EUERYOAY _____ JUNE 1999

T‘RONICS

| MUSICAL
- SUNDIAL

You are my sunshine,
my onuly su;nshme'

' CLIPPING VIDEO| s

" FADER Inexpensive, S
easy to build project PRS-
PC FREQUENCY S
- METER Up to 32iHz fee

at 0 5hz resolution .
ALAN DOWER BLUMLEIN ELECTRONICS IECHNOLOGY H E[

Electronics genius

extraordinaire & COMPUTER PROJECTS K msz Ul

_\\J?Ingenuity Unlimited « Circuit Surgery s Interface

http Y/ www.epemag.wimborne.co.uk




HYDROPONICS DOYOU GROWYOUR QWN?
Wehzeatull calour l-,-dropomcsm:nbgu*mlamwmaxmng
nulrents, fitings, envircmental conrol, ght Frings
WINDOWS g5 CDI-EW&WH#FNUPC sthesa
T 5 B3vT 320G wNQ0H 1285 G INEIG 300 el SHErsan 1o be usesd 10
TE WTANE O 2 PO She 3 orash etz D13 REF SA0E
SATELLITEMODULATOR MODULES prices from
Just Op Burtate monm megueiars adlof componais Fated wikan
pes Cormecty &3 3 w1y D connector Pack & 1038 &5 ref SS20
PROJECTBOXES
ASCINE! SATAS 10X you 2@ TRese sTant ABS THECLOCIES SINGN [0
FE= o i caeE mi2asLSTg S0paoy 632 compiets win
‘e mourzea LED traase you vl Baos of tee his tape besis
‘metots ohios eSS UIneions sif Pack of 20 115 55 ref W2
REMOTE HEATING CONTROLLERS wITH 30A
MAINS RELAY %om pst &g Trese unts sete 2oognes 6 te
FAQOR] (10 3 teleprhe SoCKE! You then cased Ine T6ome ans S0mE
bo S nared the sl DA E3cn boa Sontaang iois of by siusng 3
rass 304 ey paex of JD £20 121 5552
:TALKING COINBOXES rreces from just 66 These urts
AETE TTRDE 10 SOMvET B3NN 1eEphones D b3y Phones Sompisds
Wil QST Tsseiphes and Facres efc OFFEREG TOYOURAT A
‘ZARGAN FRICE BECAUSE W NEED THE SPACE: Pack ol 16 21T
S8t B85
AC MOTOR BONANZA! prices from just $8p203 4
hae plegand phss o BeSS TN new Mudd MOlrs whthiwe m=1
1= O 01 Dok 2 NSwCuious ooces! Pack of 50 jor 230 ef 5613
PIR CAMERAz.« in CCTV camera (comoomts cupd; R
stros byt PR cstector and GEIRTy D3 Decgrzd 0 ‘st
CEIES OPATE The ‘phone ine Dif wons 3252 = sasdaore il
Bargan price £49. 55 A 5551, S0r more £.44 &5 1! 5550 Trese wits
mmr&«m:’&;"atse\e PTTES o FtILCES ardthen
rarsed ne patlres 0oaT IN2 tekEnhone Sne The IR galacis tne
ringdsr Bestie sircbe dgM thvs ersy=os 3 perlact fasture evem n o)
sanress Tre:-.nzasecrc—:m-wyﬁaemehmxamm
e by mader (el moluaed) oown tre teiephone e Theurtsass
me:mawmmmummmmmows’mn
the svert of mays powes trece Quig? rom ine camerz 5 stanzan
A oS 240 pirets with 3 OS5 degres fed o vew tre
DLILTE Gl 1§ EscEiant £320 PR 3180 contads 3 vides captLre and
coraresson e The wita resd sote nas a range of 150 Tra g nas
27270E of 12m Foass regurssrts e 12vds A PonercuTnie
aviiabie & £51e] S557The UAts &e SUSTHes with CORRacion el 3RS
EI Ot A2 0O LXK N5VE Iy KEDAT300N O usrg The Sompresson and
capture urd o mlerfasrg iz modems €T The unts oc Rave coerston=!
iR s, stmoes a3 camen s (camerd 5 Thdt 2Rl ghves ol Bargang
COTROSEE W b0 VOSG) ROW yOU 2324 IhEse IDWEIK ITC 2t er s erena?y
¥ty youiRetad pnoe for fhe LNTS was 0 extess of £300 ==ch 2@
ooe £55 Horp SS51Puser mapies 15 rd 5550
TELEPHONES rstaithm weexs atege desvery citdeanones
71 praved now 200 bned Tws fases consinucton with the ffowang
_a.u"é*llﬂlﬁxa:ﬂ‘{:ﬂ! Ione o [t fowanhanis) reazes reaa)
a3 papea, hghfiow 2ra off oo seich 3nd guarly CONETLnon
ﬁ.i':f-—o N 2 sman off whte Colour and & SUTNeT Wi 3 SRS
AFECAE BAT (Rme 35 US o rodems) £ you wsthi to m2ve 3 .BT
2] surotes (o oonen the (honss these e sES 3@ i1 55
eznref STLX Phones £4.99 each ref PH2 10 off £30 ref 552
3HP MAINS MOTORS Srage rrase 240v tvang rew 2
poe 34183 2850 [ budin Suomatce oS ovencad o
t2CI0r, «2yed SnEh (S IETNiade by Leeson 20 each sl LEEY
BUILD YOU OWN WINDFARM FROM SCRAP
VoW pebicaton §aes slae by sted genae 1o Pukdsg wind gensratorsang
SACEIOrs  ArMEQ W IN% CuBACHION 3rvl 2 pood oosl sarEp yE
DS 1Rz you Sal sUToerT T eleomen £12 ref LOTSY
CHIEFTANTANK DOUBLE LASERS 9 WATT+3

WATT+LASER OPTICS Consteasartesirmam tainner
3G range CormTnunCatiors et Douhis pearm s desgeed ol it
FOCITE O 3130k £20N urel 23 1010 SEMTE CONTNET 136875 ard s
Grreg s for AgnEmen? T mes fange 00 cvtud dapraTs e in
HED new pre £50.0007 152 £120 Each un? has w0 gIinT
ArenGE Mecton wTers 1 X S WER 1 X 2 wa SOn areergth
IZ0: SR puse fEquency The urts 3'S3 COTIRN 2N £OCTONS
recerer tn estect refactea sohals from tampats. 196 S(LCY2
MAGNETIC CREDIT CARD READERS ahD
ENCODING MANUAL £9.55 Cased witn Myissas desgoet 0
23 Standard crend GarTUs! COMDEste W LONTOd eieiroras PCH and
AR COVETOG SVEN Thaig you COuS W= 1 row 20 Tedais onen
= inat ragnelc st on your casd! st EG 95 ref BAR Y
HIPOWER ZENON VARIABLE STROBES tsset
127 PUB RIad wili T powed Siiche tube ang cordred E“"[!"cs.%'d
spas) conbrol ootemtamelsr Peidect for deream; = =
TIEEMM 120 eperaten £5 ea el FLSY, peik e A0 S5 i FLS2
CENTRAL POINT PC TOOLS AWITH WITHRG SOTWArE
i 30Ny LT, MEMIONy GIIMaRee ios GEieniSe, il COrmoressan
fow e Tomattng tekws schedufer, sk asimgmonter Lndsiste 4
SEoualrs Doze 4sC e0inr, vy ) VEAMDTE TETER COTRENG
SECTACTI DrOtechsn ERCIyRR DOMIRenee rarust usced
€5 IEOT 35 cais 10 1ef L OTET
VIDEO PROCESSOR UNITS?i6v 10AH BATTS!
24V BA TX it oo 5wz weat e funoren of thisse unds & b2 Uy
TeTEaly raie good sreeansy! Measvres SH0OEMMECTrm o6 the
Bord 37 COTACHS KR 5025 SCeSS £53n G2y sTan mode loass of
conectons on tre rear Inside 2 x Sy 10AH 2201 ead 3t talls:
FETs I 3 LAY 240 ICToa arsha gt (mns i) SO X8 525 May
ITave 0N OF B [RTRRN WNODS B4 e 10 poey storass £798 50 128 P2
DIFFERENTIAL THERMOSTAT KIT Perfect
FafEcowesy SO SyEETS LD ENTIENC) ST Twd SorSars el
CoETElE 3 rekEy when 3 'nfnpos‘/ym Eoacshat) s ostetey A
COTEonests and pos £25 et LCTE3 B
SOLAR Y/ATER KEATING PLANS £6 REF SOLP

PC POWER SUPPLIES PACK OF 8 £9.95
Thats nght! B powiet supphes lor £9.55! These are att fan
cooted (usualy 12v) our chowe of specs elc, and are-scid
&5 seen Bul wonh it for the fans alona! ref XX17

COLOUR CCTV VIDEO
CAMERAS From £99

Warks withmostmodermvideo's, TV's, Compasite mdnitars,
video grabber cards. Pal, v P-P. composite. 750hm, 173°
CCO, 4mm F2.8, 500x582. 12vdc, mounting bracket, auts
shutter, 100x80x180mm, 3 months warranty,t off .price
€119 ref XEF150, 10 or mora £59 ea 166+ £89

We get over 5,000
hits a day....

check us out!
http://iwww.bullnet.co.uk
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ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

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

WITH ORDER PLUS £4.U0 P&P PLUS VAT,
24 HOUR SERVICE £6.30 PLUS VAT,
QVERSEAS ORNERS AT COST PLUTS £5.50

) FAX 01273 323077
Sales‘@buli-electrical.com

BULL ELECTRICAL

MAIL ORDER TERMS: CASH, PO OR CHEQUE

(ACCESS.VISA, SWITCH. AMERICAN EXPRESS)

'phone orders : 01273 203500
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"Projects and Civcuits

CLIPPING VIDEO FADER by Robert Penfold
The first in a new szries of Starter Projects —add a simple.fading r=cﬂ'fty
to your camcorder/TV link

INGENUITY UNLIMITED hosted by Alan Winstanley
Car Auzxiliary Power Protection; Metal Detector Adapior; Alarm Add-On

PC AUDIO FREQUENCY METER by Robert Penfold

Use your PC's bidirectional printer port to monitor frequengiés up 10:32kHz
MUSICAL SUNDIAL by John Becker 7

When the sun has got his hat off (hip-hip-hip-hoaray) there’s no shadowy
of doubt yoir'll find fun with our musical garden gnomon!

