviewer ‘¢mporal to ever esiablish who's
with varying degrees of good or geparfed, no such undertaking had been received (but Whose relative and in what order

bad grace (depending on their Cynthia had sweelly growled

mood, and the state of their pro-

gram cycle — which in wm reflects

the state of mind of their original designers
and programmers}),

Accepting your order (they do obey at
least onc of Asimov's Laws of Robotics,
paraphrased as — Thou shalt not harm or
through inactivity cause harm to occur toa
human — and it would harm you to do with-
ouwt your beverage, wouldn't it?), Cynthia
and Rastus pivot round to the vast array of
drinks on optic behind them, and fill your
glass 10 the comrect measure.

While you're at the bar, it's you who are
likely 0 be chaited up by Cynthia and
Rastus. We'd like to say that the tone of
chat respects all Laws of Polite
Conversation — but we can't lie to you, can
we? You just have 1o accept that the occa-
sional “questionable phrascology™ might
occur! But it’s all in good fun and humour,
and has nothing that would not be heard in
a Carry On film.

CULINARY CALLING

After you've been cajoled by others of
human persuasion lo vacate your place at
the bar. you have yet more delights to pur-
sue = culinary ones. In other words, it’s
along the glittering corridor 1o Cynthia’s
restauramt.

The centrally-illuminated dining tables
have call-butions inse1. offering choice
of the service required: drinks, food,
general, and bill. Hi-tech is a keyword
even in the way you are attended at 1able.
Attired in fetching Millennial black and
silver togas, rcassuringly human staff
use handheld elecironic order pads. Your

ORBITAL SPACE-WAYS

Being in the comfon zone of a vast orbit-
ing space station, Arthur C. Clarke 200!
styte: that’s the futuristic atmospherc at
Cynthia's Cyberbar and Restaurant. You
forget that it’s all more down 10 Earth, set
below London Bridge, in the mass of broad
tunncls and brick-built caverns that
pervade that arca of London.

Genesis in various forms as pubilshed
in PE, Nov '81. Rumour has it that the
while-coated android was a working
facsimile of Mike Kenward,
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*B****r-off Human"l) from the Event Horizon, but

there’s a family likeness there
somewhere (relatively speaking)!

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

Those of you who recall easlier days of
¢lectronic hobbying will probably remem-
ber that Practical Electronics. in
November 1981, published a robotic arm,
Genesis, designed by Richard. This was
very much a *“first”" not only for Dick but
also for PE, which at that time was edited
by Mike Kenward (now our Owncr. MD
and Ed-in-Chief).

Through his company Powertran
Cybemnetics. Dick built up a worldwide
market for his educational and light indus-
trial robotics products, which became
increasing more sophisticated at each gen-
eration. To cut short a length of history,
Dick went. on o found Cybemctic
Instruments Lid, of which Cynthia’s
Cyberbar is a division.

CHARTING SPACE-TIME

Cynthia herself (though we're not real-
ly sure of her/his genderl) became a
twinkle in Dick’s imaginative eye a good
ten years back. Sworn 1o secrecy, this
author has seen great wall lengths in one
of Dick’s large factory units increasingly
covered by hundreds of mechanical
drawings. Each represented a pant of
Cynthia Mk !, manufactured and assem-
bled when time permitted between other
commitments.

Genesls and many more of Dick's
earlier robotic arms ranges were
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hydraulically controlled (water for
blood!). Cynthia's motion. though, is
gencrated by precisioa stepper motors
operated under tight closed-loop con-
trol. They arc operated with varying
dcgrees of resolution, from a basic 200
steps up to around 12800 when in
micro-stcp mode. The various limb
motions are on a double axis, horizonial
and vertical movement.

The sophistication of the coatrol sofi-
ware casures that movement is smooth,
with different rates of acceleration and
deceleration beiag applied depending on
the position of motion. There was no need
1o give Cynthia third-axis (rotational) limb
and wrist movement.

INNER SPACE

Onc might expect that the entire system
would be govemned by the latest in micro-
controllers. Not at all — that well-proved

and time-honoured favourite the 8051 s
the microprocessor used (well, a modem
16-bit derivative of it anyway). “Why
change a working system?", says Dick.
haviag long ago optimised software-hard-
ware interfaces for all his automation
products,

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

Cynthia’s inner organs are a sight (o
behold! Her body is packed with thor-
oughly populated printed circuit boards
and stacked in awe-inspiring regimenta-
tion. The sceae behind the drinks array
leaves onc almost dumb with admiration
at how complex a system is required 10

select and serve the correct drink on

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

PLANETARY
CO-ORDINATES

Undoubtediy, 1l of you within sub-
orbital distance of Cynthia and Rastus will
by now be unerly consumed with desire 1o
drink with them. and to dine with their
human entourage.

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

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

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

Children are welcome (there's cven a
dance floor, and soon there 'l be ad amaz-
ingly fascinadng technology-orieatated
gift shop).

Young Amateur

Awards
SIXTEEN-YEAR-OLD Mark Haynes
from Harlow, Essex was recently
announced as the winner of the Radio
Commusaications  Agency's  Young
Amateur of the Year Award 1999. Mark
received first prize of £500, a certificate
from Stephen Byers. Trade and Industry
Secretary, and will be invited 1o a con-
ducted tour of the RA's Monitoring
Station in Baldock, Herts.

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

If you would like to become involved in
Amateur Radio. contact The Radio
Society of Great Britain. Lambda House,
Cranbourne Road. Potters Bar, Herts ENG
3JE. Tel: 01707 659015.

Micromouse
Grand Prix

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

Teams of up 10 four arc being invited to
build and race their own robot. i.c. a small
vehicle capable of finding its own way
round a course at high speed. Entrants to
this challenge will have specialised sup-
port through the Young Engincers website
www.youngeng.org for chassis design,
electronics, steering control, digital and
programmable iechnology. There are
several classes in which you can compete.

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

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

RECENTLY faxed through to us is infor-
mation about an intcresting website.
wecanfixit4u.com. The site offers a free
directory of fixers, repairers, restorers and
conscrvators. The company inviies readers
to not only use the site 1o search out the
services they nced, but also to have their
own skills listed as well. They aim 10 pro-
vide a globai directory searchable by item
and hope 1o bring together both Fixers and
those needing a Fixer.

They say: “In our proper work we build
wcebsites and publish on CD-ROM, and
offer consullancy on the maiching of
Content to End User™

For more information contact David
Hall, Chameleon HI{ Publishing Lid..
Dept EPE. The Quarry House, East End,
Wimey. Oxon OX8 6QA. Tel: 01993
830223. Fax: 01993 880236.

E-mail: data@wecanfixitdu.com.

Web: hitp://www.wecanfixitdu.com.

often as they like.

PICS AND L.C.D.S

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

Using standard software routines that can be downloaded from Lascar’s
website, users can tailor the module’s funciion to suit their own needs.
Because of the Flash memory on board, users can re-program the module as

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

Lascar's module features eight analogue inputs and up to 22 digital 1O ports,
capable of driving or interfacing with othbr systems.

For more information contact Lascar Electronics, Dept EPE, Mcdule House,
Whiteparish, Salisbury, Wilts SP5 2SJ. Tel: 01794 884567, Fax: 01794 884616.
E-mail: lascar@netcomuk.co.uk. Web: hitp//wwaw.lascarelectronics.com.
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'RCE IN EDA

The brief was clear. To create a next generation CAD system for electronic

engineers that used state of the art desktop integration and customisability togethef;
with unsrivaled ease of use

ctronic Desl
gram des n!d

ne Integrating
no a powerful design

511488 you views and edit all the files in
and through OLE2, EDS Integrates

sktop letting you d nd
% into and from yo

1—.—_.___ = X

EDS also includes the n
CADObijects engine w.
flexibility that approac
o e s f of desktop publishing
::;;':;lﬁ;; l;:“' : I its comprehensive dra

shaping toals, professional si
for True Typa fonts {even @
stage), high resolution, larg
size, polygon fill and shapi ools,
EDS represents a genuine advance
in EDA price performance. Visit our
web site, or call now to find out how
EDS can help you.

w

State of the art multiple-document user Interface offering unrivalled ease of use and custom b
OLE 2 support Including drag and drop, allows inlegration with your favorite Office applicatio
Project Wizard and Project Manager make creating and navigating all the documents in your 1 |
projects easy.
New heiracial symbol browser, makes creating, editing and managing symbols a breeze!
* High resolution {1um) and large design size {up to 2m x 2m) combined with IntelliSNAP makes
metric/imperial design mixing easy! \
* Unlimited schematic sheets, with full support for data busses, power rails, e1c WORK BETTER
* CADCheck automatically syncronises schematic and PCB designs. No more capture worries) R SIE
* Unlimited Undo/Redo, print preview and 8 wide range of import/export options Including CAD-CAM,.
* Upto 32 layers can be assigned to be copper, silk, gold, mask, drill, mechanical, or annotation layers,
* New CADObjects engine supports a wide range of graphic objects inctuding professional True Type
fonts, object shaping and property support, in-situ editing of symbols, high resblution and arbitrary
rotation/scaling of objects.
* Unlimited range of pad and track sizes supported.
+ Create flood fills and power planes quickly with the new polyfill tool.
* Fast fully customisable poly-algorithmic autorouter

: & p:
Electronic Design Studio £199 $319 TRY AND BUY TODAY ONLINE k k) i
Electronic Design Studio Cross Grade £149 $239 AT ekt
Electronic Design Studio LITE £49 $79 _——
PLUS Your first double-sided Eurosize PCB fh Prices exclude PBP and VAT where applicable. - £
produced FREE by BETA-LAYOUT m ,, 30DAY MONEY BACK GUARANTEE

Quickroute Systems Ltd Regent House, Heaton Lane, Stockport, SK4 1BS. UK - Tel 0161.476 0202 - Fax 0161 476 0505
http wvaw,quickrouie.co.uk  Email info@quicksys.demon.co.uk

Copyright © 1999 Quickroute Systems Ltd. All rights reserved, Prices and specifications subject to change without notice. Ovarseas distributors wanted!



88-108MHz FM Stereo
Radio Transmitters and kits

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

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

E-mail VeronicaFM: Info@VeronicaFM.co.uk or sales@VeronicaFM.co.uk

1p919 3UIjUO 3IN23§

]

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

pio piedy

pimpliom deays ‘ysej

L

. Kit or Built kit : you will
receive a Pro Il crystal

Total cost fr both items
build it yourself kit: £67.95 ¢
ready built kit: £99.95

We offer you stereo PLL cheaper
than many of our competitors
offer mono PLL!I!

|
o Rl Buy our NEW

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

£299.95

That's a 100-Watt transmitter

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

25201274 816200

l_ eronicaFM, 18 Victoria Street, Queenshury, Bradford, West Yorks, England. BD13 1AR.



Starter Project -

MAGNETIC FIELD ;§

DETECTOR

ROBERT PENFOLD

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

IS very simple project can detect

I fixed magnetic fields or fields that are

varying at an audio frequency. Fixed
or slowly changing ficld strengths are reg-
istered on a centre-zero meter, which indi-
<ates the polarity in addition to the relative
field strength. Audio frequency fields. such
as those produced around mains and audio
transformers, are detected via a crysial
carphone that can be used to monitor the
output signal.

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

current is passed through the silicon. and
this produces a potential gradient in the
silicon. There is zero volis at the bottom of
the slice, the full supply potential at the top.
and a centain portion of the supply voltage
at intermediate points. The two clectrodes
are half way up the slice, and consequently
there is half the supply voliage at each one.
This gives zero outpul vollage across the
two electrodes.

Applying a suitable magnetic field 1o the
device “skews™ the current flow and the
potential gradient, producing an imbalance
in the oulput potentials, The stronger the
magnetic field, the greater the diffcrence in
the ouiput voliages.

Applying a magnetic field of the opposite
polarity skews the cumrent flow in the oppo-
site direction. giving an output signal of the
opposite polarity. The output signal therefore
indicates the surength of the magnetic field

and its polarity.

CURRENT FLOW
$2CC00¢
ELECTRCCE.
OUTPYT
VOLTAGE
{A)

CURRENT FLOW

It is imporant 10
realise that a Hall effect
sensor only works if the
magnetic  field s
applied to one side or
the other of the silicon
slice. Applying the ficld
to the front, back. top.
or boitom of the sensor
does not affect the cur-
rent flow in a manner
8) that will produce any
imbalance at the elec-

Fig.1. A Hall effect sensor is little more than a slice of silicon, Wodes. Consequently it

(&) normal and (b) with magnetic field influence.

HALL EFFECT

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

The only common form of magnetic sen-
sor that “fits the bill" is a linear Hall cffect
device. A Hall effect sensor is a form of semi-
conductor, and is actually a very simple type
of component. Fig.1 helps to explain the way
in which a Hall effect device works.

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

will not produce any
output voliage.

SENSOR

Practical Hall effect sensors are more
than just the sensing element itself, and
they are invariably in the form of and inte-
grated circuit containing the sensor plus
some additional circuitry. Some sensors
provide a switching action. and others pro-
vide an output voliage that is proportional
to the applied field strength.

In this application it is only devices in
the second category that are of any use, and
the device chosen for this design is the
UGM3503U. This is an inexpensive device
but it has a very useful level of performance
and is very casy to use.

Everyday Praciica! Electronics/ETI. December 1999

it has just three terminals, which are the
supply and output terminals. An internal
differential amplifier boosts the output sig-
nal from the scnsing element and produces
a single output that is at about half the sup-
ply potcatial under standby conditions.

Placing a north pole of a magnel close 10
the surface of the sensor that carries the
type number produces a reduction in the
outpul vollage, and placing a south pole
close to this surface gives an increase in the
output potential (Fig.2). The frequency
response of the device is flat from d.c. to
23kHz. which means that il cncompasses
the full audio range.

REDUCED NCREASED
OUTPUT OUTPUT
MAGNET UAGHET

-] N
N 8
TYPE
A RWUAMBER T W
===l =3
SErSON SENSOR

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

C/RCUIT OPERATION

The full circuit diagram for the Magnet-
ic Ficld Detector appears in Fig 3. ICl is
the Hall effect sensor and IC2, a precision
op.amp, is used 10 provide some additional
amplification. The amplifier is an opera-
tional amplifier nverting mode circuit,
which has resistors Rl and R4 as the
ncgative feedback network.

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

Using necgative fcedback reduces the
voltage gain of the circuit as a whole to a
more usable figure, and this “closed loop™
gain is equal to resistor R4 divided by RI.
This works out at a litle over 300 in this
case. Higher voltage gain would obviously
give better sensitivity, but it would also
give problems with noise and drifi.

Op.amp IC2 amplifies the voltage differ-
ence between the inputl vollage to resistor
Rl and the voliage at its non-inverting
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input {pin 3). This second voltage can be
adjusted via potentiometer VRI. and in
practice it is adjusied 10 produce a voltage
that matches the normal output potential
from IC1, This produces halfl the supply
potential at the output of 1C2,

The potential divider formed by resistors
R5 and R6 also produces an output of hatf
the supply potential. Meter ME! is con-
nected between the output of 1C2 and this
potential divider, and it therefore responds
to the voliage difference between the two.

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

STRENGTH
OF CHANGE

In both cases the greater the change in
the output voitage from ICI. the higher the
reading from the meter. The meter there-
fore indicates the relative field strength and
the polarity of the magnetic ficld.

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

The value used for resistors RS and R6
controls the sensitivity of the meter ciscuit.
The specified values permit MEL to be
driven to full scale in both directions pro-
vided the battery is reasonably fresh, but
their value is high enough to prevent the
meter from suffering anything more than
very minor overloads.

Capacitor C2 couples the output of 1C2
to earphone socket SK1. This enables the
output signal to be monitored using a crys-
tal earphone, but satisfaclory results are
unlikely to be obtained using any other type
of earphone or with headphones.

A 6V battery supplies power 1o the cir-
cuit, and the cumrent consumption is only
about 9mA. Do not use a 9V battery as
this would result in the maximum supply
voltage rating of IC1 being exceeded.

GOoO0D
PERFORMANCE

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

The op.amp also needs 1o be able to
work properly with a supply potential
of just 6V. The OPO77GP is reasonably
priced and gives good d.c. perfor-
mance in this circuit. On the other
hand, its open loop bandwidth of
600k Hz equates to a closed loop band-
width of only about 2kHz in this
design.

If audio rather than d.c. performance
is of most imporiance it would be
advisable to use a TLO7ICP for IC2.
This will give quite good d.c. perfor-
mance plus a more respectable audio
bandwidih of around 10kHz. To com-
pensate for a lack of symmetry in the
TLO71CP’s output stage resissior R6
should be reduced from 33kilohm to
27 kilohm,

CONSTRUCTION

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

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

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

The ciscuit board is now ready for the
components and link-wires to be added.
With a small board such as this the order in
which the components arc filted is not

;;/o—
S1
R2 ONOFF
o

?g‘
Y
+

&
2
I+

4xAs) )
i minalla

Fig.3. Complete circuit diagram for the Magnetic Field Detector.

840

Magnetic Field
Detector

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

Resistors
R1 1k5

e e SHOP

RS, R6 33k (2 olf)
All 0-25W 5% carbon fitm TALK

Potentiometer

Se®

VR1 1k rolary carbop, lin
Capacitors
C1 100u radial elect. 10V
c2 100n polyester, 5Smm
lead spacing
Semiconductors
IC1 UGN3503U Hall eHfect
sensor
IC2 OP77GP precision

op.amp (see lext)

Miscellaneous

S s.p.s.L. min loggle

B1 6V battery pack (4 x AA
size cells in holder)

SK1 3-5mm jack socke!

ME1 100uA - 0 - 1006A
moving coil panel
meter

Medium size plastic or metal box; 01
inch matrix stripboard, size 19 holes by
20 copper strips; 8-pin d.LL holder; bat-
tery connector (PP3 type); control knob;
crystai earphone, with lead and plug;
twin-screened cable, about 0-5 metres;
multistrand wire; solder pins; solder etc.

Approx. Cost
Guldance Only

£16

excl. earphone, case & bafts.
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Magnetic Field
Detector

N

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

really imponant, but it is best 1o work
methodically across the board so that
nothing is overlooked.

Neither the OPO77GP or TLO7ICP is
static-sensitive. but it is a good idea 10 use
a holder for any d.i.l. integrated circuit. Be
careful to fit IC2 and clectrolytic capacitor
C1 the nght way round.

Fit single-sided solder pins at the points
where connections will be made to poten-
tiometer VR1. meter ME], etc. It is one-
millimetre diameter pins that are required
for siripboard. "*Tin"" the pins with plenty of
solder so that it is casy 1o make reliable
connections to them.

CASING-UP

Vintvally any medium size plastic or
metal case should be able to accommodate
this project. However, be careful 1o choose
one that has sufficient depth 1o take the
meter and the battery pack. The latter
consists of four AA size cells in a plastic
holder. Connections to the helder are made
using an ordinary PP3 style bauery clip.
Although the circuil has a fairly high volt-
age gain the layoul is not critical, and it is
just a matter of designing a layout that is
easy (o use.

One slightly awkward aspect of con-
struction is fitting the meter onto Lhe case,
because this requires a large cutout to be

Everyday Practical Electronics/ETl, December 1999

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

Gl o

Layout of components Inside the two halves of the case. Note the space for the
battery pack.
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made in the case. Most moving coil meters
require a 38mm round mounting hole and
the casiest way of making this is lo usc ap
adjustable hole cutter (also known as a
*“tank™ cutter). and these are available from
many DIY supersiores.

Altematively. it can be cut using a fret-
saw, coping saw, or mintalure round file
such as an “Abrafile”. Another method
would be to mark out the cutout, drill a
series of small holes just inside this mark
and then “join-up™ the holes 10 form the

PR R Y Y

i S 86 0ne s

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

required cutout. With any of these
methods it is advisable to cut just
inside the pcrimeter of the
required cutout, and then enlarge
it to precisely the required: size
using a large round file.

Four smaller (Imm dia.) moum-
ing holes are also required, The
positions of these are easily locared
as they are at the coners of a 32
millimetre square having the same
cenire as the main cutout.

INTERWIRING

The hard wiring is reasonably
straightforward. SK1 is a 3-5mm
jack socket, and most sockets of
this type have a built-in switch
that is not required in this applica-
tion. Accordingly. one 1ag of SK 1
is left unconnected.

The Hall sensor (IC1) .is
mounted externally and connect-
cd to the main unit by way of a
piece of twin-screened cable
about 0-5 metres or so in length:
An entrance hole for the cable
must be drilled at a strategic point
in the case, and if a metal case is
used the hole should be fitted with a grom-
mel lo protect the cable. The screen is used
to carry the ground (OV) connection.

Rather confusingly. the plastic encapsu-
lation of the UGN 3503U Hall effect sensor
chip scems 10 be completely symmetrical.
The only way of identifying the three leads
is 1o use the type number on the body of
the device as a reference point. see Fig.5.

Connect the sensor lo the screened lead
and usc insulation tapc or sleeving to

st eeoc

ensure that the soldered joints cannot short-
circuit together. The sensor will be neater if
it is built inio a probe. based on an old pen
for example. but this is not esseatial.

TESTING

When the unit is first switched on it is
likely that the meter will be driven fully
positive or negative. With carcful adjust-
ment of Balance control VR it should be
possible 10 zero the meter. and placing the
probe ncar any magnetised object should
then produce a suitable response from the
meter.

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

As explained previously, applying the
pole of a magne! 10 one of the four smaller
surfaces of the sensor will not produce a
significant output signal. In use the orienta.
tion of “the sensor should therefore be
adjusted 1o maximise the meter reading.

Placing the probe against the power
cable of vinually any mains powered
device that is switched on should produce a
50Hz “hum” from the earphone.
Altemating fields will not produce an indi-
cition from the meter because the meter
wil register the average field strength. This
will nonnally be zero due 10 the opposite
poles in the signal canceiling out one
another,

The circuit s reasonably stable. but
occasional readjustment of VR will be

required. O

with David Barrington

=

PIC Micro-Probe

Loft Guard

own PiCs. the software is avaitable lrom the Editorial Offices on a 3-5in., PC-
compatble disk, see EPE PCB Service page. I you are an Internet user, it
can be downicaded Free from our FTP sre:
ftp/ifip.epemag.v/imborne.co.uk/pubs/PICS slopwalch.
The two printed crcult boards are avadable lrom the EPE PCH Senvice.
code 247 (Digit) ang 228 fPort Conv.

The component listing for tha PiC Micro-Probe calis for a piece of e
holder” type suipboard, with a central channel, devoid of copper, running

ACI0SS e tracks. This will cost you around £5, but for just under €2
YOU G 56 8 1966 Of HANGard SFPBORG st G wey T Coper Hachs o5
necessary. The resl of the components should be readily available

The PIC used in this project should be the 10MHz version. For those who
want a ‘plug-in and go” preprogrammed PIC16F84, one is avalable from
Magenta Electronics (2 01283 565435 or hitp/imagenta2000.co.uk) for
the indlusive price of £5.90 (overseas readers add £1 for postage). For those
who wish 10 am thew own PICs, the software is avalable liom the
Editorial Offices on a 3-5in. PC-compatible disk. see EPE PCB Service page
937. fl you are an Internet user, it can be downloaded Free lrom our FTP site:
ftp2Mtp.epomag.wimborne.co.uk/puba/PICS microprobe.

Magnetic Field Detector — Starter Project

Just 3 couple of ponters regarding purchasing of components for the Adagnaric
Freid Detector, this month's starter project. The first concerns the 100uA “centre
810" Meler, SOMa readers may have difficulty n locating one. The meter used in
the prototype came from Maplin (& 01702 554000), code AVWE8G

If you have trouble trackmiy down the UGN3I503U Hall effect sensor, the
abave company kst one as order code GX09K. They also supplied the OP77G
precision op.amp, code ULOSF. The akernative TLO7ICP low-nomse op.amp
should be stocked by most of our component advertisers

Ginormous Stopwatch - Giant Display

This monin we complete the Stopwalch project with the construction of a
Gant Digial Drsplay module. Most of the component supply ‘bugs” were
roned out last month.

The high voltage 4N25 opto-coupier, code AY44, and the ULN2003 Darington
amay, code ADI3B, are isted by Maplin. The BDS81 Darington transistor may be
nard 10 find, but the suggested akernative TIP141 and TIP142 should be reacily
avakabie. Note the dflering pincuts for the TIP oevices {Fig.2 tast month).

Ready programmed PICs are avatable from the author for the sum of £10
each (for either the Display modute or Stopwatch) or £50 for six in any combina-
tion, with frea postage 1o angwhere in the world. Paytnents should be made out
to Mr. N, Stajadinovic. His E-mad aodress s: viadimir@u030.80ne.net.au or
write to: Mr. N. Stojadinovic, PO Bax 320, Woden ACT, 2606, Australia

A programmed PIC16C54 rs also avalable from Magenta Electronics (@
01283 565435 or htipimagenta2000.co.uk) tor the: Inclusive price of £5.50
{overseas readers acd E1 for postage) For those who wish 1o program their

Most of the components called-up for the Lot Guard project should be
readily availablie from your usual supplier. The only problems that are fikely to
crop up may be finding the high value rasistors

The sing'e 100 megohm resistor (R7) was only found listed under the “cer-
met fiim™ range stocked by Electromall (& 01536 204555 or RS
hitp:/rswww.com), quote code 158-222. As the article points dul, you could
use three 33 megohm resistors (in sedes); the peb is also desgned to
accept these. Thig resistor (33M) came rom the Maplin “high voltage” metal
fitm range. order code V3L,

Note that to make up the 20 megohm res:stor (R10) you will need two 10
meg types Once again. the “series” pads have been included on the pc.b.

The last mentoned company also supplied the meniature fight-dependent resis-
lor (ldr), code AZBIE. and the high pover waming Duzzer, code FKB4F
Although maost of our components advertsers shoukt D@ atie 10 offer !
sandar. You could, of course, use the good old standard ORP12 Ld.r. ¢ you wish

Even though the sermiconductors are specific versions, they should be in
plentiful supply. The p.cb. 1s avalable from the EPE PCB Sanvce, code 249,

Teach-1n 2000

it you have only just pseed up on our new Teach-In 2000 series with this
issue. and baing a nevcomer 1o electronics, you may feel a bit apprehensive
abou! ordering the various parts for the demonstrabon “exgrcises”. Fear nol.
some of adwertisers have put togeiner compenent and hardwara packs Spe-
cally for the new senas. A few more will be added as the series progresses.
but we do not expect tha! 1o be unti a1 least part seven.

To date. partapating advertisers are as follows and readers are advised 10
conlact them for more celaits:

ESR Etectronic Components (@ 0191 251 4363 or
hripiwvww.esr.co.uk) Hardware/Tools and Components Pagi.

Magenia Electronics (% 01283 565435 or hilpJiwww.magenta2000.
co.uk) — Muttimeter and Components Kit 8§79

FML Electronics (= 01677 42568400 — Basic Components Sets.

N. R. Bardwell (& 0114 2552886) ~ Dxyital Mullimeter special offer

PLEASE TAKE NOTE
Demister One-Shot Nov '99
Page 844 Fig.4. On the pcb. component tayou: diagram, the body™ outines
of capaciors C1 and C2 should be ransposed - see al jop of page
845 Thw plectrotybc. shown as a orcie, should conngct fo the ICY pin 8 copper
track {+} and the common GND track §=). Tha actual annotabons are correct

web
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Regular Clinic

CIRCUIT
SURGER Y

ALAN WINSTANLEY ——
and IAN BELL

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

WELC(NE 10 the very last Circuit
Surgery column of the 1990's, and we
hope there is something of interest to

everybody in our monthly round-up of
readers® queries and questions.

Op.Amps 101

We have had a couple of questions about
op.amps and think that many readers will
find a discussion of this subject uscful.
Mohab Refaat writes by E-mail: “EPE
publishes many circuits that involve audio
effects or amplification. Some use “low
noise” op.amps, such as the LF351 or the
Ti.071. My firsi question is, how can you
select an op.amp for a panticular applica-
tion out of a large number of candidates?

I found the use of a “Volume™ conirol in
simple amplifier circuiis 10 be another
aspect | found a bit baffling. Sometimes it
is achieved using a poi. (potentiometer) as
the input resistance 1o the op.amp, some-
times it is used in the feedback nemwork io
control the gain. Are there any rules relat-
ed 1o the use of either method? Thanks for
opening up the world of elecironic circuir
design to we non-elecironic engineers in a
simple way!”

Also Tony Soueid from Lebanon writes:
“Almosi every design involving analogue
elecironics coniains an op.amp. | know
how an op.amp behaves and 1he equations
thal rule its behaviour by whai | don's
know Is whari's inside that black box.

All 1hat we have been taugh! is that it is
based on a differeniial pair of transistors,
but it’s far from being that simple. Can you
please supply me wiih some information?"

It's best to stant with the second pan of
the first question, because it deals with
something very specific which follows on
neatly from our recent discussion on the
22-position  volume control (Circuir
Surgery. Oct "99) and volume power out-
puts from amplifiers (Sept ‘99). We will
then move on to a more genceral discussion
on op.amps over the next month or so.

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

under their beady eyes too!

the loudness of the sound produced by the
amplifier. | cannot say that 1 have seen a for-
mal rule for which method to use. However,
we can make a distinction between the wo
approaches in that the input resistance
approach is an artenuator whereas the feed-
back resistance is a gain control.

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

but you can use a bit of common sense too.
If your application is an audio ampllﬁcr it
would be sensible to usc a low noise
op.amp and pay a bit morc for a better
spec.. on the other hand if you are using it
as a comparalor to, say, switch on a heater
when the output of a temperature sensor
falls below a certain point, then an ultra
low noise “audio spec™ device is not really
needed.

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

designed o give full
volume for this signal
level, and the input is
attenuated for lower
volumes.

When the range of
possible input levels
is very large though,
it will be necessary
10 be able 1o change
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the gain of the ampli-
fier to a level appro-

*'i - O

priate for the input
being used at any one
time. ldeally, the Gain
control would be set to give maximum
undistorted (non-overloaded) output
with the maximum Input in the current
situation and then left alone, with a sep-
arate control for volume.

However, as gain also affects volume,
the gain can be set to give the desired vol-
ume at any instance and this, of course,
reduces the number of controls nceded.
The representative circuit in Fig.] illus-
trates both types of volume control, the
input signal shown on the diagram may be
from an extemal source or an carlicr stage
in a larger circuit.

Making a Choice

To sclect an op.amp you need 1o know
what the circuit and hence the op.amp
needs to achieve, this will give you a min-
imum specification for the device. Then
purchase the cheapest op.amp which meets
all the specs!

It may not aiways be all that simple to
calculate an op.amp spec. in great detail.
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Fig. 1. Circuit to illustrate the two types of volume control.

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

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

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

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

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

The above example illustrates a couple
of points. First, it is the imperfections in
*real" op.amps (as opposed 1o “ideal"
ones) that cause problems. s¢ under-
standing thesc and their impact will help
you avoid devices that are unsuitable.
Understanding op.amp imperfections
will also help you understand the inter-
nal circuitry {(with reference to the sec-
ond reader’s question) because much of
the design effort arises in reducing thesd
imperfections.

Second, there are occasions where spe-
cialist chips other than op.amps are the
best option. The above case was one
example, another good one would be a
sample and hold circuit - you can build
one using an op.amp, but you will get
better performance from a somple and
hold chip, and, of course, some extra bits
of circuitry are already included.
Comparators are another case - all
op.amps can be used as comparators but
it is often beiter 10 use chips optimised
for this purpose.

On Spec

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

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

The op.amp has two inputs = the invert-
ing (-} and non-inverting (+) inputs -
and an output. The inputs and outputs are
usually referenced (applied or measured
with respect 10) ground or QV.

Op.amps usually have Iwo power sup-
plies, one at a posilive voltage with
respect to ground and the other at the
same magnitude negative with respect to
ground; however many “single supply"
op.amps are also available. Suppliers’
camlogues usually indicate whether an
op.amp is intended for single or dual
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Fig.3. Graph showing the relationship
behveen op.amp differential input volt-
age and its output voltage. Saturation
occurs when any increases in the mag-
nitude of the differential input do not
rasult in further increases in outpul
voltage. The values shown are an
example for an op.amp with a gain of
100,000 and a maximum oulput voll-
age of £15V. The gain of the op.amp is
equal lo the siope of the graph
between the saturatlon points.

supply operation, otherwise check the
data sheet. The power supply connections
are not always shown on schematics.

The output voltage of an op.amp is
given by Voyp = AV, - V) where Ay is
the apen loop voltage gain, V, is the non-
inverting input voltage and V, is the
inverting input voliage. This “open loop”
gain refers to the gain of the op.amp itself
without any feedback circuitry. Op.amps
are atmost always used with some form
of feedback though., which results in a
gain for the circuit that s different from
that of the op.amp itself.

Note that the op.amp amplifics the dif-
Jerence in voltage between its (wo inputs.
It is a differential amptlifier. The equa-
tion Voyy = Ay(V, - V) always holds for
totally ideal device, but in reality is only
valid for a small range of (V, - V) and
there are limits on the individual values
of Vyand ¥, t00. The op.amp’s input-out-
put relationship is illustrated in Fig. 3.

Some manufacturers group their
op.amps into types suited 1o different
kinds of application. Typica! descriptions
may include:

@ general-purpose — suilable for a
wide range of applications requiring
moderate amplifier performance

@ low noise - guaraniced very low
noise for applications such as sensitive
mecasurement and signal processing
where noise from the op.amp must be
within known bounds

@ low-power/micropower — suitable
for use in systems such as moblle equip-
ment, where power comsumptlion is
critical

@ wideband/high speed — for applica-
tions such as pulse circuits and video
where accurale reproduction of complex
high frequency signals is required

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

@ law drifthigh precision — amplifiers
with minimal offset voliage. and where
accuracy is preserved over a wide
temperature range

@ low biasihlgh impedance - f.e..
input op.amps with very low input bias
currents for use in buffer circuits or with
large external resistors.

Somc op.amps may arguably belong o
more than one of these categories. The
specifications given on Op.amp data
sheets can be divided into: elecirical rai-
ings (maximum voltages etc.); signal
handling {noisc cic.) and offsets (which
particularly effect d.c. accuracy). We'll
discuss these and other practical matters
in the next Surgery. IMB.

Fusible Resistors

Mark Lee asks: ! would appreciate an
explanaiion of fusible resistors and how to
use them. They seem to be mainly law
resistonce-and low power ratings. Haw do
I use them in a circuit?”

Fusible resistors are inserted into a cir-
cuit as an ordinary resistor would be,
except that they have the special propeny
that if they are overloaded for any reason
(a circuit fault elsewhere downstream),
then instead of burning out they are guar-
anteed to go open-circuit within a cerain
range of conditlons.

This means that they will disconnect the
circuit, rather than buming out or sctting
firc to the board. They are only produced
in a limited range of values (low ohms 1o a
few kilohms) and would be used in e.g.
power supply or monitoring circuils,
where a combination of resistance and
overload protection is required. The main
thing is that they are a fauli-tolerant, fail-
safe fireproof device.

Paradoxically there is even a z¢ro ohm
resistor available! These are used by man-
ufacturers using automated p.c.b, cquip-
ment. to apply a link between two pads -t
means that a machine which handles resis-
tors is, therefore, also able to insert the
equivalent of a wire link instead. ARW.

CIRCUIT THERAPY

Circuit Surgery is your column. H you
have any quenas or comments, please
wrile to: Alan Winstanley, Cicuit Surgery,
Wimborne Publishing Lid., Allen House,
East Borough, Wimborne, Dorsel, BH21
1PF, United Kingdom, E-mail
atan@epemag.demon.co.uk. Please ind-
cate it your query is not lor pub-
tication. A personal reply cannot

2.
always be i
guaranteed - . ': "
but we will :.:-ﬁ:o" ’»"'-‘i‘f
try 10 publish
representa-

tive answers in this column.

ENTER THE CHAT ZONE
The EPE Chat Zone on our web site is
now open as a way for readers to exchange
information, views, hints and lips in virtually
real time.
htip://www.epemag . wimborne.co.ul/
wawwhboard
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A SERIAL APPROACH TO PC ADD-ONS

'N THE previous [nterface {Oct. '99)
article we considered the subject of
serial port interfacing, and using a stan-
dard RS232C serial port to send data to
a user add-on. In this month’s Interface
we will look at using a serial port to
recelve serial data.

Much of the background information
provided in the previous article also
applics to using a serial port to receive
data. Refer to the earlier article if you
require information on the UART regis-
ters, setting the word format and baud
rate, elc.

With things reduced to the simplest
level it is not difficult to read data from a
serial port. Using the methods outlined in
the previous lnferface article it is possible
to set the requlred baud rate and word
format, and Is then just a matter of read-
ing data from the base address of the port.
The base addresses for serial ports one
and two are respectively &H3F8 (1016
decimal) and &HZ2F8 (760 decimal).

Mouse Experiment

1f your PPC has a serial port mouse it is
easy to experiment with serial port read-
ing, and the raw data from the mouse can
be read from the appropriate mouse c!:»ort.
Using Delphi 1, this code could be
applied to a timer component set with an
interval of about 50 milliseconds:

Readlng := Port{760});
Str(Reading, S);
Labell.caption := S;

The value of 760" in the first line is cor-
rect if the mouse is on serial port two, but
must be changed to "1016™ if it is on port
one. The two variables must be declared
in the appropriate part of the program by
adding the following two lines in the sec-
tion headed “var”’:

Reading : Byte;
S : String;

A label component must be added to
the form, and its default caption should
be erased. This gives the program some-
where to display the data read from the
serial port, When the program is run, the
data displayed on the label should
change as the mouse is moved around
and I%\e buttons are operated.

Synchronisation
r many applications it is perfectly all
right to take this simplistic approach,
and simply read the port periodically to
obtain the latest data available, For
example, suppose that a Thermometer is
connected to the port. By reading the
rt the latest temperature will always
read and displayed. The fact that
each new piece of data may be read sev-
eral times or the odd reading may be
missed here and there will be of no prac:
tical consequence.

This is not the case in all applications
though, and in some cases it ma
necessary to operate on the basis of
sending a trigger signal to the interface,
and then reading in x number of bytes.
it then becomes essential to properly
synchronise the scndin& device and the
program reading the data. Otherwise
there is a risk of (say) reading four
bytes of data twenty-five times each
instead of reading 100 bytes of data
once each.

There is no need for an external hand-
shake line to control the flow of data,
and a status bit of the Line. Status regis-
ter can be used instead, Bit 0 of this reg-
ister is set to.one whena,complete;byte
has been received:and transferred to the
receiver Register. Writing a‘zero to this
bit will reset it, but this is not normally
necessary as it is automatically cleared
when the data in the receiver register is
read.

To ensure that each byte of data is read
only once itis just a matter of using a soft-

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

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

Port{1049) : = 128;
Port{1016) := 12;

Port[1017] := 0;
Port[1019] := 3;
Port(1017) := (;

Repeat until (Port[1021]and 1) = 1;
Reading := Port[1016];
Str{Reading. S);
Labell.caption := §;
Counter := Counter + 1;
Str{Counter, S);
Label2.caption := §;

The port addresses used here are for

port one. For serial port two use these
addresses:
760 instead of 1016
761 instead of 1017
763 instead of 1019
765 instead of 1021
In addition to applying this programto
a timer component these three lines must
be used to declarg the varjables.
Reading ; Bvta;,
Counter : Byte;
S : String;
A further line must be added to the list-

ing for the form, and this sets the Counter
variable at an initfal value of zero.

Counter :=

O +5V
A%k £
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Fig.1. Circuit diagram for the Simple Serial Inferface add-on. It operates al’'9600 baud.
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Ogeration

the original test program we relied
on the operating system to set up the ser-
ial port correctly, but in real world appli-
cations the program must do this. The
first four lines of the listing set the port for
9600 baud operation with a word format
of eight data bits, one stop bit, and no
parity checking.

Using the control registers to set the
baud rate and word format was covered
in the previous /nlerface article, and will
not be discussed a here. The fifth line
switches off interrupts, and should
ensure that the operatinisyslem does not
gpsel things by reading bytes of received

ata,

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

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

Hardware .

The Simple Serial Interface of Fig.1 can
be used to test this program. The 6402
UART has been covered in previous arti-
ces and will not be discussed in detail

In Control

A serial interface requlres some form of
control logic circuit to trigger the UART at
the appropriate times and send a stream
of data. At its most basic the control logic
can consist of nothing more than an
oscillator, which is all that is used in this
case.

A low power 555 timer, 1C3, is used in
the standard osdillator configuration. The
values of timing components resistors R8,
R9 and capaditor C5 set a low operating
frequency of roughly 1Hz. Therefore,
about once per second the cutput of 1C3
(pin 3) goes through a high to low transi-
tion and causes 1C2 to send the eight-bit
value on ils inputs.

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

A sli%hﬂy beautified version of the pro-
gram after 30 seconds of taking readings is
shown In Fig.3, the count has reached 31. Of
course, data can be transferred al a greater
rate by increasing the operating ency
of I3 and reduang the time inlerval of the
timer component (or simply having a rou-
tine that continuously tests the serial port).

100

127 PORT READING

31 COUNT

Fig.3. The counter of the test program
should increment each ime fresh data
is received.

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

Although the routines provided here
are written in Delphi 1, using the meth-
ods described in previous Inferface articles
it should be Poasible to use other versions
of Delphi, Visual BASIC 6, or even GW
BASIC. [t is just a matter of outputting the
correct values to the serial port registers,
and then reading the base address. !f a
software hold-off Is needed it might be
necessary o use a different loop structure
with some languages, but it should not be
too difficult to apply the same bitwise

here.

Transistor TR1 encrates a
2:4576MHz clock signal that is divid-
ed by 16 through IC1. UART IC2
requires a clock signal at 16 times the
required baud rate, and this gives an
ou_lt_ﬁut signal at 9600 baud.

e control inpuls at pins 34 to.39
of IC2 are hard-wired to produce the
required word format of 8 data bits,
one stop bit, with no parity checking.
Transistor TR2 acts as a simple line
driver and inverter, but It does not
pll;ovide proper RS232C output lev-
els.

Good results should still be
obtained provided the cable used to
connect the interface to the comput-
er is no more than a few metres long.
The output (SK1) connects to the
Ground and Receiver Data input of
the RS232C inlerface. These are at

—
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0000/

y ANDing and looping technique to
provide the hold-off.

Extra Outputs

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

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

pins 7 and 3 respectively for a 25-pin
Fort. or 5 and 2 for a 9-pin port (sec

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

ig.2). serial ports.

other means, but using them direct-
ly seems Lo be something less than
straightforward.
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T IS just over fifty vears since the first

transistor was made at Bell Labs. Since
then many advances have been made.
cnabling the performance 10 be improved
beyond all recognition.

Bipolar echinology has improved from
the carly transistors that had cut-off fre-
quencies of only a few kilohenz and low
gains 1o the state where r.f. transistors are
available that can operate to frequencices of
many Gigahertz and with much higher lev-
¢ls of gain than were previously possible.
Not only this, but field effect transistors
(f.c.1_s) arc now widely available.

It is interesting to nole that the develop-
ment work to devise a semiconducior
amplifying device was initially focussed
towards the development of a field cffect
device. However, they were unable 10 make
the effect work, and they changed the line of
the investigations which resulted in the
development of the bipolar transistor.

It 100k a few years before the field cffect
transistor was widely available. F.E.Ts
also had a major impact on integrated cis-
cuit technology, cnabling the degree of
integration 10 be considerably increased.

With transisior technology now very
mature it might be thought that the raie of
development would slacken as fewer devel-
opments were possible. However, nothing
could be further from the truth. Many new
idcas are surfacing, and these will enable
transistor technology to surge forward and
meel the demands to tomorrow''s technology,
both in performance and size.

Nano-curls

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

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

The carbon hexagons that are used to
mike the wbes have a natural tendency to
curl. The way in which they curl deter-
mines their electrical characieristics.
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Transistor technology /s poised for some mafor
advances in the near future, reports lan Poole.

Fortunately, it is possible 1o control the
way in which this curling takes place. By
rolling it in a way that gives a straight mol-
ccular alignment the nanotube behaves like
an ordinary conductor. However if the curl
is ammanged so thar molecular structure is
twisted then the nanotube behaves like a
semiconductor.

A considerable amount of experimenta-
tion was required o enable the right prop-
erties 10 be obained. It was necessary 10
have the right amount of curl. In fact, the
early nanotubes consisted of multiple con-
centric laycrs. However, the nanotubes that
arc used now consist of just a single wall
comprising of a single alomic thickness.

Transistors

Having developed the basic semiconduc-
tor the next major hurdle was 10 develop a
useful device. Surprisingly, iwo organisa-
tions announced they had succeeded. In
1998 the IBM Thomas Watson Rescarch
Laboratories and the Delft University in
Holland both claimed they had managed 1o
fabricate a transistor using this revolution-
ary new technology.

The dewice consisied of a single nan-
otubc having a thickness of one atom.
Once rolled the tube was about one nano-
metre in diameter. This was connected
between two clectrodes that were about
400 nanometres apart, and the whole struc-
ure was mounted on a silicon substraie
onto which a layer of silicon dioxide had
been set down to act as insulation. The
nanotube then acted as the channel whose
conductivity could be controlled in the
normal way.

Although the channel lengih of the carly
development model was relatively large it
could be made very much smaller. In fact,
some working lab models have been made
with lengths of around 40nm and it is csti-
mated that in fuure channel lengths of
only 20nm should be achicvable,

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

Future

This technology is very new and siill
very much in its experimental stages and
much basic work is being undertaken 10
ensure that the process can ‘be reliably
introduced into production apan from
developing the basic technology. As a
result it is likely 10 be several years
before nanotube transisiors are available.
Nevertheless, work is progressing apace.
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One of the problems results from the
minuie dimensions used in these devices. It
makes them less robust and more open 10
problems anising from impurities. The gate
insulation area is onc where this is paricu-
larly apparent. The very thin gaie insula-
tion has to.be completely free from impu-
rities as a result of its extremely small
dimensions.

Atom lcakage is also a problem and inter-
connection resistances also have 1o be inves-
tigated. The experimental devices produced
50 far have had problems arising from the
very high resistance between the nanomube
used for the channe! and the contacts.

In current experimental devices the resis-
tance has been of the order of one
megohm. Clearly there will bc many
advantages to be galned from reducing this
value. By comparison the discreel f.e.tls
that are widely used in today’s circuits
have channel resistances of only a few
hundred ohms. The higher values currently
being obtained in the new devices will
reduce the high frequency performance of
the whole circuit in which they arc used.

Wafer Thin

Another arca that is being investigated is
that of producing suitable wafers. Those
that can be produced at the moment, on an
indusirial scale. do not have a sufficiently
fine surfacc 1o enable the minute nanome-
tre sizes required for the new transistors 1o
be fabricated sufficienily accurately. A
rapid thermal oxidation process is being
developed but even when this has been per-
fected it is not expected that it will suppon
the sizes below about 50nm for commer-
cial production, and this will mean that the
full capability of the new technology will
not be realised.

Whilst no obvious solution is even on the
horizon, development work is still pro-
gressing. It is quite possible that develop-
menis in other arcas of semiconductor
technology may enable the requirement 10
be met by the time the development of the
nanotebe transistor technology has
reached a sufficiently advanced stage.

In order to introduce this new technology
onto the market new fubrication techniques
are required. This results from the fact that
the extremely small sizes mean thar “quan-
um well effects” become an issue.

To overcome this, new marcrials are
nceded and in tum this leads to the fact that
new processes and lines will be required.
However with other 1echnologies nearing
the end of their roadmaps, the need for new
technologies like these nanotube transis-
tors will be required to ensure that semi-
conductor technology can keep up with
developments in other arcas and possibly
stay onc slep ahead.
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UNIVERSAL PIC PROGRAMMER £49.95
SERIAL and PARALLEL Programming modes (unlike cheap programmers).
Unlversal ZIF sxket, no more dsmaged/broken pins. Inferior products can ruin
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Supports:- PICI20SXX., 12C6XX. 14XXX, 16CSXX. 16CS0X, 16CeX. 16CTX,
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CONTROL & ROBOTICS

ilford Instruments

BASIC Stamp Microcontrollers

Still the simplest and casiest woy ra get your project or
development work done. BASIC Stamps ore small computers that
run BASIC programmes. With either 8 or 16 Input-Output pins
they may be connected directly to push-buttons, LEDs, speckers,
potentiometers and integrated circuits such as digitol

rmometers, real-ime clocks and onalog-digital converters.
BASIC Stomps are programmed using an ordinary PC running
DOS or Windaws. The language has
tamiliar, easy-to-red instructions such
as FOR...NEXT, IF...THEN and GOTO.
Built-in syntax make it easy to measure
and generate pulses, read push-
buttons, send/receive scriorodata etc.
Stamps from £25 {single quantities),
Full development kits from £79

PROGRAMMING
CUSTONTING
BASIC SIAMP COMPUTER

Stomps plus lots of worked
projects and practical
electronics he{;. CD-ROM also
includes 30+ past mogazine
articles and Stamp software.
£29.95

Stomp2 based 3-axis machine
I Stepper drive %0 X, ¥ and Z ares with 0.1mm
{4thou) resolution.
Kit conging pre- machined frame components
Complete with Windows sobware for drilling

pebs.
Full kit ot £249, Part kit a1 £189

TecArm4
New range of robotic arms
for educotional ond hebbyist use
with " rhol servos.
Controled bom PC (Windows
freeware provided)} or from optional
Stands cbout 450mm
high when extended
Kit includes all pre-cut body
ports, servo controller board,
servos and softwore. Requires $v De. Kits stort at £189

IR Decader Board

Control your project using a standard domentic
IR remote

7 Output lines [5v @ 20mA) may be set to
momentary of toggle oction

Simple seoching roufine. Requires 9-12DC

Supplied built and reyed
£29 single quontity

-

On Screen Display
Superimpose text onta
siondard CCTV hrom simple
R5232 serial line.

Ready buili/tested ot £59

Milford instruments
120 High Street, South Milford, LEEDS LS25 5AQ
Tel: 01977 683665 Fax: 01977 681465

Full infarmation on using BASIC

o P 7

SERIAL LCDs
Bannish the hassle of interfacing to LCD displays.

We stock o comprehensive ronge of alphanumeric and Grophic LCDs -
all with an easy-to-use standard R5232 serial Interfoce. Sizes from
216 1o 4x40 plus 128x64 graphic panels.

Prices start ot £25 [single quontity)

StampBug

Stompl based wolking insect

Forwords, bockwards and lefi/right turn when
feclers deect object in path. Up 1o 2 hours
roving from 4xAA Nicods Chips pre-

progrommed but programme may be chan
(software n:pplied’;. Body ports pre-ct. -
Full kit £68

\

BigFoot
Stomp] based wolking
humanoid

Walks foewgrds /backwards
with left and right furn when
detects obstocles. Electronics
peb pre-buift ond tested

" Programme pre-dooded but
may be changed with
supphed softwor
Full kit £68

Alex- Animated Head
Stamp2 based coatroller with voice record-playback

capability, PR input ond/or random Lk 4-servo
octions are recorded/edited one No:m:p May
alsc be controlled from PC.

Head kits start at £29. Controllers from £29

Servo Driver Board
Control up 1o 8 standard hobby servos from an RS232
serial doto line using this controller boord. Simple command
structure holds servos in position until update is receaed.
Fully built and tested- requires SYDC and servos. Supplied
with Windows heeware

£29 single quantity. Opticeal keypad ovailable

All prices exclude VAT and shipping.
BASIC Stamp is the registered tredemark of Parallax Inc. For further
details on the above and other interesting products, please see our web site-
www.milinst.demon.ca.uk-




Special Series

PRACTICAL

OSCILLATOR

DESIGNS

RAYMOND HAIGH

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

PART SIX- RESISTOR/CAPACITOR OSCILLATORS

tals or induciors and capacitors 1o determine the operating
frequency. In this final pant of the series, circuits in which
resistors and capacitors perform this function will be considered.
Resistor/capacitor (R/C) oscillators are widely used for the gen-
eration of specific waveforms (e.g.. sine, square. sawtooth) over the
Sliz 10 SOKHz range. Circuits of this kind will oscillute from well
below 1Hz 10 above 2MHz, but a high degree of frequency stabili-
ty and waveform purity becomes increasingly difficult to achieve
above 100kHz or so.
Resistors and capacitors fix the frequency of oscillation by control-
ling the phase of feedback, or by timing the action of switching circuits,

PHASE SHIFTING

The signal at the base (input) of a common cmilter transistor
stage is 180 degrees out of phase with the amplified signal at the
collector (output). For oscillation 1o take place, feedback from
collector 1o base must be in phase, and the output signal must,
therefore, be shified through 180 degrees.

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

If care is taken with the associated circuitry, phase shifting R/C oscil-
lators can gencrate sinewaves of high purity. The Wiea bridge oscilla-
tor is the classic example of circuits of this kind. Here, the R/C network
is configurcd 0 give zero phase shift at the frequency of oscillation.

RELAXATION OSCILLATORS

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

so FAR we have covered oscillators which rely on quarz crys-

The rising voltage

across the capacitor,
as it is being charged,
can be used to trigger
a change of state in a
transisior switching
stage. If this also
results in the capaci-
tor being discharged,
the cyele will slart
again, and we have a
circuit which oscil-
lates at a frequency
determined by 1he
amount of resistance
and capacitance.

PHASE SHIFTERS

A simple phase shifting oscillator suit-
able for generating spol frequencies is
given In Fig.1. The usual formula relating
frequency to resistance and capacitance
in circuits of this kind is:

= 63000
RC
when f is in Hertz, R is in ohms, and
CisinuF

With this particular arrangement, the
frequency of oscillation is usually about 20
per cent lower than the figure derived by
calculation.
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Arrangements of this kind are known as relavation oscillalors.
They produce saw tooth or square waveforms which are rich in har-
monics. Unijunction transisior and muitivibrator oscillators operate
in this way,

PHASE SHIFT OSCILLATOR

A simple osciflator in which a network of resistors and capachiors
are used to shift the phasc of the feedback is shown in Fig.]. Here,
transistor TR1 is configured as a common emitter amplifier with the
outpul developed across the collector (c) load resistor R2. Bias is
applied via resistor R1.

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

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

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

THAMSIS LEADOUTS VALLES APPROX
R - FREQUENCY
® =
eoe n 10
acayw o SOz
B3
BC2X
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R e e (o

Fig.1. Circuit for a simple spot frequency sinewave oscillator.
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R/C OSCILLATORS

Combinations of resistors and capacHors|
can be used (o ix,the frequency of an oscil-
lator. Thay do this i two ways: !

(1) By determining the phase of ségnals-'al

g

52
VW

a positive feedback icop. Circuits of this kind
can generate high quality sinewaves.

{2) By timing the swilching of the main-
laining devices belween on and off states.
| Arrangements of this kind are known as
relaxation oscillators. They generale square,
| sawtooth or pulse waveforms.

which imparts zcro phase shift at one
frequency. g

1" Because there is no phase shifting within the
R/C network at the frequency of oscillation,
maintaining amplifiers for Wien bridge oscitla-
tors must have two stages. (Each stage Imparts a
shift of 180 degrees and this results in the output

1 being back in phase with the input). Provided the

L]
ks g
53
-

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

output buffer stage.

COMPONENTS

Capacitors used for phase shifting or timing should be poly-
styrene, polyester, or Mylar film types. When identical capacitors
are required (see Figs.1, 2 and 3) they should be of 10 per cent
toleranca or betier.

Note that this only applies 1o the circuits given here. Some
phase shift oscillalors reguire 1 pér cent 10lerance components
before they will operate reliably.

The circuit is cssentially a spot frequency signal generator which
can operate from below 50Hz up to more than SOkHz. fts output
waveform is of tolerable quality, but the impedance of the accepting
circuit must be high or oscillation may be inhibited. An impedance
of 47kilohms, which halves the signal output, should be regarded as
the acceptablc lower limit for reliable oscillation.

IMPROVED PHASE SHIFT
OSCILLATOR

With the addition of 1wo pre-set resistors (poientiometers) and-an’

output buffer stage, TR2, the performance of the circuit is consider,
ably. improved.. The .modified version of the circuit becomes an
adjustable spot frequency oscillator and is shown in Fig.2, The
upper frequency limit is around 60kHz, and the amplifier must have
a gain of at Jeast 29 times in order to maintain oscillation.

Negutive fcedback developed across the unbypassed emitter
“resistor”’, preset VR, reduces the gain of transistor TR, Sertting
this resistor so that the circuit will only just oscillate results in the
generation of a sinewave of high quality.

Replacing pan of one of the resistors (R3) in the phase shifting net-
work with pre-set VR2 enuables the frequency of oscillation to be adjust-
ed slighily. (A1 10kHz it can be shifted by plus or minus 1-5kHz).

The f.e.t. (field effect transistor) source follower stage TR2 pre-
sents a very high impedance 1o the oscillator and a suitably low
impedance to the accepting circuit. Gate resistor RS is connected to
a 1apping on the source resistor formed by R6 and R7, rather than
to the negative rail.

By this means. correct gate biasing can be maintained with TR2
source (s) hetd at about 4V, and this greatly improves the signal
handling capabitity of the stage. Moreover, the gate resistor R5 is
partially bootstrapped and this increases input impedance to almost
10 megohms.

Decoupting capacitor C5 will not be nceded in all cases. Variable
poientiometer VR3, connecied 10 the source of TR2 by dc.
blocking capacitor C6. cnables the output level to be adjusicd.

WIDE RANGE A.F. GENERATOR

The frequency selective network at the heart of most sudio signal
gencralors was devised by Wilhelm Wien. a German physicist,
about a century ago. Originally_used as.a measuging brj 8¢, the.
combination of sertes and paralIcithT clemenis progi?g:s a nefw!
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Fig.2. Circuit diagram for an adjuslable spot lrequency sinewave oscillator with an

est gain requircment it is not difticutt 1o apply
heavy negative feedback in order to subilise sig-
nal amplitude and improve wavefomi quality.

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

A low current filament lamp LP1 shunts a negative feedback path
(between output pin 6, and inverting input pin 2) in order to stabilise
the amplitude of oscillation. Bridge capacitors; C1 1o C8, are select-
cd by ganged rotary switch S1a and S1b. The specified values more
than cover the entire audio frequency spectrum.

Ganged potentiometers, VR 11 and VR I b, form the resistive arms
of the bridge and set the frequency. Range limiter resistors R1 and
R2 cnsure consistent operation over the full sweep of the
polcntiometers.

AMPLITUDE CONTROL

in order to obtain a high quality sinewave. signal amplitude must
be kept below the level at which the maintaining amplifier begins to
overload. (Overload-€auses clipping or flattening of the waveform
peaks).

Automatic contrdl of signal amplitudé in-Wien bridge oscillators
is usually effected'by'an RS type thesmistor {temperature depen-
dant resistor). Thesedevices are sensitive but expensive, and here an
ordinary low-current filament lamp is used in its place.

The resistance of a lamp filament rises deamatically when current
flows through it and raises its temperature. If the output at pin 6
increases, more current flows and its resistance rises. Lamp LP1 is
connected as the lower arm of a potential divider, VR2/R3 forming
the upper section. An increase in the resistance of the lamp will,
therefore, increase the amount of gain-reducing negative feedback
and hold the signal amplitude constant,

In practice, preset VR2 is adjusted to give the higbest possible
oulpul consistent with a perfect sinusoidal waveform, If an oscillo-
scope is not available to display a trace, good results ¢an be ensured
by setting VR2 so that oscillation is only just maintained. A 47 ohm
pre-sct should be substituted for VR2 and R3 if a supplier can be
found.

There is some' amplitude “boance™ when the frequency is
changed rapidly, and this is a feature of all Wien oscillators which
incorporate a temperature dependant resistor as a control element
{the resistance heats and cools comparatively slowly). Circuits
using f.e.t.s as voltage-variable control resistors, or diodes as ampli-
tude limiters, have been devised to overcome this “bouncing™.
However, unless.the design is complex, they usually exhibit higher
distorzion.

OUTPUT LEVELS

The simple control circuitry places a rather low resistance across
the amplificr owtpul, and the signal voliage available before the
onsel of distortion'is*limited to around 1V ram.s. A larger output is

o desirable, and the buffer stage transistor TR, dn"Fig.3,
des a modest-amount of signal-amplification.
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RELAXATION OSCILLATORS

Charging a capacilor, via a resister, is the most common means
of fixing the Irequency of relaxation oscillators. The larger the
capacilance and/or resistance in the series circuil, the longer the
charging time and the lower the frequency of oscillation.

A widely used circult of this kind is the astable multivibrator, and
a version which permits some adjustment of the operating fre-
quency is given in Fig.4.

The frequency determining networks comprise R¥C2 and
RS/C1. For an equal mark/space ratio {off pulses and on pulses of
equal duration), R3 and C2 must be identical to R5 and C1.

A very approximate formula relaling frequency to resistance
and capacitance is:

f = 700000
RC

when fis In Hertz, Ris in ohms, and Cis in uF.

The frequency of oscillation is very dependant upon supply voll-
age and, to a lesser extent, transistor types, and the formula ks
inevitably approximate. The oulpul is a square wave with a
rounded leading edge.

Emitter {c) resistor RS is unbypassed, and the resulling negative
feedback reduces gain 1o the required level and improves linearity.
In theory, the gain of this stage is approximately VR3 divided by R5
(i.2., four times), bul, in practice, it is rather less than this. Base bias
is provided by resistor R4, C10 is a decoupling capacitor, and Ct1
blocks the flow of d.c. into the accepting circuil.

PERFORMANCE

Although simple and inexpensive, the A.F. Signal Generator cir-
cuit performs well when preset VR2 has been comectly adjusted.
Distortion figures as low as 0:1 per cent are claimed for circvits of
this kind, and a check with an oscilloscope will reveal that the
sinewave is of high quality.

Output level remains constant over fairly wide shifts in supply
voltage. and across the switched ranges. Oscillation is maintained
up to 70kHz, but performance begins to fall off a little after 30kHz
or so.

Constructors would have to commit themselves to considerably
more expense and effort in order 1o realise any significant
improvement on this circuit. Note that the oscillator will not func-
tion correctly if a lamp with a higher watiage rating, or a lower
working voltage than 6V, is fitted.

RELAXATION OSCILLATORS

The most common form of relaxation oscillator is the astable (i.e.
non-stable) variant of H. Abraham and E.
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Fig.4. Circuit for an astable muitivibrator, with frequency
shifting arrangement.

beyond the thousandth). A typical circuit arrangement, with the
addition of frequency adjusting refincments, is given in Fig.4.

Two common emitier transistor stages, TR1 and TR2, act as
swiltches, and their bases and collectors arc cross coupled by
capacitors Ct and C2. Base biasing is supplied by R3 and RS. These
resistor and capacitor combinations, R3/C2 and R5/Cl, act as the
timing neiworks which determine the frequency of oscillation.

The coupling capacitors altemately charge, via the bias resistors,
and discharge, via the transistors, and the rising and falling voltages
on the capacitors swilch the transistors on and off, thereby main-
taining the circuit action. The frequency at which the switching, or
oscillation, 1akes place is, of course, determined by the time con-
stants of the R/C combinations.

Collector loads are formed by resistors R2 and R7. Capacitor C5
decouples the circuit from the supply line and C4 blocks the flow of
d.c. into the accepting circuit.

Bloch's multivibrator. Conceived by the two
Frenchmen In 1918, ihe name “multivibrator®’
was given to this type of circuit because the
output is rich in harmonics {they can extend

WIEN BRIDGE

A network of resistors and capacilors,
known as a Wien bridge, is used 10 determine
frequency in most prolessional audio oscilla-
tors. With this network, phase shift is zero at
one particular frequency. A typical circuit is
given in Fig.3.

The resistors and capacitors in each arm of

+¥ 10
iy

the bridge (VR1a/VR1b and C1/C5, C2/C6,
elc..) are of equal value, and the standard lor-
mula relating frequency to resistance and
capacitance is:
f = 160000
RC

when fIs in Hertz, R is in ohms, and Cis in
uF. The actual frequency of oscillation is
around 10 per cent lower than the figure indi-
caled by calcutation, and the ranges quoted in

Fig.3 are based on actual measurements.
The amplifier need only have a gain of

three times for osciliation to be maintained.
This modest requirement permits the use of
heavy, amplitude controlling negative feed-
back, and the quality of the generaled

sinewave can be extremely high.
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Fig.3. Circuit diagram for a low distortion a.1. signal generator.
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ADJUSTING THE FREQUENCY

The operating frequency of simple astable multivibrators is very
dependant upon supply voltage. Their frequency can also be shifted
by applying a variable bias to the base (b) of the transistors in order

to modify the triggering action.

Potentiometer VR1, connected across the supply via range limiting
resisior R1, varies the vollage on the bases of the transistors. Resistors
R4 and R6 isolate the signat paths and capacitor C3 decouples the bias
supply. This arrangement permits a faify wide adjustment of the nom-
inal operating frequency, typically plus or minus 20 per cent.

If a basic multivibrator is all that is required, omit VR1, R1, R4,

R6 and C3.
OPERATING FREQUENCY

The timing (bias) resistors R3 and R5 can range in value from
47k 10 470k, and the capacitors, C1 and C2, from 47pF 10 several
microfarads. This gives an operating range extending from sub-

audio frequencies to 2MHz.

Small signal a.f. transistors can be uscd up 1o 100kHz, but r.f.
devices will ensure reliable oscillation at higher frequencies.
Suitable transistor types are also included in the circuit of Fig.4.

ouTpPur

The output waveform is reclangular with a rounded leading cdge.
This rounding can be eliminated by connecting IN4148 dicdes
between the transisior collectors and the coupling capacitors, Cl
and C2 (cathode (k) to collector (c)). Additional one kilohm resis-
tors must be connected beiween the diode anodes and the positive

supply rail 10 maintain the circuit action.

If the timing networks, R3/C2 and R5/CI, are identical, the
mark/space ratio of the outpul waveform will be equal. They do not,
of course, have 10 be the same. and by tailoring the component val-
ues, pulses of shon duration separated by comparatively long time

intervals can be genecrated.

CMOS SAQUARE WAVE GENERATOR

A CMOS (complimentary metal oxide semi-
conductor) digital i.¢, can be used as an excel-
lent square wave generator. A typical circuit is
given in Fig.5, where the inputs 1o three of the
NOR gates in a 4001B i.c. are wired together
1o form inverting amplifiers. A resistor/capaci-
tor timing nciwork is connected in the feed-
back path between gates ICla and ICIb. The
third gate, IC|c, is used as a buffer stage,

Capacitors C1 10 C6, selected by rotary
swilch S1, cnable the unit to cover from |0Hz2
10 above 250kHz. Potentiometer, VR 1, acts as
the frequency control by varying the charging
and discharging time of the capacitors. Range
limiting resistor R2 ensures consistent
performance over its full sweep.

ouTPur

The loading effect of the output control
VR2 reduces the available signal level,
which is equal to the supply voltage when
the oscillator is fed into a high impedance.

Frequency is affected by changes in supply
vollage, but 1o a much lesser extent than the
multivibrator circuit given in Fig.4. The
mark/space ratio Is almost exactly equal. and
the square wave is of excellent quality. Output
is constant over the enlire operating range.
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Fig.6. Using the renowned 555 timer .¢. lo produce a 50Hz to
200kHz pulse generalor.

The timing capacitors, C1 to C4, are charged via R1, VRI and
R2, but they discharge more rapidly through resistor R1. The output
at IC1 pin 3 is. therefore. a chain of pulses, and adjustment of VR
will alter both the frequency and the mark/space ratio of the outpur.
Increasing the value of VR 10 one megohm will maximise the fre-
quency sweep with a single capacitor. A sawlooth waveform is
available, at high impedance. across the liming capacilor.
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Fig.5. Circuit diagram for a wide range, square wave generator using a 40018 quad
2-input NOR gale i.c.

Reducing the timing resistor R2 below 10k pushes the operating
frequency up 10 2MHz and more on the highest frequency range,

but performance beconies ematic,

Most inverting CMOS gates should work well in this oscillator,
and the 4011B (quad 1wo-input NAND gate) has the same pinout

connections as the 4001B.

SIMPLE PULSE GENERATOR

In many cases the nature of the waveform is not important: all
that is required is a signal to test or trouble-shoot a piece of equip-

ment, or to generate an audible tone.

A very simple and inexpensive oscillator circuit, suitable for tasks of
this Kind, is shown in Fig.6. Here a 555 timer, connecied as an astable
multivibrator, gencrates a pulsed waveform. Various ranges arc selected
by swilch S1 and potentiometer VR sets the frequency of oscillation.
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CMOS SQUARE WAVE GENERATOR

CMOS digital i.c.s can be configured as relaxation oscillatogs in
crder to generate square waves ol excellent quality. A typical cir-
cuit Is given in Fig.5, where R2 and VR1, together with a capac-
tor, C1 10 C6, determine the Irequency of oscillation.

The usual formula relating frequency to resistance and capaci-
tance for this circuit is;

f= 450000
RC

when fis in Hertz, Ris in ohms, and Cis in uF.

The lormula gives tolerably accurate results at low frequencies
but, above 1kHz or so, the frequency ol oscillation is lower than
the figure given by calculation, The ranges quoted in Fig.5 are
based on actual measurements.

The circuit delivers a square wave of excellent quality with an
equal mark/space ratio.
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SIMPLE PULSE GENERATOR

The ublquitous 555 timer [.c., when connected as an astable
muitivibrator, forms a very simple pulse generator. A typical Circuit
is given in Fig.6.

An approximate formula lor the calculation of frequency, with
this particular circuit, is:

f= 2800000
(R + 2000)C

whete fis in Hertz, R s the total value of VA1 and R2 in ohms,
and Cis inuF.

The formula is reasonably accurate up to 5kHz or so, then the
frequency of oscillation is lower than the figure indicated by calcu-
lation. Again, the ranges quoted in Fig.6 are based on measure-
ment, not calculation.

When a very simple and inexpensive means of trouble shooling
audio equipment ig required, this circuit is hard to beat. The upper
frequency limit extends a little beyond 200kHz.

The device acts as a voltage triggered switch. A typical sawiooth
generator circuit is given in Fig.7. where resistor R1 and capacitor
C1 determine the frequency of oscillation and R2 and R3 stabilise
the transisior against femperature vanations.

Emitter (¢) impedance is high when the device is off (not con-
ducting) and low when it is on. When the supply is first connegted,
capacitor C| is discharged. the emitter is at zero potential and pre-
senis a high impedance to the capacitor. endbling it 1o be charged
via resistor R1.

When a critical voliage (known as the "peak™ point) has been
developed across the capacitor, the unijunction triggers to the on
staie and the capacitor discharges through the now fow impedance
emitter circuit. The voliage falls to zero, the process is repeated., and
oscillation is maintained.

A posilive going pulse is available at base 1, a negalive going pulse
at base 2, and a sawtooth (strictly speaking a “shark’s fin"") waveform
at the emitter. The impedance of any accepting circuit presented to the
emitter must be high or the unijunction action will be impaired.

Fig.7. Simple sawtooth generator. With
the values specified for R1 and C1 the
circuit wil oscillate at 1kHz approx.

If the simplest possible spot-frequency sig-
nal generator is required, VR and R2 can be
replaced by a single fixed value resistor. A
capacitor ¢can be permanently wired between
IC1 pin 2 and the negative supply mil. and
VR2 can be deleted. A 100k resistor and a

}00nF capacitor in the timing network should
make the circuit oscillate at around 1kHz.

Provided the supply voltage is held between 8V and 12V, varia-
tions have a minimal effect on the frequency of oscillation. Wider
excursions cause significant shifts,

SIMPLE SAWTOOTH GENERATOR

A device known as a unijunction transistor can form the basis of
a simple sawtooth generator. Used almost exclusively in relaxation
oscillator circuits, it comprises a tiny strip of #-type silicon materi-
al with non-rectifying junctions (base 1 and base 2) located at either
end. A rectifying junction (emitter) is formed in a region of p-type
maierial aleng its length.

SAWTOOTH GENERATORS

A unijunction transistor can form the basis of a very simple
relaxation osciltator, and a typical circuit is given in Fig.7.

The following formula, which relates frequency to resislance
and capacitance in the timing circutt {(RY and C1), produces toler-
ably accurate resulis:

f = 800000
AC

when fis in Hertz, R is In chms, and C is in uF. A sawtooth
waveform with a peak-to-peak value equal to hall the supply volts
is developed across the liming capacitor.

The output of this simple, single transistor oscillator is non-lin-
ear and al a high Impedance, and an improved version is given in
Fig.8. This more complicaled circuit generates an extremely finear
saviooth wave and has a low impedance oulput.

Because ol the way the timing capacitor is charged, it is not
possible to quote a simple formula for the calculation of Irequen-
cy. The measured ranges quoted in Fig.8 should, however, form a
useful guide to component values for spot-frequency versions of
the circuit.
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Fig.8. Circuit for a linear savstooth generalor.

The value of resistor Rl can range from 10 kilohm to one
megohm (1M), and capacitor C1 from luF or. more down to 100pF.
Connecting a one megohm potentiomeier in the R1 position will
provide a wide frequency coverage with a single capacitor. The
peak-to-peak signal output at the emitter is approximately equal 0
half the supply voltage.

LINEAR SAWTOOTH GENERATOR

Whilst the sheer simplicity of the circuit arangement shown in
Fig.7 makes it anractive for some applications. the high output
impedance and non-linear waveform limit its usefulness.

In the circuit dlagram shown in Fig.8, the timing capacitor (Cl to
CS5) is charged via a constant current generator stage. transistor
TRI1. A fc.t. source follower buffer stage, TR3, presents a high
impedance to jhe unijunction’s emitter and a suitably low imped-
ance to the accepting circuit. By these means, the limitations of the
basic circuit are overcome.

When a capacitor is charged via a resistor, the initial voltage rise
is rapid. gradually tailing off as it approaches a fully charged state.
Because of this. the waveform developed across the capacitor is not
linear.

in Fig.8. current flow through transistor TR 1o capacitors C1 to C5
(via switch S1) is contmiled solely by the setting of VRI, and the
charping tate of the timing capacitor is, iherefore. constant. This
results in a lincar voliage rise and a more perfect sawtooth waveform.