PIC TOOLKIT MK2 - 2 by John Becker

Concluding with detailed discussions of the many $oftware options
offerad by this.sophisticated PIC 'F87x and "x84 programmer

Series and Featuves

NEW TECHNOLOGY UPDATE by lan Poole
Innovative encapsulstion heralds sven smaller i.c. packagzs

ALAN DOWER BLUMLEIN by Barrie Blake-Coleman
An unsung genius whao greatly influenced the developmeént oi
20th century electronics

INTERFACE by Robert Penfold
Using Delphi to visually program your PC as a virtual meter

CIRCUIT SURGERY by Alan Winstanley and lan Bell
More on Current Sources; Current Mirrors; Solder Joint Prateciion;
Etching and Electroplating

EDISON 3 REVIEW by Robert Penfold

404

412

420

411

a14

428

440

447

Taking a close-up look st an upgraded circuit simulation and analysis program
PhizzyB COMPUTERS - B by Clive “Max" Maxfield and Alvin Brown 450

And now the {random) end is here, et us say (not in a shy way), they did
‘it their way - and you've been PhizzyBly moved by it, haven't youl .

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 468
Melissd's Mayhemn; Cool Talk: Updates
PC Audic a 2
o Kegulars and Services

'EDITORIAL 403
NEWS - Barry Fox highlights technolagy’s leading edgg 407
Plus_everyday news from the world of slactronics
SPECIAL OFFER A.S.A. Profite Security Carmera kit 419
READOUT John Becker addresses general péints.arising 426
SHOPTALK with David Barrington B 430
The essantial guide to component buying for £PE projefis
CD-ROMS FOR ELECTRONICS ] 443
Pans Gallery + Electronic Circuits and Components; Digital Electronics;
Anzlogue Electronics; plus PICtutor, plus Modular Circuit Design
BACK ISSUES Did you miss these? 456
DIRECT BOOK-SERVICE 464
A wide range of technical books available by mail order

® WIImbome Publishing Ltd 1999, Copyright in all ELECTRONICS VIDEOS Our range of educational videos 46‘?

drawings, photographs and articles published  PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 469

in EVERYDAY PRACTICAL ELECTRONICS/ETI is ! e AT e e : ; b

tully protected, and reproduction or Imitatlons in PCBs for £PE projects, plus £PE software

whole or In part are expressly forbidden. ADVERTISERS INDEX 472

Our July '99 issue will be publlshed on Friday, Readers Services ¢ Editorial and Advertisement Departmeiits 4032

4 June 1999. See page 395 for detalls,

Evervday Practical Electronics/ETI, June 1999 393
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Convents your colour monktor Into o QUALITY COLOUR TVII

THE AMAZING TELEBOX
TV SOUND &

VIDEO TUNER

ACE ot TR

Al

Ths TELEBOX is an atiractive fully cased mains powerad unit, con-
taning all elactronics ready t6 plug inlo & hast of vided montors
mada by makers such as MICRO! C, ATARI, SANYO, SONY,
COMMJDORE, PHILUPS, TATUNG, ete. Tha composta
video cutpia wil aleo piug directly into mast video recocdars, aboai
recaption of TV channels not normally recelvabla on most tola
sfon rocslvers® (TELEBOX MB). Push buticn controts on the from
pansl alow recetion ol B fully tuneabia 'off air UHF colaur tsknvision
channels. TELEBOX MB covers vinuatly afl talsvision froquencias
VHF &nd UHF including the HYPERBAND a3 usad by most cable
TV oparators. A composie video is located oa ha rear panat
for diract comrecteon (o most makss of men2or of deskiop computsr
vidao ayslzms. For complate com ity ~ avea for mondors with:
ot scundd - en integral 4 walt eythio amplifist and low laval Hi Fi
b0 Gt are provided &5 standant

TELEBOX ST for coinpocie video input typd monitors £36.95
TELEBOX STL &5 ST tut fited with Integral spaaker €36.50
TELEBOX LB Mutiband VHFAJHF/Cab! sband tuner  £69.95
For cverseas PAL varsions state 5.5 or 6 mHz sound specification.
*For cabla / hypertand signal recoption Telabox MB shouM ba con-
necied o & cebis typo sefvice. Shipping on all Talsboxe's, cods (B)

# {87Sist0 of the arl PAL (UK spec) UHE TV tuner moduls
" with composito 1V pp vidao & NICAM hi fi stereo sound
- outpuls. Micro oloctronics all on ona small PCB only 73 X
160 x £2 mm enebls full software conlrol vie a almple 2 wire link
1o any 1BM ty ar. Suppied comprets wiah eimplo worklng
program documentation. Reguires +12V & + 5V to cparala.
RAND HEW - Ordsr g8 MYG0.  Only £49.95 code (8)

=7 e DY Mo w ~ y = i
FLOPPY DISK DRIVES 212" - 14"
Massive purchases of standard 5K° and 3%* drives enabies us Io
Sresant pima product at industry beating low pricesl Al units (unisss
s2atad) am BRAND NEW of remeved from ofien trend new agquip-
ment and ase fully 1astad, aligned and shipped 10 you with a full 50
cay Quaramae. Callfor ovar 2000 unlistad ditves for spares of repakr.

IN* Panasonle JUS6YY 720K or equivalant RFE £24 95(8
31" Mitsubishl MF355C-L 1.4 Mag. Laplops only Eﬁ.gas
3%" Mitsublshl MF355C-D. 1.4 P.‘Eg. Non lapﬂ:?_E £18.85(8
5%° Taac FD-55GFR 1.2 (for 180 pc's) £18.85(8
5%° Toac FD-55F-00-U 40/80 (for BBC's pic) RFE  £29.85(B
5%° BRANKD NEW Mitsublshl MF501B 360K £22.95(8
Tebwa lep casa with itegral PSU for HH 5% Flopp or HD £29.95(8
§” Shugarnt 600/801 5" 5S refurbished & tested £210.1

8" Shugart 810 8° SS HH Brand New €195.0E
& Shugart 851 8° double sided refurbished & tasted £260.00{E
§° Misublshi M20884-63 doubiz sided NEW £205.60(!
§* Mitsublenl M2596-53-02U OS sfimline NEW £2 '.Do&E
Dual 8° cated dives with integrel poner supply 2 Wb £469.00(E

- HARD DISK DRIVES

T

2#-TOSHIBA.(19 mm H | MK2101MAN 2.16 G, New  £199.00
24" TOSH.(12 5 mm 100ZMAV 1.1 Gb lapiop. New  £115.00

2%’ to 35" conversion kit for Pe's, complale with connactors £12.95

3K’ FUJI FX-309-28 20mb MFM UF RFE 9.9
S%* CONNER CP3024 20 mb IDE UF (of equiv.) AFE £59,95
34" CONMER CP3044 40mb IDE UF {or equiv.) AFE £69.
3%* RODIME RO3057S 4Smb SCSI UF (Mac & Acom) £65.00
3% QUANTUM 405 Prodriva 42mb SCSI LF, New RFE £49.
3W* WESTERN DIGITAL 850mb IDE T MNew £185.00
3% MINISCRIBE 3425 20mb MFM UF (or equiv.) RFE £49.95
54" SEAGATE ST-238R 30 mb ALL UF Ralurd £69.95
5M° CDC 94205-51 40mb HH WMFM UF RFE testea £69.95
B%° HP 97548 B30 Wb SCS! RFE testad £88.1
5%"HP C3010 2 Gbyie SCS| differential RFE tesied £165.00
8 NEC D224E 85 Jo SMOD ntorlace. Maw £159.00
8" FUJITSU M2322K 160Mb SMD UF RFE tested £185.00

8 FUJITSU M2392K 2 Gb SMD IF RFE tested £345.00
kany other drives In stock - Shiipping on all drivas Is code (D)

I

MITS. -5 FAMASETKL 14" Industrial spoc SYGA mondces  £245

1KW t0 400 k\Y - 400 Hz 3 phiasa power sources - ex EPOA
1B 5230 Type 1, Token ring tasa ung diver £760
\;:Im Kaer AA200 Audio lrequancy response analyser £2500
i8M S3IF5501 Token Ring ICS 20 pon kbba madulas £750
1BM MAU Tekon ring diinbution panel 8228-23-50508 £985
AIM 501 Low disterion Osciator Hz 1o 350Khz, IEEE £550
ALLGON 8360.11805-1680 MHz hybrid powat combingrs €250
Trond DSA 274 Dala Analyser with G703(2)) B4 o £POA