The buffer stage, TR3. is identical to the onc adopted for the sine
wave generator shown in Fig.2, and its operation has already been
described. Frequency of oscillation is particularly dependant upon
supply voltage, and a well regulated power supply is essential for
the comect operation of this circuit. Stray capacitance acls as the
timing capacitor an the highest,frequency range,
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~ Circuit Selection Special

INGENUITY
UNLIMITED

Our reguiar round-up of readers’ awn circuits. We pay
between £10 and £50 for ail material published, depending
on length and technical meril. We're looking for novel
applications and circuit tips, nat simply mechanical or
electrical ideas. ldeas must be the reader's own work and
not have been submitted for publication eisewhere.
The circults shown have NOT been proven by us. Ingenuity
Unlimited is open to ALL abilities, but items for
conslderation in this column should preferably be typed or
word-processed, with a brief circuit description (between
100 and 500 words maximum) and full clrcuit diagram
showing all relevant component values. Please draw all
circult schematics as clearly as possible.

Send your circuil deas to: Alan Winstanley, ingenuity
Unlimited, Wimborne Publishing Ltd., Allen House, East
Borough, Wimborne, Dorset BS21 1PF. (We do not accept
/U submission via E-mail.)

They could earn you some real cash and a prize!

| -
AR A\ YQQ |
""\‘ Al ,,,\% L
mﬂ\" - .
WIN A PICO PC BASED
OSCILLOSCOPE
® 50MSPS Dual Channel Storage Osclioscope
¢ 25MHz Spectrum Analyser
o Multimeter @ Frequency Meter
o Signal Generator

if you have a novel circuit idea which would be
of use 1o other readers then a Picd Technology
PC basad osailloscope could be yours.

Every six months, Pico Technoiogy will be
awarding an ADC200-50 digital storage
oscifioscope for the best [U submission. In
aodtion, two single channel ADC-40s wail be
presented to the runners-up.

Serial Port Splitter - lLine Sharing

iEN you run out of spare serial ports on

your PC, the circuil shown in Fig. | may
be used to effectively add another port. The
idea is to share the PC serial port between
wo external RS§232 devices (device X and
device Y in Fig. 1) and the PC communicates
with them one at a time.

In the circun diagram shown in Fig.l.
IC1 and IC2 are the familiar MAX232 volt-
age level translators which conven the
RS232 signal levels from the serial pont of

TTL/CMOS levels for manipulating by
IC3. a data sclector/multiplexer. Signals on
the two scts of inputs {A0Q to A3 and BO 10
B3) are selected and routed to the cutput
(YO to Y3) by the Select input (pin 1 of
IC3).

When Select is at logic 0, signals on IC3
port A are routed 1o the output pont (Y0-
Y3). In this case, the Tx of the PC scrial
port is connected 10 Rx!: Rx to TxI and
Rx2 is held logic | (idle condition). The PC

device Y is effectively disconnected from
the PC.

When Sclect is at logic 1. signals on port
B are routed to the output port instead. In
this casc, Tx is connecied o Rx2, Rx 1o
Tx2 and Rxt is held at logic | so the PC
communicates with device Y.

Swilching between device X and device
Y is controlled by the RTS signal from the
PC serial port. RTS can be toggled by a
picce of simple software which configures
the control registers of the UART chip in
the PC.

the PC (and also from devices X and Y) to therefore communicates with device X. and W. Ip, Belfast.
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Fig.1. Circuit diagram for the Serial Port Sphitter. Note thal pin 6 of IC1 and IC2 is at —10V with respect fo the 0V line.
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Elderly Person Monitor - Take Care
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Fig.2. Circuit diagram for an Elderly Person Monilor.

A N ELDERLY relative who resides with us

sionally falls accidentally, and has
taid there for some time In a distressed state
without being able 10 summon help.
Consequenily, a simple independent alarm
was designed and the resulling circuit is
shown in Fig.2.

Unless a “reset® operation is applied
beforc a certain time period has elapsed the
alarm will automatically sound. The principle
of operation can be adapied as required and
may inspire other ideas.

While the person is in bed a pressure pad
(S1) under the mattress is held in the closed
circult condition. This maintains the 4040 ) 2-
Stage Ripple Counter IC2 in its reset state via
transistor TR 1 and so the piezo sounder WD!
is disabled.

Clock pulses of approximately 1Hz fre-
quency are fed continually from the 555 timer
IC1 (pin 3) to the counter input of 1C2 at pin
10 (CLK), but have no effect until the person
gets out of bed (in our case, o use a com-
mode but it could be adapied to be reset by,
say, a bathroom door) at which point the
counter is enabled and begins counting.

If the time t1aken to get from the bed 1o the

commode or bathroom (where a scat or door-
activated microswitch, S2, automatically
resels the counter again) is long enough for
counter output Q6 (or Q7 perhaps) 10 go high,
the alanm WD sounds in a neighbouring
room so that one can investigate and check
‘that the person is all right.

A delay of between one and two minules
was selecied to allow the elderly persen suffi-
cient time and also because in practice the
microswiich 52 wasn't always operated. In
our case the switch opens when the person
leaves the commode, and so IC2 begins
counting.

If the time taken for the person reluming to
bed (which resets the counter) is again long
enough for the alarm to sound, then that per-
son is standing up, or retuming to bed or has
fallen. Since an eldetly person is unlikety to
remain standing for more than (say) two min-
utes and is also unlikely 1o 1ake more than
two minutes to return 1o bed. it is probable
that the person has fallen.

The proiotype operated from a safe 6V
battery. which could be rechargeabie.

C. Embleton,
Northallerton, N. Yorks,

Rechargeable PP9 Battery — Bnergy Saver

F Yyou discard

exhausted PP9 laycr-
lype baticries this can
become an expensive
process as these batter-
ies cost about three
pounds cach. It was
decided 1o provide an

alternaiive using
Nickel Cadmium cells
together with  an
extremely simple
charging circuit which is built within the
housing of an exhausted PP9 barntery. The cir-
cuit diagram is shown in Fig. 3.

The power for the charging circult Is pro-
vided by an extenal 12V 10 15V d.c. power
supply capable of providing SOmA or so.
This is hooked up via a d.c. power socket
SK1 which is aiso fitted into the bauery
housing.

In this circuit IC1 is configured as a con-
stant-current (not voliage) regulator, and the
current flowing is limited by the series resis-
tor R1. The current / is 1-25/R1, hence for a
S0mA current Rl is about 24 ohms (220
ohms in paratlel with 27 ohms will do).

898

Fig.3. Rechargeable PP circuit. Note all components are
housed inside the discarded PP9 casing.

Six 12V NiCad cells are placed in scries
and wired across the PP9 battery terminals
and they will be charged by the constant cur-
rent of IC1. The on-load voltage of a fully
charged set of six cclls was measured at just
under 10V with an average currént of 2SmA
being drawn.

A sicel-cased PP9 should be prised apart
and its contents carcfully disposed of as
chemical waste, then the circuit built inside
and the case folded back together again. My
present rechargeable PP9 has undergone
about 40 charging cycles during its existence
and anticipate many more — whal a saving!

D. Allen, Cheltenham.

Circuit Special

Class-D 30W Audio
Amplifier - Power Play

AU‘DIO amplifiers arc-1ypically class-AB in
opersation. and whilst these produce good
quality amplification they are also quite inef-
ficient at 50 to 60 per cent or so. A class-D
amplifier is much more cfficient, with effi-
ciencies of between 90 per cent to almost 100
per cent being possible as it is essentially a
swiiching circuil.

A suggested circuit diagram for a 30W
Class-D Audio Amplifier is shown in Fig.4.
The incoming audio signal is amplified by the
inverting operational amplifier IC), with
adjustable volume controlied by potentioge-
ter VRI. A PWM (pulse width modulation)}
signal is produced by comparing the audio
signal with a 100kHz tiangle wave.

This is achieved using the comparator
1C6. Resistor R13 is used 1o provide posi-
tive fecdback and C6 is a speed-up capaci-
tor which imprdoves comparator response
time. The comparaior output swings
between 27-5V. The pull-up resisior RI2
provides +7-5V whilst -7-5V is provided
by the open emitter input of the comparator
{pin | of 1C6).

When this signal swings posilive transistor
TR acts as a current sink. which increases
the voltage drop across resistor R16; this voli-
age drop is enough 10 tum MOSFET TR3 on.
When the signal swings negative, TR2 acls as
a current source causing the voliage drop
across R17 1o increase sufficicnidy 10 um
TR4 on. Essentially, MOSFETs TR3 and
TR4 are aclivated altemately. producing a
PWM signal which swings between plus and
minus 15V,

It is now necessary to restore this amplified
PWNMI signal back into a reproduction of the
incoming audio signal. This is achieved by
averaging out the PWM signal using a 3nd
order Butterworh low-pass filter with its cut-
off frequency (25kHz) much lower than the
tiangle wave frequency, ensuring large atien-
vation a1 100kHz. The resulting output is an
amplified reproduciion of the input audio
signal.

The triangle wave gencrator is based
around 1C2 and IC5, whereby 1IC2 1s effec-
lively a square wave genecrator with positive
fcedback provided by R7 and R11. Diodes
D1 10 D5 acts as a bi-dircctional clamp (D3
being a Zener diode). clamping the voltage to
about £6V.

An ideal intcgrator is formed by prescl
VR2, capacitor C5 and ICS which converts a
square wave ino a triangle wave. Preset con-
trol VR2 allows the frequency to be altered.

The output of IC5 (pin 6) provides fecd-
back to [C2. and resistor R14 and preset
VR3 form an adjustable attenuator allowing
the magnitude of the triangle wave to be
adjusted. After construction. VR2 and VR3
should be adjusted in order 1o provide the
best quality output. A pair of ordinary 741
opamps (IC4 and IC3) are used as unity
gain buffers to provide the plus and minus
7-5V supplics.

Capacitors C3. CA. Cl1. and CI2 act as
charge reservoirs, and the remaining capaci-
tors arc for decoupling. The circuit requires a
plus and minus §5V supply rail, and it will
drive a 30W 8 ohm loudspeaker from the LC
network at capacitor C13 and inductor L2,
Notc that smali heatsinks maybe required for
MOSFET transistors TR3 and TR4.

l.ee Matthews,
Kirkby-in-Ashfield, Noits,
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Fig.4. Complete circuit diagram for the Class-D 30W Audio Amplifier.
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Circuit Special

National Lottery Predictor
- [t Could Be Us

A SIMPLE form of random counter is illus~
ted in Fig.5 which may help with the

mentally-exhausting process of selecting six -

cntirely random numbers for the weekly
National Lottery. The circuit consists of two
CMQOS 4017 decade counters cach driven by
a 555-based clock.

Counter [C2 will display tens (0-4) whilst
IC4 will display units, Therefore, a number
berween 0 and 49 will be displayed on a
series of light-emitting diodes upon the oper-
ation of pushswitch S2 which enables both
countets. Scparate switches for icns and units
could be used instcad.

Note that sometimes, numbers may repeat
and zero may also be displaycd.

Edward Bibby,
Woolston, Warrington,

Tumble Dryer Alarm - [t Womn't Crease You

\s‘ L il
R1
Cher2
>
- 6]
P OSC 74 $Vem
mé Hax oy or -
" o 2060
o
gt oscour  oru |2 e
124 rst 2 s e e
100n Sy # |
—r—
[T ™ L o
= =
=
a5
&7
>
-
o1 W
:
» o

Fig.6. Circuit diagram for a simple Tumble Dryer Alarm.

Tlmz NeeD for the simplc Tumble Dryer
Alarm circuit of Fig.6 arose because our
new tumble dricr did not have a buzzer to
indicate that it had finished. My wife needed
a solution but vetoed absolutely any idea of
digging into the back of the machine and
“fiddling with the mains™!

As the machine works by sensing how dry
the clothes are, the only way of knowing that
il is nearing the end of its cycle is when one
of the neon indicators on the machine extin-
guishes. This indicates the start of a shon
“crease care’ cycle afier which the machine
stops. Some kind of optically-isolated switch
followed by a delay secmed to be the answer.

In the circuit diagram of Fig.6, when the
machine neon indicator gocs out, the
ORP12 light-dependent resistor, RI,
ensures that the voltage on pin 12 (Reset) of

IC1, a 4060 oscillatorfcounter, goes low
which starts the counter. Quiput 14 at pin 3,
which goes high at the end of the delay peri-
od, is fed along with the output of pin 7 into
one of the AND gales of the 4081. This pro-
vides a pulsed inpul to transistor TR1 which
activates the sounder WDI. Pin § of ICI
flashes the l.e.d. D1 when the crease care
cycle has started.

With the values shown, the delay is about
six minutes which can be varied by adjusting
the values of capacitor and/or resistor R4. A
suitably powerful sounder would be the
Maplin, order code FK84F, or the Squircs,
code 80-015 (1zkes more current — 35mA),
which can be heard in all parts of the house to
wam that the cycle has ncarly finished. My
wife has certaindy found i1 useful!

Glyn Shaw, Staines, Middx.
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Narrow Band Vision - Niplkow Disc-0very

Tur. sYSTEM shown in Fig.7 illustrates a
simple but fascinating electromechanical
technique for transmining a small video
image over amateur radio bands. 1t consists of
a simple modulator based on a Nipkow disc.
a mechanical scanning device used in carly
television systems. The Nipkow disc has a
single-revolution spiral of smatl holes (25 in
this case) which if rotated can be used to pro-
vide raster scanning of an objecl.

With the circuit shown, a basic. 25-line
monochrome video image may be sent using
amalcur radio equipment over a good quality
clear voice channel. This resolution is high
enough for facial recognition of a person in
close-up. It should not be compared to a
slow-scan system which can only send still
images. Readers inay also wish to experiment
with other transmission media (e.g. wire-
based audio. intercoms elc.).

The transmitter scction. which also shows
the relative placement of the mechanical
parts, is shown in Fig.7a. A Nipkow disc may
be made from stiff card, using a platc to draw
a circle 180mm diameter or so.

OBSECT

| TRANSMITTER

Fig. 7a. CircuiVmechanical arrangement of the Nipkow 25-fine Transmitter section.

WPMOW OSX  xpe Y FINGERTP PRESSURE

/'\/ TO SYNCHRCAISE® MAGE

MMAGE APPEARS HERE

The object to be pictured must be brightly
lit, and it is captured through a lens and con-
veried into a narrow-band vision waveform
by TR, a phototransistor placed in a plastic
box behind the scanning disc. The phototran-
sistor c.g. a PN202, but other types may
work equally well) requires a 9V supply. A
good-quality d.c. motor (say. 12V d.c) is
powered from a single D-cell and poten-
tiometer VR1 (rated at 2W) controls its
speed. The signal is decoupled by capacitor
Cl and applied to the microphone input
socket SK 1 of the radio transmitter.

Receiver

In Fig.7b, the loudspeaker/ headphone out-
put is fed to a single transistor stage consisi-
ing of TR2 and surrounding components. The
led. DL is a high-brightness green device
placed in a flashlight reflector, and a piece of
greaseproof of tracing paper is placed over it
1o obtain a more uniform spread of light.

With this placed undermeath the “receiver™
disc, a reasonably uniform raster is obtained.
Noie that the picture requires the room to be
in ncar darkness if it is 10 be discernible by
looking through the spinning disc.

The Recciver disc is rotated slightly faster
than the Transmitter disc and the image will
then be visible. although it may be "rolling™ or
swirling. By applying very light pressure 1o the
receiver disc, it can be synchronised to the point
where you can get a reasonably stable image.

A flywheel. formed from an old loud-
speaker magnet, was placed on top of the pro-
totype receiver disc 10 add some momentum

Fig.7b. Circuitymechanical set-up for Receiver section.
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and help with synchronisation. None of the
parts are critical and substiutes may be
made.

An experimental but worthwhile modifica-
tion to the recciver is shown in Fig.7¢, which
offers a form of sync. control. This provides
some pulse advancement on the recciver
disc's rotation which is now controlled by a
ransistor Darlington pair (TR3. TR4).

It is important that a good quality smooth
d.c. motor is used, and the two motors should
have reasonably matched characteristics.
Although the circuit is not perfect, it is well
worth the extra effort.

Michael Rabertson, Chasetown, Staffs.
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; Circuit Special

Squash/Badminton
Scorer - Fmal Call

Tlnf. circut diagram in Fig.8 will keep the
score in both badminton and squash
games and should end all those arguments
about what the score is or whose tum it is to
serve!

The two pushbutton switches S1 and 82 are
for Player A and Player B. The umpire simply
presses the button corresponding 1o the player
who won the rally. The circuit then calcuiates
the new score and who should be serving
next

When a typical switch bution is pressed or
released. its contacts do not make a clean
connection, instead they might open and
close (swirch bounce) several times before
stabilising. A typical period of time before a
switch becomes steady (bounce time) is Sms,
which in this case might add 2 or 3 points 1o
a player’s scor!

One solution to get around this problem is
1o check the state of the swilches say every
50ms. Hence the 555 timer IC1 is an astable
multivibrator which produces a square wave
of approximately 20Hz. This clocks the D-
type flip-flops [C2a and IC2b.

The output from IC2a is the debounced oul-
put from button A, and the output from IC2b is
that from bution B, These debounced signals
feed a JK flip-flop IC3 as well as the clock
inputs 10 two decade counters (IC4 and 1C6).

The counters keep track of the points that
cach player has scored, and their outputs will
drive 7-segment common cathode displays
directly. The other two counters ICS and IC7
arc for the 1cns of points for cach player.

In both squash and badminton a player may
only gain a point if he/she was scrving. If
they were not serving but win a rally, they
then serve for the next point. In this cirguit
when a player’s button is pressed the corre-
sponding counter for that player reccives a
clock pulse: the counter wiil only increment
if the clock inhibit input is low (i.e. the play-
¢ was serving).

The JK flip-flops will latch to *remember*
who was serving. In this circuit one can imag-
inc a JK flip-flop as a simple Sel-Reset
bistable which is updated when a positive
clock pulse appears on the clock input,

The first flip-lop (1C3a) is updated with
every clock pulse from the 555 timer and it
remembers who won the last rally. The sec-
ond flip-flop (1C3b) is updated once all the
buttons have been released. It copies what is
stored in the preceding flip-flop, and its out-
put feeds the clock inhibit inputs (pin 2) of
the counters,

For example, if player B is serving. the
clock inhibit Input (pin 2) for counter B (IC6)
will be low and for counter A (ICS) high. If
player A wins the rally a ctock pulse goes to
counter A, but, because its clock inhibit is
high the counter does not increment. The first
flip-flop now “‘remembers* that player A
should be scrving next.

Once button A is released the second flip-
flop is updated. The circuit is then ready — if
player A wins the next point his/her score will
increase. If player B wins the next shot how-
ever, the scores will not change but the serve
will go back to player B.

The scores for both players are displayed on
dual 7-segment displays. Note that the person
who is serving is indicated by the decimal point
of their display being illuminated. Pressing both
buttons at the same lime resets the unil.

David Liddament,
Caversham, Readlng.
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Time-lapse Unit for Camcorder
- Im The Frame

ANY camcorder owners would like to

produce more creative videos, such as
time lapse films which condense slow-
moving sequences into a shor period.
Unfortunately. time-lapse facilities are only
found on more expensive video cameras.

All camcorders, however, have a REM
{remote) socket, for use with a manual
stop/stant lead. The REM socke! on cam-
corders however is not the same as the REM
socket on a cassette recorder, which is basi-
cally a simple n.o/n.c. (normal open/normal
closed) switch.

Manual control of a camcorder via the
REM socket requires “pulse operation™. i.e. a
short pulse 0 stant and a second short pulse
to stop. This overmides the “pause control™,
and places the camera in its pause mode dur-
ing a break in filming.

The circuit diagram shown in Fig.9 uses a

>

556 timer, (twin 555 timers in a 14-pin pack-
age), whereby cach timer is configured as 3
onc-shot monostable. The output from each
timer is used to trigger the input of the other
timer via an RC network.

This arrangement is commonly known as a
cascade timer. The result is a dual timer with
varying on/off times and a brief ncgative-
going pulsc at cither one of the Irigger inputs
(pins 6 and 8) cvery time each monostable
times out.

During cach cycle, pin 6 and pin 8 arc held
at logic 1 by pull-up resistors R2 and R3. A
pair of back-10-back le.d.s. D1 and D2 indi-
cate whether the circuit is paused or filming.
When the output from one timer is high, the
other will be low. .

The trigger inputs A and B are connecled 1o
pin I and pin 2 of a dual NAND peripheral
driver 401077WC3). The output is then taken

[s — —D) v
- l l:w-.-unl s Pe 14
4 SRy S, e
SERNEECH qe of
i 2
@ ° o
s2 i (L B , '
»
IC8a a A ? ° Vamm
] 02 . .
X
N 7 17
4 g D
=
3 PR + X1
s {DOUBLE OuGT
TO0E
Lg%a CARAY OUT P Y
a [ ]
1 1 12 10
o0 - ! ‘e
fgé ~ cONTERA 12 ol
| 1C4 q 9 L] g
431
S, Jemm
i P k] o U iy P , ,
H 7
Al QO ? 8 |
-
i L3
p—_g THRES 3
-2 rra
ICt
285
our 2
RE
2,
ot ]
e = 3
Q.ocx :
3 prern a a
i = = - D
|~ L]
9 f . OX 13 COUNTER B 13 [}
[T Py 3
\ Icé i O ., Jemm
oo ) Ll 1. ' ,
[
o= 4 ox i L R
7 7
"] a9
CARRY QUT X2
s Dot
' DEPLAY. 058
[=3
S ],
A 12 15 & L )
13 3
%S B3 13 ' ,
R, 1 IC7 4 o G i)
L o] " f
L ] L]
13 " L] 18 ' , '
C1PN ICS P2 23004 i 17 g -
C2PNAATEN ICBPA A [
KIPATADN:, TP 23814
1C8 PN AT f 57
o —) OV

Fig.8. Circuit diagram for the Squash/Badminton Scorer.
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Fig.9. Circuit diagram for the Time-tapse Unit for Camcorder.

from pin 3 and connected 1o pins 6 and 7 of
the second driver. This produces a strong neg-
ative pulse whencver cither of the monosta-
bles changes stale.

The resulting pulse can be used to power
the Le.d. emitter in a preferred opto-isolator
{not shown) or a solid-state relay. The use of
an opto-isolator ensures that no voliage or
current from the timer unit can intesfere with
the camcorder circuitry.

The whole circuit can be powered from a
9V baitery. A 6V regulator IC1 cnsures that
set times do not drift due 10 decreasing bat-
tery voltage.

Timing componeats VR1 with C3. and
VR2 with C6 should give a maximum time of
270 seconds. There is no point in increasing
this time period. as camcorders automatically
shut down if left in pausc mode for more than
5 minutes. The on-time can be very short, i.e.,
enough to capture two or three frames.

Philip Male,
Drake’s Broughton, Pershore.

Audio Limiter - Jus e Limft

AN AuDIO limiter ciwcult was required
which would accept a wide input voltage
range without introducing too much distor-
tion when limiting. The circuit of Fig. 10
achieves this as well as allowing a variable
limit level and output level. The circuit could
be uscd in many arcas, particularly in limiting
the signal applied to an audio power amplifi-
er, protecting those valuable tweeters!

The design uses the MC3340P clectronic
aucnuator chip (ICI). Resistors R1 and R2
attenuate the input signal to a level suitable
for the MC3340. The maximum level applied
10 the device should be S00mV r.m.s.

The input signal is atso applied to 1C2a via
capacitor C2, which together with diode DI
acls as a precision rectifier. The voltage
across capacitor C4 sits at the wiper level of
Limit contrel VRI uniil the audio level
exceeds this valuc.

A1 this point diode D1 begins 1o conduct so

the voltage across C4 rises. The vollage on
the output of IC2b (pin 7) then falls. This
voltage is inverted and attenuated by IC2c
and its associaled resistors. Audio Level con-
trol VR2 adds an offsct to the output of 1C2¢c
which configures the attenuator in its linear
region. The output of FC2c is then applied to
the attenuation conirol pin of the MC3340.
The op.amp [C2d forms a simple comparator
which drives an |.e.d. D2 during limiting.

To set up the Audio Limiter, adjust VR2 so
that the outpul of 1C2c¢ is at least 4V 1o set the
attenualtor in its fincar region. A higher level
can be applied to vary the relative output
level. Next. apply the maximum level of
audio and adjust VR uniil the Led. illumi-
nates. Back off VR uniil the l.e.d. just extin-
guishes. Any increase in the audio level will
now be limited 10 the level sclected.

Duncan Boyd,
Blackburn, Scotland.
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Fig.10. Circuit diagram for an Audio Limiter.
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Circuit Special

INGENUITY

UNLIMITED
BE INTERACTIVE
U is your forum where
you can offer other
readers the bencfit of
your Ingenuity. Share
those ideas, carn some
cash and possibly a

Pulse Modulated Inverter
= Mlaflne Meotor Controller

SINGLE-PULSE Modulated Invertier circuit
iagram is shown in Fig.1 la which can be
used to operate a series-wound motor up 1o
I hp in variable speed mode, from a 12V lcad-
acid car batiery. The series motor may be an
electric drill or the drive motor of a small
electric vehicle or buggy for example. The
circuit waveforms of various oulputs are
shown in Fig.11b.

In Fig.11a IC1 (a 4047B) is working as a
100Hz astable which triggers an adjustable
monostable (IC2). The period of the mono-
stable can be varicd using VR {ihe timing
capacitor C2 should be InF minimum -

D1 and D2 provide protection for the transis-
tors whilst diode D3 and capacitor C3 help
provide isolation between the driver and the
outpul stage.

Transformer T1 sieps up the input vollage
10 a maximum 200V a.c. The potentiometer
VRI can be used for varying the output voli-
age in the range of S0V 10 220V ac., suitable
for many applications,

Both power MOSFETs must be mounted
on heatsinks and the maln On/Off switch S1
should also be capable of carrying the full
load current. The winding details of the trans-
former are also given. {/ was unable to trace

ize!
Lo The ARW). the power MOSFETs used by the writer and
The NAND gates of IC3 (4011B) are used a substilute may be needed, e.g. the IRFPG50
lo scparale positive cycle signals for the or similar, offered as a suggesiion only. ARW)
power MOS transistor TR1 and the negative M.T. Iqbal,
cycle signal for TR2. The two Zener diodes ° Rawalpindi, Pakistan
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Fig.11a. Circuit diagram for a
Single-Pulse Modulated Inverter.

TRAS,

TRY. TR2: MOUNTED CH HEATS#KS

SFORMER
PRAARY. §60 14, 22 « 22 TURNS
SECOMOARY. SWG 29, 500 LR S

PON OOFE. Awasin'

O -t

]

]

@ |®

11 5]

T
] [ [ ]

|

S

1

S5

-

-
__I

i

@ ® @ ©

|
]

AC.

= [+

4

Fig.11b. Output waveforms al varlous stages of the circuit,

904

PICO PRIZE WINNERS

IU's time to decide the winners of superb PICO Technology PC-fased
oscilloscopes. once again  gencrously domated by PICO
(www.picotech.com) for three lucky entrants whom in our judgmeni sub-
mitted the best ideas published in the past six months. As always. every
entry was judged on a number of criteria including the extent of “lateral
ing™ or novelty. technlcal merit, resourcefulness. appropriateness,
and overall completeness. Presentation was used as a lie-breaker.
The final-choice was difficull and, after carcful consideration, EPE
Editor Mike Kenward and [ngenuiry Unlimited host Alan Winstanley
Joindy selected the following winners from the June-November issues:

WINNER - receives an impressive PICO ADC200-50 Digital Storage
Oscllioscope, worth over £450¢

Lee Archer — TV Test Paitern Generator (September 1999) = illustrating
the adaptation of a ieletext Bming chip, this circuit was considered (o be
thoroughly developed and complete.

RUNNERS-UP - both are lucky recipients of PICO ADC-40 Single
Channel PC-based Oscilloscapes.

Rev. Thos Scarborough - Loop Acrial MW Radio (August 1999). This
was a novel radio receiver design using some traditional techniques, and
we are also happy 1o acknowledge the contributions made by_our most
Ingenious Reverend.

Z. Kaparolk —~ One Volt L.E.D. (November 1999). A number of Entrigu-
ing and professionally presenied micropower circuits optimised to oper-
ate an l.e.d. from a single cell.
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Constructional Project

LOFT
GUARD

TERRY de VAUX-BALBIRNIE =—

Has the light been left switched on?

AVING a permanenily-wired mains
Hlighl in the roof space is handy.

especially if you keep a lot of useful
material up there. Unfortunately. it is afl 100
easy lo leave it swiiched on as any user will
testify.

Once the haich is closed, there Is no
exiernal sign that the light is on. It could
then remain like that until the next visit -
possibly several weeks or even months
later. In the meantime, a significant amount
of electricity would have been wasted.

SELF-CONTAINED

The Loft Guard is built as a small, bat-
tery-powered unit which is left in some
suitable position inside the loft. It protects
against leaving the light switched on by
sounding a loud waming after 8 minutes or
other preset time. This can be heard
through the ceiling even with thie loft haich
closed and alerts the next person passing by
undemeath it.

In the prototype model. the specified
opcrating ime was found to be sufficient. If
you happen to be working for a long time in
the lofl. a Reset pushbutton switch on op
of the unit may be operated every so often
1o reset the circuit and hold the sounder off
for a further set time interval. This switch
may also be used after it has begun 1o
sound 1o stop .

If you habitually spend long periods up
there. it would be possible 10 increase the
operating time and details for doing this are
given later. Similarly. you could shorten it
if required.

CHECKOUT

Before beginning construction work,
check that the loft space is reasonably
dark when the light is switched off. Make
sure you will be able to sitc the unit
where light from the lamp will reach it
and. at the same time, above some place
where the sound will readily attract atten-
tion — for example. near the top of the
slairs.

Of course, the unit could be used in other
similar sitwations. For example, (o guard
against a cupboard light being left switched
on inadveriently. You could even site the
buzzer remotely if required.

The standby current requirement of the
prototype unit is less than 100uA. Using
the specified 9V batiery pack, consisting of
six AA alkaline cells. a life of at least one
year may be expected.

However, this will depend on how many
times and for how long the buzzer sounds.
While actually operating. the current nses
to some 10mA. You could use a PP3 battery
but the life would be correspondingly
shorter.

CIRCUIT DESCRIPTION

The Loft Guard circuit works by sensing
the change in illumination as the loft light
is operated. Switching it on triggers a timer
which holds the sounder off for the preset
delay period. If the light is switched off
during that time. the circuit will aviomati-
cally reset ready for the next time.

The complete circuit diagram for the
Loft Guard is shown in Fig.1. It will be
seen that operation depends on the action
of iwo integrated circuits. The first of these,
IC\. is an operational amplificr (op.amp)
responsible for the light-sensing aspect
while the other. IC2. carries out the timing.

Looking at 1C1 first. the inverting input
(pin 2) is maintained at onc-half of supply
voliage (nominally 4-5V) due 10 the poten-
ual divider action of equal-value resistors
R1i and R2. The non-inverting input (pin 3)
has a vollage applied to it dependent on the
values of the resistors in another potential
divider.

In this case, its top arm consists of preset
potentiometer. VR1. connected in series
with fixed resisior R3 and the lower one,
light-dependent resistor (1.d.r.) R4.

As the illumination of the I.d.r. sensitive
“window” is reduced. the resistance of the
device increases. In 1o1al darkness the spec-
ified |.d.r. will have a resistange in cxcess
of 5MQ. Even when there is a small
amount of light. it will exceed 1M,

In tests on the prototype in the suthor’'s
loit, the “light” resistance was found 10 be
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Fig.1. Complele circuit diagram for the Loft Guard.
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some 100kQ2. Of course, in any particular
situation this value will depend on the rela-
tive positions of the unit and loft light, plus
also the power raling of the bulb and other
factors. The point is that there is a wide dif-
ference between the Ld.r. “dark™ and
“light™ resistance.

MORE OR LESS

Suppose preset VRI is set 1o a value of
300k€2. This is added 10 resistor R3 1o give
the resistance of the top arm of the poten-
tia! divider — that is, 770 kilohms.

Under standby (“*dark™) conditions the
resistance of the ld.r. will exceed this
value. This will resull in a voltage greater
than 4-5V appearing across it and hence at
IC1 pin 3. When the loft light is on. the
resistance of the 1.d.r. will be less than 770
kilohms and the voliage at pin 3 will fall
below 4-5V.

When the voltage at the op.amp non-
inverting input (IC1 pin 3) exceeds that at
the inverting one (that is, under “dark™ con-
ditions), the op.amp output, pin 6, will be
high. When it is less ("light* conditions), it
will be low. At the end of construction, pre-
set VRI will be adjusted so that this hap-
pens under the actual conditions prevailing
in the loft.

Note that both op.amp inverting and non-
inverting vollages are derived from poten-
tial dividers connected across the power
supply. As the bauery ages and the avail-
able voliage falls, the relative state of the
inputs will remain unchanged. The circuit
will therefore still work cormecily. Of
course, the batiery pack will eventually
develop insufficient terminal voliage to
operale the buzzer satisfactorily and it will
then need to be replaced.

Now look at IC2. This is an i.c. timer
configured as a monostable. It may be acti-
vated by a low pulse applied to the trigger
input (pin 2) — while high there is no effect.

Once tnggered. the output (pin 3) goes
high and remains like that until the circuit
times out. The operating period depends on
the value of capacitor(s) C3 and resistor,
R7. The higher the value'of ‘either or both
of these components, the greater the timing
will be in proportion.

HIGH VALUES

Resistor R7 has a very high resistance
(100 meg.) and the specified component
may not be available 1o ail readers. It could
be made up from lower values connected in
series and more will be said about this later.

Capacitor C3 will probably consist of
WO separate components connecled in par-
allel (as shown in the Fig.1.) to provide the
required capacilance. The suggesied value
(2-2uF) will give a combined effect of
4-4uF.

Of course, you could use a single 4-7uF,
two 4-7uF or cven one or two 10uF capac-
itors providing they were small enough to
fit the circuit board layout. Such an
arrangement would give a correspondingly
longer time period.

Using the values shown in the circuil
diagram, the timing will be about 8 min-
utes. It could be reduced by using a single
capacitor having a lower value if required.

When the 1.dr. is dark — that is, under
standby conditions, the op.amp oulput at
pin 6 will be high and there will be no
effect on IC2, However, 'when the output

906

goes low (i.e. when the light is switched
on), a low pulse is transferred, via capacitor
C1. 10 IC2 trigger input (pin 2). The mono-
stable then begins a timing cycle.

The purpose of capacitor C1 is 10 allow
only a shon pulse to pass. This is because if
1C2 pin 2 was maintained in a low siale
continuously. the monosiable would never
time out since it would remain triggered.
While on standby, resistor RS maintains the
trigger input in a high condition and this
prevents possible false operation.

KEEP IT UP

The reset pin of 1C2 (pin 4) needs 1o be
kept high 10 enable operation of the mono-
stuble and this is the purpose of resistor R6.
However, 10 allow the circuit 10 settle down
when switched on and to prevent possible
false triggering, it is held low for a shorn
lime using capacitor C2.

During this time the monostable is dis-
abled and nothing can happen. The capaci-
tor soon charges through resistor R6 and
allows pin 4 to go high.

Pushbution (Reset) switch S1 may be
operated momentarily at any time to begin
a new timing cycle and so hold the waming
buzzer off. This works by 1aking the trigger
input low for an instant.

While IC2 output is high (that is. during
the course of timing), the base (b} of
Darlington transistor TR| will also be
made high (close to positive supply volt-
age) via resistor R9 and diode D2. Under
standby conditions, the 1.d.r. R4 will be in
near-darkness and ICI pin 6 will be high.
This also provides a high state at TR base
through resistor R8 and diode DI.

Since TR1 is a pnp transistor rather than
the more usual 2#pn type. such a high state
will maintain the base at near emiteer voli-
age and so hold it off. No current will flow
in the collector circuit and buzzer, WDI,
will pemain silent. L.

Suppose some light reaches the | d.r. R4,
IC2 will be triggered and a timing cycle
will begin. Op.amp IC1 pin 6 wiil go low
but this will have no effect on transistor
TR1 because this state is blocked by diode
D1 which is now reverse-biased. However,
TR1 base will be kept high by the high con-
dition of 1C2 pin 3 and the buzzer will
remain off.

When the monostable has timed out, 1C2
pin 3 will go low and this statc will be
blocked by diode D2. Assuming light is
siill falling on the l.d.r., TR1 base will no
longer be made high by either path R8/D1
or R9/D2. This allows it 10 go low via resis-
tor RI0 and the device is turned on

' "COMPONENTS

Resistors

R1, R2 10M

R3, R8, R9 470k (3 off)

R4 * ‘miniature
light-
dependent
resislor, SM(} dark
resistance. (5Smm dia.

- see text)

R5, R6 1M (2 off)

R?7 100M cermet film (or 3 off
33M — see text)

R10 10M (2 off — see text)

All 0-25W 5% carbon film, |

excepl R4 and R7 See

SHOP

Potentiometer
VR1 1M sub-min
preset, verl. TALK
page
Capacitors
1, C2 470 min. metallised
polyester, Smm pin
spacing (2 off).
Cca 2u2 min. melallised

polyester, Smm pin

spacing { 2 oft or as

required — see text)
Tesl capacitor 100n min. melallised
(see 1ext) polyester, Smm pin

spacing
Semiconductors
D1, D2 1N4148 signal diode
(2 off).
TRi MPSAS5 pnp Darfington
transistor
IC1 ICL7611 micropower
op.amp.
IC2 75551PA low-power timer
Miscellaneous
S1 miniature pushbution
swilch, push-lo-make
wO1 Audible warning device

103dB output at 1m
mintmum, 10mA d.c.
- operalion maximum
B1 9V battery pack
(6 x AA cells), with
holder

Printed circuit board available from the
EPE PCB Service, code 249; plastic box,
size 138mm x 76mm x 38mm internal; 8-
pin d.il. L.c. socket (2 off); plastic stand-off
insulators (3 off); PP3-type battery con-
nector; small fixings; muitistrand connect-

ing wire; solder, etc.

excl. batteries

Approx. Cost
Guidance Only
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(remember, it is pap 1ransistor!). Collector
current then flows and the buzzer operates.

The fact that TR is a Darlington tran-
sistor results in it having an exceptionally
high current gain. Only a very small base
current (a fraction of a microamp) is there-
fore sufficient to operate the buzzer hence
the very high value of resistor RI10.
Remember, the flow of current is in the
opposite sense for a pap transistor com-

pared with spn.
KEEPING IT DOWN

It is essential that the continuous cuprent
requirement of the circuit is kept very low
to minimise battery drain. This is achieved
by choosing very low power integraled
circuits.

Also, the resistors in the potential divider
chains are made very high. If the loft is rea-
sonably dark under standby conditions, the
resistance of the 1.d.r. will also be high and
this reduces still funther the current flowing
through the series arrangement of VR1, R3
and R4.

To be effective, the buzzer must be of a
very loud type yet have a current require-
ment of 10mA maximum. The specified
unit (103db at 1m) was found 10 work very
well,

CONSTRUCTION

The Loft Geard circuit is constructed on
a small printed circuit board (p.c.b.) and the
topside component layout and underside
track master details are shown in Fig. 2.
This board is available from the EPE PCB
Service, code 249. All components are
mounted on this except the battery holder,
buzzer and pushbution reset switch.

Commence board construction by
drilling the three mounting holes in the
positions indicated. Follow by soldering
the i.c. sockets in position (do not insert the
i.c.s at this stage) then all other components
except capacitor(s) C3, light-dependemt
resisior R4, the diodes and transistor. On nio
accoun! solder the i.c.s direct 10 the board
- it would be very easy 1o damage them.

Note, resistor R10 (20MS€2) consists of
two individual 10M$2 units connected in
series using the pads indicated (both posi-
tions are labelled R10). if the 100MQ cer-
met film type resistor specified for R7 is
not available, connect three 33MXQ resistors
in scries instead using the pads provided on
the p.c.b. - the three positions are
labelled R7.

The photographs show the single spec-
ified resistor being used. This is soldered
directly between the pads connecting 1C2
pins 6, 7 and 8 - they are labelled “x** in
Fig.2. If you can find no other way of
doing it, you can connect ten 10MSQ
resistors in series, zig-zag fashion, and
connect the ends of the “chain™ to the
“x"" pads.

Connect a 100nF ‘“1est™ capacitor to
either C3 position. This will provide an
operating period of around ten seconds
which will be more convenient for testing
purposes than the full operating time.

Solder the ).d.r. in position using the full
length of its end leads for the moment. If
the specified miniature type of 1.d.r. is not
available the larger ORPI2 type could be
used. However, it would take up more
space and would need a certain amount of
adjustment to its position.

81+ wO1e

[-1-]

Components mounted on the completed circult board. Note that a single cermet fim

resistor has been used for R7 {see text).

POLARITIES

Now' solder the polarity-sensitive compo-
nents in place. These are the two diodes and
Darlington transistor TR1. When soldering
the diodes note that the cathode (k) end has a
black band. When mounting the transistor,
take care 10 place it as shown in the pho-
tographs with the flat face to the lefi.

Solder the bauery connector wires to the
p.c.b. If the battery holder has tag connec-
tions instead of being the more usual PP3
type. use short pieces of siranded wire
instead. Connect pieces of light-duty
stranded connecting wire for the® Reset
switch 81 and solder the buzzer leads to the
WD pads —the red one is the positive lead.

Insert the i.c.s in their holders. with the
cormrect orientation. These are both CMOS
devices and could possibly be damaged by
static charge which may exist on the body.
To avoid possible problems, touch some-
thing which is earthed (such as a meial
water tap) before unpacking them and han-
dling their pins.

TESTING

Most readers will wish to carry out a
basic test before mounting the cireuit board
in its box. This will allow any errors 10 be
corrected more easily. It wouid be a good
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idea 1o tape over the hole in the buzzer fot
the moment 1o reduce the sound output
because it is very loud! .

Cover the ld.r. with a piece of black
p.v.c. lape to simulate placing it in darkness
{or be ready to work in darkness). Adjust
preset VR to approximately mid-track
position and connect the batterics. Keep the
switch wires separated so that the bared
ends cannot touch.

Working on an insulating surface (such
as wood or plastic) to prevent shon circuits
at the p.c.b. tracks, place the AA celis in the
holder and conncect it up. Peel back some of
the p.v.c. tape to allow some light to reach
the 1.d.r. — the buzzer may give a momen-
tary “chirp” which may be ignored.

After about ten seconds or thereabouts
(remember, the timing has been reduced)
the buzzer should sound. If you re-cover
the l.d.r.. it should stop immediateiy.
Similarly, if you touch together the switch
wires, it should stop.

If you have problems making it work,
make sure the Ld.r. window really is cov-
ered 10 exclude almost all light - some
types of black tape are far from opaque. If
nccessary, carry out the test in a dark cup-
board. It is not satisfactory to cover the
l.d.r. window with a finger!
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If all is well, disconnect the battery hold-
er and remove the i.c.s, again observing the
anti-static precautions mentioned carlier.
De-solder the buzzer wires and test capaci-
tor C3.

With the required timing in mind, decide
on the value of the capacitor, or capacitors
necded for C3 and solder them in place.
Note that an elecrrolyiic capacitor would
not be satisfactory here due to its inherent
high leakage current.

BOXING UP

You are now ready to mount the circuit
board in its box. This must be large enough
to accommodate the p.c.b.. battery pack,
buzzer and pushbutton switch. You could
use a more compact case if you used a
smaller type of baitery bui, remember, this
will give a shorter life.

Arrange the intemal components on the
bottom of the box and mark through the
pc.b. and sounder mounting holes.
Remove ceverything again and drill these
holes. Drill a funiher hole rather larger than
that in the centre of the buzzer itself for the
sound to pass through. Note that the buzzer
will be mounted so that the sound is direct-
ed dowmwsards (scc photograph). This will
allow the maximum amount of sound to
pass through the ceiling.

Mount the p.c.b, temporarily on plastic
stand-off insulators. You may wish to mark
the position of preset VR1 on the side of the
box so that a hole may be drilled to allow it
to be adjusted more casily.

Measure the position of the l.d.r. “win-
dow" (top surface) and mark this on the lid
of the box. Drill a clcarance hole for it.
With the lid in place, and the L.d.r. protrud-
ing, measure how much the end leads need
o be shoriened so that the window will be
level with the face of the box.

Remove the p.c.be and adjust the Ld.r
soldered joints to give the correct clear-
ance. It would be a good idea to leave the
leads a little on the long side because they
can be bent slightly at the end 10 make
small adjustments to the height.

“:;.-

—_—] I,n
§ JJII‘_

w
?.,I'_‘ T l"-l. A-
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Positioning of components and circuit board inside the prototype case. Note the
Ld.r. "window" hole and Reset switch position in the Iid.-The space lo the right of the

p.c.b. is for the battery holder.

Dril! a hole in the lid for the Reset swiich
and attach it. Solder the switch wires lead-
ing from the p.c.b. to its terminals. Drill the
hole for VR adjustment if this is nceded.
Shoneaing the buzzer wires as necessary.
solder them back to the p.c.b. pads. Insen
the i.c.s again taking precautions against
static charge build-up.

Mount the p.c.b. and atitach the buzzer
using a pair of long, thin boits. Do not for-
get lo remove any tape which was used o
reduce the sound output, during testing,
before attaching it. Insert the AA cells and
secure the battery holder 1o the base of the
box using a small bracket if necessary.

Place the lid temporarily in position but
do not secure it yet. Adjust the Ld.r. end
leads as necessary so that the window is
level with the 10p face of the box (see pho-
tograph). Take care that they cannot touch
onc another and cause a shon-circuit.

FINAL CHECKS

Test the circuit under real conditions. Try
the unil in differcnt positions in the loft to
find the best one. Leave preset VRI adjust-
ed as far clockwise as you can (as viewed
from the 10op cdge of the p.c.b.) consistent
with correct operation. When satisfied with
the perfonnance, secure the lid.

Check that the sound can be heard
below the unit when the loft hatch is
closed. You could remove a small amount
of roof insulation from around the case o
allow the sound to pass through more effi-
ciently but this was not found necessary
with the prototype.

1t is suggested that the unit be allowed 10
sound every now and again to check the
cfficiency. When the buzzer can no longer
be heard as it should, the batteries should
be replaced.

DON'T BE FROZEN OUT - ORDER YOUR COPY NOW!
* FLASHING SNOWMAN * FROST ALERT *
PLUS - SCRATCH BLANKER - A “Spin Doctor” for your Vinyls

ELECTRONICS

LR TR R FRNL T AT

NEWSAGENTS ORDER FORM

Please reserve/deliver a copy of Everyday
Practical Electronics/ET! for me each month

Everyday Practical Electronics/ETl is published on the flrst Friday of each month and distributed $.0.R. by COMAG
Make sure of your copy of EPE each month - cut out or photostat this form, fill it in and hand it to your newsagent.

..................
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READOUT

John Backer addressas some
of the general points readers
have ralsed. Have you anything
Iinteresting to say?

Drop us a line!

WIN A DIGITAL
MULTIMETER

A 3V, digit pockel-sized l.c.d. multime-
ter which measures a.c. and d.c. volt-
age, d.c. curren! and resistance. It can .
also test diodes and bipolar ransistors.

Every month we will give a Digital
Multimeter 1o the author of the best
Readou! letter

TELE BYGONES

Dear EPE.

- Whilst looking for & oompuacr magazine, T

nmc “across EPE, glanced through. then

1o purchase it. bwugh hack a lot of

ies. Many moons ago (mid 1960s). |

9 Gavemnment tralning course. 16 beconie 8

Television and Radio Engineer. with the
promise of a job at the end. T

“About half way through. our mslrucmr had
lopmllhtadlycoum. He retumed, with
the | TV receiver imaginable. the first

any of us had seen. When it was
switc ﬁ it worked for juvt a shont rime,
i all at once, a bang. then smoke. The
a:mumwmmdowimm
lmnbeflvdngml seemed 10'be three
of four very large winewound resistors burmt
out. These were the days when the m'si‘sior
was first hrought about (actually invented in
1948. Ed);, we had liwde if any:.iraining on
these. We were told “Not. to bother checking
these they don’t go faulty!” (I've heard that
one before). "Anyhdw they will never mplaro
the Food old valve.”

* 1 did manage to finish the course and'get &
joh working for Granada Television. not to be
mistaken with Gransida Broadeasting station. |
was literally working on a-conveyor belt. We
had 1o pick up the sets (Ml.tphy model 57)
from onc end dnd refurbish them. This meant
changing the on/off switch (the one being
replaced was operated by lifting the lid),
mﬁ‘ﬁw the frame output valve and frame
bias, clean the rotating channel switch, replac-
‘ing the two valves (I think these ‘were EC30

and § [;QCSM el i) - v
weg was rccq,hed wi lvalve. is

q&:q a half-wave rectifier, using wa
diodes, -ld then replaced the smoothing
capacitoes. I any other valves had 1o be
replaced. we had 10 gently case the CRT for-
ward in order 1o do 0. Pant of the HT was
enclosed in an oil container. if the HT arced

* LETTER OF THE MONTH %

aver then you had 1o inject miore oill Never try
10 align mythmg one small wm — this coutd
lead to replacing of L.f. can. of whatever It was
Jyou were tumning. This happened duc 1o the
age of the sel.

When you had done allthe work that need-
cd 10 be done, it was time 10 ask the quality
controllers 1o inspect the set. The first thing
they did was 1o lift the set up three to four
inches off the bench then drop it back on,
app-r:ml)' to see the effect, if any, on the
screen! Then each of the valves was given a
good 1ap with the thick end of a screwdriver
(is this where the werm bonle bashers came
from?). This was 10 see if the valve was on the
verge of death, or noisy! There were many
more such nonsense acts of violence . . .

We were on piccework as well. We did have
a much better set to work on, namely the KB,
1 don't know the model number, but this was a
hard-wired set. i.c. no p.c.b. The KB had a
frame output transformer at the top lefi-hand
side looking from behind. The quality con-
1roller thought this was the best place 10 tle his
label, 10 tell the world that shis set had passed
hiz inspection. All was well until the team
responsible for recating got their hands on {t
and, yes yvou've guessed it. pulled the 1ag off
along with the tansformer wires. Oh the good
old days!

I left this type of clectronics to work with
hearing aids. This was sub-sub-miniature work,
and very rewarding. A resistor was jua bigger
than & pinhead. Now ] believe they use ics.

1 have now ordered a two-year subscription
to EPE, and also twelve months back issues. |
shall also be sending for three CD< 1o help me.
1§ hwe a lot of catching up to do?

Reith Barlow, Bury. Lancs

Isn’t history fascinating! Welcome to the
modcrn world of rlrdmruﬂ Keith. Good huck
with your “catching up”. It's good to hear

from vou.

TOOLKIT MK2 AND WIN 98

Dear EPE.

1 would like 10 comment on the parallel port
Interface software for the PIC Toolkit Mk2 (May-
Jun 99). SETUP showed that the ACK bit was
not working. However, inspection with DEBUG
and direct manipulation of the por registers
showed that the bit reflected the correct value.

Single stepping past the INP instruction in
TKSET06.BAS worked 100, so 1 suspecied a
timing issuc. | duplicated the INP instruction to
add a small delay and it worked OK.

This was using a 233MHz Pentlum running
Win 98 (although the same problem occurred in
DOS mode).

Pete Shew. via the Net

Very useful commen: Pete, thanks. All my soft-
ware is tested on four muchines of varying ages
and abilities, wsing Win 3.0 and Win 95, ar
speeds up 1o [20MH:. | do not have a Win 98
mdchine and so any info on that system’s opera-
tion Is useful in thig context.

LEAPING CALENDARS (AGAIN)

In several recent Readout columns, we have
discussed ealendars in relation 10 the
Millennium. We want fo say a really Big Thank
You to Mr WF. Riichie, of Fraserburgh,
Aberdeenshire, who went 1o a loi of trouble to
send us a great deal of informaiion on the sub-
Ject. including tables of data. Sadly, it is too
lengthy to reproduce here.

One of the many interesting poings made is
that, whereas the changeover 1o a Gregorian cal-
endar (in honour of Pope Gregory Xill) began in
1582, Britain did not adopy it untit 1752, which
caused considerable controversy because, in that
year, [! days had to vanish {“Give us back our
11 days!™). Greece was even later — ir was the
last modern narion to make the change. in 1923.

Mr Ritchic alfso says that “At the age of 78
years I make do with my Hewleit Packand 48GX
calculafor, which . . . has a bullt-in clock and cal-
endgr covering a period from the start of the
Gregorian calendar 1o 31s: December 908
Aslonishing!

Everyday Practical Elecironics/ET!, December 1999

DOS ERROR 76

Dear EPE,

| have built PIC Toolkit Mk2 (May-Jun '99)
and the first pan of the Setup, where 9"' vollages
and parallel port are checked is OK. However,
when | press enter to carry on with the Setup, |
get the message: “Setup program unforescen MS
DOS ERROR 76™. Can you pleasc help me?

Anthony Marshall, via the Net

The ERROR 76 message {"path not found " ) is
that generated by MS DOS when It cannot find a
particutar file or direciory named by the user. In
Toolkit’s Setup this could occur if an attempi is
made to Install the program with its zipped files
belng in the wrong directory. When the program
is Instalied from our 3-5-inck disk as avoilable
from the Editorial Office, it scems unlikely that
this can happen.

However, readers who have downloaded the
program from our FTP site may inadyertepily
find that their unzipped files are in the wrong
directory. The files need to be installed in direc-
tory CMNPIC, as expected by various file access-
ing commands within the suite of progroms.

There is rormally a rext file on the
FTPToolkis ME2 path thai explains this
{pic_toolkir_instal.ixt), alihough there was a
brief period during which the file “wenl miss-
ing” . It should be there now — follow its instruc-
tions (if it’s not, advise the Webmaster for that
site).

The ASMCNYV direclory (folder) referred to
must be created as C:NASMCNV. (I should not
be created in the PIC directory, where it will not
be found.)

Incidentally, readers with (QBasic or
QuickBASIC can find out wixt a particular DOS
Epror numbgr means by entering the program-
writing area of these programs Tping in the
command, for example, ERROR 76. Then Tun
this one-line program, upon which the program
will halt and display a text box containing the
relevant error message

LOGGING EXCELS

Dear EPE.

I've just read Pant 2 of the §-Channel Aralogue
Data Logger (Aug-Sep 99) and have w say | like
it | have alwavs wanted 1o build one using a good
old 780 CPU and a ZNxxx but even when | had
the chips 1 never got around to it! Your design is
made so casy with the PICI61877.

Being able 10 upload the data 10 2 PC Is really
essential. and your commeents on using Excel to
view the data are very good.

I have also downloaded version V13 of
Toolkit ME2 — | have used the dissemble function
1o recover a program from a PIC 16C84 that | had
lost the .ASM text for. it will make rewnling a
lot casier!

Mel'Saunders, via the Net

It's g6od 1o know that a design which ookt me
S0 much time 1o research and implement is pro-
viding you and many other readers with a useful
tool. There were four “learning curves™ imvolved
- getting to know the PICIGF877. the serial
memorics. serial communication berween PIC
and PC, plus Excel (10 which | had previously

only hud brief exposure. when we produced the
CD-ROM for PICmtor) i
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A WAVE FOR OSCILLATORS

Dear EPE,

This Is the first leer | have ever written 10 an
electronics magazine. To establish. very briefly.
my background, 1 was brought up with the
vacuum tube starting in the carly thirtics.
Although [ was keen 1o build receivers, moncey
was scarce, and | could only read about their
construction. Then came WWII and [ tried to get
into Signals, but it was not to be. | served in the
infantry. Then came family responsibilities, and
the necessity to cam a living. and a move 10
Canada in 1954.

Only now, in retirement. have | the time 10
“convert” myself from the valve 10 solid state.
What a fuscinating subject it ist ] find my main
inierests are receivers and test instruments and
have recently built 2 number of them. including
some from EPE. Now | have subscriptions 1o
five elecronics magazines from the USA, and
two from England. and of the seven your maga-
zine stands head and shoulders above them all. |
can only say it is simply the BEST!

The serics of aricles on oscillators by
Raymond Haigh is excellent, the subject is dealt
with in depth and gives down to carth schemat-
ics. The articles give one confidence 1o go ahead
and build each 1ype of oscillator, and indeed §
have already built some of them, and | intend to
construct many more,

I also have another request, and perhaps some
of your columnists or readers. beiter versed in
clectronics than |. could provide a method and a
circuit, fors the testing and evaluation of toroids.
This component, as is well known, exists on the
surplus.market in a vast array of sizes and mate-
rial composition, and they can be bought very
cheaply. But not knowing its composition, i.e,
iron dust or ferrite, and what frequency it was
destgned for, one would hesitate 10 incorporate it
In any project.

Perhaps the circuit would take the form of a
BH curve tracer. where. instead of a 50Hz or
60Hz inpui, a standard signal gencrator could
activate the circuit. and the output displayed on
the scope.

I realize that a full and complete evaluation of
any magnetic material Is a complex subject. full
of mind boggling maths! But it scems to me that
if we know ils composition and designed fre-
quency, this would give confidence to incorpo-
rate the item In a project with reasonable chance
of success.

[ look forwand 1o perhaps secing an anicle on
the above! Please keep the practical projects and
informational articles coming.

B.J. Maloney, Alberion, Canada

We know that many readers have responded
Sfavourably o Raymond's oscillator discussions.
Torvids-wise, though. we suspect that an article
relating to them would be too esoteric 1o appeal
10 most readers. However, perhaps readers might
care 10 tell us we're wrong!

We appreciase your praising words. With our
international readvrship continuing to grow. ina
large part due to our EPE Online editions on the
Internet. it's good 1o learn what readers world-
wide think of us.

TRANSISTOR PROBLEM

Dear EPE,

I'm having some wouble geuing my PIC
Toaikit ME2 (May-Jun "99) 1o work and hope you
can be of some help.

| am not getting the correct voltage measure-
ments and [ believe it has to do with two of the
components: the power supply and TR1.

First. when the paralled bit DA4 Is high,
the voliage on PIC pin 4 ( ) should be 12V,
but | am only getting 8-2V. Now the 78LCOS
power converter | used is only rated to supply
100mA and the Led. | chose draws 20maA.
Could there not be enough current going to the
MAX665 Flash memory programmer for it 1o
supply 12V? Should [ replace both the power
converter to gel more juice and the l.ed. to con-
sumic less?
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Sccond, when the parallel pon bits DA3 and
DA4 are high, the voltage on MCLR should be
OV, bui [ still get 8-6V. When DA3 is high alone,
I get 4-5V on . so somicthing is working. |
used a different npn iransistor for the reset
instead of the BC549 specificd because | could
not find that listed in any of my catalogues here
in the USA. Insicad 1 used a generic npn with a
maximum collecior current of 600mA.

1 have Just siarted working with PIC micros
and | really enjoy your magazine because of your
concentration on them. | purchased your PIC
Toolkis p.c.b. and put 1ogether this programmer
10 see what [ could leam and save a few bucks. 1
appreciate your work. Thanks very much.

Fred Ramsing,
University of Nevada, Reno, USA

The led. Is unlikely to be the cause of the
problem since its current is limited by resisior
R13 und does not depend on the Led’s actual
rartng (whick states the maximum current at
which the device can be safely operated, not the
current at which it always works).

It seems probable that the transistor is 10
blame, perhaps because its pins are not orieniar-
ed correctly. Check the duata sheet (or supplier)
for the pinout of the device and ensure that the
pin designations correspond with those shown in
Fig 4 of the published ariicle (vou may need to
“twist” the device if they are in a different onder).

One alternative 1o the BC549 (a device vwhich
is part of my regular design siock} is the BC109.
Another is the 2N3704. but note that this device
has a pinout of ECB whereas the BC549 and
BC109 have CBE. In reality, praciically any
general purpose npn transistor should work if
correctly orieniated, it's only being asked 10
switch a very small current on and off.

Having sen! the above info direct 1o Fred. he
subsequently E-maiied back: ~Thanks a ton, it
works fine!!™

PICKING UP ON ED

Dear EPE,

In your Editorial of Nov 99. you say "t
seems thal some of our readers are definitely not
interested in PICs™, It’s not the PICs they 're not
interested in it’s the endless discussions on code
that put themn off?. | feel the same.

Why not steer clear of code and 1alk in terms
of Basic programming with which a vast number
of your readers must be familiar? | notice that
some companies offer PIC Basic compilers. Why
bother with the grief of lcaming code? Please
enlighten me.

Murray Cameron. via the Net

Ah, Murray, you've misunderstood Editor
Mike's staiement! By “some” is meant that “a
few" = a minority in fact - of our readers are nos
interested. The vast majoriry most definitely are
interested in PICs a1 the programming as well as
the applicarions levels.

A couple of vears (or so) back. I ran an exper-
iment with one of my published PIC projects. |
discussed at length one aspect of the program
that coninvicd the project, in order lo see what
reader response would be to that extended
discussion.

The result was asionishing - many readers
expressed their gratitude for the discussion. So
much so, that | felt justified in suggesting 1o Mike
the PIC Tutorial series, which we subscquently
ran from March to May 98. It was one of the
mos1 successful series that EPE has ever run.
Demand for back issues (photacoples only now}
of the series siill continues. The success of the
series also prompied us 10 further develop the
concept and produce the PiCwitor CD-ROM and
associaied hardware (see page 912).

But as to actually indulging in “endless dis-
cussions of code™, we don’t do so as a regular
part of PIC projects. By-and-large, the only dis-
cussion of code is when it is pertinent lo explain-
ing how a particular design should be uperated.
Otherwise, extended discussions abour code
from a programmer’s point of view have been
confined 1o such educarional feaiures as the PIC

Tutorial and PIC16F877 Mini Tuwlorial (and
Readout!). Even my 8-Channel Analogue Data
Logger of AugiSep 99 (which for the first time
introduced the PIC16F877 as part of a project)
did not significantly discuss code, that being left
to the Minl Tutorial

Regarding PIC Basic compilers, ! am sure that
Jor short lengths of code writing they are proba-
bly an excellent asset for somne readers who do
not have the inclination 1o delve into writing PIC
code direcily. For myself, though, the type of
designs | create are not suited 10 compilation
from one language io another in this context,
There is usually a large overhead of exira code
that is generated when such transformations take
place. accompanied by a relative reduction in
processing speed.

For my purposes, | need the compaciness and
opiimun speed of sub-routine processing thar
wriling in “machine-code” can achieve. Writing
in PIC is as second-nature 10 me as writing in
any of the other several computer-type* lan-
guages that | know and use. There are a lot of
reuders who are similarly adept and who deligh:
in PICs in particudar.” Projects based on PICs
have rurned out 10 be amongst the most success-
Jul projects we have published in our 28 (nearly
29) years of exisignce!

CHILD GUARD QUERY

Dear EPE,

In Child Guard (Scp '99). ICS and 1C6 both
have their address pins connected the same way.
However, pin 10 on 1C6 is connecied to ground,
whilst on IC5 it is left Mloating. 1s this a mistake,
or is the diagram correct?

Martin Male, via the Net

We referred Alartin's que:nion to the author,
Tom Web, who replied:

There is no problem with pin 10 on 1C6 being
connected 1o ground. This is required to make
IC6 continuously transmit a signal. On ICS the
same pin should be left floating as shown in the
diagrams, since the pin is carrying information
which is not required in this design. in other
words the diagrams in the anicle are corvect.

Tom Web and Max Horsey, via the Net

OVERCAST SUNDIALS

Drar EPE,

John Becker's Musical Sundial (R.A. Evans,
Readout Nov 99) could well have its uses. Sun
tdme differs from clock time by up 10 a quarter of
an hour. It may be of interest to know the differ-
ence. lHuman beings can’l read a sundial when
the sky is overcast (hence the well known sundial
moito ”'[ count only the sunny hours™). but elec-
tronics might. Even when the sun is hidden,
more light must on average arrive from its direc-
tion than from other parts of the sky. An inte-
grating tight detector might show where it is.

An electronic sundial could be remote-indicat-
ing, allowing lazy people like me to monitor it
without going out. If it measures light intensity it
might wam you 1o use sun lotion. Nawrally. any
such device should be solar powered! Perhaps read-
ers could suggest an appropriate high tech motta.

PS. inierested to see that Radio Bygones now
cmanates from Wimbome Publishing. If you go
on absorhing other mags. your abbreviated titte
will be as long as the original name!

George Short, Brighton, East Sussex

Good to hear from you again Grorge. Yes, 've
thought about Sundials for Dull Days and think
that it is feasible, although precautions would need
to be taken 1o ensure that only the sun’s light
{obscured or clear) would be responded 1o and not
other. brighter, sources. Should | get the craving to
do Sundial M2, / might iry this approuch, and
attempt the use of just three sensors and a bit (7}
of Iriangulation through the PIC software - prob-
abiv more of a problem than | appreciate at the
momen! . . . Siill. where's the fun without the chal-
lenge?! Radio Bygones will, of course, continue to
be published in lts awn right.
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Advertisement

Introductory 20% discount offer for the NEW:-

pc based 20MHz oscilloscope, spectrum analyser, data logger & voltmeter

1 channel version, normally — £183.83 Introductory price £149.00 inc vat, del & 1yr guarantee
2 channel version, normally — £233.83 Introductory price £185.00 inc vat, del & 1yr guarantee

i
!

From —

VANN DRAPER ELECTRONICS LTD
Unit 5, Premier Works, Canal St, South Wigston, Leicester LE18 2PL
Tel 0116 2771400 Fax 0116 2773945

E-mail sales@vanndraper.co.uk

Home page www.vanndraper.co.uk

FEATURES

20MHz bandwidth real time oscilloscope
40Ms/s digital oscilloscope

20MHz spectrum analyser

Signal registration/data logger (1s-999hrs)
Voltmeter Be=_
16-bit for Windows 3.1, 32-bit for 95, 98 or NT S |
Simple installation of ISA bus card e
Remote control over a TCP network (LAN/ . g—
WAN/Internet) with multi client capability
DLL (32-bit), Active X, LabWindows/view

TECHNICAL SPECIFICATIONS Signal registrator/data logger
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Cheques payable to Vann Draper Electronics Lid, or debit my Visa, Mastercard or Switch:

Oscilloscope 4 t or 2 channels

’ 20MHz bandwidth, 40Ms/s ¢ Time window from 1 sec to 999 hours

¢ 1 or 2 input channels plus external trigger N PromSTES ltay

¢ Vertical - 20mV/div to 50Vidiv ' g TSCCEhR R

¢ Horizontal ~ 100ms/div to 50ns/div Voltmeter

¢ Horizontal & vertical cursors ¢ 1 or2channels

¢ Readout of amplitude and frequency/time ¢ Auto/manual ranging from 800mV to 200V

) Readout of trigger level ¢ AC or DC ranges

é Auto, Normal & Single triggering General

¢ XY mode ¢ Paste waveforms/data to other packages

¢ 20MHz bandwidth, 40Ms/s ) Save instrument set ups/configurations

¢ Selectable between 19-5kHz and 20MHz System requirements

‘ 1 or 2 input channels plus external trigger ¢ 16-bit, min 386, 1Mb ram (oscilloscope only)

¢ Frequency resolution 2Hz ¢ 32-bit, min Pentium 200MHz, 32Mb ram

] Readouts of centre frequency and markers ¢ One free ISA expansion card

& Readouts of amplitude ¢ Windows 3.1, 95, 98 or NT

t  RerIratun Use this coupon for your order i

: or phone, fax or E-mall quoting EPE :

1 ]
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E Model Description Quantity Price each Total E

! SCP201-ISA 1ch scope/spectrum analyser ......... £149.00incvat&del  ....... > :

! SCP202-1SA 2ch scope/spectrum analyser . ...... = €185.00incvat&deil = ....... - i
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Everyday Practical Electronics are pleased to be able to offer all readers these

ELECTRONICS CD-ROMS

ANALOGUE ELECTRONICS

by Mike Tooley

Analogue Electronics is a complete learning resource for
this most difficult branch of electronics. The CD-ROM
inciudes a host of virtual laboratories, animations,
diagrams, photographs and text as well as a SPICE
electronic circuit simulator with over 50 pre-designed

circuits.
FUNCTIONS

The component values on all
circuits can be edited and the user
can use the simulation engine to
se¢ how the value of each
component affects circuit
performance. You ¢ for e 0@,
alter frequency am e ar

and plot outputs on W
osciloscope or show i

graphs ete.

COVERAGE

Sections on the CD-ROM include
Fundamentals - Analog

Signals (5 sections), Trar

sections), Waveshaping Cucauii-
sections); Op.Amps = 17 seclions
covering everything from Symbols
and Signal Connections 1o
Differentiators; Ampliflers — Single
Stage Amplifiers (8 sections),
Multi-stage Amplifiers (3 sections):
Filters - Passive Filters (10
sections), Phase Shifing Networks
(4 sections), Active Filters (6
sections); Osciltators — 6 sections
from Positive Feedback to Crystal
Oscillators; Syslems - 12 sections
from Audio Pre-Amplifiers 10 8-Bit
ADC plus a gallery showing
representalive p.c.b. photos.

® Includes SPICE circuit
simulator with over 50
clrcuits

@ Unique virtuai taboratories

® Editable assignmenis

® Design paramelers for ¢ircults
included

® Complete hi-it amplifier case
study

Prices for each of the two CD-ROMs above are:

TWO

APPLICATIONS
ON ONE

'—-i!.[ﬂkm "‘"“-""’"""I
r i —

e
» i

Gallery Wldeband Amplitier l]

DIGITAL ELECTRONICS
by Mike Tooley

Digital Electronics builds on the knowledge of logic gates
covered in Electronic Circuits & Components (below), and
takes users through the subject of digital electronics up to
the operation and architecture of microprocessors. The
virtual laboratories allow users to operate many circuits on

screen.
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Mlcroprocessor

FUNDAMENTALS
Fundamentals inroddces the basics
of digital electronics including binary
and hexadecimal numbering
systems, ASCIl, basic logic gates
and their ogeration, mongstable
action and circuits, and bistables —
including JK and D-type flip-fiaps.

COMBINATIONAL
LOGIC

Multiple gate circuits, equivalent logic
functions and specialised logic
functitins such as majonly

vote, patity checker, scrambler,

halt and full adders. Includes

fully interactive virtual

iaboratories for all

circuits,

SEQUENTIAL LOGIC
tntroduces sequential logic
Including clocks and clock circuitry,
counters, binary coded decimal
and shift registers.

DIGITAL SYSTEMS
A/D and D/A converters and
their parameters, traffic light
controliers, memones and
microprocesscrs = archiecture,
bus systems and their anithmetic
logic units.

GALLERY

A catalogue of commonly used
IC schematics taken from the
74xx and 40xx series. Also
includes photographs of
common digital integrated
cireuits and circurt technology.

Hobbyist/Student .............ccccvieeeieicirninninicienseninns £45 inc VAT
institutional (Schools/HE/FE/Industry).............. £99 plus VAT
Institutional 10 user (Network Licence).......... £199 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT" prices)

ELECTRONIC CIRCUITS & COMPONENTS
+ THE PARTS GALLERY by Mike Tooley

CD-ROM Electronic Circuits & Components provides an introduction 0 the principles and apphcation of the most comman types of

Circuits

components and symboals.

Quiz, Circuit Technology
Hobbyist/Student .................
Institutional (Schools/HE/FEANdustry)

Virtual laboratory - sinusoids

Institutional 10 user (Network Licence)

The Parts Gailery — many students have a good ul
stll have difficulty in recognising the vast number of dilferent types of electronic

(UK and EU cuslomers add VAT at 17.5%

The Parts Gallery helps overcome thes problem: it wtl halp students 10 recogmse
common electronic components and their coresponding
Selections on the disk include: Components ,Components Quiz, Symbols, Symbols

£34 inc VAT
£89 plus VAT

...............

...............

of electromc theory but

symbols i circutt diagrams.

.............. £169 pius VAT

to “plus VAT prices)

electronic components and shows how they are used to form complete circuits. The virtual taboratories. worked examples and
pre-gesignad Circuits allow sludents 10 learn, experiment and check their understanding as they proceed through the sections on
the CD-ROM. Sections on the disk include: Fundamentals: units & mulliples, electnaty, electne circuits, alternating

circunts. Passive Components: resistors, capacitors, inductors, transiormers.
Semiconductors: diodes, transistors. op.amps, logic gates. Passive Clrcuils . Active

—-—Il....l "I"‘I'I’Z
Circult technology screen




Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker

This highly acclaimed CD-ROM, together with the PICIutor experimental and development board, witl teach
you how to use PIC microcontrollers with special emphasis on the PIC16x84 devices. The board will also act
as a development test bed and programmer for fulure projects as your programming skilis deveiop. This
interactive presentation uses the specially developed Virtuat PIC Simulator to show exaclly what 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.

Nearly 40 Tutorials cover virtually every asgect of PIC programming in an easy to follow logical sequence.

HARDWARE
Whilst the CD-ROM can be used on its own, the physical demonsiration provided by the PICiutor
Development Kit, plus the abilily to program and test your own PIC16xB4s, really reinforces the lessons

learned. The hardware will also be an invaluable development and programming tool for future work once you
T Fe-r have mastered PIC software writing.
ekl oLiee SR L] - Two levels of PICtutor hardware are available — Standard and Deluxe. The Slandard unit comes with a battery
oot e e 2 ﬂ ’! holder, a reduced number of swilches and no displays. This version will allow users to complete 25 of the 39
L Tutorials.

The Deluxe Development Kit is suppiled with a plug-top power supply (the Export Version has a batlery
hoider), all swilches for both PIC porls plus L.c.d. and 4-digit 7-segment l.e.d. displays. It allows users to
program and control all functions and both ports of the PIC and to loliow the 39 Tutorials on the CD-ROM.
All hardware is supplied fully built and tested and includes a PIC16FB4 electrically erasable programmable
microcontroller. :

PiCtutor CD-ROM

HObbYISUSIUTENT . ......coiiisiarsieissimerireasssmstensrarrassssarans £45 inc. VAT
Institutional (Schools'HE/FE Industry} ...... ....£99 plus VAT
Institutional 10 user (Network Licence)........cccccveas. £199 plus VAT
HARDWARE

Standard PICtutor Development Kit .......... e st L£47 Inc. VAT
Deluxe PiCtutor Development Kit ..., +.£99 plus VAT
Deluxe EXport Version...........cccveeerenriercrarsiarcsararreseas £96 plus VAT

Deluxe PICtutor Hardware (UK and EU customers add VAT at 17.5% to “plus VAT prices})

MODULAFI CIRCUIT DESIGN by Max Horsey and I_’hllip Clayton pric ies b _
This CD-ROM contains a range of tried and tested analogue and digital circuit modules, tead how thay work and join them up 1o make your aircull
together with the knowledge 10 use and interlace them. Thus allowing anyone with a basic

understanding of circuit symbols to design and build their own projects.