Merconl 6310 Pri amrnaf)!a 210 22 GHz swoep genaraics £6500
Merconl 2022C 1 2-1GHz AF gignal genaziorn £1550
Harconl 2030 opt 03 10KHz-1.3 GHz signal genarator,New £5150
HP16500 Loglc Analysar £3750

HPI7B1A Panem ganomtor & HPATB2A Enp: Datacior EPOA
HPEE21A Dual Programmable GPIS PSU 0-7 V 160 watts * £1800
HPE264 Rack mount variakie 0-20V O 20A melered PSU £575
HP54121A DC 1o 22 GHz four channs! tast sot £POA
HF8130A opt 020 300 MH2 pulse ganaratzr, GPIB ele -£8500
HP A%, AD 8 pan HPGL high s: drum pictiars - from £950
EG+G Brookdaal $5635C Precision lock in amp £650
Visw Enp. Mcd 1200 comptetisad inspaction system. £POA
Son&D C-3000A High CCD colour TV camera £1100
Ked 1«3 590 CV capacitor / voltage analyser £POA
Racal ICR40 cual 40 chennsl voica recormar system £3750
Fiskors 45KVA 3 ph On Line UPS - New battarias £9500
ICl R5030UYV34 Clsanine ulirasonic cieaning sysiem EPOA
Mann Tally MTE45 High speed Gna prinisr

Intel SBC 486/133SE Mukibus 426 system. 8Mo Ram £845
Stamans K4400 64Kb 1o 140MD damux araker £205Q

s [

TEST EQUIPMENT & SPECIAL INTER

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SE!_.ECTION FROM OUR VAST EVER CHANGING STOCKS
| _/C’s -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK
6,000,000 items EX STOCK

_ For MAJOR sAviHGS - CALL OR 8£E OUA WEBSITE
| VIDEO MONITOR SPECIALS

- One of the highest specification
maonitors you will eversee -

L 4 ';’

. At this price - Don't miss itll &=
Mitsubishl FAS41SETKL 147
. 0z8da

-

SVGA Mutisync coiour mondor with fre
oot ﬁmmmbdrggxﬁ&;\

WS correction iy a %
a@mﬁm&AMhm(&\ﬁ%
modss, COMMODORE (salcing Armige 12007,
ARCHIMEDES and APPLE. Many leatires Biched
Ecapian, \axt satching and LOW TIOH MPH
specicaton. Fuly guarenieed, supessd in EXCEL-

TRA Sem s 05 Only £119 g (25%0%

‘TR & Swhwd Basa £4.75
VGA cahia for BM PC Included.

Extame] cehios for other typas of computers CALL
As Now - Ex Demo

177 0.28 SVGA Mitsubishl Dlamond Pro monitors
Full multisyne atc. Full $0 day guarantos. £325.00 (E)

Jusl In - Microvitac 20° VGA (800 x 600 res.) colour monitors.
Good SH condition - from £209 - CALL for Info

PHILIPS HCS3S (same stqla as CMB233) anractively stywad 14*
COUT monior both AGB and standard composito 15.625
Khz video Inputs via SCART sockst and saparats phono jacks.
Irtegral sudio powar amp and spaaker for all audio visual uses.
Wil connect direet 1o ga and Atard BBC computars. Igaal for al
video monlioring / secuslly appications with dirsct connectlon
to mosi colour cemaras. High quaity wih many featuas sush as
frent wcsn:ealad flap contrels, VCR caomection button ete. Goed
1560 C

155led - guarameed
Dimensions: W4 ¥ HI2W" x18%° O, Only £98

PHIUPS HCS31 Ulra compact §° colour vioeo monitor with stan-

dard composite 15.625 Khz video input via SCAAT sockst fdoal by

for all monttoring / security appications. High quatty, ex-squigxman:
hully tested & guarantead (po5sDla minor screan bums). In attrag-
live squara biack plastic case measuring W10" x H10* x 131%° D.
240 V AC mains powarad. Only £79.00 D)
KIAE 10° 154110008 high dafinition colour monitars vith 0 25* oot
piteh. Superb clarily and modarn styling. —— 1
Crerates from 15.625 khz sync RGB vidso T i
scurcs, with ARGH anelog end compasite sync
such as Alari, Commodare Amige, Acorn
Archimedas & BBC. Maasures onty 131" x 12" x
1% Good used condition. Only £125 (5

20" 22" and 26" AV SPECIALS
Suparbly mads UK manufactura. PiL a8l £65d slalo colour montors,
compiete with composits video & oplfonal saund inpul. Altractive
lask style cass. Perdect for Schocts, Shops, Disso, Clubs, etcln
EXCELLENT fetlo usad condition with full 50 day guarantes.

20°...£135 22".£155 26"..£185p/
DC POWER SUPPLIES

Virtually avery typo of power
supply you can magine.Over
10,000 Power Supplilos Ex Stock
Call or s8p our wap sglte.

____LOWCOSTPCs
Always over 1000 PC's from stock.
1000°s of spares and accassorles.

Caoll or see our web glte for Info.
—

-

ESTITEMS
intsl SBC 486/125C08 Enhanced Muttibus (MSA) NEW £1450
Zata 3220-05 AD 4 pan HPGL fast drym plotters £1150
Nikon HFX-11 (Ephiphot) & ute control unt - £1450
Motorols VME Bus Beards & Components List. SAE / CALL EPOA
Trio 0-18 vdc [neas, metared 30 amp banch PSU. New £350
Fuliteu M3041R 500 LPM band phnter £1850
Fujlisu M304 1D 00 LPM printss with netwosk inlerface £1250
Peridn Elmar 2698 Infrased spectropholomatar A £500
Parkin Elmer 597 Infrared spact clomgloe £3500
VG Eloctronles 1035 TELETEXT ing Margn Mater  £3750
LightBand 60 output high spec 2u rack mount Video VDA's £495

onlc SD 15¢H 18 channs! digial Hybwid chart reccrdsr  £1985

Tayler Hobson Tallysurf amgiher / recordar
L ADC SB200 Carbon gioxida gas datatior / monitar £1450
tom Vidso 1152 PAL wavelsrm moncr £485
RITSY 6854A Oplical DC-2.5Gb wavelsrm monkor  €5,650

ANRITSU HME300181 0.6-1.7 UM opticat spactrum analyzse Ef?A

3

Surplus always
wanted for cash!

S0 AT TN = a3
19" RACK CABINETS

~ Superb quallty 6 foot 40U

Dt W .7

;»:’\‘“ ""1 Virtually New, Uitra Smart
538 Less than Half Pricel
sead Top guafty 19° rack cebinets madas in UK by
;ik” Opjime Enclosures Litd. Unils {anture
g;.t : designer, smokad acrylic lockabla front door,
IEnE: full height lockabla hall louvered back doos
L33 and leuvered remavable sida pansls. Fulty
RRE adjustabia intemnal fixing struts. ready punched
s S5 for any configuration of equipment mounting

plus ready mounted ind
sockal swechad mains distridaticn sirp make
. thasa racks some of tho mosl vorsatlia wo
hava evor sold. Racks may ba stacked side by sids and tharsfore
18quUire only two 148 pardls to stand singly of In multipla bays.
Crvarall dimensions are: 77%" Hx 32%° D x 22* \. Order as:

OPT Rack 1 Compilate with remcvabia 303 pangls.  £345.00 (G)

OPT Rack 2 Razk. Lass sids panels £245.00 (G}

Oer 1000 racks, shelves, accesseries
18" 22" & 24" Wide 3 to 46 U high.
iy b _g‘_»\'fmh‘}‘qr:‘)iim_’uﬂ-ﬂixﬁ-’ﬂﬂ‘.

32U - High Quality - All steel RakCab |

hads by Eurocraft Enclosures Lid 1o the highas! posalble speac,
rack fealures-all stoel constructlon with removable
side, front and back doors. Front and back doors are
hinged for sasy ccass and al are lockabls wkh
e sacura 5 lover barrsl locks. The fron! doot |
is constructed of double walled stecl wllh a |
‘deslgnor style® smoked acrylic front panel to
enablo status indicators 1o b2 seen through the
;Janel, YEf ramain unobtrusave. Inlsmally tha rack
aatures fully skalted relnforcad vartical fixin
members 10 taks the heaviest of 19" rac
aquipmant. Tha twa moveble vertical fixing stns |
(extras availatla) ate pre punched fov standard
‘cage nuts’. A mains disiribution panol internal |
Ty mounted to the boltom raas, provides BxIEC3 |
i Euro sockets and 1 x 13 amp 3 pin switchod
ulillly socket. Ovarali vaniifation ks provided by A

ouverad back 020t and double SKinnad 10D section
with 1o and 8ida louvras. Tha 1op panél may be remaved for fits
of Integral fans 1o the sub piala etc. Other leatures inchude: &1
castors and floot vaders, prepunched Wity pane! at lower rear for
cziie / conneclor access ele. Suppisd In excellent, slightly usad
condition with keys. Celour Royat tlue. Exiemal dimensions
mm=t625H x 635D x 603 W._ ( 64° H x 25° D x 23%" W)

Sold at LESS than & third of makers prica’l}

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

BATTERY SCOOP - 50% off !

ral 12 way 13 amp

|

=T

A spacial buk purchass from a cancelled axport orGer bngs you
tha most amnzfng savings on theso ulra hich spec 12v DC 14 Ah

recharpasbia batiories. Made by Hawker Energy Lid, typa SBS15
faaturing pure laad platas which offer a far supanor shall & guaran-
teed 15 year sarvice fe. Fully BT & BS6290 spproved. Suppd

BRAND HEW and boxed. Dimensions 200 wide, 137 high, 77 .
146 bo#t terminals. Fuly gueranteed. Curtanl makess ovat £70

=3010ur Price £35 each ; or 4 for £99
RELAYS - 200,000 FROM STOCK.