Essential information for anyone undertaking GCSE or “A” level electronics or technology and S
for hobby:sts who want to get to grips with project design, Over seventy different Input, u;

Processor and Output modules are illustrated and fully described, together with detailed | _ar
information on construction, fault finding and components, including circuli symbols, pinouts, !
power supplies, decoupling elc. - i ] |
Single User Version £19.95 inc. VAT i -aan s e
Multiple User Version £34 plus VAT 7 100N 12! 1 COULT 0BEIN 3 CHCLAL WDGUE iy teacher’s help
And i« 1 E . RANT ~ which s 10 LS0 =
(UK and EU customers add VAT al 17.5% Io “plus VAT" prices) Tk R Arctes P e Dt

A VWeb Browser is required for Modular Circuit Design — one is pravided on the EPE CD-ROM No. 1 (see below) bul most modern computers are supphed 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).

o e i i e S —— e = 2 = o e e e A o e o s i 1
i CD-ROM ORDER FORM : ORDERING
! Please send me: O Hobbyist/Student ! ALL PRICES INCLUDE UK
1 O Electronic Circuils & Components «The Parts Gallery O Institutional ! POSTAGE
:[:] Analogue Elecltronlcs O institutional 10 user !
! [ Digiral Electranics Hote: The sotware on esch version is the ! StudentSingle User/Standard Version
1 O PiCtutor sarme. only tha licence for use vanes. ] price includes postage lo most
| | countries in the world
10 PiCtutor Development Kit — Standard Note: The PICtutar CO-ROM is : EUresidents outside the UK add £5 tox
:[:] PiCtutor Development Kit — Deluxe [J Deluxe Export not included In tha Kit prces t airmall postage per order
:D Modular Circult Design - Single User ] Insiltutional, Multlpie User.and Deluxe
i 1 5 ;
1 O Modutar Circuit Design — Muttiple User i  Yersions - overseas readers aod £5 1o the basic
! 1 price of each order for airmail pastaga (do not
! FU RRMIEE. g o s =1 T s TR D D (P W TN 7 VPR R = W RN e TR Poast Mok (TN : add VAT uniess you live in an EU country, then
| Address: 1 2dd 17%% VAT or provide your offical VAT
: aaaas T T T rr e oaas : legtslrabonnumbef).
R L LT | Send your order 10:

! Direct Book Service
i | - i
| AR T Sty -] RAEMOBHEE -oie ioioicpa b et Tel.No: .......... - | 33 Gravel Hill, Meriey, Wimborne
] s L | e e S — 1 Dorset BH21 1RW

. 1 {Mail Order Only}

101 enclose cheque/PO In € sterling payable to WIMBORNE PUBLISHING LTD for £ . e EURPPRRPRO. .oy g g s, = LA
: [ Please charge my VisaMastercard: € . .............. Card expiry date: ........ e e B et e ! Publishing Ltd. To ocder by phone ring
e 1 O S Sl SO I——— el e I S SRS S —— 01202 881749. Fax: 01202 841692
] g . 1 We cannct reply lo overseas orders by Fax
) Please supply name and address of cardholder if different to the delivery address. I Goods are normatly sont within seven days
I — -SSRl I Wy TR N S S a4

Demos (not Modular Circuit Design) availatie on the EPE CD-ROM No. 1 (Free with the November ‘98 issue of Everyday Praclical Electronics magazine) —
send £2 for this CD-ROM il you require the demos. Mintmum order for credit card payment is €5.



EPE/ET! Tutorial Series

TEACH-IN 2000

Part Two — Capacitors

What we are doing during this 10-part Teach-in
2000 series is to lead you through the fascinating
maze of what electronics is all about! We are
assuming that you know nothing about the subject,
and are taking individual components and concepts
in simple steps and showing you, with lots of exam-
ples, what you can achieve, and without it taxing

your brain too much!

JOHN BECKER

&
" 4. f..-%

Through these simple steps we nhope to prove {0 you
that using electronic components need not be a complex
task and that, providing you think about each stage of
what you are trying fo create, you can actually design and
build something that works|

Last month we introduced-colour codes and resistors.
We now look at capacitors and show you some of the

things they can achleve when used with resistors.

N that fascinating bag of parts that you

bought, you will see a number of bluc

{or black) tube-like components with
wo wires sticking out of one end (sec
Photo 2.1). They are some rather remark-
able componenis called electrolytic capaci-
tors. Find the one whose value says 100uF.
For this experiment consider the capacitor
1o be called ClI,

One wire of C1 is usually longer than the
other and has a large armow pointing at it
from the case. This wire is called the nega-
live (-ve) wire. often shown with a ="
(minus) symbol. The other is called the
positive (+ve) wire, for which a “+" (plus)
symbol may be used. This is illustrated
schematically in Fig.2.1a. This type of con-
struction is cailed radial.

A variant of electrolytic capacitor case
style is also manufactured, as in Fig.2.1b,
which is called avial consiruction and
whose +ve and —ve connections are at
cither end as illustrated.

*
—

=

(M) RADIAL B) AxiAL

Photo 2.1. A selection of electrolytic
capacitors (radial construction).

Fig.2.1. Typical case styles for elec-
trolytic capacitors.

A CURVATURE IN TIME

Refemring to Fig.2.2, plug Cl into the
breadboard with its leads orientated as indi-
caicd by the + symbol in the diagram (the -
symbol. although marked on the capacitor.
is often not shown in layout diagrams).
Now fit a 100k<2 resistor {call it RI) as

914

222
2222

<o

Fig.2.2 and Photo 2.2, breadboard lay-
out for the first resistor/capacitor tim-
ing experimen.

shown. Insert terminal pins for the power
supply connections (see Photo 2.2).

Clip one power supply lead 10 the bat-
tery s negative (—) icrminal and to the board

as shown in Fig.2.2. Clip the other power
supply lead 10 the board as well. but don’t
connect the other end to the battery’s posi-
tive (+) terminal vet.

It is conventional to use a red lead for
the positive power supply connection,
For the negative power supply cornection
it is the author’s preference (o use i green
lead. although the use of black is also
common.

Note that in niany circuits (including
those discussed in this Teach-/n). the bat-
tery’s negative connection is 1aken as the
common reference point against which
voltage rcadings are taken. As such, it is
regarded as being at zero volts (OV).

Consequently, throughout this series
(unless you are told specifically otherwise)
the meter's COM lead should always be
cannccled to the baitery negative connec-
tion when taking voltage readings.

Clip your muitimeter’s leads as shown
and set the meter 1o the first volts d.c. ringe
above 6V. Notc the
reading, OV at this
moment. While vou
waich the meter. get a

- ) T DD

..é..'

wire 1o the battery’s
posilive (+) terminal,
noling the position of
the seconds hand on
his watch as he does
)

e

o 88 o8 ® ¢« frend to clip the red
¢ L
L]

(Girls, ladies. for-
give the usc of “he”
and “his”" forms of ref-
erence — it would be
icdious to this author’s
typing finger to keep
giving the feminine
form as well the mas-
culine. he/she. hissers
and so on. We know that females of the
species are also interested in electronics!)

Waich vour meter and yell “NOW™ as
soon as it shows a reading of 2V. At which
point your friend should tell you the num-
ber of seconds that have passed since clip-
ping the red !cad 1o the battery.

Everyday Praciical Elecironics/ETI, December 1999



Continue waiching and timing and yell
again when the meter reaches 4V and again
at 6V (assuming vou haven't run down
your battery since last month's Teach-In —
if you have, get a new one!), Leave the bat-
tery fully connected while you consider
your resuits.

What timings have you got for the 2V,
4V and 6V marks? Hopefully, about 4 sec-
onds for the 2V, 10 secs for 4V, and. oh -~
about 40 to 50 seconds? And what do you
make of these timings? The voliage steps
have becn at 2V intervals, yet the timings
have become progressively slower.for cach
step.

Let’s now do things backwards. Waich
the meter and tell your friend to note the
seconds hand again as he unclips the red
lead from bauery positive and clips it (do it
quickly) to the battery ncgative. You now
yell out when the meter shows readings of
4V, 2V and OV.

This time you should have found that 4V
is reached after about 4 secs. 2V at 10 secs
and (almost) OV at about 40 10 50 secs. You
will see, too, that timings have again
become progressively slower for each 2V
sicp.

Don’t worry if the actual timings vou get
are somewhat different 10 ours. for a start
yOu are not using an accurale limer, sec-
ondly, the actual values of a capacitor com-
pared lo its stated value can differ by even
as much as 50% (more about this in due
course).

Additionally, your battery is probably
not supplying exactly 6V. Furthermore. the
resistance of your meter (which you estab-
lished last month) is forming a potential
divider with resistor R1, so fractionally
“pulling down™ the voliage al the junction
of Cl and R1.

What you have just demonstrated is that
when a voltage is applied 10 a capacitor via
a resistor, the capacitor starts to charge up
with the voltage. commencing a1 quite a
fast rate, but then more slowly as its charge
increases, until near the end of when the
voliage on the capacitor is ¢lose to that of
the battery. the charging rate becomes
almosi imperceptible. You have also shown
that the opposite is true as well (i.e. during
discharge).

The charge/discharge property of a
capacitance-resistance combination has the
most profound effect upon the whole realm
of clectronics technology.

But, before we examine the results of
your timed yelling, let's first have a Jook ay
the basic nature of a capacitor.

WHAT IS A CAPACITOR?

A capacitor is a component which has
the capacity 1o store clectrical energy
(hence its name). In this sense. capacitors
can be thought of as a type of baitery, but,
unlike a battery, they do not depend on a
chemical reaction for this function 1o occur.
Rather, they take advantage of a convenient
fact of nature that prevails when two metal
plates are placed close to each other. but
not touching, and a voliage source is con-
nected across them (see Fig.2.3).

At the moment that the voltage is applied,
an electrical charge is transferred o the
plates at a rate depending on the voliage level
applicd. the material from which the plates
are made, their total area, distance apar, the
substance which lies between them (called,

Alternating (a.c.) voltages are those thai
repeatedly change their magnitude above
and below a midway reference voltage
level {often 1aken as OV, as in mains clec-
tricity supplies. but may be other voli-
ages). Direct (d.c.) voltages are those that
remain al any fixed voliage-level, either
above OV or below it.

Strictly speaking. a.c. and d.¢. actual-
ly mean alternating current and direct
curren! and, as such. 10 use the terms
a.c. voltage and d.c. voltage is incorrect.
However, for some unknown reason. the
terms a.v. and d.v. (which would be
more appropriate when referring 1o
alternating and direct voliages) do not
seem 1o exisl.

PANEL 2.1 — A.C. AND D.C. VOLTAGES

It can be argued. however. that it is not
the voliage that flows. but the current,
Indeed the term voltage merely represents
a concepl rather than something that actu-
ally flows. As an ancient (1962) copy of
the Penguin Dicttonary of Electronics puts
it: "Voltage. Strictly. a difference of clec-
tric potential expressed in volts. However,
the term is used more gencrally as a
synonym for clectrical potential ™.

Voltage is cemainly a more convenient
term and rics in with the fact that the unit
of measurement for potential difference
{p.d.) is the volt, far which the symbol is V.

Note that you may encounter another
term instead of volitage or potential differ-
ence. eleciromotive force (c.m.f.)..

the dielectric). and the amount of resistance
existing in the connection path (inclsding the
capacitor’s intemal resistance). If the voliage
is applied for sufficicnt length of time. even-
tually there will be virtually the same vohage
across the plates as available from the source.

When the voltage source is removed, the
plates will re1ain their charge until a conduc-
tor of some sort is connected across them. As
soon as there is a conducting path berween
the two plates, the charge begins 10 flow
from one to the other. trying (o retum to the
previously uncharged state. The discharging
rate is govemned by the same factors as con-
trolled the charging rute.

CAPACITOA
COPMECTIONS

: SSRATES
\ / CELECTRL
CORDUC TrvE

PLATES

Fig.2.3. Basic construction of a simple
capacitor.

Given cnough time. all of the clectsical
charge stored across the plates will reduce
1o zero. But, you may ask. what happens 1o
the electrical charge itself? Principally. it is
converted into heat in the discharging con-
ductor and capacitor’s intemal resistance,
although in extremie circumstances some
could be converted into light or rudio
energy. In normmal use,

used in electrical and electronic circuits in
a variety of ways:

® To simply siore a voltage wniil it is
needed

® To smooth out fluctuations in voltage
levels

@ in conjunction with other components,
such as resistors for example. to determine
the rate at which voltage changes occur at a
particular point in a circuit

® To shorten or extend pulse lengths

@ To transfer changing differences in voh-
age levels between one side of the capaci-
tor and the other. in other words, to allow
altemmating (a.c.) voltages to be transfermed
whilst preventing direct (d.c.) voliages
from flowing from one par of a circuit to
another (see also Panel 2.1)

CAPACITANCE VALUE

The amount of electrical charge that a
capacitor can hold is known as its capaci-
tance value (surpnise. surprise!). and the
unit which is used to definc it is the Farad.
It is named after another clectrical pioncer
in the nineteenth century, Michael Faraday.
He was a Londoner. born 22-9-1791, died
25-8-1867. .

More intimaste information about Farad
values is given in Pane] 2.2,

There arc scveral symbols that can be
uscd (o represent a capacitor, as shown in
Fig.2.4. Some represent the type of capaci-
tor. but there are also differences of inter-
national standard used in some cases.
Those used in EPE are the ones to the left
of cach pair.

The circuit diagram for what you have
just been doing on your breadbosrd is
shown in Fig.2.5. (We didn’t comment on
the battery symbol in Pan 1, make a mental
note of it now!) X

We'll say more about capacitors later. so
back to vour timing results . . .

you won't notice any
temperature change in

the capacitor or the * '.'l':
conductor.
A capagcitor's ability FED
HNCHPOLARSED

to be charged by a
voliage and 1o hold the

T FF O
L i

FIXED VARLARY E TasmER
POLARISED HOP-POUARISED NOM POLARISED
(ELECTRILYTIC)

charge (almost) indefi-
nitely allows it 10 be
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Photo 2.3. Capacitor charging graph displayed on the interactive compuler screen.

DISPLAY GRAPH

We can illustrate a capacitor’s rate of
charge and discharge using another of ous
software demos. From the main menu
select Resistor-Capacitor Charging Graph,

On entry to this display you will see a
rising graph on a gnd. similar to that in
Photo 2.3. This particular graph is that for a
11F capacitor and 1M resistor, a combi-
nation whose timings would be far to fust
for you and friend to kecp pace with!?

As with the resistor display examples
last month, you can change the values
associated with this demo. At the top right
vou should see C highlighted and its value
as LuF. Press the <*> key (multiply) iwice.
On cach press the graph will redraw to suit
the changed value. You should see C =
100uF after the second <*> press,

Press the down arrow key once to select
factor R, Press </> {divide) once to sct R =
100 kilohms. Press the down arrow once to
select V, then press <> {minus) four times
1o set V = 6 volis. Again préss the down
arrow 10 select T, and press <*> once lo set
T = 10 secs.

TIME CONSTANT

In front of you now is the graph that

illustrates how an ideal (and “cmpty”™ -
uncharged) 100uF capacitor charges via a
100Kk€2 resistor when a voltage of 6V is
instantancously applied to it. The vertical
axis of the graph represents volts. and the
horizontal axis shows clapsed time in sce-
onds. The time berween each horizontal
step is the value shown times 10. because T
has been sct 1o 10 seconds per division.

Look closcly at the graph. Where it
reaches the 2V grid line, you can just about
estimate that the time taken so far is about
4 secs. It's clear to see that 4V is reached at
about 10 secs, and that it has just about
rcached 6V at around 50 secs. You can
select a “magnified” view of the 2V mark
by pressing <-> 1o make T = | secs (excuse
the mismatch of singular and pluralif).

Why the biue horizonal line jusi below
4V?, you must be wondering. By convention,
the line represents the 63% level of the power
supply voltage across the resistor/capacitor
serics. The rate at which the capacitor charges

916

Fig.2.5. Circuit diagram for the capacl-
tor charge/discharge experiment.

1o that 63% vollage is termed its fme-con-
stant, which Is the value obtained when the
capacitance (C) and resistance (R) values are
multiplied. 1t is generally referred to as the
CR (or RC) value,

It is important to note that the unlts for C
and R must be expressed with the:comect
orders of magnitude. In the example
shown, C (100uF) is expressed in micro-
farads (100) and R (100k€2) is expressed in
megohms (0-1), resulting in a CR value of
10 seconds (100 x O-1). as shown to the
right of the display.

With a 6V supply. the 63% volage is
3-78V (6 x 0-63), shown alongside the CR.
value.

DISCHARGE GRAPH

So. we have itlustrated the charging up
of your R-C combination. The discharge
illustration is similar? but in reverse, Rewm
the tme scale value 10 T = 10 secs, then
Press <C>. .

The curve now starts high, at 6V an
smoothly descends to OV. 11 crosses 4V at
aboul 4 secs. 2V at close 10 10 secs, and
reaches OV round about 50 secs - just as
we predicted carlier, and you were prob-
ably close to it with your experiment.

The blue line has changed its position
though. The reason is simple, again by con-
vention, it now represents the 63% level
belaw the staning voltage or 37% abofe the
termination voltage, in this case 6V and OV
respeclively. "

The rate of change is said to be exponen-
tial, and in its calculation you ideally need
a scientific cajculator (and the knowledge
of how 10 use it). because the formula is a
bit complex:

Ve = Vs x (1 - EXP(— / CR))
for the charging rate. and:

Ve = Vs x (EXX— /CR))
for the discharging rate

where:

Ve = voliage across the capacitor

Vs = voltage across the capacilor/resistor
senes

t = elapsed time

CR = time constant

EXP = exponent

You will sec these formulac shown, as
appropriate, at the top of the graph display.

We arc not going to ask you to memorise
the formulae or test your knowtedge of how
10 use them. Since you now have a comput-
er program that does it for you. let it do the
brain-tcasers! The answers for any values
not included in the C-R-V-T ranges provid-
ed can be cstimaied from the ngarest
selected values,

(What you can do more simply, howev-
er. is calculate the RC time constant, by
multiplying the values of C and R. Do

A capacitance valuc of one Farad is a
unit of charge which, in practical terms, is
far 100 large to be useful in evervday elec-
trical and electronic circuits. For. conve-
nicnce. the unit is usually divided and
cxpressed in sub-units, such as:
® Microfarads, being one millionth of
one Farad. and usually written as uF
(Greck “mu” followed by a capital F),
although it is common for it 1o be writ-
ten as “uF” or “mF™. since many key-
boards do not have the Greek symbol
readily available. (The usc of "mF* is to
be deplored because it really means mil-
lifarad rather than micrafarad.) It is also
common. where the meaning of the term
is implied. for it to be written simply as
“n". in component lists for instance.
Verbally, these abbreviations are often

PANEL 2.2 — CAPACITANCE UNITS

pronounced as “mew’ or “muff”. For
cxample. a 10uF capacitor might be
refersed as having a value of “ten-mew ™
or “ten-muff .

® Nanafarads, being 1000-millionth of a
Farad and uscally written as “nF",
although the “F" may be dropped where it
is implied in the context. Verbally, the
abbreviation might be pronounced “en-
efl*” or just “en™. ie. a valuc of 10nF
might be pronounced as “ten-cn”. The use
of the term “nuff** is uniikely.

@ Picofarads. being onc million-millionth
of a Farad and usually written as “pF”,
though again the “F* might be dropped
when it is implied. Pronunciation is usual-
ly “pufl™ (as in “stairs puff him out!"),
although it might sometimes be heard as |.
“pee’, i.e. ten-pee” for 10pF.
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Table 2.1: Capacitor varieties and their typical characteristics

Capacitor Ceramic Electrolytic Metal fllm Mica Polyester Polycarbonate Polystyrene Tantalum Polypropylene
Capacitance 22pto 100n to tuto 2-2p into t0n 1o 10p to 100n 10 100p t0
range (F) 100n 47000u 16 lo 10n 10u 1 0ue 10n 1G0u 470n

Typical *2 10 -101to *20 21 5 20 1. 225 =20 +510
tolerance (%) *B0 +50 +20 and =5 +20
Typical S0V 1o 63V to S0V 1o 350V 63V 1o 63V to 50V to 63Vio 100V to
voltage rating (d.c.} 15kV 450v 600V typical 400V 630V 630V 35v 1-5kV

Temperalure +100 to +1000 +10010 +35t0 =200 +60 =150 to +100 10 -200
coefficient {ppmv°C) —4700 {(typical) +200 +70 =80 ~1000 (typical)

Stability Fair Poor Fair Excellent Fair Good Good Fair Fair/Good

Ambient Temperature -35 to —40to =25 to —40to —40 to =55 to —40 1o —40 to ~55 1o
range (°C) +85 +85 +85 +80 +100 +100 +70 +85 +100

note that the values must be expressed in
units of the correct magnitude to achieve
3 valid answer, as we said a few para-
graphs carlicr.)

Just for a bit of Idle illustration. the cir-
cuit diagram for the R-C series is shown at
botiom right of the screen. Note how the
arrow changes direction and value depend-
ing on the charge/discharge mode. The
capacitor symbol shown is that for a non-
polarised type (sce later. plus Fig.2.4). but
in reality the symbol should more reason-
ably be that for an electrolytic when high
values of capacitance are used.

We suggest you experiment with differ-
enl range values on the screen, and if you
think you can actually time some of the
graphs using your hreadboard assembly, set
R1 and C1 1o the same values as displayed.
(Be sure 10 read Panel 2.3, however!)

In the accompanying Experimental atti-
cle, we shall 1ell you about how 10 combine
two or more capacitors to achieve differenm
vatues, In this Tutorial section. though, it's
time to discuss some more fucts about
capacitors ~ first have a read of Pancls 2.4
and 2.5, and then read on from here:

CAPACITOR SELECTION

Some concepls referred 1o in this scction
are likely to be alien to you. Where they
are not further discussed here, they will be
covered in later pans of Teach-in. We have
1o mention them now as they are relevant 1o
this section — you should re-read it once
you have read the future pants. Should we
not cover something that you are puzzled
by, you can always ask us to clarify
through Circuit Surgery or Readout pages.

There arc several faclors to be consid-
ered when selecting a capacitor for a par-
ticular application, which include:

@ Capacitance value

@ Working voliage

@ Tolerance

@ Lcakage current

@ Temperature coefficient
@ Stability

Unless you are involved with a particu-
larly demanding design. it is principally the
first two which will concemn you, but you
should be aware of the foliowing:

When substituting capacitors, cither
because they have failed in an existing
circuit, or because the precisc type spec-
ified in the components list of a con-
structional project is not peadily avail-
able from your normmai supplier, it is
important to ensure that the replacenient
performs 1o a specification which is at
least as good as that of the specified
component.

Do be warmed that you should NEVER
insert or remove components from a cir-
cuit board when the power is switched on.

Whilst this (anguably) is not so necessary
1o observe with passive componenis such as
resistors and capacitoss in a low vollage cir-
cuit. active compouents (1o be met later)
such as iniegrated circuits (i.c.s) and transis-
tors can dic in such circumstances.

It also imponant 10 noie that capacitors
can hold their charge for a while even afier
the power is swilched off. idecally. you
should allow a few seconds for them to
discharge before handling them. With a
low voliage supply. such as 6V. this is per-
haps not critical. However. with higher

PANEL 2.3 - BEWARE THE FORCE!

voltages, of greater than 30V for ex:ynple,
it is ESSENTIAL 1that you should allow
for the discharge time. To really ensure
that a capacitor ' is fully discharged.
CAREFULLY 1ouch a 10kQ resistor
across its +ve and -ve connections for a
few seconds = 1aking great care thut YOU
do not tobich the wines.

We also have to caution vou (not as the
“0id Bill” but as friendly voices across the
page!) = DO NOT use a metal 1ool (e.g.
screwdniver) to shornt out capacitor termi-
nals for instantaneous discharge. It can be
damaging 10 both the capacitor and the
screwdnver (although it does make a nice
spark and mini-thunder crack!).

Capacitors are manufactured as having
two very basic characienstics, they are
either:

@ Polarised. or
@ Non-polarised

the latter being manufaciured as fixed and
variable capacitance types.

In circuit diagrams and constructional
charts, a fixed capacitor's numenical iden-
tity is usually prefixed by “C ™, e.g. C21. A
variable capacitor may have its number
also prefixed by “C™, although it is more
likely 10 be prefixed by “VC™ (Variable
Capacitor). or perhaps “CV" (Capacitor
Vuriable).

Polarised capacitors, as their name
implies. are very particular about which
side of them is connected 10 a (relatively)
positive voliage. Connecting 1hem the
wrong way round can have dire results. a
matter which is discussed in the mpin text.
It is polarised capacitors that ‘you have
been using so far. sub-type “clectrolytic™ -
this is why we stressed carlier that you
should only connect their +ve and —ve
leads as shown.

Non-polarised capacitors can normaiiy
be connecled into a3 circuit either way
round, although there are some circum-
stances where the relative position of the
output electrode foil is placed in relation 10
other patts of a circuit, The coloured ends
of some polystyrene capacitors. for exam-
ple, can indicate this type of polarity.
although it is not a trie polarity as referred
to with regard to polarised etectrolytic or
tantalum capacitors. (The author has never

PANEL 2.4 - CAPACITOR TYPES

had occasion be concemed about this
deiail. over scveral decades of doing
clecironics, )

Capacitors are also manufactured in a
scemingly-bewildering array of sub-types.
basically named in respect of the nature of
the dielectric matenial used between the
plates

@ Electrolytic (polarised)

@ Tantalum (polarised)

@ olypropylene tnon-polarised)

@ Polycarbonate (non-polarised)

@ Polycester (non-polarised)

@ Polystyrenc (non-polarised)

@ Metallised film (non-polarised)

@ Ccramic (non-polanscd)

@ Alica (non-polanscd) — sonictimes
called stiver-mica

@ Trimmers — variable capacitors (non-
polariscd|

@ Air-spaced ~ vaniable capacitors (non-
polarised)

@ Paper —- now rare (non-polarised)

@ Oil-flled - now rare (non-polarised)

There are also sub-types of the sub-
types! llave a look at a major component
supplier’s calaloguc and prepare 0 be
astonished . . . Fortunately, until you are
much more into the depths of serious elec-
tronics design. the subtle differences
between some 1ypes nced be of litlle
concen,

Typical physical shapes for six capaci-
tor types are shown in Fig.2.6. A summary
of the charactenstics for the most com-
monly available types of fixed capacitor is
given in Table 2.1.
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Fig.2.6. Examples of capacitor body
styles. Other styles exist.

However, it is quite permissible to
replace a capacitor which has a working
voltage rating of |5V by onc rated at 25V,
for instance. The working voltage rating
simply states the maximum voltage at
which a component should be operated in
nommal service. Generally speaking, a high-
er working voltage rating is ncarly always
acceptable electronically (physical size
permitting, of course). Similarly. a capaci-
tor with a tolerance of 20% can always be
replaced by a similar one having a toler-
ance of 10%. A beter tolerance rating is
always acceptable clectrically.

WORKING TO RULE

It is also important 10 note that working
voliages are related to operating tempera-
tures and at high temperatures (well above
“normal "’ room tcmperatures) all capacitors
should be significantly derated (assumed to

have a lower working voltage than that siat-
ed). [n normal everyday applications. how-
ever, this factor is usually imelevant.

“Capacitors should always be operated at
well below their nominal maximum work-
ing voliages, If a circuit is designed for
operation at 9V, for cxample, a capacitor
rated at a working voltage of 9V or 10V
should not be used. rather. one rated at 16V
or greater should be chosen. Even one rated
at 63V, for instance, would be accepiable,
provided that its size {which is likely to be
greater with increased voltage ratings) is
suitable for the circuit board on which it
may need to be mounted.

As a rule of thumb., the quoted working
voltage rating should be at least 50%
greater than the voliage at which the com-
ponent is required to work in the circuit,
although there are occasions, such as in
power supply circuits. where a much
greater margin should be allowed. possibly
even as much as four times the nominal

supply voliage.
Where an a.c. volt-
age rating is specified,

order 10 minimise losses in Tis diciectric
material which can produce intemal heat-
ing and lack of stability.

You should also be aware that a sinu-
soidal waveform normally has its voliage
quoted as an r.m.s. (root of the mean
square) value, whereas in fact its peak
value is nearly 50% higher (x 1-41), thus
the chosen capacitor's voliage rating must
take this into account.

RIPPLE FACTOR

Capacitors used for smoothing and reser-
voir (substantial storage) applications in
d.c. power supplics must have an adequate
ripple current rating. This rating refers to
the a.c. characteristic of the current (at the
ripple frequency, e.g. SOHz for UK mains
operated powes supplies) which remains
afier the principat altemating {a.c.} voltage
has been rectified to a d.c. voliage.

Without a capacitor following the rectifi-
er, the npple voltage will be approximately
half that of the original a.c. peak-to-peak

Table 2.3. Ceramic capacitor letter coding.

this is normally for 1st Tolerance Tolerance 2nd Rated
sinusoidal  operation Suffix C = <10pF C >= 10pF Suffix Vollage
(sinc waves) at cither g +0-1pF - A 50vdec.
501z or 60Hz (Hz, or C +0-25pF = B 125V dec.
Heriz, is a unit of fre- D 20-5pF $0-5% c 160V d.c.
quency in cycles per F +1-0pF ti‘OQ:a D 250V d.c.
second). Performance G +2-0pF 12:0% E 350vde.
will not usually be sig- M i fgg:y‘ ﬁ 7805 g,
nificantly affected at ~ F = s e de.
: K = +10% U 250V ac.
low frequencies (up 1oy - +20% v, 350V ae.
100kHz, or so). but p = +100% w 500V ac.
above this, or when R - +30/-20% -
non-sinusoidal  (e.g. S - +50/-20% -
pulsed) waveforms are  Z 5 +80/-20% =
involved, the capacitor ©.4- 0 47 KD = 0-47nF £10% 250V d.c. (n = nanofarads)

must be derated in

values printed on them. although colour-
coded varieties are still to be found.
Examples of the colour codes which might be
encountered are shown in Table 2.2 plus
Fig.2.7. As with resistors, the colours allocat-
ed to each numeral from ¢t0 9 conform 1o the
standard colour code system.

Where capacitors have their values
printed on them, the information may well
be abbreviated or allocated a letter coding.
Ceramic capacitors, for example, may
have their tolerance and voliage ratings
coded as in Table 2.3.

A 3-digit coding is commonly used to
mark somec ceramic capacitors. The first
two digits correspond 1o the first two dig-
its of the value, whilst the third digit is a

The majority of capacitors now have their

PANEL 2.5 — IDENTITY CODING

multiplier which gives the number of

zeroes to be added to give the value in pF,
c.g. 103 = 10000pF = 0-01uF.

Which brings us to the sometimes mis-
understood use of pF, nF and uF. An nF
value is 1000 times greater than pF, and
1000 times less than xF. Therefore. the
following typical conversions apply to val-
ues seen on Some capacitors:

1aF (or 1n) = 1000pF

10nF (or 10n) = 10000pF = 0-01uF

100nF (or 100n) = 100000pF = 0-14F

However, despite all this passible cod-
ing; with many modem capacitors, their
values arc nommally obvious from the
uncoded information printed on them
(although you may need a magnifying
glass in order to read them). 3

Table 2.2. Tantalum capacitor colour coding.

Reading from the top, Bands 1 and 2 = Capacity, Spot = Multlpller, Band 3 = Voliage

Colour Figure Muttipller Voltage
Black 0 1 uF 10V
Brown 1 10 uF -
Red 2 100 uF -
QOrange 3 - - =
Yellow 4 - - 63V
Green 5 - - 16V
Blue 6 - - 20V
Violet 7 - -
Grey 8 0-01 uF 25v
White 9 01 uF 3ov
Pink - - - 35v
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voltage. It is the job of the following capac-
itor 10 smooth out that ripple. a task which
is complicated when large currenis are
demanded by the ensuing circuil
Component data sheets and catalogues will
usuzlly quoie the typical ripple cucrent rat-
ing for the large value capacitors required
for power supply use. The chosen ripple
current rating should always be greater than
the ripple current expected.

WHICH WAY ROUND?

A most important considcration when
using polarised capacitors (e.g. electrolytic
and Tantalum). is that they should be con-
nected the comect way round. The positive
side of the capacitor must always be con-
nected to the side of the circuit which has,
or is likely 10 have, the highest voliage.

Across power supply lines. this oricnta-
tion of polarity will always be obvious -
the positive side of the €apacitor goes to the
positive supply line. It is not always so
instinctively obvious when the capacitor is

15T BAMD

sPOT
seor 1ST 20
20D BAND

MD BAND
S 3RD BAND

+ +

TANTALUM TYPES

Fig.2.7. Tantalum capacitor colour
coding.
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being used 1o couple a.c. signals between
different parts of a circuil. if in doubt, think
about what d.c. levels are likely 10 exist if
the ac. signal ceases, and face the capaci-
tor accordingly.

There are instances, though, when the
polarity of the voliage across an electrolyt-
ic might keep reversing (as in some types
of oscillator, for cxample). adversely
affecting both the capacitor and the correct
operation of the circuit. In this case, two
equal value clectrolytic capacitors can be
used in series, both negative ends connect-
ed together, both positive ends facing out-
wards. The value for each capacitor should
be twice the total capacitance required.

If a polarised capacitor is connected the
wrong way round, in extreme circum-
stances it can over-heal. causing damage o
itself and other components, and in a really
severe case the capacitor may even
explode. Al the very least, the circuit may
not operate as intended.

POLARITY MARKINGS

Polarity is usually clearly marked. but
there are several ways in which it might be
done. The ends from which the connecting
wires cone out may be marked with “+” or
“=" signs, or there might be a large amow
pointing 1o the negative end or to a panticular
wire (as we discussed at the beginning of this
Tutorial). With electrolytic capacitors having
a wire at cach end (axial construction), the
positive end is likely to have a erimp around
the casing and the circular face at that end is
likely to be a plastic material, often black,

Also, where the lead conncetions to the
capacitor are obvious, the negative lead
will be scen to be attached 1o the ouler
metal casing of the body. (The “opposilc”
term to avial construction is radial, in
which both capacitor wires come out from
the same end - shown carlier in Fig.2.1.)

Non-polarised capacitors can generally
be connected either way round, although

there are specialised situations where the
oricntalion in relation to the capacitor’s
outer foil may be significant (as we com-
menl about polystyrenc capacitors in Panel
24).

Be aware that with very small poly-
styrene capacitors, an occasional faull can
be experienced in that the leads can become
detached intemally. It is very unusual, but it
can cause the capacitor 10 develop an open
circuit, or a shon circuiL

LIGHTLY CHARGED

We suggest you now move on 10 the
Experimental article and just generally play
around as suggested there. You can cven
“lighten” up the experience as well.

Next month we look at componenis
whose values are not rigidly fjxed — vari-
able resistors (variable capacitors will be
discussed in a later pant), and sensor resis-
tors. Herr Georg Ohm and his famous Law
also comc under scrutiny.

TEACH-IN 2000 - Experimental 2

MEASURING AND CALCULATING CAPACITANCE

ferent R1 and C1 values on your bread-

board to mimic the screen display. you
might have come up against a bit of a snag!
The screen has specified a C-R combination
for which you don’t have the component
values. Well, actually, you know you can
make up the resistor value using serial or
parallel combinations, as discussed in Part
1. It's the capacitor values that are the
problem.

Fret not! Capacitors too can be combined
in series or parallel to achieve other capaci-
tance values. The rules are as simple as
those for resistors, except that they are the
opposite way round.

CAPACITOR
COMBINATIONS

When capacitors are in series, as are the
three shown in Fig.2.8a, the total capaci-
tance value (Cy) is calculated as:

Cr=L/((1/CH+Q/CD+(/CY)+
(eic))

IN the Tutonal of Pant 2, while using dif-

which is, of course, identical to the resistors
in parallel formula, except for the letier
change.

T ) @

Fig.2.8. Capacitor in series (A), and
paraliel (B).

For capacitors in
parallel (as for the
three in Fig.2.8b) the
formula is simply:

Cl1+C2+C3+(cic).

]

a
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Computer program
Capacitors in Series
and Parallel. accessi-
ble from the main
menu, allows you to
set the values for two
and three capacitors
and have the comput-
er calculate the result-
ing total series and
parallel values (sce
Photo 2.4). There is
also a Self-test option
allowing you to check
your understanding of
the two formulae
involved.

PARALLEL TEST ’

Set up your breadboard as shown in
Fig.2.9 (and Photo 2.5), in which three
capacilors are shown in parallel (as in
Fig.2.8b). where C1 = 100uF, C2 = 47uF
and C3 = 2-2uF. This combination is
being used in place of the single capaci-
tor (Cl) in your Tutorial Part 2
charge/discharge experiment (Fig.2.2
and Fig.2.5). Resistor R1 is given a value
of 100k{2.

Do the charge/discharge experiment,
noting the time at the 63% and 37% voli-
age levels, iLe. 4V and 2V respectively.
(You will find it easier to do this expeni-
meant if you make up and use another shorn
lead with two crocodile clips on it.)

(]
(2}
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Photo 2.4. Interactive computer screen-for calculating serial
and parallel capacitor combinations.

Photo 2.5. Breadboard layout for
-examining capacitors In parallel.
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Fig.2.9. Breadboard layoul for capaci-
tors In parallel experiment.

Did you achieve timings of about 15 secs
at the voliage points? That's the 1ime con-
stant associated with R1 = 100kQ and C1 =
150u4F. the laner being very close to the
answer of 149-2uF for Cl1, C2 and C3 in
paraliel.

SERIES TEST

Retum to your screen graph and set C
and R 10 150uF and 100k€2. where you can
see the 15 seconds timing when the graph
slope crosses the percentage line.

Now calculate the total capacitance if the
same three capacitors are connected in series,
as shown in Fig.2.8a. If you don’t get an
answer of approximately 2-06:F, try again.

You won’t be able 10 do the breadboard
check with this value, the time-constant is
too fast in this instance, but you can use the
display 10 show the graph for the nearest
available value of 2:2uF, ie. 0-22 secs with
R1 ar 100k€2. (Later on. you could set up
your own cxperiment using three capacitors
in series for which a time constant signifi-
cantly longer than 0-22 seconds is expected.)

The time constant for 2-06uF (call it
2uF) and R = 100kQ is actually 0-2 secs.
Use your graph display to find out what
value of R is needed to achieve that value
when C = 2-2uF. We trust you'll find it 10
be 91k€2.

SLOWER TEST

On your breadboard, now use just one
capucitor, with a value of 220uF (100 times
the value of the above 2-2uF), and with the
breadboard assembly of Fig.2.2 modified to
suil. Testing your knowledge of resistor com-
binations, replace R1 with a made up value
of 91k, Two resistors will do it {within 100
ohms) — what are they and how are they con-
nected? (Refer back to Pan 1 if in doubL.)

Now do your time check routine — the
time constant should be (ideally) 100 times
the above 0-2 secs. i.e. 20 secs,

This now brings us 10 an interesting
point: how do you set an exact time con-
stant without using multiple values of
capacitors and resistors? The answer’s sim-
ple, and there are two recady-made compo-
nents that help in this, the variable capaci-
tor, and the variable resistor (more com-
monly known as the potentiometer). The
latter we shall investigate next month.

920

LIGHTING UP TIME

We are again going ask you 10 use a light
emitting diode (l.e.d.). as we did in Pan 1. We
are also asking you 1o use an imverting logic
gate (also known as a NOT gate). You'll be
told more about both devices on another occa-
sion, but you don't need to fully understand
them if vou use them as we now tell you.

The le.d., as you discovered in Part 1, is
a neat little device that glows when a voli-
age is connected across it in a specific
direction via a suitable resistor.

It is important that the resistor should be
used since the l.e.d. cannot survive if more
than about 2V is connected actoss it. You are
about to use it with a 6V supply, and the
resistor has 1o drop the voliage to an accept-
able level. In this instance we want you 10 use
a 470€2 resisior, as we did previously.

What we want 1o do is use the L.e.d. (call
it D1) to indicate when a cerain voltage
has been réached on a charging or dis-
charging capacitor. Thie problem is, though,
that the time constant when a 4709 resistor
is used is too shon for the capacitance vat-
ues you can realistically select,

We need. therefore, to usc a lechnique
which allows a reasonably long time con-
stant to be set, and still 10 provide enough
power to drive the l.e.d. via a 4709 resistor
(calt it R2).

This is where the logic gate {call it 1C1a)
is used - as a type of amplifier. Amongst
your bag of paris you'll find some black
“caterpitlars’ with 14 legs, seven-a-side.
Find onc marked 74HCO4. There are likely
10 be lots of other forms of marking as well,
but somewhere you should be able to dis-
cem the 74HCO04 identity.

The 74HC04 and the 1.e.d. arc examples
of components that belong to the general
class known as active devices (as opposed
to the general class called passives. of
which resistors and capacilors are exam-
ples). Like the L.e.d.. the 74HCO4 is anoth-
er member of that enormous family of com-
ponents referred to as semiconducrors. 1t
also belongs to a sub-group of that family,
gencrally known as integrated circuils
(often abbreviated to i.c.s). More particu-
larly, it is a digiral logic i.c.

SEMICONDUCTOR
HANDLING

As with electroiytic capacitors. by far the
vast majority of scmiconductors can oniy
be connccied 10 a power supply in one
direction. Many can die if connccted the
wrong way round. Even if they don’t die,
they will not work correctly. This is equal-
ly true for a 74HCO4.

Abhvays conneci semiconductors and other
active devices into a circuil in the mqnner
specified in circuit diagrams. construciional
layouts or dala sheets. Abways ensure that
the circuir’'s power supply is swiiched off
before inserting or removing them.

One further cautionary note: You will be
awarc that you can somelimes gencrate
sparks when combing your hair or taking
off a sweater. This is caused by the dis-
charge of static clectricity which can build
up on some substances. including your
body and that of animals, frequently by the
action of friction in a dry aimosphere, Such
discharges, if they occur when you touch
some semiconductors can kill the devices
the level of voltage discharge being greater
than the device is designed 10 handle.

To avoid this happening. it is advisable
w touch an earthed bare metal object
immediately prior 1o handling integrared
circuils. A waler pipe is a suitable object, as
is the exposed bare metal work of an item
of earthed mains powered equipment,
When i.c.s have been supplied in a black
plastic foam. or bag nfarked as being “stat-
ic sensitive™", leave devices where they are
until needed. Then keep the handling of
thewr legs to a minimum.

The author reassures you, however, that
for all the years he has been handling i.c.s, he
cannot remember kifling one with static elec-
tricity. They are very robust. especially those
manufactured over the last decade or so.

We shall discuss static elcctricity further
in a future pan of Teach-In.

INVERTER GATE ;

The 74HCO4 device is known as a hex
(six) inverter gate — in other words it has six
inverter gates within it. all usable separate-
Iy. It’s pinouts are shown in Fig.2.10. where
the symbols within the outline are those for
inverter gates. .

e
14

Fig.2.10. Pinouts and lypical case style
for 74HCO04 hex inverter gate. Nola the
inversion gate symbols within the
pinout drawing.

An inverter gate, as you will be jold
when we discuss digital electronics in a
later part. has an output that is at a level
called Logic High when lts input is at a
level called Logic Low, and vice versa.

So whar's Logic High and Logic Low?
Well, in this instance, High refers to +6V
(the power supply voltage level) and Low is
simply OV. The two terms arc respectively
also known as Logic | and Logic 0.

The logic gate, though, doe¢s not have
10 have cxactly OV or +6V on its input for
the output to respond. There is a range of
voltage levels below which the gate
thinks it’s being provided with Logic 0.
and there's range of voliage levels above
which the gate thinks it's being provided
with Logic t. In a region somewhere
between those two levels, the gate tends
to get a bit confuscd and may keep
changing its mind about what logic level
it's being offered.

Although this dithering would be a prob-
lem in a digital circuit. it's of no great
imponance for what we arc going to do
here, which is to connect the gate’s input lo
the resistor-capacitor series you have been
charging and discharging.
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Fig.2.11 and Photo 2.6, breadboard layout for the first timing experiment using an inverter gate.

INITIAL ASSEMBLY

Conncct up your breadboard as shown in
Fig.2.11 (sec also Photo 2.6). Noie two
things in panicular: the position of the flat
sidc on the Le.d., and the position of the
“notch” (or dov/dimple. on some devices)
of the 74HCO04. (See also Praciically
Speaking on page 834 last month — Nov
'99.) The circuit diagram for this compo-
nent configuration is shown in Fig.2.12,

Now perform some more capacitor
charge/discharge experiments. You will see
that the L.e.d. is on when the capacitor volt-
age is fairly low, and off when the voltage
is fairly high. You may find that the l.c.d.
blinks a bit between the two levels — this is
due 10 IC1 not being sure of its input logic
level. The effect is more likely 10 be seen
when the ame constant is really slow.

See if you can establish what the capaci-
tor voltage is when the le.d. on-offness
fully changes from one state to the other.

MORE L.E.D.S

Just for fum, connect up another inverter
gate (IC1b) and five more l.e.d.s (D2 to D6)

=

Fig.2.12. Circuit diagram for the experiment in Fig.2.11, plus (left) pinouts for a

typical l.e.d flight emitting diode).

plus the extra resistors (R3 10 R7 - also of
47042) as shown in Fig.2.13.

Now you will find that D1 and D2 alter-
nate in their on-off states. This is due o D2
being connected to the +6V power supply.
whereas D1 is connected to the OV line,

The action of D3 and D4 will be scen 1o be
the opposite of D1 and D2 (as will D5 and
D6). Which brings us 1o an interesting point
about inverter gates. When two are used in

.3

ENEES IS33y3 IS rEss
EX8Zl ZISSEE Ba3E= 2aazs
Ve
i
/7
W86
SER3RE
3 588
zrlyane
H] 2E®

voumn
(SEE TEXT)

vour2

Fig.2.13. Breadboard assembly of Fig.2.11 modified to include five more l.e.d.s.
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series. as done here, a double inversion occurs
and so the final output logic level is the same
as seen by the input to the first gate.

What we'd also like you 10 do is to make
a note of the voliage that actually occurs at
the junctions of the l.e.d.s and their respec-
tive resistors. Also note the voltages at the
oulputs of the two gates — do they aclually
reach OV and +6V?

What affect do two l.e.d.s have on the
output voltages of the gates? Compare with
the voliages produced without Le.d.s con-
nected. We shall discuss this in_another
Tutorial. Also see if you can draw the
circuit diagram for Fig.2.13.

FLASHY

We wonder if you realise how casy it is
now Lo put the capacitor charging/discharging
under automatic control for perperual repeti-
tion of the cycles? One way to do it using an
additional inverter gate, IClc, is shown in the
circuit diagram of Fig.2.15 (we’ll discuss the
change of ie. type number from 7T4HCO4 10
T4HC14 in a moment).

Using the values shown. reconstruct
your breadboard assembly as illustrated in
Fig.2.14 (deleting DS, D6, R6, R7), and
still using the 74HCO4 device. Note that a
crocodile-clipped link is made between
point Vout3 and Vin, See also Photo 2.7.

Connect up the power. What you should
see now is that all four l.e.d.s appear to be
glowing. but at a reduced brilliance level.
In fact, they are all rapidly switching on
and off, but too fast 10 differentiate between
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Fig.2.14 and Photo 2.7, layout for the oscillator experiment, (Fig.2.15). Note the new link between IC1 pins 4 and 5.

them. [n the author’s test model, the rate
was in excess of one million cycles per
second (1IMHz)!

The clever thing we/you have done is
1o use IClc 10 invent the output of IClb,
and then 10 usc the output of 1Cl¢ as the
power supply for the resistor-capacitor
chain.

With the correct combination of R1 and
C1 values, this has the effect of repeatedly
switching the voltage feeding into RI
between +ve and OV. Here's why:

When power is first swiiched on, the
voltage at the input to ICia and the output
of IC1b will be low {double inversion). and
the output of ICle will be high (another
inversion). This- output is now supplying
+ve to R1. and C1 stans to charge up {as it
did when you connected it directly 1o the
+ve vollage linc). .

We said earlier that inverter gates have
a threshold voliage above which an input
leve!l of Logic 0 is assumed. Eventually,
as Cl continues 10 charge, the voltage at
the input of ICla will rise above the
threshold, and 1Cla’s output will fall to
Logic 0. As a resuli. the output at IClb
will immediatcly go high, and the output
of ICIc go low.

This action, in an instant. causes Cl 10
stant discharging through R1. Eventually,
there comes the point when the discharging
voltage falls 1o the Logic 0 level as seen by
the input to ICla. 1t now once more swilch-
¢s its oulput back to Logic 1, IClb output
switches back to Logic 0, and ICl¢ swiitch-
es to Logic | again.

The cycle has now been complcted. and
starts all over again. Thus it continues, ad-
infinitum, until something stops it. such as
you disconnecting the power!

What you have crealed with this simple
component arrangement, is an oscillator.

For interest, iry to take a voltage read-
ing at 1Cl¢ pin 6. You will find that is
probably cxtremely erratic. although it
may indicate a voliage at around the 3V
mark (half-way between the 6V battery
supply and OV).

SCHMITT TRIGGER

As the circuit stands. its frequency of
oscillation is somewhat unpredictable.
We said earlier that the 74HCO04 has a
midway input voliage level range in
which the inverter is not 100 sure which
logic leve! is being applied to iL. It is at
this midway level that the circuit is

Fig.2.15, Circuit diagram for the oscillator experiment.
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rapidly switching over from one slate 1o
another, What we ideally need is for the
circuil to swilch over only at the input
levels which are guaranteed 10 be Logic
I and Logic 0.

To achieve this exactitude with an ordi-
nary invericr gate such as the 74HCO4
wouid require the usc of additional circuit-
ry. However, there is a similar inverter type
which automatically responds only to those
input voltages which are at the guaranieed
logic levels, ignoring those input voliages
which lie betwecn the 1wo thresholds. Such
an inverter is known as a Schmilt 1rigger
inverter.

One type of Schmiu trigger inverter is
the 741HC14 which. like the 74HCO4, has
six inverters within it and its pins are
arranged in the same order. Nole the sym-
bol within each of the inverter outlines in
Fig.2.15 that indicate its Schmiu trigger
status.

With power disconnected, find a
74HC 14 device from your bag of compo-
nents and substitute it into the 74HCO4
position on your breadboard.

When power is re-applied. you will see
a considerable difference in the rate at
which the le.d.s now flash. Indeed.. you
should be able 1o count the flashes quite
scadily. This dramatic change in the flash
rate is entirely duc to the swilchover
occurring only at the guaraniced Schmiu
rigger logic levels.

Using your meler you can now track the
voltage level at the RI/Cl junction at
which the logic changes occur. Also meter
the output of ICl¢ (pin 6 — Vout3). You will
see that it is repeatedly switching between
Logic | and Logic 0.

TIME OUT

Before Part 3. think up some timing
and capacitor value siuations and sec if
you can solve them using the various
softwarc options and a calculator. Also
sce if you can get the oscillator 1o run so
that its output at |Clc changes at exact
intervals of your choosing. say once per
second or once per 10 seconds, Until next
month, 'bye for now.
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THE MODERN ELECTRONICS MANUAL
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EVERYTHING YOU NEED TO GET
STARTED AND GO FURTHER IN ELECTRONICS!

The revised edition of the Modern Eleclronics Base Manual
contains practical, easy-to-follow information on the following
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BASIC PRINCIPLES: Electronic Components and their
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amplifiers, car projects, computer interfaces, measuring
instruments, workshop equipment, security sysiems, elg.

The Base Manual describes 13 projects including a Theremin and
a Simple TENS Unit. .
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EXTENSIVE GLOSSARY: Should you come across a techrfical
word, phrase or abbreviation you're not familiar with, simply rn
to the glossary included in the Manual and you'll find a
comprehensive definition in plain English.

The Manual also covers Salety and Suppliers

The most comprehensive reference work ever produced at a price
you can afford, the revised edition of THE MODERN
ELECTRONICS MANUAL provides you with ali the essential
information you need.

THE MODERN ELECTRONICS MANUAL

Revised Edition of Basic Work: Contains over 800 pages of Information. Edited by John Becker.
Regutar Suppiements: Approximately 160-page Supplements of additional information which, if requesied. are forwarded 10 you
immediately on publication (four times a year). These are billed separately and can be discontinued at any lime.

Presentation: Durable looseleat system in large A4 format

Price of the Basic Work: £39.95 (to include a recent Supplament FREE)
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ELECTRONICS SERVICE MANUAL

EVERYTHING YOU NEED TO KNOW TO GET STARTED IN
REPAIRING AND SERVICING ELECTRONIC EQUIPMENT
SAFETY: Be knowledgeable about Safety Regulations, Electrical Safety and First Aid.

UNDERPINNING KNOWLEDGE: Specific seclions enable you to Understand Electrical
and Electronic Principles, Active and Passive Components, Circuit Diagrams, Circult
Measurements, Radio, Computers, Valves and manulacturers’ Data. etc.
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electronic equipment

e Easy-to-use lormat
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TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit, Set o Fundamental principles
Up a Workshop. and Get the Most from Your Multimeter and Oscilloscope, el¢. e Troubleshooting techniques
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Service Audio Amplifiers, Radio Receivers, TV Receivers, Cassette Recorders, Video gt q'
Recorders, Personal Computers, etc. o Choosing and using test »
TECHNICAL NOTES: Commencing with the 1BM PC, PC-XT, PC-AT, this section and equipment
the regular Supplements deal with a very wide range of specific types of equipment. e Relerence data
REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors, @ Professionally written
Power Transistors, Thyristors, Triacs and Field Effect Transistors. Suppiements include 4
Operational Amplifiers, Logic Circuits, Oploeleclranic Devices, elc. ¢ Regular Supplements

® Sturdy ring-binder

ELECTRONICS SERVICE MANUAL

Basic Work: Conlains around 900 pages of information. Edited by Mike Tooley BA
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extend your Base Manual on subjects of
particufar interest 10 you.

REGULAR SUPPLEMENTS
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new matenal If requested, Supplements are sent
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Constructional Project

GINORMOUS
STOPWATCH

-NED STOJADINOVIC

Part 2

Now you're "up and running”, why
not add some Giant Displays to
your events Stopwatch.

originally designed for use with the
Ginormous Stopwaich module pre-
sented last month. It has 178mm (7-inch)
characters and can use high brightness
l.e.d.s for dazzling daylight performance.
It can aiso be driven from a standard
computer serial port with the optional
adapter. allowing it 10 be used as a score-
board. bingo number display, clock, eic.

CIRCUIT OVERVIEW

The heant of the circuit is a PICI6CS54
microcontroller and this has iwo relatively
simple tasks. The first is to receive seral
data from the Sropwarch module or com-
puter serial port. The data reaches the
micro via an optoisolator (IC4), as dis-
cussed in Part 1, and the individual digit
modules can be daisy chained 1ogether up
10 a maximum of 16 modules.

The software responds 1o all 16 address-
es but the Stopwarch modile only uses
seven of them. However, when driven from
a computer using the Serial Port Converter,
the Large Digit Display units will respond
1o al! [6 addresses.

The second task Is 1o switch on the
various segmenis on the display 10 form the
digits 0 t0 9.

SOFTWARE

In keeping with the author's stated objec-
live of designing without designing, he used
two pieces of software from the Parallax web
site at www.parallaxine.com. These were
from application notes concering receiving
serial data and utilising a jump table to dis-
play digits on a 7-scgment display, Readers
are referred to these notes.

It is interesting 10 note that it was casiest
to choose the same crystal frequency as the
Stopwarch module (3-2768MHz). This
allowed the author to play with the soft-
ware’s “bil_k™ constant without worrying
about serial link compatibility between the
Stopwaich and Large Digit modules.

Of course, large display modules that are
to be driven by a computer must comply
with the standard computer baud rates and
everything has been standardised ar 9600
bits/see.

It was nccessary, though. to come up

Tms Large Digit Display unit was
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with a protocol (0 address the correct
module and tell that module what number
to display. This turncd out to be guite easy.
and it can be done in one byie.

First, consider the number to be dis-
played. In binary you need four bits 1o dis-
play the digits 0 10 9, like this:

Decimal Binary

0
1
2
3
4
5 0101
6
7
8
9

Completed “7-segment” Giant Display
module. The figures measure 178mm
by 100mm approx.

Actually, four bits will allow vou (o
count front 0 to 15 (binary 1111). but we
only need to count up 1o 9, Let’s call these
bits "n", as in “nnnn”. Similarly, four bits
will allow u8 10 have modules numbered
from O to 135, call these bits “d”.

Computers and PIC micros like 10 deal
in bytes, which are cight bits, so the soft-
ware makes the “nnnn™ and “dddd™ bits
into antificial byies:

dddd becomes dddd0000, which is one
byte

nnnn becomes 0000nnnn, which is
another byte

The wo bytes are ORed together
(inclusive-OR) bit by bit 10 form a single
byie which looks like ddddnnnn. This
single byte contains both the module
numnber and the digit to be displayed.

For example, to make module 1 display
the number I, the output byte would be
00010001. To muke module 2 display the
number 1 it would be 0010000t.

CIRCUIT DIAGRAM

Referring to the circuit diagram in Fig. 1,
data is received via the optocoupler 1C4,
The driving device (e.g. the Stopwarch)
switches an l.¢.d. inside the optocoupler on
and off and the light from its 1.e.d.-shines
onto an oplotransistor, switching it on and
off in unison.

Resistor R1 halds the output of 1C4, pin
5, at 3V uniil the transisior switches on and
shorts pin 5 10 ground. Pin 5 is connected
directly to the PIC microcontroller IC2 at
its pin RB7, which is set up as an input pin.

When output pin 5 of IC4 is at OV, it
switches on transistor TR and, via current
limiting resistor R3, causes current 1o flow
through optocoupler KC4 of the nexs digit
module. In this way the modules are daisy-
chained one to the next.

Dual-in-line switch St to S4 is used 1o
set the digit's module address number by
placing the relevant code on the PIC's RAO
1o RA3 data pins. Pins RAD and RA] are
normally held at OV via resistors R4 and
R5; pins RA2 and RA3 are normally held
at 5V via resisiors R6 and R7. This mcthod
of biasing was done simply to make the
board design casier and the software takes
it into account. When the appropriate
swilch is closed, the logic level scen by
pins RAO to RA3 is inverted

The staws of the switches is read when-
ever a serial data byte is reecived by the
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PIC via its RB7 input. The 4-bit status code
forms the "*dddd"’ bits referved to earlier.

DISPLAY

Pins RBO to RB6 of the PIC are used as
the 7-bit output to the seven sets of 10
l.e.d.s that make up the seven segments of
the display. The PIC16C54 cannot by itself
handle the current required by the leds
and so IC3 acts as an intermediary buffer.

This device is a rugged lintle chip intend-
ed as a solenoid driver and can handle
almost 50V and 500mA, and is mice and
cheap as well. It is essentially seven open-
collector Darlington transistors that can be
wrned on and off by the 5V and OV logic
jevel voltages from the PIC.

The led.s are arranged in pairs in a
series/parallel arrangement. meaning that
one pair is connected in seties with the nexi
pair. There is a voltage drop of nearly 2V
across each l.e.d. or pair of Le.d.s in a par-
alle! arrangement and the five pairs arc
arranged in series,

Thus the five pairs will drop the 12V sup-
ply by 5 x 2V, or about 10V, leaving the bal-
last resistor with 2V (12V - 10V) o reduce to
zero. The Le.d.s run well at about 20mA and
so a simple application of E = IR gives a
value of 100 ohms for the ballast resistors.

The value of the ballast resistor is not

SERIAL INTERFACE
+9¢ R M1ZY

LARGE DIGIT

—1

|

Fig.2. Circuit diagram for a simple Serial Port Converler Interface add-on. The
values of resistors A18 and R19 should be 330 ohms for 9V and 560 ohms for 12V.

critical and the Le.ds will put out good
light from abowt 10mA to some I0mA,
which is the maximum for most Led.s. If
you need to save power, try putting in 220

Roe
e et
IC4
s ey ICEEE 6
ey t] . e )
LCCZ . s rer-
*
sann |- . = el b
(SEE TexT | a GO Aoy e
[ 7
o 2 4 R0 (.t .
5] o] oMM
RAD  RAN  AAY  AA2 L ;'
L 1 NE
[ [
o 10w
RS 244
10m, m
eu) 52 53 u/
i ?

Fig.1. Circuit diagram for the Giant Digital Display module.
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ohms ballast resistors and see how the light
output looks.

The decimal point and colon le.d.s are
done the same way except that the Led.s
are all in series as there are not as many of
them. Thesc L.e.d.s are not controlled in any
way and arc simply connected across the
12V power supply. via limit resistors R15
and R16, constantly nemaining on while the
power is Of.

SERIAL PORT
CONVERTER

The digit modules can also be driven
from a computer serial port with the aid of
a converter module interface (see Fig.2).
This is simply a Darlington transistor
switch (TR2) which convens the 15V sig-
nals from the serial port 1o voliages of the
correct polarity to drive the oplocouplers.

The transistor also provides the reason-
ably heavy cument required by optocou-
plers connccted in “'star” configuration (sce
the last section of this article).

The converter has its own powgr supply
because it has to provide power to the inter-
nal Le.d.s of the optocouplers. The battery
used can be 9V or 12V mesely by changing
resistors R18 and R19. The values should
be 3300 for 9V and 56012 for 12V.

The converter also has an l.e.d. on beard
(D79) 10 indicate serial port activity and is
a great help for wrouble shooting.

CONSTRUCTION

The printed circuit boards for the Large
Digit Display and optional computer Serial
Pont Converter Interface board arc available
from the EPE PCB Service page, codes 247
and 248, respectively. The component
assembly and track layout details for the
boards are shown in Fig.3 and Figd.

There is nothing difficult about the con-
struction but the led.s are, as may be
expected, rather tedious. 1t is suggested that
you test each segment as it is finished.

Start asscmbly of the Large Display
board (Fig.3) with the top right segment.
Insert all the 1.e.d.s and make sure that they
are all the correct way around. noting that
some high brighiness l.e.d.s have different
orientations 10 those of ordinary leds. If
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in doubt. you can check by temporarily Table 1: Module Selection Switches

connecting the l.ed. in series with a 1kQ Module Switch Settings
resistor across a 12V power supply. N 1 2 3 4 Disol
Flip the board over and solder only one £ eplay
lead of each ke.d. When you have done 0 oft ofl oft oft *
that, go back and grasp both leads of each 1 oft off oft on hundredth seconds
led. and re-melt the solder while gently 2 oft off on oft lenth seconds
pulling upwards on the leads. This will seat 3 off oft on on seconds
calch I.n;.;l. onto the circuit board and ﬁcncr- 4 off on off off ten seconds
ally make surc it is pointing straight out 3
from the board. This is imporiant as high g 0:: 02 e 0; t rT‘r:mnels
brightness l.e.d.s only appear bright when “ & - ° AT e
you look directly onto them. if they are tili- 7 off an on on hours
ed they look dull and this makes the display 8 on oft oft oft ten hours
look patchy. 9 on oft oft on *
Go back and solder each second lead and 10 on off on off *
give the first soldered lead a touch up with
fresh solder if necessary. Now SOIdCIP in all : ; 22 22 g;; g;} :
of the ballast resistors (R8 10 R16) and p i :
some power teads for the 12V supply. :i 22 gg gn g" :
15 on on on on - *
* Used in computer version with the Serial Port Converier.

DIGIT MODULE

Resistors
R1 4700 Seeo
R2, R4
to R7 10k {5 off) S%@P
R3, R15,

fe 220030 VALK

RB1o R14 1000 (7 off) Page
All resistors 0-25W 5%.

Capacitors
1, C2 15pF ceramic
Cl.Cé 100n ceramic
Cc4 470u radial elect. 16V
c5 47u radial elect. 10V

Semiconductors
D110 078 red l.e.d., 5mm, normal
or high brightness

TR1 BC558 pnp transistor

iICt 78LO5 +5V 100mA
voltage reguiator

IC2 PIC16C54
microcontroller,
preprogrammed

IC3 ULN2003 7 x Dariington
driver, common emitler

iIC4 4N25 or 4N28 optoisotator

Miscellaneous
S110S4  4-way d.Ll. on‘off switch
X1 3-2768MHz crystat
(see text)

Printed circuit board, available from ths
EPE PCB Service, code 247; 6-pin d.il
sockel; 16-pin d.ll. socket; 18-pin d.il
sockel; connecling wire; soider, etc.

SERIAL PORT CONVERTER

Resistors
K17 1k2
R18. R19 3309 for 9V, 56041 for 12V
Semiconductors
TR2 BD681 (or equivalent,
e.g. TIP141 or
TIP142) npn
Darlington transistor
D79 red l.e.d., 5Smm
D80 1N4148 signal dicde

Miscellaneous
Printed circuit board, available from the
EPE PCB Service, code 248: conneclor

Approx. Cost
Guildance Only

10 suit serial port lead used.

(Standardl.e.d.s)

930

DISPLAY TEST

To test the segment, connect the 12V
supply and connect a flying lead to ground
(0V). Touch the flying iead 1o the end of
resistor R13 that is ncarest to the botiom of
the board. The segment should light up nice
and bright.

If it does not, look for L.c.d.s the wrong
way around, broken tracks, or the wrong
ballast resistor value, in that order.

If ail is well, continue inseriing le.d.s,
testing, inserting, testing...

If any Le.d.s are a tight fit at their skints,
genly file down their sides umil there is

Sl Gt

@ — +v

Fig.4. Printed circuit board details for
the Serial Port converter.

room for them 1o sit without colliding with
their neighbours.

Because the colon and decimal point
leds are intended 1o be permancatly
mmed on, they (andjor their ballast resis-
tor) should be omitted if those functions are
nol required on any of the boards.

Put in all the other components and
sockets for 1C2 1o 1C4, but do not install the
ic.s yel.

TESTING

Power up the board and at the IC2 socket
test for 5V and OV at pins 5 and 14. This
will test the power supply regulator IC1,
and will also show up any solder splashes
or broken tracks to these pins.

Switch off the power and insert IC3,
the l.e.d. driver device. To now test the
operation of the various segments, take a
flying lead and connect one end to 5V.
say lo the link wire immediately below
IC1. Touch the other end of the flying
lead in teen to pins | to 7 of 1C3’s socket
and you should see each of the segments
light accordingly.

if you have connected the colon or deci-
mal point le.d.s, they should have tumed
on when you applied the power.
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Now power down and carefully put the
PIC (preprogrammed. of course) into its
socket, being very careful about orienta-
tion. Remember that it is a CMOS chip and
so be sure to briefly ground yourself to dis-
charge static electricity before handling it.
Also insert IC4.

Tuming on the power should now give
you a nice big figure 0™ and if not, imme-
diately power down and start looking for
causes. The Sropwarch anicle last month
has some tips on troubleshooting this type
of circuit. .

If you are using the Sropwarch module,
connect it to one digit board via a handy
length pair of leads, being careful to con-
nect signal and ground wires the correct
way around. Select the module address
number via the d.i.l. swiich (S] 1o 54) as
per Table 1. Note that the software
“knows" that switches S3 and S4 are con-
nected in order of RA3 and RA2 (instead of
RA2 and RA3 as might be expected).

Power up both boards and start the
Stopwatch. This should immediately stan
the digit board displaying the selected ume
unit. If it just sits on *'0", usc a logic probe
or similar to test for a fast changing signal
on pin 5 of the optocoupler, IC4.

PORT INTERFACE

If using the Serial Pont Converter. con-
necl up the digit board and power as above.
Now run the QBASIC demo program, mak-
ing sure that the module d.i.l. switches are
all off. Put in a different switch setting from
the list each time you run the program and
the module should immediately display the
correct number.

You will know if the converter is work-
ing by observing its l.e.d. Whenever serial
data is being transmitted it will flash quite
noticeably.

STAR CONNECTION

The digit modules are designed 1o be
hooked up in “daisy chain™ configuration,
sce Fig.-5a, and this should work well in
mosl cases. It is possible, especially when
many modules arc used for the signal 10 get
a bit lost in its trip down the chain;
remember the design allows up to 16 digit
modules to be used.

In this case, use the *“'star’” configura-
tion in Fig.5b where the driver transistor
in the Stopwatch or Serial Port Converter
switches all of the optocouplers directly.
Note thar this will put quite a sirain on the
battery of the Scrial Port Converter or
Siopwarch module as it now has to power
al of the optocouplers at the same time.

To select a battery size, assume that each
module uses about I5mA when running
and plan accordingly. For example. 10
modules times 15mA is 150mA and so a
batiery of 1-2Ah (amp hour} capacity will
drive the display for eight hours.

COMPUTER
SERIAL PORTS

While developing this project the author
came across a strange fact: not all compui-
er serial ports operale at quite the same
speed and the modules will consequently
malfunction on some computers.

For those programming their own PIC
and wanting lo drive the modules from a
computer port. try varying the value of
“bit_k"" in the software for the PIC. The

I OiT 8 OaHT 1
(.= =) () _ (i ) VA
CONYERTER
-’y -y // -, -
ke I_ —— | —i
DT S OaGéT |
" g " e "o
(== - (== Lo e
OR SERW, PORT
'. , ' j V' w‘w
(.  Cap
L ™ ™ ™ m
(0)

Fig.5. Suggested method of connecting the Giant Display modules to the Stopwalch
(Part 1) or Serial Port Converter, (a) In “daisy chain” fashion or (b) “star”

configuration.

comments section in the source code tells
you how to do iL

If you only want to drive the modules
from a computer, a slightly different
source code for the PIC has been inciud-
ed {called serind.src) which requires the
use of a 4MHz crystal instead of the
3-2768MHz one, and operates ar 2400
baud. The slower baud rate is unnotice-
able to our slow human senses and results
in a design which is forgiving of long
serial cables and bit rate errors in the
computer or micro.

Everyday Practical Electronics/ETI, December 1999

SOFTWARE

The software for the Large Digit moxdule,
including the QBASIC demo program, is
available on a 3-5-inch disk from the Editorial
office (sec EPE PCBiSoftware Service page
for delails and cost), and free via the EPE
web site.

Preprogrammed PICs for this module are
available as discussed in Shopralk.

Note that since publicaton of Part 1 the
software has becn revised by the author.
The new version is on the EPE disk and
website
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ELECTRONICS TEACH-IN No. 3. FREE
AMALOGUE AND DIGITAL SOFTWARE
ELECTRONICS COURSE
{published by Everyday Practrcal Electronics)

Alsn Winstenley and Keith Dye B.Eng(Te:hJAMIEE

This tighty scclairmed EPE Tesch-in senies. which included
the cor:’stnxoon mdm:j‘zhe Mind Lab and Mx&oeuo
test and doevelopment units, has been put together in
book form. Addtionally, EPT Educstional Software have
developed 3 GCSE Electronics software program 1o com-
pliment the coursa and 8 FREE DISK covering the first two
prts of the course is included with the book.

An inzeresting end thorough twioral serfes aimed speci-
ficelly st the novice or complete beginner in electronics.
Tha series is cesignad 10 SUPPOT those undertsking either
GCSE Elecvonics or GCE Advanced Levels. and starts
with fundamental principles.
¥ you are taling electronics of technology at school
or college, this boov is for you i you just want to
lestn the basics of eloctronics or technology you must
mate sure you see it Teach-in No. 7 will be Invaluable
il you are considering a cereer in electronics or even
i you sre already trainmg in one. The Mini Lab and
software enable the construction #nd testing of boih
damal\uuboh angd developmaent circuits. Thase learn-
sids bring electronics to bfg in en orliovnble ang
mlmumm you will both see and hear the clectron
in actionl icro Lab microprocessod add-an system
will appeal to higher level students and thoss develop-
g MICIOProcessor proiects.
pages [ Ordler code T17] L

DIRECT BOOK SERVICE

Circuiits and Desfgn

ELECTRONICS PROJECTS

USING ELECTRONICS \YORKBENCH FREE
plus FREE CD-ROM CD-ROM
M. P Horsey

This book offers 3 wide of tested circut mod-
ubts wiuch can be used 28 electronics projects, part of
an electronits course, or 21 & hands-on way of gel-
ting better acquainted with Electronics Vorkbench. be!th
ciscuits ranging from 'Buibs and batiedies' to complex
Systems using integrated circwits, the pecjests will appea!
lo nowices, students and PraCUboners ahke

Electromcs Wiockbench is @ highly versatile computer
simulation package which enables the user to design, test
and modily their circusts betore building them, and to plan
PCB isyouts on-screen. All the circuits in the book are

provided 33 runnable Electronic \Woribanch fies on the
encloud CD-ROM. and a seiecuon of 15 representative
ccwits can be eaplored using the freo demo varpon of
the spplication.

Contents Sarme basc concepts; with. mchu
LEDs. relrys and dhodes; anwnrl Power
Op arnp progicts; Further cp ame Grouits: Logic gates, Reat
logpe cwtults; Logee gote mmulthabrators; The 555 timer;
Fop-Rops. counters and shft regestacs: Adders, companaton
and mudtiplenens; Feld offect tramsstors; Thymstors. tracs
nmw%wmmmmm -

1499

227 pages

A BEGINNER'S GUIDE TO MODERN ELECTRONIC
COMPONENTS

R A Penfocld

The purpose of this book is 10 provide pracbesl informa.-
ton 10 hetp the readar 3ot Qut the bawildering array of
components cumnu-, an offer. An advanced knowledge
of the theory of electronics 8 not needed. and this
book is not intended to be 3 course in electronic theory.
The main aim is to eaplain the differences between
components of the tame basic [0.g. carbon, carbon
film, metal film. and wire-wound resigtors) o that the
righi camporent for 8 green apphication can b selecled.
A wide range of components sre Included, with the
emphasis firmly on thase components that are used a
great deal in projects for the home constnuctor

170 pages Oidet code BPZBS €4.99

1

The books listed have been selected by Everyday Practical
Electronics/ET] editorial staff as being of special interest
to everyone involved in electronics and computing. They are
supplied by mail order to your door. Full ordering details are
given on the last book page.

FOR ANOTHER SELECTION OF BOOKS SEE
THE NEXT TWO MONTH'’S ISSUES.

Note our UK postage costs just £1.50 no matter how
many books you order!

Computing

WINDOWS 95 EXPLAINED

P R M Otiver snd N. Ksntaris

¥ you would bhe 1o Get up and running. 25 $00n a3 possible,
with the new Windows 95 operating system. then this is the
book for you.