Save ELEE's by choousing your next reisy from our Mass
slocks covaring !ypes such as - Ailliary, Oclal, Cradls,
Hermalically Sealad, Caontsctors, Timae Delay, Rsod, Mercu
Waetled, Soild Stato, Printed Clreuil Mounting, CALL US qu;
YOUR NEEDS. Many obsciats types from slock. Save £££E°s

| [OWCOSTRAM & CPU'S

=0

INTEL 'ABOVE* Momory Expanslon Board Fufl langth PC-XT
and PC-AT compatibis card with 2 Mbyles of mamcé'g on board.
Card s fully selaciable for of Extended {28 vocessor
and abova) memory. Full dats snd drlvar diske supplled. AFE
Fully tested and guarantead. Windows cornf.atb'e 9,95

Ha!l lsngth & bil memory upgradas cards {ee PC AT XT sxpands
memaory githsr 256K or 512Kk In 64k steps. May elsa be waed 1o fil

1 AAM abova B40k DOS Bm¥. Complste with data.

Ordar as: XT RAM UG. 256k. £34.95 or512k £38.95

11} Cc

1HB x 9 SIMH 9 chi 120ns Only £8.50
TMBx9 S 3chpBDns £10.50 or 7tns  E£11.85
1HBx9 SIMMBchpBOrs £10.50 or 7Tons E11.75

4 MB T0 ns 72 pin SiMA ~with parfiy- céw £35.00
INTEL 485-DX33 CPU £19.95 INTEL 488-0OX56 E59.00
AJLL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £et
MOTOROLA 25 Mhz 68040 (XC8E040RC25M) CPU'S £58.00

-shigping charges for RAM / CPU upgrades is code B

ANRITSU MLS3A | power mater £950 e i T = 1
pe ek et i S OFTWARE SPECIALS
a! MICISCOPS i s ———————— y
A&S FTDZ Dual sound unit £6s0 NT4 WorkStation, complste with service pack 3
A4S SBUF-E1 Visonmedulator £776 and licence - OEM packagad.
WILTRON 66308 12.4 J 20GHz RF sweep ghrarater £5750 Special Price ONLY £99.00
TEK 2445 120 MHz 4 raco oscia £1250  microsoft - windows for Workgroups 3.11 & DOS 622, Suppisd
TEK 2465 300 Mhz 300 MHz cscoscopa rack mount E1855 o0 34* disks with licenca & concise: documentation, 9.05
TEK 1502 Portabla TDR (tima domai raflectomstar) £600  pOS 5.0 on 3% disks wih concisa books ow OBasic.  £74.85
‘gl&lij'DSEPL‘;&Gg’: ZOAXN a‘%ﬁ?ﬁ'ﬂﬁ?& . tgozg Wordparfect & for DOS supphied on 334" disks with manual £24.95
CLAUDE LYONS 100A 240415V 3 hac suto, vol regs  £2090 shipping chargss for softwars is coda B

DISTEL on the web Il - Over 16,000,000 Items from stock - www.distel.co.uk

ey gt g, s ,oe0, o o [ALL MAIL & OFFICES [LONDON SHOP DISTEL® ALL ‘T ENQUIRIES
H g % Sona® § L L P Opon Mon - Fri 9.00 - 5:30 | Open Moo - Sat 9:00 - 5:30 3 MFra A aa s
H H 2" 215 Whitahorse Lans Vislt our web site "

: H : H Dapt PE , 32 Biggin Way South Norw! 1
s ok LI : Uppar Norwood On £14 Gus Rowts www.distel.co.uk fl ({0 L0 [ @00 & =90 150
ClCOTOMNICT LONDON SE18 3XF o et s emall sctmin @ distal.co.uk FAX 0181 679 1927
" "_d-"_?_‘_'ﬁ‘-‘!-"!.":",‘_.‘?_‘_“_'_ | AIproes ior UK Mensnd. UK customers add 17.5% VAT to TOTAL order amourt. Meimum orsr £10. Bora Fis BacoUt ol nocertad from Gevornment, Sahook,

e = Urnerstios and m-mﬁmnmnmmmegssmﬁmmaﬁgblowr dr,-soee.mﬂ(“:g)am (A€, (A1=2400,
B @ E ‘9 g& @R)jﬁw.(cmmﬁ1amﬁ5gl\F%BCU,(GML”&W@:%‘&)SBBWQ.;W&U__ A,-lm ‘bm_i‘mﬁmd_&-.:
— & utlasssabdg.amraed S SIS On a retumn sg basis. fesacer] W0 aangs rioas. echions wihout m&msama

L swricH | & | e mmuMme}m%ummurmaﬁmﬁamWemmﬁ:ms%ew




EPE MOOD PICKER A 2

Y
One of the more unusual projects published in EPE last.year was the EPE 51 f A By ¥ -f )
Mood Changer which was ieatured in the Jungs '98 issue. This generated a e gL/ \ Y :
weak magnelic field at an adjustable low frequency. Such fields are thoughtto | | 3 ! £
encourage electrical activity of similar frequency in the brain, which in tumn i
may promole associated moods ang sensations such as deep relaxation, S5 b e

Although a commercial device of this kind was on sale at a fairly high prics, by &
al the time of publication we had no idea whether this notion was valid so the
aim was lo let readers lry it out at minimal cos!. Feedback received sincz then
has been most encouraging however, especially from insomnia suftérers, 50
this improved design should receive a warm welcome.

The frequency range gensrated is from 1-5Hz to just under 22z -and this can provide —

Alpha: Deep Relaxation, Meditation, Stress Relief Defta: Deep Sleep
Beta: Normal Consciousness, Optimism Theta:  Creativity, Dreaming

One of the available switched frequencies is at the “Schumann Resonance’’. This intriguing phénomanon is
one of the naturally occurring magnetic fields that have always surrounded us. It appears that the space
between the earth’s surface and the ionosphere forms a gigantic resonant cavity with physical dimensions that
give it a frequency somewhere between 7Hz and 8Hz. Excitation by phenomena such as lightning starts
oscillation, and very low attenuation at these frequencies allows it lo keep going more or iess continually.

Enthusias!s of the eifects of fields at this frequency say that modern man is missing out on its supposed
beneficial effects because it tends to be masked by more poweriul lields from the electrical equipment and
wiring which nowadays surrounds us all. There is even a story that NASA installed Schumann frequency fleld .
generalors in spacecrall after finding that space sickness was in part due to the astronauts traveiling beyond-tiie
range of this fieid.

crealivity or even sleep. P o1

NEW SERIES - -~ STARTER
OSCILLATORS PROJECT

Most text books deal with oscillators in a theorelical way. < A : :
This series, prepared with the electronics enthusiast and : t
experimenter very much in mind, is intensely practical. - - ; L' E o ‘D 7 STR OB OSCOPE

Tried and tested circuits are fleshed out with component.  The scientific purpose of a stroboscope is-to “freeze” moving

values, and their vices and virlues are exposed. glachin%:g. The bas;rc ;‘;jea is 1";) synch{f;?ntisg 175 '{Iaﬁhh;;g light of
: Uy A0 o D Tetl 1e stroboscope with the machine so that the light flashes at
Part 1. Introduction; the Hartiey Wa"d L precisely the same points in each cycle of the machine. The
Part2:  Buffer ampifiers; the Colpitts ascillalor and its flash of light must be much brighter than the ambient light level
vananis. 30 that any onlookers only see the machine during the pulses
Parit3:  “Twoterminal” LC oscilators; the Ammstrong and of light. Because they only see the machine at the same point
Meissner oscillators. in %ch cycle; I}l seems n':; bed statior}(ary. "
3 3 B, ; e use of l.e.d.s in this design keeps the cost to a
Part4:  Crystal oonﬂfraofi‘ed asaltalors, vanabe frequency minimum, enables an extremely simple circuit to be used, and
crystal oscllators; frequency multiphers. oermits safe operation from a low voltage battery supply. Thus
Partd:  Sinusodal RC ascillators,; relaxation osailalors; providing an ideal Starter Project for beginners and a usefuy!
ie and discrele transistor based circults. item of “test equipment’' for any reader.

PLUS e ALL THE REGULARS
'NO ORNE DOES IT BETT!

| EVERYDAY ‘ 1
[PRACTICAL

ELEGTRONICS

DON’T MISS AN
ISSUE - PLACE YOUR

ORDER NOW!

Demand is bound to be high
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The Complet, Integrated

Schematic & PCB Layout Package

Windows Ranger 2
For Windows 95 & NT

+ New Hierarchical Circuit

* Split Bygvices « Gat= & Pin Swap

* New Edic Devices in Circuit

+ Copper Fill + Power Planes

e Ranger 2 Qutputs:
P Fird Windows Outpuis

* Autorouter * Back Annotaticn.

‘Windows Ranger 2 with Specctra SP2

Ranger & Speccua Autorouter provide the most cost

effective PCB Design system available. A powerful, intuitive system at

an outsranding price!