The bock was written with the non-sapert, busy person in
mand ke the hardtwire that you need in order to run
Windons sxcessfulhy, and how 1o insall and optimage
YOur fyiteis resources. I presents an gverview of the Win-
dons 95

Latee chagters cover how 1O work with prograrms. folders
and documents. how to control Yiindows 75 and use the
many sccestoras that come with €7 how to use DOS pro-
groms and. #f necessary, DOS commands and how 1o com-
mmwrwﬂﬁnmm

170 nsges 5.9

EASY PC INTERFACING
R A Penfold
Antough the internal exspangion siots of 8 PC provide
full sccess 10 the computer's buses. and are suitable for
user acd-ons. making your owh espansion cerds re.
Quites 8 fsie amount of expertise and equipment, The
built-in ports provide what is often 8 much easier and
hassle-frea way cf Interfating your own circuits to 8
PC. In partictar. o PC printer port plus 2 small smeount
of external hardware provides s surprisingly versatile
inputioutput port. The PC “games™ port is less usatul for
generdl interlacing purposes. but it can be useful in
some 8

This mbooimde'- 8 number of Mul:,‘::nodd-on
circuts the folcraing: Digital input/
Andtogue-to-dipial converter; Digital-to-Anatogue Con-
varier, Voltage and Current messucement cicuits:

934

Resstance metwe; Capacitance meter.  Temperature
messuremnent ireerface: Bicfeedback monitor, Constant
voltage model train controlier; Pulsed model tra:n
controliers: Postion sensor lomvcv Hall etlect, etc);
Steppar moter interface: Ratay and LED driverss Thac
mains svatching interface.

179 pages [Order code BP3#5) 499
INTRODUCTION TO MICROPROCESSORS . "
John Crisp

® you we, or so0n will be. invohed in the use of
mecroprocessors. ths prezical introduction i essental
ru&yﬂnbocipvcﬂduuhorwgwremuc introduc-

sedoe
dmmuswchmlormw-wmn-

ground. R i3 suitable for students. techrscuans, engineers
and ard  covers the full rasge of modern
MCrOPCOCessors.

After 8 thorough AUTOCLCTON 10 the SUDMSL ideas are
deavioped n 2 wedsinctured format AR
techrical terms are inroduced and subjects which
have dificun, for exampis 23 complement. sce

Nefvnomug«ncﬂn
Contents: The world :hr\gd h I97$- I-Gcruyo:nm
dont have ten fingeny; (] Mathemancal
micros. s a3 & mane of logic: Rwamnndmmk
TICTORrOCesSor based systen: A typecsl B-bxt mecroproces-
High igvel M<cros are griung
¢ and faster; The pentum; PonvtPC, The Alpta
21168 mucroprocessor; Interfacing.  Tast equspment and
P £1693

PRACTICAL REMOTE CONTROL PROJECTS
Owaen Bishop
Provides a weakh of circuits and circuit modules for use
bn remcte cantrol systems of all kinds: ultrasomic, infra.
red, cptical fibre, cable and radio. There are instrucbons
for bulding fourteen novel and pracucs! remole control
projects. Eut this is not all. as each of these projests
provides a model for building dozens of other related
circuts by simply modifying parts of the design slightly
to suit your own requirements. This book tedls you how,
Also included are tachniques for connecting a PC o a
remote control system, the use of 8 microcontrolier in
remote control, &3 esemplified by tha BASIC Stamp,
and the applcation of ready-made type-appioved
418MHz radio wansmitter snd receiver mcdules to
remote controd systems.

180 pages Otder code BP41] , £5.99

DISCOVERING ELECTRONIC CLOCKS
V¢ D. Phillips
This is 3 whole book about designing and maling
electronic clocks. You sftan by connecting MIGH and
LOV/ logic signale to logic gates. You find out about
and then build and test bistabies, crystal-controlled
astables, counters, decoders and displays AN of these
subsyslems are carefully explatned, with practical work
supported by enﬁo follow prototype board youts.
cm detaiie, i drcut a'ugva'r:m
8 printed catult board pattern. ae given for a el
slactronic clock. The circut for the Frmt Olock moc&d
angd deyeioped 10 produce s3GUONN d wh:h““
nv:gwcloch. Brary Cock. Linear Coch, Andrew’s Glock
d-apiay). and 3 Circles Ooct. AN of
ond distinctive

A - Electronkcs Product. and for
project work in ASLtvet and A-level Electroncs and
Technology
154 pages. AL spiral bound 650

DOMESTIC SECURITY SYSTEMS
AlLS

rarwn
Thig book shows how. with gommon sense and basc
do-k-yourse!l suills, you can protect your home. It slso
grves Ups and ideas which will haip you to maintan and
IMOroVE your home secunity. even f you already have
an alarn Every circud in this book is clearty described
and dlustrsted. and contains components that are essy o
source. Advice and guidance are based on the real ea-
perience of the author who is an alarm installer. and the
designs themselves have been ri Put to use on
some of the most crime-ridden streats in the world.

The designs include all eiements, inctuding sensors,
detectors, a'arms, controls, ights, video and door entry
symems. Chapters cover instaistion, testing. main-
tenance and upgrading
192 pages 212 9§

MICRQCONTROLLER COOKBOOK
Mike James
The practicsl solutions to real prcblems shown ia this
coohbook provide the basis to make PIC and 8051
devices redlly work. Capabitities of the veriants are
examined. snd ways to enhance these ate thown A
survey of common intarface devices. and & descrip-
tion of pregramming models. lead on 16 3 section on
development techniques. The eocibook offers an intro-
duztion that will allow any user. novice cr expesienced,
to make the most of microcantrollers. .
£19.93

240 pages

A BEGINNER'S GUIDE TO TTL DIGITAL ICs

R A Penfold

This book first covers the basics cf simple logic circults

in general, and than progresses to specific TTL logc

imc?mod circuits. The devices covered intlude gHes,
ators, timars, fipfops. dividers, snd decoder cir-

cuits. Same practical circuits ate uted to iHusteste the

use of TTL devices in the “real wornd™

142 pages Order code BP332 £4 9%

ELECTRONIC MODULES AND SYSTEMS #OR
BEGINNERS

Owen Bishop

This book describas over 60 madular electronic cireuits.
how thay work, how to build them. and how 1o use
them. The modules may be wired tcpether to make
hundreds of diffefent electranic systems, both ansiogue
and digital, To show the reader how to begif build-
ing systems from modules. 8 selection of ower 25
electronic systems ars described in detsd, covering
such widely differing spplications 33 timing. home
security, measurement, sudio lincluding » simple radio
receiver), games snd remote conrol.

200 pazes Tempcrarily out of print

PRACTIE:E ELECTRONICS CALCULATIONS AND

F A, Wilson, CQ.LA.,CEng . FIEE, FIERE. FB.IMN.
Bridges the between complicated u'hniul theory,
and “cul-and-trisd” methods which may brng success
in design but leave the expearimentsr uniulfiled. A
strong practicsl bias - tedious and higher mathematics
have been svoided where possible and many tables
have been Included.

The book is divided into sin basic sections: Units and
Constants, Direct-Current Circuits, Passive Components.
Ahernating-Current Circufts. Networks snd Theorems,

Messurements
256 pages Order code BPS3 £499
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Theory and Reference

Bebop To The Boolean Boogie

By Clive {call me Max)
Maxfield
ORDER CODE BEB1

£24.95

470 pages. Large format

Specially imported by EPE -
Excellent value
An Unconventional Guide to
Electronics Fundamentals,

Components and Processes

This book gives the "big picture” of
digital electronics. This in-depth, highly
readable, up-t0-the-minute guide shows you
how electronke devices work and how
they're made. YouU'll discover howv iransisiors operate, how printed circuit
boards are fabricated, and what the innards of memory ICs look like. You'll
alsc gain a working knowledge of Boolean algebva and Karnaugh maps, and
understand what Reed-Muller fogic is and how it's used. And there’s much,
MUCH more (including a recipe for a truly great seafood gumbol). Hundreds
of carefully drawn illusirations clearly show the important points of each
topic. The author’s tongue-in-cheek British humor makes it a delight 10 read,
but this is a REAL technical book. extremely detailad and accurate. A great
reference for your own shell, and aisc an ideal gih for a friend or family
member who wenis to understand what it is yvou do ad day....

BoBOop B

BOOEEH

470 pages - large format £24.95
DIGITAL ELECTRONICS - A PRACTICAL APPROACH FREE

With FREE Sohware: Number One Systems - EASY-PC SOFTWARE

Professional XM and Pulsar (Limited Functionatity)

Richard Monk

Covers binary arithmetic, Boolean algebra and logic gates, combination logic,
sequential logxe including the design and construction of asynchronous and
synchronous citcults and register circuits. Together with a considerable practi-
cal content plus the additional attraction of its close association with computer-
aided design including the FREE software.

There is a ‘blow-by-blow’ guide 10 the use of EASY-PC Professional XM (a
schematic draviing and printed circuit board design computer package). The
guide also conducts the reader through logic circuit s'mulation using Pulsar
software, Chapters on p.c.b. physics and p.c.b. production techniques make
the book unique, and vath ks host of project ideas matke it an ideal companidon
for the integrative assignment and common skills components required by
BTEC and the key sidlls demanded by GNVQ. The principal aim of the bock is
1o peovide a straightforward approach 1o the understanding of digital elec
romcs.

Those who prefer the ‘Teach-In’ approach or would rather experiment with
scme simple circurts should find the bool's final chapters on printed circuit
baoard production and project kleas especially useful.

250 pages Order code NE2B £16.39
DIGITAL GATES AND FLIP-FLOPS
lan R. Sinclair

This book, mtended for enthusiasts, students and technicians, seeks 10 estab-
lish a firm foundation in digital electronics by treating the topics of gates and
flip-Aops thoroughly and from the beginning.

Topics such as Boclean aigebra and Karnaugh mapping are explained,
demgnstrated and used extensively, and more attention is paid to the subject
of synchronous counters than to the simple but less important ripple countars.

No background other than a basic knowledge of efectronics is assumed, and
the more theorelical topics are explained rom the Leginning, as also are many
working practices. The book concludes with an explanation of microprocessor
techniques as applied to digital logic.

200 pages £8.95

Bebop Bytes Back COROM

By Clive "Max" Maxlfield
and Alvin Brown

ORDER CODE BEB2

£29.95

Over 500 pages. Large
format

Specially imported by
EPE - Excellent value

An Unconventional Guide
To Computers

Plus FREE CD-ROM which includes:
Fully Functional Internet-Ready
Virtual Computer with Interactive
Labs

This follow-on to Bedop To The
Booiean Boogie is a multimedia ex;
travaganza of information about, hgw
computers work. It picks up where “Bebop 1™ left off, guiding you through
the fascinating world of computer design . . . and you'll have a few
chuckles, if not belly laughs, along the way In addition 10 over 200
megabytes of mega-cool multimedia. the sccompanying CD-ROM ({for
Windows 95 machines anly) contains a virtual microcomputer, simulsting
the motherboard and standard computer peripherals in an extremaly
realistic manner. In addition t0 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 virtuat microcomputer that (el
you recreate the experiences of early computer pioneers. If you're the
slightest bit interested in the inner workings of computars, then don't dare

to miss this onel
Order code BEB?

Over 500 pages - large format

Bebop BYTES Back

An Unconventional Guide to
Computers

£29.95

NEWNES INTERACTIVE ELECTRONIC CIRCWITS CD-ROM

Edited by Owen Bishop

An expert adviser. an encyclopedia, an analytical tool and a source of real
design dala, all in one CD-ROM. Written by feading elecironics experts,
the collected wisdom of the electronics wotld is 2t your fingertips. The
simple and attractive Circuits Environment ™ is designed 1o allow you t0
find the ¢ircuit or advice notes of your choice quickly and easily using the
search facility, The text is written by leading experts as if they were
explaining the points 1o you face 10 face. Over 1,000 circuit diagrams
are presented in 8 standardised form, and yoy are given the option 10
analyse them by clicking on the Action icon. The circuit groups covered
are; Amplifiers, Oscillators, Power, Sensing, Signal Processing. Filters,
Measurement, Timing, Logic Circuits, Telecommunications.

The analysis tool chosenr is SpiceAge for Windows, a powerful and
intuitive application, a simple version of which automatically bursts into
action when selected.

Newnes Interactive Electronie Circuits aliows you to: analvso circuits
using top simulation program SpiceAge; test your design skills on a
selection of problem circuits; clip comments 10 any page and define
bookmarks; modify component values within the circuits; call up and
display usefyl formylae which remain on screen; look up over 100
electronic terms In the glossary; print and export natlists,

System Requirements: PC running Windows 3.x, 95 or NT on a 386 or
betier processor. 4MB RAM, BMB disk space.

CD-ROM Ordey code NE-CD!

£49.99.

Audliio and Music

AN INTRODUCTION TO LOUDSPEAXKERS AND
ENCLOSURE DESIGN

V. Capel

This book sxplores tha varicus lestures. good points”
and snags of speaber designs. it susmines the witys and
wherefores 50 that the reader ¢an understand the
principles involved snd so make sn knformed choice of
design, or awven design loudspeater encliosures for him -
of hersetl Crossover umils are slso explained. the
vérious types, how they work the distcrlions they
produce and how to avoid them. Finally thare i a
step-by-step description of the construction of the
Kapelime:ster loudspesiet enclosurs.

148 psges Qrdet code BP256 (399

PREAMPUIFIER AND FILTER CIRCUITS

A A. Panfold

This book provides tis¢uity and background information
for & range of preamplifiers, phus tone controls, fiters.
miners. etc. The wse of modern low noise operationsl
ampifiers and 3 specislist high performance sudic
preamplifier i.c. results in Circuits that have excellent

performance, but which are still quite simple. All the
Girtuits featured con be buit st quite low cost [just
8 few pounds in most cases). The preamplidier cir-
¢uits featured intlude: Microphone preampldigrs [low
impedance, high impedance, and cryswull. Magnetic
cantridge pick-up preamplifiers with RLAA equaliss-
tion. Crystal/ceramic pick-up preamplifier. Gurtar pick-up
presmplifier. Tape head preamplifier Ifor use with com.
Pt Casselte systems)

Quher circuits include: Audio imitas to praveni oves:
lading of power ampifiers Fassive tone controls.
Active tone controls. PA filters Lhighcass and low-
pass). Scratch snd rumble fiters. Loudness fiter Audio
miners. Volume and balance ¢ontrols.

82 pages Order code BP30H £3.99

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION

R. A Pentold

Practical construction detdils of how to build s num-
ber of sudio powes amplifiers t3nging from sbeut 50
to 300400 watts ems. includes MOSFET and bipolar

r3NSISTOr SigNS.
56 pages Order code BP217 £3.99
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ACOQUSTIC FEEDBACK - HOW TQ AVOID §T

V. Capel .

Feeaback @ the bane of gl publc address mydems VWhie
feedbach cannot be completely olmuingted, many things can
ta done 10 reduce R 1o 8 Jevel 8 which & I8 00 longer s
probiem

Much of the trouble i often the hal dseid not the
equpment, but there is 8 umple and peactical wary of oaatly
mproving acoustics. Some microphones ara prone to feed-
bick wila others sre not. Conmn loudspesher fystems wre
much better than others. and the way the units we pos-
tonad can procucs 8 reduced feecback. Al these rmai-
tery we hully expiored as well s dlectronk s such #s
equafizers. fraquency-shdters snd notch filters.

The specul requirements of v Proasp concerts e con-
sdered, and ais0 the related prodbiern of ingtability that i
sOmetimes ercountered with large set-ups. Ve even s o
hook at some unsuccesshul sttempts 1o cure feadback 50 2%
10 L3ve readers wasted uma and sfort duplcsting them.

Alsa ingludad is the tirgurt and Lpyout of an ingxpensive
but highly successtul twin-notch filtee, and detais on how
10 operate

82 pages Temporarity ous of print
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SCROGGIE'S FOUNDATIONS OF WIRELESS

AND ELECTRONICS ~ ELEVENTH EDITION

§. W Amos and Roger Amos

Scroggie’s Foundations is @ classic teat for anyone woek-
ing with electroncs, who resds 10 know the &2t and craft
of the subyect. It covers both the theory and practical
aspects of 3 huge range of topics from vahe and tube
technology, and the appliication of cathode ray tubes
o rader, to digita) tapo systems and optical recording

techmsques.

Since Foundations of Wirsless was firs1 pubSshed over
&0 vears age. 11 has heiped many thoussnas of readers to
become famubar with the principles of rado and elec-
tronics. The on?rul suthor Sawerby was succeeded by
Scroggee in the 15401, whose name became synoaymous
with this classic primer for practitioners and students
akhe. Stan Amos, ane of the fathers of modern slectronics
and the author of many wetl-known books in the eres,
took gver the revimon of this book in the 1880s and & is
he, with his son. who have produced this latest version.
00

e £19.99
ELECTROMNICS MADE SIMPLE
lan Sinclair

Assuming no prior tnowledge. Eiectronics Made Simpia
presanis an outiing of modern slectronits with sn em-
phasis on understanding how syttems wirk rather than
on detals of circuit diagrams and caleulations, B it idea
for students on a range of courtes in electrenics, inchud-
GCSE. ChG and GNVQ. and for students of other
suby who wil be using electronic imstruments and
methods
Coments: waves and ,&uuu passive Components,
active components snd , hnear circwits, block and
circudl dugrams. how radio works. driC and tape record-
ing, elements of TV and radar, digitel signais, gating and
toic CHTUIS. COunting and Cortecling. mMIcTOprOCeSSOrs,
caku'ators and computers. Miscelisnsous sysiems.
Prge 133 (larpe formaty 125

TRANSISTOR DATA TABLES
Haas-Ginther Steidle

The tables in thes book contsin infarmation sbout the
package shape, pin connections and basic slectricsl cats
for each of the many thousands of transistors listed. The
dats includes mauimum reverse voltsge. forward cutrent
and power dissipation, current and forward transad-
mintance and resistance. cut-aff frequency and detasls of

A book of this gize is of necessity restricted in s scope,
and the mdnadual transistor types cannct thersfore be
deszribed in the sort of detad that maybe found tn some
Wger and considersbly more eapensive dats Books. How-
ever, the Lst of manufaciurers’ sddresses wil make it
easier for 1tho PIOIDOCTIVE user 10 chitsin further informa-
von, if necessary

Lists over 8,000 dferent vansistors. including Lets

£5

200 pages Ordes code BP0

MORE ADVANCEO USES
OF THE MULTIMETER

R A Penlold

This bock i§ pnmanly

to amyone who alresdy
undersiands the basics
of vcltage testing and
SHMple component testing
B8y uting the technigues
descnbed in Chapter 1
VOu Can test and snalvis
the performance of »
range of compotents with
st a2 muitimeter (plus 3
< very lew inezpensive com-
ponents in tame cases),
Some useful quick check
methods are 8is0 covered
Yihule 3 multicheter s supr v veruatile, i does
ks Emitations. The simpie ad3d-ons described in Chagter 2
aatended the capabilts & Myl 10 mals 1 even

mere useful,
Drder code BP263

54 pages
ELECTRONIC TEST EQUIPMENT HANDBEOOK
g;o'n Woney

£2.95

of operation of the various types of test
nstrument are eapisined in sirnple terms with 3 minimum
of mathematical sralysa The book covers anaslogue and
digital maeters. bei . oscilloacopes. wgnal gereratons,
counters, umers froquenty messuremant, pract-
cal utes of the ingitumments are alsc examined,

Everything from Osciflatons, through A, C & L measure-
mems {and much more) 10 Waveform Ganeraters and

testing Zeners.
Otder code PC109

205 pages
GETTING THE MOST FROM YOUR MULTIMETER
A A Peafold

£8.9%

amad at nners and those of
basics of analogue and digitsl madtimeters, drscussing the
vmﬁnmwwmdmmtﬁ: In
Chapter 2 verious mathods of component checking are
cetcribed, including tes:s lor trarsistors, thyristors, resis-
108, COpACitons and dodes. Cutult testing is covered in
Crapter 3, with subjects such as vortage, current and con-
tmaty checks being discussed.

in the main of RO privious knowledge o ox-
parience i8 sssumad, Using simple component and
circuit 1 techniques the reader should be able 1o

confidantly tackle senvicing of most electronic projects.

NEWNES ELECTRONICS TOOLKIT= SECONC EDITION
Groft Phillips

The author has uted hes 30 years qaperience in industry 1o
draw togetnes the basic wf " that is co ty
demanded Facts. formulas, dats and chants are presented

936

1o help the ineer when designing developing. evaluat:
ing. fauh fﬁng and repainng ;%clronk drcutts. The
result i3 this handy workmate volume: & mamory aid,
tutor and reference source which is recommended to all
elgctronics engineers, siwdents and technciang.

Have you sver wished for a concise and comprehen-
sive guide 1o electronics conceps and rules of thumb?
Hive you ever been unsble 10 WOurce 8 component ¢«
choose between two alternatives for 8 partcular spphbcs:
ton? How much time do you spend searching for basic
facts or manufacturers spacifications? This book is the
angwer, it covers resistory, capacitocs. inductons, semicon-
ductors. logic circuits. EMC, audfo. slectronics and mugle,
teiephones. electronics in ighting. thermal considerations,
connections, refarence data.

£1299

155 pages Ovder code NE2O

PRACTICAL ELECTRONIC FAULT FINDING AND
TROUBLESHOONNG
Robin Pain
This is not 8 book of theory. t 5 & book of practical
ups, hints, and rulas of thumb, s ¢! which will squip the
tescaer to tacile any job. You may be #n enginser of tech-
nician in search :,.r:.,. ion and guid a colege
student. 8 hobbyist building 8 project from a magazing. or
simply 8 keen u&'-uugzi‘ amateur wha'is interested in
electrome fauh finding fincis books on the subject 100
mathermstical o¢ specalized.
The book cevers: Basics ~ Vi

. current and resis-

Memory, Binary and hexadecimal: Addressing: Dwcrete
logic; Mlicroprocessor action: VO contral, CHT control;
Oyramic RAM: Fault finding cigital systems: Oual trace

cicilioscops; IC reptacement.
273 pages Drder code NE22 ey

AN INTRODUCTION TO LIGHT IN ELECTRONICS
F. A Wilson

This book is nat for the eapert but neither & & for
the completedy uninkisted. it is assumed the reader has
some batk Ingniedge of slactronics. After deabing with
subjects ke Fundamentals, Waves snd Partictes and The
Mature of Light such things as Emitters. Detectors and
Drsplays sze discussed. Chapter 7 details four ddferent
gg’ of Lasers before conclutfing with 8 chapter on Fibre

Ovder code BPISY tass

UNDERSTANDING DIGITAL TECHNOLOGY
F. A Wiison C.GLA, CEng. FLEE Fi "gt.
This book eaamines what digital technology has to offer
and then considers s arithmetic and how h can be a:-
tanged for Making decisions in s0 many processes. it then
iooks a1 the part dgital has to play in the ever e-rndmg
tnformation Technology. especially in modern tRnsmis-
sion dystems and television. 1 avoids getting deeply in-
volved in Mathematics.

Vanous chapters cover: Digaal Anthmetic. Elecrronic
Logic. Comrersipns batween Analogue and Dighsl Stnuc-
wres. Tranamission Systems. Seversl Appendices explsin

tics
161 pages

wnce; Cay nce, inductance and impedance; Diodes some of the concepts more fully and a glossary of 1erms.

and usrsstors; Op-amps and negatrvs Teedback: Fauh 8 includied

finding « Anslogue fault finding. Dignal favh finding: 183 pages €495
i "'-\"‘l e Y41 _. M :"Ll 'l?

ELECTRONIC PROJECT BUILOING FOR BEGINNERS

R A Psafold

This book is for complete baginners 1o eléctronic project
budding. it provides 3 complete introduction to the pract-
cal side of this fascinating hoblry, inciuding:

Component identificavon, and buying the nght pans:
resistor colowr codes. capeciter value markings. etc:
sdvice on buying the fight tocis for the job: soidering:
making exty work of the hard wiring, construction
methods. including stnpboard, custom printed circuit
boards. plain matnx boards. surface mount bosrds and
wiro-wnppi:g';':?'uhng oft. and adding panel lcbo;‘s:
perting “pr ¢t 16 work, including simpie
m.lhr?dl of hull-ﬁ';ng.”

In fact evi iNQ yOu need 10 know in order to gat
stacied inthis ing $nd creative hobby.
135 pages 495

45 SIMPLE ELECTRO#IC TERMINAL BLOCK
PROJECTS

R Bebbingten

Contsing 45 caty-t0-build elactronic projects that can be
construited, by en absolute innar, on terminal blocks
uting only & screwdnver ahd simple hand tools. No
soldenng is needed.

_ Most of the projects can be simply screwed together
by following the laytut didgrams. in 8 matter of minutes
and readily unscrewed d ted to mate rew Circuits.
A thecreticsl circul dagram is 8iso mcluded with sack
Broject 10 heip broaden the contnuctors knowledge
projects included in this book cover 8 wide range
of interests under the chaptar headings: Connections and
Comporents, Sound and Music, Entertainment. Securnty
Devices. Communacation. Test and Messuring s

163 pages Ohvder code BP3I7E

30 SIMPLE IC TERMINAL BLOCK PROJECTS
R Babbington
Follow on lrom BPI78 using ICs.

Order code BPITI {459

HOV/ TO DESIGH AND MAKE YOUR OWNP.CBS
R A Penfold
Deats with the simple mathods of copying printed cir-
€uil board cesigns from magazines and and covers
all aspects of umpie p.b. comstruction including photo-
%.lphic methods and designing your own pcha

pages £199

Oedder code BP121

BOOK ORDERING DETAILS

Our postage price is the same no matter how many books you order, just add £1.50 1o
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 mall postage) and send a PO,
cheque, international money order (£ sterling only) made payable to Direct Book Serv-
ice or credit card details, Visa or Mastergard -~ minimum credit card order is ‘€5 -
to: DIRECT BOOK SERVICE, ALLEN HOUSE, EAST BOROUGH, WIMBORNE, DORSET
BH21 VPF {mail order only).

Books are normally sent within seven days of receipt of order but please allow a
maximum of 28 days for delivery - more for overseas orders. Please check price and
avallability (see latest issue of Everyday Practical Electronics/ETI) before ordering from
old fists.

For a further selection of books see the next two issues of EPE/ETI.
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749
Fax 01202 847692. Due to the cost we cannot reply to overseas orders or Guares by Fax.
E-mail:dbs@epemag.wimbome.co.uk

e e e ———— S alk —— ——— —— . ——— —— — T

BOOK-ORDER FORM

Full name: ...........
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|
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IC] 1enclose cheque/PO payable 1o DIRECT BOOK SERVICE for € .................. iy e
:D Please charge my Visa/Mastarcard £ ......co...ovceeervsrenen.. Cord axpiry date ...
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PROJECT TITLE Ortar Code Cest
‘Twinide Twinkle Heacton Game JAN'99 210 €755
*EPE Mind PiCkler 214 £6.30
PhizzyB 'O Board j4-section) 218 £3.95
Alternative Courtesy Light Controler 217 £6.72
] Light Alarm 218 £6./8
Printed circut boards lor cenain EPE constructional projects are avadable from the | *\Wirelass Monitoring System — Transmtter 219.a £9.92
PCB Sarvice, see ksl These are fabricated in glass fibre, ang are fu? dnlied and Recewver 220.2 £8.56
roder tnned. AN prices inckxde VAT and postage and packing. Aad €1 per board *PIC MIDI Sustain Pedal  Software only  * - -
lor armail putside of Europe. Remitances should ba sent to The PCB Service, [ *Vrrelass honilonng System—2 See
Everyday Practical Electronics, Allen House, East Borough, YWimborne, Dorsel F.ML Trans/Rec ACapiors 219a220a | Feb'9d
BH21 1PF. Tel: 01202 881749; Fax 01202 B41692 (NOTE. we cannot reply to *Ttmo and Date Generator 221 £7.37
overseas orders or quertes by Fax); E-mall: orders{@epemag.wimborne.co.uk . Aulo ard Light 222 £6.36
(%neQues t;ihogld D?l crosslea) and mada payable lo Evenday Practcal Electronies | Smoke Absorber 223 £594
ayment in £ sterling only). " ry 1%
NOTE: \Whilo 95% of our boards are held in stock and are dispalched within 5&?9?.33&%& Modu'e o §§5 ggfz‘
seven days ol recelpl of order, please allow a maximum of 28 days fot Mechanical Radio (pair) 226480 | £7.40p¢
dellvery = overseas readers allow extra I ordered by surface matl, *Versatie Event Counter 207 £682
Back numbers or photostats of anlicles are available if required - see the
Back issues page for detalls. :fi?rfﬁ":;;fsemm Control | WAT | -~ e
Please check price and avaliabilily In the latest issue. Transmittar 228 £3.00
Boards can only be supplled on a payment with order baslis. Recewer 229 €320
®husical Suna:al JUNE 99 & £9.51
PC Audwo Frequancy Meier 232 £8.79
PROJECT TITLE Order Code | Cost ®EPE Mood PICker pXK] Te78
Mcr ¢ PIR Detector - 1 152 £6.69 12V Battery Tester 234 £6.72
Inf(rha‘- meu Remo;e ccamvol Repeater e i Intruder Deterrent = 235 £7.10
Ui, -L.B. - L-E.D. Stroboscope 932 £300
Karaoke Ecﬁun'n - é%’io %Ocarr: Igg i{:g;g fdui-project PCB}
- hixer Boa 1 . :
Compuier Dual User Interlace 161 £6.70 | | Utrasonic Puncture Finder , EIEm | 2% e
APEST Scarer 162 £6.60 ts'-Channel Ana.ogug Data Logger , . 23 gs 88
Vanable Bench Powsr Supply B AUGST [EEH] T '9;’ ter A,“‘g_”g’égwi'am" P2 ggg ig 3?
| Universal Input Amplifier 136 £6.55 4agnasc Field Detective :
Meropower PIR Detector = 2 Controlier 163 £6.72 Sound Activated Switch 240 £6.53
*PIC-OLO 164 £7.02 Fraeze: Alarm (Multi-project PCB) _ 932 £3.00
Atiive Rece Antenna I SEPT97 | 140 T8 o0 Chid Guard 241 £7.51
Soidenng Iron Controlier 157 £6.63 vanable Dual Power Supply 242 £7.84
®PIC Noughts & Crosses Game 165 £7.82 Mains Cable Localor 0CT'99 932 T3.00
Micropower PIR Detecior - 3 {Multi-project PCB) :
Atarm Disarm/Resst Switch 165 £5.72 | | 1icro Pamen S0 2 - £3.50
Ironing Safety Device 167 £512 ;ln!efnor Loy Dé!ay 241 ii“
Remate Contro! Finder 168 £6.32 Vibralarm 335 7593
Oacmms s Loy - £8:23 1 | Demister One-Shot ; 45 £6.78
*PIC Viater Descaler 170 £6.90 *Gi < Stoawatch = Part 1 215 £7.82
*EPE Time Machine T B ke S-““ - . ;
Aulo-Dim Bedight 172 £663 | | *Ginormous Stopwalch — Part 2
Ponable 12V PSU/Charger 173 £6.61 g;an':’ %;g‘&n i g:; ggg
Car Immobiliser | | DEC'97 | 179 2700 A v
Sale and Sound (Security Bleeper) 179 £7.32 hGup 249 PCEL]
Surface Thermometer | JAH98 | 174 £7.64 -
WaaViak Pesa T o ol EPESOFTWARE |
W a.}a Pedal | o:; ;{;’p&m g 932 ic:too
wtu - Dngi ard 1 14.49 . & =
Software programs for £PE projects marked with an astensk & are avail-
A [perhoad) . §7-32 1 | able on 3.5 inch PC-compatible disks or free from our intemet site. Five
Kissometer 181 £7.67 disks are available: PIC Tutorial (Mar-May ‘96 issues); PIC Toolklt Mk2
[ *EPEPIC Tutonal | MAR'SS | 182 ) (May-Jun ‘99 ssues); PIC Disk 1 (Apr '95-Dec '96 issues); EPE Disk 2
The Han%Thhq {Double-Sided) 183 £6 58 {Jan 99 issue to current cover date); EPE Teach-In 2000. The disks are
Lw Raminga! . 184 £5.90 obtainable from the EPE PCB Senice at £2.75 each {(UK) lo cover our
*Audio System Remate 00“"‘?“":’!3“ 5 185 £7.05 zdmin costs {the sofware itseff is free). Overseas (each): £3.35 surlace
e Hota TR Tacier - 186 £8.29 mall, £4.35 each airmail. All fdes can be downloaded free from our Intemat
.m““. orolecs PCa) 9a2 £3.00 FTP site: ftpz/fip.epemag, wimborne.co.uk.
Single or Dua!-Tracking Power Supply 187 £7.80 r = — " 2 & = B B B AR E E R E L i l
_%LA&!N I% £7.66 ) N
o w5 #%| ) EPE PRINTED CIRCUIT
Stereo Tone %trol pius 20V Stereo Ampliler ] ]
Tone Contral 180 £7.78 i i
£ e BOARD SERVICE
#Dice Lon =t == 192 £8.05 | § |
ﬂgrésczog':‘fan e;Proglammer N | e : Order Code  Project Quantity Price :
Main Board 194 £8.50
Test Board 195 .69 |V e ety Lo LB S I
*Reaction Timer  Software onl = = ] !
[ x84 Toolut 195 155
#*Greenhouse Computer I Name.........cevenn... 3 etn o 9 MR e« 5 o 415 sisiviia s 'vin s o B .o simisipiini lee |
Conirol Board 197 £o08 | | !
F:su Boara 198 o810 1= i AJArESS. - b tvmns el e L L O e '
al Charger | AUG™98 | 199 £6.539 "
Lightbulo Saver 202 oo)! )
’Te;sonaT S!_efeoPAmpEﬁer CRE] 00 [ eeeveerererrererisrrrerrers P SRR PP R T P S 1
*‘G'::m‘qa%% Link 200 £8.32 : | enciose payment of €........ ... ......."..{chequa/PO in € sierling only) 10 :
* PIC Altimeter 201 £8.15 1 E d |
Vorce Frocessor | OCT'96 | 203 £7.18 veIrEy ay
*Digisery R'C Expand 77
IR Pamae Congar 0" - BN Practical Electronics me |
P e =i B & MasterCard or Visa No. & )
~&P1C Tape Maasure T e i Minimum order for credit cards £5 I
Electronic Thermostat i I
T-Stat 208 £4.00
Phil?'g £1a95 1 0 !
A-PCB  B-CD-ACOM C-Prog. Microcontroller | Bee (A}(B)(C) each || 1
15-\Way R Remaote Control
Switch Matrix 211 g3g0 | ! |
15-Way Rec’Decoder 212 £400 | ) Signature Tow .Card Exp. Date.....c..oo ..
amp Stat ) | DEC 35 L TLED] §  Preass supply name and adress of carchoider # different trom tho address shown ¢
ﬁ"&hﬁgg‘m%ﬂam 5+ £5% | 1 NOTE: You can order p.c.b.s via our Intemet site on a secure server: y
Prizzy8'0 Boara - Section) 216 ] | e e L R

937



SURFING THE INTERNET =

NET WORK

ALAN WINSTANLEY

JET SCREAM

EVERAL cxamples have arisen recently which illustrate how use-
ful the Intemet can be, as well as how it can also be the bane of
my life. Recently a friend asked me if 1 could help with a problem
with his HP LaserJet, an old but very sturdy LaserJet 3 which was
displaying the dreaded message on its L.c.d. Call Service Error 50.

I own an LJ 3P as well. but my own experiences of out-of-war-
ranty service had left a distinctly bad tasic. My Scanlet 4C scanner
suddenly broke down at quite a critical time, so my first port of call
was the HP web site. It had a list of dealers who could (reportedly)
fepair scanniers, and the site also had a map feature which displayed
a zoomable road map of the UK $howing my nearest dealer,

[ printed that off, threw evervthing in the car and went off in
scarch of a scanner saviour. Two weeks later the HP dealer charged
the equivalent of ncarly £100 nor 10 mend it. because after putting
in about a day’s work it transpired that they can't be fixed anyway.
("There is no repair path,” the official jargon explained.)

The replacement scanner. an 1P 6250, has had more than its fair
share of installation difficulties, and again the Intemet proved vital
in finding the paiches and fixes from the HP web site. Their slow
but modcrately useful scanner forum also helped explain why, when
I tfied to share the scanner on my network, the host PC would try to
dial the Intemet instead (it still does, by the way).

Remember readers, that if you ever have hardware or software
problems, there’s a chance you're not alone, and often all you need
10 do is search for the answer on the Intemet. The problem is usu-
ally where 10 start. Have a look at the brand new Help web site
operated by CNET at www.help.com.

So 10 help my fricnd with his Laseret 3, | started by typing
“laserjet” into Deja News (www.deja.com) to see what other folks
have said in the past. After reading through many of the newsgroup
messages archived there, several web sites caught my eye.

It was not that long before | turned up Paris Now Inc.
(www.partsnowinc.com) and also All Laser Service in
Califomia (www.all-laser.com) and - bingo - there was a page
devoted to Call Service Error 50! The problem could be a fuser,
triac, thermistor or halogen lamp, they say. Using an ohmmeter
we can now hopefully pinpoint the fauli and fix this one
oursclves, if we can get the spares.