Windows Ranger 2 Upgrade
Upgrade your existing PCB Package 1o Windows Ranger 2

1 Ael ENWO U Ranger 2 Lite £35

j)emo Software -download from

Fax 01730 26727

Qid Buriton Lumeworks, Kiln

http:llhiz.ukonline.co.uldseetrax

Lanz.
Busiton. Petersficid, Hamts: GU31 35J

Plos - HPGL

Garber
NC Drit

AutoCad DXF

(Prices excVAT/P&P)

for Wiﬁdbws 95"

Demo Softivare : available frém our Web'Addréss

The ComP";:i'z
ham
;gu.gr:;;dm package

SEETRAX

Advanced Systems & TeLhnolng} for PCB Manufagiure

VARIABLE VOLTAGE

TRANSFORMERS

INPUT 220V/240V AC 50'60 OUTPUT OV-259V

F&P
PANEL MOUNTIRG
DRVARS Spmix  TILD 3 £6.00
ELE BT VAT)
IV SaTp e E4523 2
61 33 kg VAT)
SHROUDED

opva2Sarora  DHOO £6.00
[€47.00 i YAT)
IKVA S 2mc man £8528 £7.00

ZVAOaTO IS0 (=¥
- (€85 3¢ e YAT)
3KVA IS zro ™A £32 55 B35
TINBI 2 VAT) | o

BV 25 v ras 15000 [t Cavagz 3 VATH
u.'ymluaml-m'abmmnmm

IGVA £CLATION TRAKSFGRUTR
ot leac 200V AL Opu vz 3o 134 30ckat 240
AL aytnuasly teed Mociet m flre gass cae W
randa earraly Lo
| Price £23.00 servags page - VAT 24105

- =
32 57 tae YAT) [ ¥9F0L

5 KVA ISOLATION TRANSFORMER
A5 Naw £x g shropced, Line hose
Suppreseon, Utz istaven Transiumar wen
EEERl s o Wock-out caive enines.
Primss T20V240 V Sscondary 120240V,
2850 oaos;: Ca,s:uxe Sae, L 37cmx W
1577 & H 1567, Wi wics Price £120 -
VAT Ex-wardfinga 3,-: o ragsest.
24V DC SIEMENS CONTACTOR

Type 3THEE22-09 2 A ND 553 2 2 NC 230V AC 104
asE Soew o By Ral S RIMa WS
x B 78 Rreng Now Prios £7.55 el PAF g VAT

240V AC WESTCOL SOLENIODS
Tr20Mod | Rt Max groes Yen Baco oo
et T LT
T Froma
SERIES 405 Mot 1 Pas 3

Prog =l b&nsi AT TTS [583 TT6 f881,

AXIAL COOLING FANH
Z35¢ AZ 120mm sosace ¥ 35mm I bega v
Low Noima far, Prigs {".29 ind, P5P s VAT
O vo

b

ﬂ

=g sEres waidae o sk

Peazn s FERX ENRMES

INSTRUM ENT CASE
:fa'drt:!ts‘x.@'a:b] LitxHax
180= ﬁ&—\_’e‘:'!stre:::a"dhb_ﬁf

TOBDIDAL LT. TRAMSFCHRMER
Primey 02857 AC Seccooary 0-30Y 5630V SDTTA

FUrQ IOt e

| Price 152,00 =32 s £ VAT (35.28)
COUPAEMENSIVE PANGE OF TANGFORIERS LT~
ISOLATION & AUTO

V2N Ao rarmiyr oer Ot wils Amwrca KA S
TRECK 5 O 080 T W0k SR e ros e ey

mix&ix!ﬁal

ULTRA ViOLET SLACK UGHT BLUE
FLUDRESCENT TUBES
A 40wt 1400 fralers ordy) {C16.45 inc VAT)
2% 20w £5.£0 (=afers Civp) EINSSrz VAT
12N w450 Tippky EE52 v YAT)
G wsm (15 « Wppdo €5 24 re VAT,

Gr4em 1§85+ Snpdp {£524 rg VAT}
2307 AC BALLAST KIT
For eowr G, G0 o 1Bnsoes PGS 51 &0 0l
8 73 e VAT)

Tm Tom Tded Ee S0000 s
ETICT ST TR, €60 gy & Crericl

OS540, s b f Bl
Oce Raergma o UV TUEE riaee by ooy 4 Pree o
Saradve

Can by uwsed Sr
Durooses. bt A, outet TR o= Price
;.ms\m £11.20 sash o 2 Lo L2050

. TEL' 0181*99: 1560
__AGCOUNT

Pest Bapi you s mhoroswach s oo £15 00442 (6 odp
400 WATT BLACK LIGHT
- BLUE UY LAMP ey --L-.‘;"ﬁ*gﬁqu’i‘cAg?{,HE YFATER PUMP
cf;mumrf:zm = ‘@ ‘ﬁifd
Crry £33.35 et pE0 A VAT
ﬂ SERVICE TRADING CO ™o
57 BRIDGMAH RCAD, CHISWICK. LONDON VW4 5B8

CUSTOME

AX: 0151-355 0549 Arpe
S L QRDER €10 Pasi

jj

NA 10
COl EGE
TECHAHAODL

DISTANCE

0F
o6y

LEARNING COURSES in:

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

GCSE and BTEC Mathematics

. Courses to suit beginnars
and those wishing to update
their knowledge and practical skills
Courses are delivered

as self-contained kits

No travelling or college attendance

Learning is at your own pace

Courses may have
BTEC Certification and Tutéring

Forinformation contaci:
NCT Lid., P.O. Box 11

Wendover, Bucks HP22 6XA ]
Telephone 01296 §24270; Fax 01296 625299

Web: hitp/Avvny:ncl.itd.uk
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T E L N E T

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

(Premisas siualzd cloze to Easlem-by-pass in Coveniry with easy access
to M1, K6, M40, K42, M45 and K169)

(o}] COPES

Beckrman #0) — ~DaiCraros - = = — -}
Gs‘.*.-dG‘SE-"A'I_SC\ 3 WAG3ISTAND —bom £125
Hrotett Packard 1EOABOCAS1AIB20 = - Arem €153
Heartass Pachard 17404, 17414, 17444, 100MHE Dudl Chasead - trom £330
Hamiztt Paciard SH10S0 - IG“*G&' — L —— _E¥e50
Hewtent Packsnd sumn SAHE 2y o _E£500
Hewtitt Paciard $4201 A = 30Mz Dgilaing N — £1250
Hembett Pzciobrd 545128 - 2000H2 - | G55 4-Cranned 2250
Hease!l Packard S45G1A - 100ARI — 100 Msw 4-Craoel = . E1250
Haach Y1526,V 3078 V30ZF VISSFVES0B VEXF Jtom €108
VELOF - S0 Cranned = B, 1]
Hitzchl V11004 —100AHe S Crarral =
Intron 2020 = 2ohlHe Dapta! sz.;emlh?‘n = _E450
bwatecr SSSTI0BSETOZ — 20hs from £125
Ueguro — 450 12704 = 20 MHz T = £450
Leue" IO AM = ZO00MHL — — TI000
Q- I0MH2 W00 Ms s DS 0. 2-Cranms _ Ensg
Fhaipz FM 3053 - S0MKz Das Timeoase = _g4s50
Phzps M 3211PM 3212PM .‘HI&?H mmu IZAPM 324017“ 3‘!41
?H J2PU 2261PM 1202 PH 3253 PM 3540 Jroom £124
g & £1600
=L )
£200
_{rom £300
i from £300
oodx 1002, R. = L300
Teutronlz TAS 475 = ‘[CC\.M. —&-Crarral = _£985
Tekironiy O.A 250911'& Tral Cranrt — drom ic‘;(;.g
_EECQ
i £350
= .E375
Tektrores 2221 - EOA Dgws 2¢s 350
2 x - 6O ] — :
Tektronix 22¢5 - SOUWHS Doy f-;? — L350
Tedtronix 2235 - 100MMHY Dub) race —EECD
Tehtrondx 2335 -~ Dusl Trace ¥ M% __EECO
Textronlx 2445 - ZGMHZ S50 Ws's D S0 2-Crarnat
Tektronin 2445 — 15084 — t-u""‘.dvD‘-lM e £ —— 505
1 &-Charnai ——
) A - £EF00
Tekrronin 3433 — S0AH: - 2 of 4-Charod. et from €150
Teitronia T313, 7603, 7613, 7533 — 100MHY froeeey — e from £225
Tekirontx TTod - 2500H: T-Crammes _ hom 3R
Tekuonix u-.d Sz = o E400
Trid C5-1022 — 208IH2 - Dl Crarmgd R £1ES
Crnar mpd mafsbis oo
SPECIAL OFFER
HITACHE V212 = 20004 DUA: TRACE A5~ £1E0
Rﬂ'lcﬂi V722 - 20MHe DUIAL TRACE - :-L'EHRATE UAu!vFV — LE180

Aaritsu ] J
Aveem P;g;s 102GMH2 — portarie i .ﬁ
Hamag ECE2 038 ~ Soectum zarT| = 100N OsClioarys £ 10
Hemtent Packard 16251 wii 5334 {1 q"‘ - L2375
Hewistt Packard 162T- 65528 01 2 1500&&& = _£1250
Remiss packard 36824 Bos Crari Dyasne Sg. A —
Ly Packard 3! SEE - T X
Hewatt Pac 25304 - & - = -&ﬁ - _£836
Hewitt Packard SS&iA-O{*ZH’:».—"saHz(D_ﬂUaTef — _ER0A
Howr !t Paciard 358354 — 20-Z-t0lHy —_— — - T4000
Hentett Paciard 85838 - (GO h:"%‘{qf... - LE42ET
Hewien Packard 850464 - S Parmrete festBel .£2500
Hews? Prchzrd 6T33A — Revarrk Anafysac S —— ___“from £3009
Hewistt Paziard 37538 = Netaror Anadyece =it s from £4303
LR R T (o - ——— —_———— L2000
Megurn MSA 3391 = 1-300CHz (A5 NEN) —— —£750
ro B354 2512 - 1 !G..'?.'( NEVY — 21000
e & Sehwarz — SW FW&?-!W)L £ = AR50
Yammnuzz-lms, G AN = . E2900
Tehtrorda 7L18 wrh rardmne (15505 wm h:w\s m_vs‘ =Lt _E L E2000
Teatrcnly 4337 - V0BG or ‘.ﬁ?’t“u E2500
Teatrontx 4559 = 1Hg-1-EGez Specim Aniyssr _E42%0

Hewtet! Packard £500
Henleit Pachard 3?‘!1A.'3712A179‘ E-mlﬁ-‘lm-'e Lirk Arwg == ® = pyo
Hewlgit m;mu:ue.s.-sae—\.:- MesRring Set - 1500
Hewsatl Packasd 3T76A - PCM Termandd Tes:Sat — 1000
Hewiett Packard JTTRATTING — Prraql‘nk—éz;;

HEwtett Pachers 3784A - Digial Transm2saion Asal

Hewtatt Pecicard JTESA - .l.dl GEmamie & _ - £1350
Hewlolt Faciard 372000 - l’ut N 7 am \SDN‘] = = —-£3250
Hawien: Packard P3E2A - Var'a:va —_E250
= wiert Paciord 41924 — o8 Ardyser L6300
Hewintl Paskard $287A - L,.a Metes -= L9550
Hirwtatt Peskard 43424 -0 st (500
Hanttt Pacicard 4154 or B Power Lh.’s(-mueu.w from €400
Hnr!«l‘ ackarg S3EA and 4378 = Pu-erlhpzdSe'sct _from £900
iedt PACKAIG $5434 — [TIME] Transmreln Enpancont W S& . Buls ik

Hr-l-n Prekard 49T2A —Lan Protoooe Aralysst __ #1250
Hewtz{t Packard 5183 ~ Wavebom Racorder = _E1250
Henktl Packard S733A — Frisancy Courty 100AMHZ e 253
Hawiztt h:tuusau.\ W,lm&:mm = — 253

Hawlett Packard §318A — Livvarsal Courter [EEE] _£400

“Hasdlan Paetnd 33524~ 200MIHz Pertimarce Systems Courtar

Hewistt Pacuard SI24A ~ Nicrcasve re:,-er:yccu—.taﬁmwu-lsaw.'q;{slfLF_

Hemiet Resabron Teme Symthessar -.£2550
Hawlett Packard .‘.:'Ftv - mem _£2600

Mawiat Packard E718 “ ot SoE GV -
tlawistt Packard £524A — Cuad P

Fovmian Packerd EES2A — Comes Seemy | a’-sﬁ === A
Hemiell Fazkard &2 _;;su-ew - 25A Syuem BS,

Hewiatt Pa:i;rd SJITA S.Wy' A..“-? - m\' £T50
Hemielt Packacd S353A ~ Fower Sorty 2V — 1A f‘ ; " eag
.Mmt Paciard B258A — Power Sopcy 20V - 155 Twns 200
HEWLETT PACKARD £2518
~ Powss Su;p“y_ 20V - 50A £320 Déscount for Suntilizs

Hewiett Fackard 57548 Pows: Suoply (70V. 0288) £300
Hewirtt Paciard 52658 - Powet Sopdy 434 - BA £20
_£2000

£800

Hewtet) Packard T530A -8 »
Hewtolt Paciard 7720 - Coax Duas Deacoora Cosiet = £500
Hawhzot Packerd 5015A - MR Putse Gararatr . E500
How'et) Packard 31654 — SOAHZ Programmabye SEg-ﬂSa_ru = LE1250
NM1H1 Paciard E180A - D3t Generate _ £1200
Hondett Packard GiE2A~Do Arlyser 50 L1500
et Pockard 83508 — Sweep OscTene Manbaa [ — 250
Healett Pacicard B3S54A - Wl Sourme Madde 255 E35Q
Haniett Packard §3255A — Mamesr — Ware Soute ! 4230
Hanictt Paciard BLOS ‘eckx Vo 2 — .- ]
Hewiett Packard BEZXC ~S =~?C$d=:r‘ -from £250
Hewsztl Packard 48 Genzezie srmnc-zxmm trom {850
Hewiett Packasnt 524, S;f‘.u Gearzsr (001 Jo 1050MHSS Hgn Parr=arnce Syrivssser . KEL00
= Synmesasd Sors Genenater (S5O0, - £650
E-S;—WSI;‘E'G#CJ@' 1450
Geraraior [1DOGHE- 1040 == £169)
Fagsned Sora Gonrans {1 O 2500 ) 235
Seczage Normatoer — . .Y
Hamlalt Packard 6735 A — Scawr Notaceh Arafyser £1530
Hewiatt Packard 5757A - 52313° hmaore A-é'yser 2250
Hawteil Pacherd E9014A — Moduason Aripser L1050
Hewnisil Packard 85015 = MoOUamon Ans'yss . E2000
Hewistt Pacharg B203E — Otionion Arayse. . - LE1800
Hawiel: Packard 85038 ~ bmka),sxmrﬂ == _E1E0D
Hanlefl Pazkard E320A = F‘F Cormrrs Tesi St —s =T £2500
Pacazrd 5228 -ﬁu.oCa—-rsTas,av'.s(uSM} —from £5000
fmnm Packard G324 — f‘-n&.rer Fzdo rettace £1000
Moyzed 150 Hend-Heg ES0 Sty — L EITH0
13;5@ Gerazy 3 - £995
= _£250
Zaner. Funcon Gearaty = . £252
— Pracg Maes L5500
Leader LDM-A70 - Dateroon Wetss e — 1350

Llesder nTE-Sg'a. Gerdratr dt':‘d'k-lﬁodk_mmcwmhﬂ-h FIL arpo

o SR . 5955
Afzrcon 1 0668 Demutspisrer snd Fra~e A s, WGP (e ) _EPOA
Mareon] 2015 ~ 0Ktz 104502 Sraecisad ool GererETr -~ 75
Marcon 20154 — BOsHre 1 0L0ME wm-‘!‘wm——m L1000
Marconi 2111 — UnF Syreresiser (oo, EPDA
Margenl 2185 - 1360z rmr*rn-a_ Amzrua ey EPOA
Uarcon| 2305 — Mocaton sty — €178
Misreoni 2337A — Aussmaze sorwer Wtee — e 50

Mzrconi 2310~ Taue P‘G vo-:e's P £700

u=rconl 5310 5&;:\: Ge!erz:v Pn;r’—&e = ﬁ-a:GHq 8359
Na:2on) 2205960 — Power Moer & Sercor R & trom £540
Warconl €560 - Powsr Metsr & Seagac —from £430
Maroont £33 - AF Fowes Wi -£250
Phitigs PMS 187 Mz Functon Geeerary £420
Ph!li..-s‘lﬁo LF. Syhesser (GPLBY . ==t _£800
Praps 5518 - Syrinessec Functon Garersir 150
Philips PUES19 — TV Pasern s - )
Phitips PMST16— S0 Pultss Genararsy = £S5
Presma 4000 — 8% Dhgis Lftimster (NEVE _13%0
Crarpiock 24 - OF-Ax Fraguesncy Stendad . B0
Racal 1992 — 1-3GH: Frecere - = _£700
Recal 61115158 ~ GSM Aado - Tect Sz} . EPOA
Racal Dara $3515082 -~ s;rws; 8 Grreraise S2CAIH: froen £400
Ra=3! Dara 5084 -5 SonE Gensraser 104 £450
Razal 3301A = Trw JJaRFMrﬂ"“ﬁézf == _E300
Racal Dana GI02A - AT WdiveAnacsr (naw yerio £375
Fé‘ﬂﬁ'nl?‘ﬂ}—an-thl&w - . {850
Pacai Dana ¥317 — LUHF Fraguency Water SECLH: S _£175
iahde & Schwarz LFM2 — 5002 Grap Deiay Saeep Geravglr £350
RAohda L Schwarz CUTA 64 - GSM TIMS ANy _DEges
Serfinar NSG 203A — Line Votape Varaton Smuaer = -£T5Q
-Schsflner NSG 2224 — kierterence STnulyid — LETO0
Schatiner HSG 22) - bazrdarare —— 700
Ger 2720 — 12500y Fraguency Cosmse —y __5400
hlumberger 4031 - 1GHy Fado Comma Test 5ot AR L4955
:schmmhemef Statiock 4040 — Aado Comrrs Tz 850 T2t
Schiumberger TORATOELTOTS ~ Mumatacs e from £350
Styrford Resaarch OS 340 - 150490 Sﬁmw [!EWI @a .\mazr,

Yigvelom Ganarsior = £1200
Systren Donnae 6030 - Momwne Fraqaa-q [ IE*GH.H = E1555
Tektroniz AlZD] + TMZOY - P02 — Currest Procs __£955
Tektroniz PGE0S+ TG301 + SGI0T = THEDT - Os:.ts:ooetzm 83l ]