HELP US TO HELP YOU

[ was once quite amused by a quip made by a reader in relation
0 our Chai Zone service, or more specifically, my own contribu-
tions thercin. The reader wondered if my mood could be gauged
from the way | signed off my messages: perhaps a curt "ARW " sig-
nature signified a certain amount of grumpiness (never) whilst the
full moniker — usually bashed out in some haste 1 must say — meant
that | was feeling a tad more affable that day. Who, me?

One thing that does admittedly test my patience at times is
when I'm on the receiving end of some Intemperate E-mails
from users of our web or FTP site. However. acknowledging the
principle that customers are always right, even when they are
completely wrong. and no-one ever won an argument with a cus-
lomer anyway, your scribe bites his tongue and sallics forth with
an ever-helpful reply.

Following the launch of Teach-in 2000, my E-mail has beeén
alive with requests for help from readers who are new to elec-
tronics. new 1o computing, or new 1o the Intemet (or new to all
three). Although I'm happy to oblige. surprisingly there has been
more than onc¢ unfavourable comment about the FTP site, some
users having apparently been foiled by the process of File
Transfer Protocol.

As on¢ reader put it, “ours is the one web site in the wodd which
has defeated me,” actually referring to the FTP file server, which 1
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must say is extiremely reliable and has tons of bandwidth at its dis-
posal. The problem is that lntemnet users, especially newcomers. are
progressively being spoiled by world wide web sites, to the total
exclusion of the other ways of making information readily available
over the Imemet. p

So when Teach-In 2000 is launched and I receive several com-
plaints about the hopelessness of our FTP site, the weary writer
starts 1o feel rather exasperated. 'l have described the processes of
FTP several times in the past. The first problem is that FTP is FTP,
not the hypertext transfer protocol associated with web servers.

BROW-BEATEN

Web browsers have varying degrees of success or tolerance when
accessing FTP sitcs. and in my own experience, Microsoft Intemet
Explorer 5 is far more obliging with the process of anonymous FTP
than version 4.0 ever was, Furthermore. every instance of “exiend-
ed response” server crror messages (generated for whatever reason)
arose. i my expericnce. duc to the use of MSIE 4.0. never anyone’s
favourite browser. As | state on the EPE web site. such crror mes-
sages are browser issues. not related 1o our server.

All such problems seem to have gone after adopting MSIE 5.0,
which deals with anonymous FEP in an orderly fashion. If some
readers are nervous about upgrading their Microsoft browser they
have every reason 10 be so. Somictimes it goes smoothly. at other
times a wheel might fall off in the process. causing major headaches
for the user who has usually done nothing wrong at alt.

For evidence of this. onc only has to read the Microsoft or
W95/98 newsgroups. Never-the-less. it should be accepied that a
browser upgrade will be required sooner or later — maybe every 12
1o 18 months or so.

Presently the ideal answer is really to use proper FTP software,
which will be second nature 1o seasoned users. I regret it when users
1ake umbrage at the suggestion that an upgrade is required. or that
we are trying 1o bar MSIE 4.0 users from the FTP site. Try 10
upgrade from the obsolete browser if possible. Intemnet Explorer §
has the honour of being the first Microsoft browser 1 could actually
recommend.

HELP-LINE

Here at EPE HQ we want all readers to enjoy such splendid
series as Teach-in 2000 so we try 10 lend ahand where we can, often
going well beyond the call of normal duty as many readers will con-
firm. When things don’t scem to goright. it is very casy 1o dash off
an urgent or intolerant E-mail on the spur of the moment, just
because a user has experienced some frustration or other.

It’s also very easy now to send an impatient “chaser” the next
day. which merely adds to our volume of work. It isn’t our fault if a
wser’'s browser is flakey. or if a beginner is frustrated with the com-
plex techniques of operating s personal computer, or has never
heard of FTP before now.

You don’t necd to feich a hefty browser upgrade from tho Intemet
cither (another reader complaint). as browser upgrades are regular-
Iy included in computer magazine cover-mounted CD ROMs, and
furthermore, the upgrade is there on an indestructible CD for future
backup. You could altematively lave a look at EPE Online’s web
site (www.epemag.com) and feich files from our web server hosted
in the USA.

Occasionallv. readers are so stuck that they ask that | send files 1o
them by E-mail instead. and I will of course try to oblige. although
it is always more encouraging to know that users have tried tohelp
themselves to begin with.

If you have any queries. comments or (whisper) complaints,
please fecl frec 1o share them with other readers in the EPE Chai
Zone, or E-mail them to alan@epemag.demon.co.uk.
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VIDEOS ON
ELECTRONICS

A range of videos selected by EPE and designed to provide instruc-
iion on electronics theory. Each video gives a sound introduction
and grounding in a specialised area of the subject. The tapes make
learning both easier and more enjoyable than pure textbook or
magazine study. They have proved particularly useful in schools,
colleges, training departments and electronics clubs as well as to
general hobbyists and those following distance learning courses etc

BASICS

VT201 to VT206 is a basic electronics course
and is designed to be used as a complete
series,  required.
VT201 54 minutes. Part One; D.C. Clrcults.
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
VT202 62 minutes. Part Two; A.C. Circuits.

is is your next step in understanding the
basics of etectronics. You will learn about how
colls, transformers. capacitors, etc are used in
common eircults. Order Code VT202
VT203 57 minutes. Part Three: Semicon-
ductors. Gives you an exciting look into the
world ol semiconductors. With basic semicon-
ductor theory. Plus 15 different semiconduc-
tor devices explained.

Order Code VT203

VT204 56 minutes. Part Four; Power
Supplies. Guides you step-by-step through
different sections of a power supply.

Order Code VT204
VT205 57 minutes. Part Five. Amplifiers.
Shows you how amplifiers work as you have
never seen them before. Class A, class B,
class C, op.amps. etc.  Order Code VT205
VT206 54 minutes. Part Six; Oscillators.
Oscillators are found in both linear and digi-
tal circults. Gives a good basic background in
osciliator circuits. Order Code VT206

VCR MAINTENANCE
VT102 84 minutes: Introduction to VCR
Repalr. Waming. not for the beginner.
Through the use of block diagrams this
video will take you through the various
eircuits found in the NTSC VHS system.
You will foliow the signal from the Input to
the audioivideo heads then from the
heads back to the output.

Order Code VT102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
dng the tape path and replacing many of
the belts in most VHS VCR's. The viewer
will also become familiar with the various
parts found in the tape path.

Order Code VT103

£34.95 ...

Inc. VAT & postage

Order 8 or more gel one extra FREE
Order 16 get two exira FREE

DIGITAL

Now for the digital serles of six videos. This
series Is designed to provide a good ground-
ing In digital and computer technology.

VT301 54 minutes. Digitai One; Gates begins
with the basics as you learn about sewen of
the most common gates which are used In
almost every digital clrcult, plus Binary
notation, Order Code VT301

VT302 55 minutes. Digital Two; Flip Flops
will turther enhance your knowledge of digital
basics. You will learn about Octal and
Hexadecimal notatlon groups. flip-flops,
counters, etc. Order Code VT302
VT303 54 minutes. Digital Three; Registers
and Displays is your next step In obtaining a
solid understanding of the basic circuits
found in today's digital designs. Gets Into
multiplexers, registers, display devices, etc.

Order Code VT303
VT304 59 minutes. Digital Four; DAC and
ADC shows you how the computer is able to
communicate with the real world. You will
learn sbout digital-to-analogue and ana-
logue-to-digital converter clrcults.

Order Code VT304
VT305 56 minutes. Digital Flve; Memory
Devices Introduces you to the technology
used In many of today’s memory devices. You
will learn ail about ROM devices and then
proceed into PROM, EPROM, EEPROM.
SRAM, DRAM. and MBM devices.

Order Code VT305
VT306 56 minutes. Digital Six; The CPU
gives you a thorough understanding In the
basics of the central processing unit and the
input/output circuits used to make the system
work Order Code VT306

ORDERING: Price Includes postage to anywhere In the worid.

OVERSEAS ORDERS: We use the VAT portion of the price to pay for airmail postage
and packing, wherever you live in the world. Just send £34,95 per tape. All
In £ sterling only (send cheque or money order drawn on a UK bank).

Visa and Mastercard orders accepted - please give card number, card expiry date and
cardholder's address Iif different from the delivery address.

Orders are normally sent within seven days but please allow a maximum of 28 days,
longer for overseas orders.

Send your order to: Direct Bock Service, 33 Gravel Hill, Merley, Wimborne, Dorset
BH21 1IRW {Mail Order Only)

Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE
Tel: 01202 881749. Fax: 01202 841692
Due to the cost we cannot reply to overseas orders or queries by Fax.
E-mail: editorial@epemag.wimborne.co.uk

payments

Everyday Practicai Electronics/ETI. December 1999

RADIO
VT401 61 minutes. A.M. Radlo Theory. The

most complete video ever produced on a.m.
radio. Begins with the basics of a.m. trans-

mission and proceeds to the five majoy stages
ol am. reception. Learn how the signal is
detected, converted and reproduced. Also
covers the Motorgla C-QUAM a.m. stereo
system.  ° Order Code VT401
VT402 58 minutes. F.M. Radlo Part 1. FM.
basics incduding the functional blocks of a
receiver, Plus r.f. amplifier, mixer oscillator,
i.f. amplifier, limiter and {.m. decoder stages
of a typical {.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 output, pro-
ceeds to the 19kHz amplifier, frequency dou-
bler, stereo demultiplexer and audio amplifier
stages. Also covers RDS digttal data encoding
and decoding. &der Code VT403

MISCELLANEOUS
VT501 58 minutes. Fibre Optics. From the
fundamentals of fibre optic technology
through cable manufacture to connectors,
transmitters and receivers.

Order Code VT501
VT502 57 minutes. Laser Technology A basic
introduction covering some of the common
uses of laser devices, plus the operation of the
Ruby Rod laser, HeNe laser, CO; gas laser
and semiconductor laser devices. Alsc covers
the basics of CD and bar code scanning.
Order Code VT502

i
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Each video uses a mixture 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 Produds Co,
an American supplier. We are the worldwide
distributors of the PAL and SECAM versions of
these tapes. (All videos are to the UK PAL stan-
dard on VHS tapes unless you specifically
request SECAM versions.)
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X-10® Home Automation

We put you inicontrol ™

Why tolerate when you can automate?
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Worldwide delivery.
Laser Business Systems Ltd.
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BTEC ELECTRONICS
TECHNICIAN TRAINING
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LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD

EARLS COURT, LONDON SW5 9SU
TEL: 0171-373 8721

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics enthusiasts by
personat conlact and through a quarterly
Neawsletter,
For membership delalls, write to the
Secratary:
M, M. P, Moses,
5 Park View, Cwmaman,
Aberdare CFa4 6PP
Space donated by
Everyday Practical Eleclronics

Miscellaneous

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Production. Anwork
raised from magazines or draft designs at low
cost. PCBs also designed from schematics.
Production assembly also undeniaken. For
details send to P. Agar, Unit 5. East Belfast
Enterprise Park, 308 Albertbridge Road, Belfast,
BTS 4GX, or phone/fax 01232 738897,

VALVE El\TrlUSlASI‘S Capacitors and other
pans in stock. For free advice/lists please ring,
Geoff Davies (Radio), Tel. 01788 574774,
PROTOTYPE PRINTED CIRCUIT
BOARDS ane offs and quantities, for details
send s.a.c. 1o B. M. Ansbro, 38 Poynings Drive,
Hove, Sussex BN3 8GR. or phone Brighton
883871, fax 01273 706670,

WANTED: A copy of Stripboard Magic by
Ambyr. Tel/Fax Dave Lamner, 01493 721879.

ROBOTS

View them Onilne
Suee  Also:Robot Arms
Mobile Arms
Micromice
Rovers
Cybugs

| Robot Books
l www.technologylindex.com

GOLDEN GOOSE SERIAL EEPROM
COPIERS, copies toffrom 24C16. 4L.Cl6B,
25C166. 24C32, 24LC32A, cw. Call (01245)
358209 after 6 pm. or visit www golden-
goose.co.uk for details.

PICI6F877-04, £6.00 cach. s.ae. plus cheque to
R. Boandman, 4 1 Close, Ellesmere Pon,
South Wirral. CH65 2HP. Tel. 0151 356 4588.
SECOND USER TEST EQUIPMENT for
sale: Scopes, gencruiors, dmms. etc. H.P,
Tektronix, Datron. Hameg. Marconi, Fluke, etc.
Low prices. Also some non-working equipment
for paris, experiments, ctc. Ring or E-mail for
list. 07930 144803 or bford@ milectelcom.com.
PROTOTYPE P.C.B. PRODUCTION from
CAD designs. Send printout of copper track lay-
out and NC drill file on disk w0: Mr Belt, §
Velden Way, Mill Road, Market Rasen, Lincs
N8 3HD. For prices and information send s.a.e.
FLAT C.R.T,, only Yin. thick. For handheld
oscilloscope probe? £38 with sockel. 01455
613588,

AMPLIFIER BARGAINS: 50 wan, rugged
module plus heatsink. £8: 30 wat, stereo and
controls, £9. K.LA.. | Regent Road, likley LS2%
9EA. Leaflet s.a.e.

G.C.S.E. ELECTRONIC KITS, at pocker
money prices. S.AE. for FREE catalogue. SIR-
KIT Electronics, 52 Severn Road. Clacton.
CO15 3RB.

EPE NET ADDRESSES

EPE FTP site: ftp:/ftp.epemag.wimborne.co.uk

Access the FTP site by typing the above into your web browser, or by semng
up an FTP session using appropriate FTP software, then go into quoted

sub-directories:

PIC-project source code files: /pub/PICS

PIC projects each have their own folder; navigate to the correct folder and open
it, then fetch all the files contained within. Do not try to download the folder

itselfl
EPE text files: /jpub/docs
Basic Soldering Guide: solder.txt

EPE TENS Unit user advice: tens.doc and tens.txt
Ingenuity Unlimited submission guidance: ing_unlit.txt
New readers and subscribers info: epe_Info.txt

Newsgroups or Usenet users advice: usenettxt
Ni-Cad discussion: nicadfaq.zlp and nicad2.zip

UK Sources FAQ: uksource.zip
Writing for EPE advice: write4us.ixt

Ensure you set your FI'P!
software to ASCIl transfer
when fetching text files, orl
they may be unreadable. |

Note that any file which|

~

| On-ilne readersl Try the new EPE Chat Zone - a
virtualiy real-time Internet “discusslon board™ In

| a simple to use web-based forum|
hitps/www.epemag.wimborne.co.uk'wwwboard

Or buy EPE Online: www.epemag.com

|

ends in zlp needs unzip-
ping belore use. Unzip utifi- |
ties can be downloadedl
irom:
huphwrw.winzlp.com or
htip://'www.pkware.com
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TRAINTODAY FOR A BETTER'FUTURE

Now you can Do e A AN QUASTCRZONE yOu el Tor
Aee eccass won g0 IS Moe Sty Courme. Lexn e
SOt of yous Own POPTE BE 70 D3 10D TS I3 Bt YO
ICS @ T¢ wortfs Wes, mON EIMenoK] POme By
Koot Oves Cw past 100 paary K0S nyee nelped raxy 10
| rralin peoche 10 FroYove Ter Kb crosoeces. B out now e
@an hetp VOLL Poss or phone wany ke FREE INFORMATION
| on e coursa of your choios

FREEPHONE 0500 581 557
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Prease send me my Free Intormation on your Electronics Courses
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HALF PRICE CCTV CAMERAS!

HIGH Camera PSU and Cable Kit
QUALITY A i o
EXTRA
§ SMALL
asw
CAMERA
/. CCD BOARD CAMERA
WITN 0 EACKL!GHT
‘ESSTEP-ELECT s vONC DRONg 40 & DG power soost The inad Yom Tw ters
A‘D;EOTV&ES mlnﬁnmﬁmmwmns&mna
320,000 POELS AND 02 LUX 2250 o2 «080 roms pugs e phugged I yaur TY. mondor o
CPSIAL CLEAR P TURES MAPLINS PRICE £24.99. OUR PRICE p92.90
Xerem (w} o Jamendl) 8 20rmem () ——
WMAPLIAS PRICE £79 9% CAMERA CASING WITH SWIVEL
OUR PRICE E{E QQ V/ALL BRACKET TO TAKE AMNY OF
Jsmm vaoe AGLE LENS

OUR BOARD CAMERAS g3 00

. ]
Frr 000 0 574 vt S 0P Sl Srwered Saarons © TR B po 8l
DI I Mrecrs B s Snd troke ot 5 P Vo3 ch i cmase o tea (] OOPC TEEE 091158
-

B a

OPERATING & SERVICE MANUALS

B a» 7=

SUPPLIER OF GUALITY USED
TEST INSTRUMENTS

Barrgrs,
vt Geapes HOTD DD U
!l!llll T (A5 01€) SA2aST
Yade

oo
TO L 20 SR The | um B374) Sa2es? T (b O,
FREY MONTILY M2z, (PCER CATA O ~F RO CAT M OOUE

LASEH
Professional model fwes a small red laser dot
over 250 metres. Bult into executive wlpocnl
pen wilh case and baits.

LIST £39.95 NOW €19 0.00
Goid-plated Key'ob model
\ LISTE295 ~ NOwW €

Multi Keyfob with 5 tips firesa doq gonzontal
line, star, arrows and circle
LSTE41.25  NOow £9.00

Add £3 p&p any quantity.
(Ondy 30id 10 SChoOiS O TAOKETHN ~ A IS Unoer 21)

g

SONY COLOUR CCTV
BOARD CAMERAS

The Dest Colour Camacas we NIve o/ 5480 = e rCn colours
80d Crystd clear mages Amazed our taysr! High (race Sory
mage sansor op has 2o g and 230.000 papis. 330 TV ine
AOAA0N 8 LUK feved 2. Stanaand UK PAL works on any TV o
monkr. Use with owr cameca PSU and cable Mt {xee ptova).

new Lowen PRICE £56.00 (audio add £s)

AL"..L:CPQOOS mmm k =5 :h A S A Order Hotline
:LEASE ASK FOR £ 5t Carnbridgo ﬂ:ﬂd 01642 851256
PRICES mauoe Midaleste Fax:

£3 PP ANY SZE CRDER ViEs & 755 SNL 01642 822173

Professional 88-108MHz FM Broadcasting Kits

Detailed Instructicns with Schematics
High Cuaiity Screen Printed PCBs
High Quality Components

Transmitters from 0-05W 10 35W
FM Stereo Coders

Audio Compressor Limiters
Antennas

RF Power Amps

Our Kits Are Also Atatastie
Fully Asumbhd Any Tested

= I

WE DELIVER WORLD-
ACCEPT MAXCA CREDIT CAROS

Contact Us Now For A Free Biochure

Vi n‘
KITS
Unit 54 14 Sancdecs Likan A2 Quesrmtusy BRADFORD RO1) TAR

W Paranioem PLL FU Tranemes for Liconces Use 1 ™ UK
Visit our Website al hitpiwww.veronica.co.uk

Tel 01274 883434 Fax 01274 428665
email info@vernnkes.co.uk

ELECTRONIC SURPLUS CLEARANCE SALE

MAGMNETIC CREDIT CARD READER: Keyboa'd and lap lop display system, part of point-
of-sale unit. Cost aver £150, our price £7.50. carnage £6.50 two unts £25 ingl camage.
To be usad kr awpenmental purpases ondy, No ni
SECURITY ALARM SYSTEM: Consisting of wwe loop, pressure pad, pezo alarm,
sounder, kgy saach, plastc case. £4.50. pip £2.50
COMPOMNENTS = Yot/ METAL'CARBONM FILM RESISTORS: Mired values,

250 for £, pdp 75p
REGULATORS: 7805 1A 5V pos.. 5 for €1 post hree
MODULAR DUAL PSU: Mains input, w0 12V d.¢ outputs & 300mA of single 12V d.c.
_outputs at 500mA 1o termnal block size 3. x In.x 2in. £4.75, pdp £2.25
SCOOF PURCHASE - An pssential bool: PRINCIPLES OF ELECTRONICS, ANALOGUE

AND DIGITAL: A complete eiectrorcs course Jor the studen! Of engineer. A selfs sudy
erence book contaning a troad range ol material. 632 pages dustrated
Pul. at geer £50, our price £17.50. pAp £4.50
FREE: A ksfng of new frst class cOMPONeNts and SleCronc tems A beiow Yrads prces.
Inchudes manufacturers’ suplus and overstooks. Aiso vahes and high woltage caps

(Dept E) CHEVET SUPPLIES LTD

157 Dickson Road. BLACKPOOL FY1 2EU
Tet: (01253) 751658. Fax: {(01253) 302979
E-mail: chevel@giobainet co.uk Telephone Orders Accepted =

§
{
£
5

100 20 CAsaCEOn
TS5 Bactler Cooes 1001 ﬂﬂ.‘? ol S Fretets (s, e oormen €1
40 Racsfer Dooes 1NADCT Ho | % RF chobes (radutiont}
10 WO Bropr Rectien 2100 % gromrmets
10 53 Tmer ICs nho | *® so0er gL prora w100
L T4 OpAres . . ne | YR - ARG 0
% Assorws Zenw Deoaes 400w £ | 22 Ao m‘“""" 110
12 Assorec T-segment Oucisys noo | ¢ & picred no
2 ne lans. A Fen o yoloe £1.00 | ¥ Mnatre uoe seeches 500 . 0.0
2 dmelada red o 60 10 Sl side peistes AR - 100
% mm;rJ:“uﬂnapp gg ;go ?‘.ﬂgg

Agsxd Brorten "W 008
x acue.amw" Hipo | W 1o
5 6Cha awmon oo |t fir
X BC2T Tarmaxa fio0 | @ -£1.00
20 BCIT Tawstn Hw | @ no
X BCX8 faczaon nmo |2 £
0 BCHT Tanssun Aoy | 2 £100
3} BC34S8 Tassaxn 0N 0o
X BCH43 Tacgamn £100 5
H 187 Tearaarn i |
X BCLS Yt - , 100
X BC4S Tacsamn 100
N XNk Taesrs £1.00
100 trf SOV wag Angd £t
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capec £100
& A .00
LY m

) DIGITAL
TEST METER

Ideal for TEACH-IN 2000

Budl-in ransistor test socket
and diode test position.
DC volts 200mV to 1000V.
AC volts 200V to 75CV.
DC current 200mA to 10A.
Resistance 200 ohms to
2000K ohms.

Special ofler to EPE readers

£5.99 i var
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(IR CECKIIIGTER | || Miltions of auality components
Black and White Pin Hole Board Cameras Plus anything from bankruptcy — theft recovery
with Audio. Cameras in P.I.R., Radios, iradtrated drd mwiticions af
Clocks, Briefcases etc. Transmitting — IrUSraioa drdiars, — OV pIoclicBops elc.
Cameras with Receiver (Wireless). Send 50p stamped sell-addressed label or
Cameras as above with colour. envelope for clearance fists.
Audio SllJJrveillagce Kits and Ready Built Brian J Reed
nits, Bug Detector etc. 6 Queensmead Avenue, East Ewell,
Epsom, Surrey KT17 3EQ
A.L. ELECTRONICS Tel: 07775 945386
Please phone 0181 203 6008 for free catalogue. Mall Order UK only.
Fax 0181 201 5359 Lists are updated and only 40 are seni oul every 2 weeks. This
www.uspy.com i AT R TR
New DT approved Video Transmitters and Receivers (Wireless) noc:ut?eaal mocraegll; i’gt'ess?vThis :nll sic!)ymeeumess ::laxl a Idelca)ly or up to
Major credit cards now faken eight weeks - bul the prices will be worth the walt!
]
7= [§] KITS FOR CHRISTMAS W I e
5“%%--“3&: b e ey ADVERTlSERS INDEX
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W iowmee wamszowor  AGw G0 0% ERAENA  EE o § BULL ELECTRICAL ................. Cover (ii)
s ' . i e DOG R fEh T SUPPLIES 943
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’ : DISPLAY ELECTRONICS ................ 858
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SHERWOOD ELECTRONICS Egg Egg&/};gmgcsoowfggrﬁgﬁfs ..... Cover B(gg
FREE COMPONENTS - FML ELECTRONICS ............ | il : : : : .944
Buy 10 x £1 Special Packs and choose another one FREE FOREST ELECTRONIC DEVELOPMENTS .. 863
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*PRICES INCLUDE V.A.T.«PRCMPT DELIVERIES ¥

-
'y

OMP MOS-FET POWER AMPLIFIERS
HIGIH POWER, TWO CHANNEL 19 INCH RACK

(e

8K ILECTRONICS

1000°s

SOLD
TO PRO
USERS

THE RENOWED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 ( 100W + 100W } MXF400 (200W + 200W}
MXFE00 (300W + 300W/) MXFI00 (450W s 450W)
ALL POWER RATINGS ARE RM.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN

FEATURES. » ingepenaont pomc: SuEDies with twd torodal transformars » Twin LED. vu Meters
o Levil cONUDIE = Blumanated onsoll Switch « Jack/XLR mnpuls « Szeanon oulpuls » Stangs:c 775nv
nputs + Open ang 1001 ircant procd « Latest Mos-Fets for 5troas trae poade celaery itd any

CRT « Hg Biew 1310 « Very Kiw Cst0ihion » Alsmsmsum cases « MXFEOO & MXF 0D lancooled mithD C
BuCLod 3her AN INErmal protecitn

USED THE WOALD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC

MXF200 W19° DWW H3}° (2U)

SIZES..  MXF400 W19" DR°  HS54" (3U)
T MXF600 W19© DI13° H5¢" (3U)
MXFS0D Wig© DI142° H51* (3U)

PRICES:- MXF200 £175.00 MXF4(00 £233.85

MXFE00 £329.00 MXF800 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

ASS, WD/ TOP
2 WAY MIDfTOP COMBINED

/BASS X MID ><TOP N

CONFIGURED 3 WAY
FEATURES:
Aduanced 3-Way Siezeo Actve Cross Over {seichabie two a2y) Foused i 3 13" 2 U casa £acn channgl
Fas itrec loee! controiy Bass. Mg & Too. Tre removable front 1ascu atioms 32Cass 10 INg program=uanio DL
Jevicres 10 8I)sl the cross over raquency: Bass Mg 125/250/500H2, M 2-Top 1LY 5z 3D 23 2408 per
octave. Tre 223 way s18'0cics senches are 340 2CCa8360 by rarmoving 1°q front tasc:a Eacn sterco cranne!

/ BASSiMID )X ¥OP
2 WAY BASS/MID COMBINED

can B4 contigurad scoarately. Bass beert Seficnes ae nEorpieated on caeh cranngt  Homingt T75my
mputioetput Fully compattie wmith OMP Razh Ampkhar ans WMoou'es

PRICE:- €£117.44 + £5.00 P&P

The 12 and 16 Channel SPM Series Of Studio Quality Mixers
Are Ideal For Fixed Installation Slage And Mobnle Use.

* 46v PHANTOM POWER
+ BUILT IN powen SUPPLY
» 230V AC/50H

¢ PEAK INPUT LEVEI. LEDS
« PRE FADE LISTEN L FL)

* SUB MASTER QUT

* COMBINED XLRA/Y JAGK

* 60mm FADERS # CHMUTE
* 2 STEREO AUX.SEND/RETURNS
s CONSTANT PAN CONTROL

+ 3 BAND EQ WITH MID SWEEP
+ HEADPHONE/CONTROL ROOM O/P
» CDITAPE INPUTS 8 OUTPUTS
* BALANCED INPUTS & OUTPUTS
* BUS ASSIGN SWITCH

* MONITOR SEND £, SPN1202 (MONO WIC/INE.4STEREQ INPUTS £289.00 FREE
SPUIE02 AMONO MIC/LINE 4STEREQ INPUTS £355.00 UX PAP

+STEREO DISCO MIXER MPX-7700 FECT
P a1 + 4 STEREQ INPUT
CHANNELS
+* 2 DJ MIC INPUT
CHANNELS
# 2X7 BAND GRAPHIC
EQUALISERS

= HEADPHONE
MONITOR WITH PFL
* ASSIGNABLE
CROSSFADE
# DIGITAL ECHO
STEREO DISCO MIXER WITH:- +2X7 GRAPHIC EQUALISERS «2 l.'-OHO MIC PUTS «DJ WIC
VATH FADER, TALKOVER AND VOICE CHANGER «2 STEREQ CHANMNELS WITH  INDWIDUAL
FADERS AND ASS!GMABLE CROSSFADE +CHARKNELS SWITCHABLE, TURNTABLE (MAG
CARTRIDGE), CD. LINE. TAPE, ETC +ECHO WiTH BaLANCE. REPEAT AND DELAY
*HEADPHONE MONITOR WHTH PREFADE LISTEM = CHOICE OF § souun EFFECTS «STEREO
MONO SWITCH « 2 X LED VUMETERS +MASTER FADER » QUTPUT 77
+SI7E- 182X250X NSmm «POWER - 230V AC 50/6¢Hr. PRIGE:- £189 00 + £5.00 P&P
—

+LARGE [A4) S.A.E. 60p STAMPED FOR CATALOGUE

] A new range of quality louaspeakers. designed to take
advantage of the flalest loudspoaker tochnology and
onclosure designs. All models utitize high quality studio

@ i

cast aluminlum Joudspeakerss with factory fitled grilles, wido disporsion constant
directivily horns, extruded aluminium cornos Protoction and steel ball cornars,
complimented with haavy duty black covering. The enclosures aro fitted as standard
wilh top hats lor optional loudspeaker stands. The FC15-300 incorporates a large
16 X 6 inch horn. All cabinsets are fitted with tHe latest Speakon“cennacio?s
Five models ta chaoso lrom

for your convenienca and safety.

~%

B30~4-20C ™MOD

PLEASE NOTE:: POWER RATINGS
OUOTED ARE IN WATTS RM.S. FOR
EACH INDIVIDUAL GABINET.
ALL ENCLOSURES ARE 8 ONM.
15215 inch speaner
12«12 inch :pasker
fbi FC15 300 WATTS Freq Range 35Hz-20KHZ, Sens 101dB, Size HE9S 'n'f502 D"Smm
PRICE:- £299.00 por pair
ibdl FC12.300 WATTS Freq Range 45H2-20KHz2, Sens 9608, 5-12160: W 405 JODmT
- £249.00 alr
ib! FC12.200 WATTS Freq Range 40Mz- 20!'("1 Sens 97dﬁ Size HE00 Vw205 DI0OmMmM
PRICE:- £199.00 per pair
tbl FC12-100 WATTS Freq Range 45H2-20KHz, Sens moua Size H546 W380 D300Omm
PRICE:- £179.00 per pair
ibé viM12-200 WATTS Freq Range <0H:- 20!0-&. Sons 9703 Slzc H418 WE00 DIESmm
RICE:- £125.00 EACH
SPECIALIST CARRIER DEL:- £12.50 per pair, Wadgu Monitor £7.00 oach
Optional Metal Stands PRICE~ £48.00 per pair Delivery:: £6.00

'Z1A72 Colossus POWER 1

VERY HIGH POWER LOUDSPEAKERS
THE COLOSSUS RANGE OF LOUDSPEAKEHS
ARE DESIGNED FOR USE IN SUPERIOR HIGH
POWER OQUTPUT SYSTEMS. AlL MODELS ARE § DM
COLOSSUS 12MB:-# 12 IKCH = 450WATT AM.S.
» 500 WATVS PEAK + Sens 93 ¢8.» Res Freq 55 M.
+ Frequency Range 40 Hz-3 5KHzPRICE £120.00
COLOSSUS 15XB:-» 15 INCH + 600WATTS AM.S.
v 1200 WATTS PEAK ¢ Sens 95 B « Res Freg 35 He
Fraquency Range 30 Hz-10KHr PRICE €159.00
COLOSSUS 16XB:-+ 18 INCH » E00WATTS RM.S.
¢ 1200 WATTS PEAK rSens 100cB.* Res Freq.30 ML
« Frequency Range 27 Hx-1L0Kz PRICE £183.00
ALL DELS ARE OELIVEREO CARRIAGE FREE|UK ONLY)

OMP MOS-FET POWER AMPLIFIER MODULES BT It R (353117
These MOdACS NOw OOy 3 word- mide teput ALON 10F Quaity, [Ehadety and porformance 31 2 reakste prce Four
models ae 3-8 19 5t the Ateds of [he professond) and hobby marketle NOBTY Ledue NStrumentsl 873
B Fierc Whencomparng prees NOTE trat nciude tor PRy CHOG N0 ST Qs s TDre
PC B and orne cansts 1o power 3 COompatdie VW meter A Modeis xewwmmucu"
THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fot Quiput power 10 walls
RM S, inta 2 ohns. frequency response #z - WOKHz -
30B. Damping Factor »300, Siow Rate 45V/uS, THD
1wypical 0002%, Input Sensitvity 500mV. SHR.
110a8. Sze 300 x 123 x E0mn

PRICE:- £42.65 + £4.00 PAP

OMP/MF 200 Mos-Fot Oulput poser 200 watls
A S. into 4 ohms, frequency response Hz - 00KHZ
-3¢B, Damgping Facior »300, Siow Rate 50v/uS. THD.
1ypical 0 0OM%. Input Sens:tivity 500mvV, SHR. -110cB
Size 300 x 155 x 100mm

PRICE:- £88.35 + £4.00 PaP

OMP/UF 300 Mos-Fo! Outpul power 300 watts
RM S inta 4 ohms. frequency response #z - 100KHz
-30B, Damging Factor >300, Slow Rate 60V/iuS. THD.
typical 0.001%. Input Senstivity 500mv, SNRAL 1008,
Size 330 x 175 x WO0mMm

PRICE:- €83.75 + £5.00 P&P

OMP/MF 450 Mos-Fot Outpul power 450 watts
RIS, into £ ohms. frequency responsa H: - W00KHz
-3¢B, Damping Factor »300. Slew Rate T5V/uS.
THD. typical 0.001%. Input Sensiuvity 500mV. SNR
108, Fan Ceoled. D.C. Loudspeaker Protection. 2
Sccord Anti- Thump Delay. Size 385 x 210 x X35mm.
‘PRICE:- £135.85 +£6.00 P&P

OMP/MF 1000 Mos-Fot Ouiput pewer 1000 watis
RIS inlo 2 chvns, 725 watis RMS. into £ ohms,
frequency response Hz - 100KH2 -30B, Darping
Factor »300. Slew Rate 75V/uS. THD. typcal
0002%. tnput Sensitivily 500mY, SNR 110¢8. Fan
Cocied. DC Loudspeaker Prolecbon. 2 Second
Anth-Thump Delay Size 422 x 300 x 125mm
PRICE:- £261.00 « £12.00 P&P

®OTE: MOS FES MODULES ARE AVATLABLE I 1 WO VERSIONS
STANDARD - INPUT SENS 300aY, BAND WIDTH 103ANs, OR

HA CYBERWAVE FMM 1000 -

» IDEAL FOH‘ UVE BANOS, PUBLIC ADDRESS 8 KARAOKE ETC.

o QN/STANDRY/QF F SWITCH MOUNTED ON WIC BARREL FOR EASE OF USE
* 100 HOURS BATTERY RUNNING TIME. | PP3 (NOT SUPPLIED)
¢ SINGLE CHANNEL RF MICROPHONE 174.23 OR 74.56MHz

* MAIKS ADAPTOR FOR RECEIVER SUPPLIED = FM LOCK INDiICATOR
8 VOL CONTROL O% RECEIVER. PAICE:- £119.99 FAEE UK PAP

E‘ OELIVER\' CHM‘GESF PLE‘SE INCLUDE AS ABCVE, IO

AMD* Fi m. onnsus FROM scu
I!OOIES Plc-

S INCLUSIVE O
CDJ_NIE s ACC{P!

PEC {PRCFESSIONAL EQUIPWENT COMPAIIBLE) 1HPUT SEN
FI5av, BAND wiDIn Sodsig CRDER STAMDARD OA PEC

B.K. ELECTRONICS

UNIT 1 COMET WAY, SOUTHEND-ON-SEA,
ESSEX, §S2 6TR.
TEL.: 01702 527572 FAX.: 01702-420243
Web:- http://www.bkelec.com E-mail:- Salesebkelec.com




‘Electronics, Electrical &
Mathematics Principles V&'

If you are looking for an easy and enjoyable way of studying or improving
your knowledge of electfronics and maths then this is the software for you.
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CD-ROM for Windows '95, '98 & NT. £99' 95 VAT
C 3 ' Postage FREE

From Ohm's law and simple DC through AC theory to the [RlRSEUEIIES Lﬁ&uﬁsmﬁfﬁguu

EICH S 0A 11T 1lo | O IOTA N o (o Xolel ((I[TERVA TR I A additional Serlal Port hardware interface for all
architecture and complete instruction set can be explored  JRULEEREI TN T ST RO LT ERE:T L RG]
through the interactive graphics. Approved by Microchip.

Mathematics are developed from simple number systems

to solving linear equations and applying statistics.

“Electronics Principles is a well thought out and
comprehensive program that is also easy to gaw.= S .
install and slable in operation. It can be be@l 5 @ 2 | - R Y R T
wholeheartedly recommended.” . ) - :

s iz

Robert Penfold. Everyday Practical Electronics :°°
magazine October 1998. L

nnassne mapgeern B ces
EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/Fax: 01376 514008. sales@eplsoft.demon.co.uk www.eptsoft.demon.co.uk
Switch, [Delta, Visa and MasterCard payments accepted - please give card number and expiry date
Cheques & Postal Orders shoulld be made payable to EPT Educational software.
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