BRUBniE 577 - Curiy Trsced = £1152
Tektoniz 1240 — Loge Anal — -£500
Tnll.ronh 141A = PAL T=z: =] Garerator — LE250

AASDOL & THEG08 BLF Ptqsmwn.ﬂrw = LE1958
1a1rmih M'Fu S s s, S65%, o
4 -, sLh as

PESHE. FE5H F&;ﬂmi FREAD # ke e E —EPOA
Tima §311 -Pwa-r’-&encl'ce = ~2300
Time §516 - Vai2ge Caltzaty £250
Varhalis - 2724 Programimatia RISEINGR 2 Stz = _LPOA
Wanisl 4 Golterrainn .-F.!—S ErrcetSoer Test 54 3} LX)
Wandsl & Galtatmann PCiAL {4 oprons| Eaedd
Waool & Goltserann MU0 - Tex: Pon Scamar —_ 21500
Viayne Kere 4225 - LCR B"?é = — - 2500
Wavelsk 171 — Spdhessed Funtinn Gonwaiyr = - - £250
Vavetak 1728 —rave Sgn=! Sourss (00001 HE- 131! {FOA
Wavetzk 154~ 5 Garargasy —SWHz A S— ~ 1250
Vavelsk 3010 - 110 2 Son@Gerpdor . — £1250
Wiitton 6403 = RF Anlyzecs (WWe-2GH2) __IPOA
Wiltron 85235 — Sragrammarss Swedg Cararnr (JEGHI SS5GHY __ £65)
Wetron §747-20 - Seect Freg..-e'\:y Qr\:‘%ﬁsu {(HOMR-20GHY) 3850
Yokogows 3635 — Analysing Recorder _§POA

MANY MORE [TEMS AVAILABLE —
FSENDE ARGE SAE FORILIST OF EQUIRRENT
ALL EQUIPMENT ISWUSED -

WITH 30 DAYS GUARANTEE.
IPLEASEGHEGK FOR AVATLASILITY BEFORE OHOERING ~
GARRIAGE & VAT TO BE ADDED TO'ALL GOODS
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PROFESSIONAL QUALITY KITS

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

circuit diagrams, assembly details and all high quality components including fibreglass PCB: Unless othenvise stated all
transmifters are tuneable and can be received on an ordinary VHF FM radio. ‘

Genuine SUMA kits available aniy direct from Suma Designs. Beware ‘inferior imitations!

UTX Ultra-miniature Room Transmitter

Smakest room transmitter ket in the word! Inaealaée 10mm x 20mm’mcam'g me.
3V-12V operation. 500m fange.......— Y L1645
MTX Micro-miniature Room Transmltter

Bzsl-seling micyo-miniature Room Transmitter. Just T7mm x 17mim including mic.
3V-12V operation. 1900 rangs. .. e e Rl b ate LR MG
STX High-performance Room Transmmer

High perfomance transmitier with a buffersd cutpat stage
rargs. Measures 22mm x 22m. inchuding mec. 6V-12V cpetation, 1
VT500 High-power Room Transmitter

Powertul 250m'Y outpun proading eicalent range and perigrmance.
Size 20mm x 40mm. 9V-12V oparation. 3000m rangs. e
VXT Voice-Activated Transmitter

Trggers only when sounds as2 detected. Very low standby cument. Variabis sensitivity
and delay with LED indicator, Size 20mm x 67men. 9V operation. 1000m range. £19.45

HVX4090 Mains Powered Room Transmitter

bt st s

23iet stabity and
g(\mmn‘ge £15.45

.£16:45

Conneacts dractly (o 240V AC. suppylorbngteem e onng
Siz2 30mm x I5mm. 500M @NGE..co—oe v

SCRX Subcstrier Scrambled Room Transmitter
Scrambled output from IR transmiller cannot be moniored without the SCOM decodar
cenneciad (o the recener. Size 20mm x 67mm. OV operation. 1000m range...... £22.95
SCLX Subcarrier Telephone Transmitier

Connects to telephone Dnz anywhere, rzquiles no battefies. Outpul scramdied 50

.€19.45

eoraenetas pasess s

requires SCOM cannscted to receiver. Sze 32mmx 37mm. 1000m range......

SCDM Subcarrier Decoder Untt for SCRX
Connects o recsiver eaphone socket and peovidss oecodsd auda outgn 1
headghones. Szs 32mm x 70mm. 9V-12V cpsrabon....

ATR2 Micro-Size Telephone Recardin Inlerlace

Connecls between lelephone Ene (anywhere) cassetle recordar. Switches taps
automaticay as phonz 8 ussd. A conversabions recorded. Sie 16mm x 3zmm.
Powered rom e ... £13.45

.. §2395

Fokk Specials *dkok

DLTX/DLRX Radio Control SWItch
Remots control anything around your homa or garden, cutsid lights,
alarms, paging system tc. System consists of 3 small VHF transmitter viith
digilal encoder and recelver unit with decoder and relay output, momentary
or aiternate, B-way d.il switthes on both boards sét your own unique
securﬁy code. TX size 45mm x 45mm. RX size 35mmx 9Gmm. Both 9V
operation. Range up {o 200m.
f'm System (2 kits), £50.95
dval Transmitter DLTX £19.85
lndlvldual Racelver DLAX £37.95.
MBX-1 HI-Fi Micro Broadcastor
xl diechnlal)y a surveiilance device but a great ideal Connects fo the
adpho
nearby radlo. Listen lo your farvourite music ‘anywhate around the house,
gardzn, In the bath or in the garage and you dont have to put up with the
BJ's choice and waliie.
Siza 27mm x 60mm. 3V oparation. 250m range.

ne ourtput of your Hi-Fi, fape or CD and transmils Hi-Fi quality to a |

BPepT. EE

SUMA
DESIGNS

398

THE WORKSHOPS, 95 Main ROAD,
BAXTERLEY, NEAR ATHERSTONE,
‘WarwicksHIinE CV9 2LE
VISITORS STRICTLY BY APPOINTMENT ONLY

UTLX Uitra-miniature Telephone Transmitter

Smalast telephcne transmitter k3 avadshie. incrediblz sze of 10mm x 20mm!
Connects 10 ina (anywhzre) and switches 04 and off wah prme uss.

Al conversabon transmitled. Powered from [ne. S08M rERg2. ... oo £1585

TLX 700 Micro miniature Telephone Transmlner

Bast-seling telephone transmifier. Being 20mm x 20mm 1t & easler 0 assemble
than UTL Conne-'ts to Eng (anywhere) and switthes on and of! with phone use.
AR conversations transmidted. Powered from bne. 1000m range. . .£13.45

STLX ngh performance Telephone Transmitter
Hgh performance transmitter with buflered cutput stage pmm‘ng excalent stabdty
and performance. Cennects to ing (anywhers) and swiches on and off with phona
usz. All conversations ransméted. Powered from Enz.
Size 22mm x 22mm. 1500m range CE16.45
TKX800 Signalling/Tracking Transmitter
Transmits a continuous stream of audio pulses with vaniable tone and rate. idaz! for
singlEng o7 racking purposes. High power oulput §ving range up 1o 3000m.
Sz 25mm x 63mm._ 9V op=ration...... .. £22.95
CD400 Pocket Bug Detector/Locator
LED and piczo blgeper pulse sowiy, rate of pulsa and pach of tons increase as you
S%p.n:ch \gnat Gan control alicws pnpointing of source.

8 45mm x 55mm. 8V operafon........... .£30.85

CD&600 Prolesslonal Bug Detector/Locator
Kulicolour rezdout ef signal strength with variablz rate biesper and vanatie senslivity
used to detect and lotate hidden transmitlers, Switch 1o AUDYO CONFORM meds *a
dstnguish between locaised bug transmission 2nd nommal legitimate signals such 2
pagers, celias, axs eic, Sze 70mmx 100mm. OV oparation. i e £30.95-
QTX180 Crystal Controlled Room Transmitter
Nartow band FM transmater for the uitimals i privacy. Operates on 180MHz and
requres the use of a scanner recsiver of our ORXIBD ki (sec tatahgue)
Size 20mm x 67mm. 9V opsration. 1000m rangs. - £4095
(QLX180 Crystal Controlled Telephone Transmltter
As per QTX180 but cannects to teephone e to montior bath sides of conversators
20mm x 87mm. 9V epsration. 1000m range .£40.95
OSX180 Line Powered Crystal Controlled Phone Transmitter

As per QLX180 but craws power reqwmnts from Ene. No battsies req«.sed.
Size 32mm x 37mm. Rangs 500m. “=igis,
QRX 180 Crystai Conlrolled FM Receiver
For mondonng any of the Q' rang2 transmaters. Migh sensaivity uhil, Al RF section
supcfied as pre-bult and afgned module ready 1o connect on board 0 no ditficuls
seffing up. Quiput 10 headphanss. 60mm x 75mimL 8V operaiion.. ... £60.9

A bulld-up service is available on all our kits if requlred.

UK customers please send cheques, POs or registered cash. Please add

£2.00 per order for P&P. Goods despatched ASAP allowing for cheque

clearance. Overseas customers send Steriing Bank Draft and add £5.00
psr order lor shipment, Credit card orders weicomed on 01827 714476,

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

ray

__Tel/Fax:
01827 714476

aamrerrracearrdtarn

T A P

.£35.95
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Transform your PC.... Into an
oscilloscope, spectrum analyser
and multimeter... ezl

The ADC-200 range of PC based oscilloscopes offer|z B
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.
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Connection to a PC gives the ADC-200 the edge over traditional |

oscilloscopes: the ability to print and save waveforms is just one example. = j?‘—!‘f—ﬁi
Units are supplied with PicoScope for Windows which is powerful, yet === giEn —
simple to use, with-comprehensive on line help.
Applications Features
¥ Video % ¥ A fraction of the cost of comparable benchtop
¥V Automotive . oscilloscopes , .
V¥ Electronics qulgn ¥ Up to 100 MS/s sampling I S TR
v Produptiqn line tests ¥ Advanced tigger modes- capture . D3 5
¥ Faultfinding one off events. oo
¥ Education ¥ Up to 50 MHz spectrum analyset 4D
-—2@
‘ _ ¥ Large buffer memory “’"wh,,%
All units are supplied with ADE-200/ 700 £499
software, cables and power ' ' e =
supply. Prices exclude VAT. ADE-200/50 i ke
ADE-200/20 £299

A scope at vour fingerti

'~
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EE202 135 Hunter Street, Burton-on-Trent; Staffs, DE14 28T
Tel 01283 565435 Fax 546932
http://www.magenta2000.¢co.uk r\

E-mail: sales@magenta2000.co.uk

BRI EECETER O NI IE 1S L, TR All Prices include V.A.T. Add £3.00 per order plp. £6.99 next day
MAIL ORDER ONLY o CALLERS BY APPOINTMENT

b Epp Mncnocomaouen'l PIC PIPE DESCALER TSPACEWRITER | 4
I Pl. TREASURE HUNTER » SIMPLE TO BUILD o SWEPT

An gnnaé.a'.dve #:d ex:n;x’n“? h ]
ect. %
) The latest MAGENTA DESIGN ~ highly | o HIGH POWER OUTPUT  FREQUENCY A e nd yaur message arpe
b stabie & sensitive - with 1.C. control ! o AUDIO & VISUAL MONITORING

" the aif 2nd your message sppears. 63,
¥ of alt timing functions and advanced b An affordabls circuit which sweaps

Programmabla 1o hold 2ny message ’7:5
| upic ‘lu d‘,gr'.s iong. Com.s D-E-!ng:d x;‘
with “h Y XMAS", Kit Incluces R

1 pulsz separation techniques. | 12 incoming water supply with } PCB, all nen:s &mba plus fg
I & New circuit design 1994 ! variable irequency electromagnetic lms!fucboﬂs of messags loading. .
. A g 2 signals. May reduce scale formatian, KlT 849 2ii 16.99

I o High stability b dissolve existing sczle and improve - - -
| drifi cancelling’ § lathering zbility by altering the way 12V EPROM ERASER
ieE build + salis in the water behave. A safe low cost eraser for up to £ EPROMS at atma’

asy 1o bui I Kitincludes case, PC.8, coupling in jess than 20 minutes. Operates from a 12V supply
) Gbuse I coil and all components. {400mAL Used extensivaly for moble work ~ up-
1 ® Noground g High coil current ensures maximum dsting ‘squipment in the fistd s, Al in educe-
1 effect, works ) stk fRRyloc i iy P Tl ot eyl L
1 in seawater 1 KIT 868 ......... £2295 POWER UNlT KIT 790 ‘. EZS 51
' o Detects gold, | ;
i sliver, ferous & | MICRO PEsST SUPER BAT
1 non-ferrous i SCA RER ;
‘ metals i
: o Efficient gusrtz controlled b Our iztest design —The uilimals D ETE CTO R
i L g x 1 scarer for the gardgen. Uses
1, microcontrolle pulse generation. § specil microchip 1o gie random 1 WATT O/P, BUILT IN

o Fuli kit with headphones b & delay and puise time. Easy to 5
: hardware : tuilki raliable circull. Keaps pats/ SPEAKEH, COMPACT CASE
pests away from newly sown areas, -
LRIEHG R . TR 0. BT e e e © 0kHzl40KHz
— from9to 24 volts. NEW DESIGN WITH 40kHz MIC:

PORTABLE ULTRASONIC ¢ RANDOM PULSES

A new circuit using a ‘full bridge’ audco

PEsT SCARER °© HIGH POWER t e amplifier i.c., intemal
A powerful 23kHz ultrssound ganasaof in o DUAL OPTION Rlug-in power supply £4.99 speakar, and head- y
a compact hand-held case. MOSFET autput KT B67..........e .. i etate SR «.£19.99 pnonenape socket, The

drives = special saalad transducer with in-

!:anse pulses via 2 special !un‘fsdéranslormer KIT w S LAVE UN IT sassee.
Sweaping frequency output esigned to

give maximum outpul without sny spacial WlNDICATOR

setting up.

SRR R At A s £22.56

caararesees 832,50 Ilatest sensitive transducer,
and ‘double balanced mixer
- i e y ot iyl give a stable, high p=formance’
A novel wind speed indicator with LED rzadout. it comes g psrhetzrodyns design.
compleie with sensor cups, and weatherproof sensing

SUPER ACOUSTIC PROBE

Our very pagular projeci ~ with probe
components and diecast box. Picks up
vibrations amplfifies, and drives headphones.

head. Mains poveer unit £5.99 extra.

KEB 56 i s erome S 0 e e

...... B .ﬂ...£28 00

KT 86 Fns vyl £A4¢90
ALSO AVAILABLE Buift & Tested ....£39.99

E.E. TREASURE HUNTER
Bl. METAL DETECTOR

Scunds from engines, watches, and Spesch Kl
through et can ba heard cisary. Usarul for DUAL OUTPUT TENS UNIT m<e'm,s _p
mechanics, instrqrnam. enginears and nosey g % 3 d;vgélu ] &g \f
parkersl A very useful pisce of kit As featured in March "97 issue. el B A
KITEGE5:, . RSy £29.95 Magenta have prepared a FULL KIT for this GUariz'cwstul i
excellent new project. All components, PCB, 'gfg‘s’gs’."rdcg'l;%“r‘l‘v o
DC Motor/Gearboxes hardware and electrodes are included. D.C. caupled
Our Populer and Versatile OC Designzd for simple assembly and testing and gmﬂ-ﬁgﬂm&s

motor Gearbox sefs. providing high level dual output drive.

FCB. bandlz
Ideal for Modals, Robots, ; 1 " : ‘o KITINC.
Buggies etc. 1-5 to 4-6V i KIT 868.... fult kitincluding four etectrodes £32.90 ngfcf’.,.m" HEADPHONES
Multi ratio gearbox . . = iy 4 o EFFICIENT
= A L G 1000V & 500V INSULATION CMOS DESIGN

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

Superb new design. Regulated

oulput, efficient circuit. Dual- o DETECTS FERROUS AND

scale meter, compact case. ¥
Reads up 10 200 Megohms. QESE;E%%%LF{ISEF?AIETTC}:‘L GOLD,
Kit includes wound coil, cut-out

° Piow_EﬂFuLcolL
DRI

Stepping Motors

1D38...Minl 48 step...£0.65 :@ﬁ |

MD35..51d 48 step..£9.99 2 I “\ ; case, meter scals, PCB & ALL © 190mm SEARCH COIL
MD200...200 step...£12.99 ok ‘V/ components. o NO 'GROUND EFFECT"
MD24...Large 200 slep...£22.95 : KIT 848......i..0.0....£32.95 7K|T 815 £45.95

MOSFET MKIl VARIABLE BENCH
POWER SUPPLY 0-25V 2-bA.

Based on our Mk1 design
and preserving alt  the
features, but now with
switching pre-regulator for
much higher efficiency. Paneal
meters indicate Volts ahd
Amps. Fully variable down to
zero. Toreidal mains trans-
former, Kit includes punched
and printed case and all
parts, As featured in April
1884 EPE. An essential piece
of equipment. ‘
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EPE |
PROJECT

‘Keep pets/pe:-sis away from
newly sown areas, fruit,
vegetable and flower beds,

children’s play areas, patios
PICS gtc. This project producss

IMEOT

imense pulses of ulrasound

which deter visiting animals.

o KITINCLUDES ALL
COMPONENTS, PCB & CASE

NOW £5.90
Programmed PiCsfot
L ‘: : -

all.lq EPE Projects  ; erpicienT 100v

e SEME TR TRANSDUCER OUTPUT e UP TO 4 METRES
£5.90 each o COMPLETELY INAUDIBLE RANGE

{*some projects are _ TO HUMANS o LOW CURAENT DRAIN

capyright) KB 122 v S L m i L oA D £14.81
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SIMPLE PIC PROGRAMME
INCREDIBLE LOW Kit 857 £1299

PRICE!
INCLUDES 1-PIC16F84 CHIP ‘Power Supply £3.99
SOFTWARE DISK, LEAD .
CONNECTOR, PROFESSIONAL EXTRA CHIPS:
PC BOARD & INSTRUCTIONS PIC 16F84 £4.84

Based on the design in February ‘96 £FPE &rticle, Magenta
have made a proper PCB and kit for this project. PCB hzs
‘reset’ switch, Program switch, 5V regulator and test L.E.D.s.
There are also exira connection points for access to all A and
B port pins.

PIC10C84 D DISPLAY DRIVER

INCLUDES 1-PIC16F84 i -
WITH DEMO PROGRAM Kit 860 M

SOFTWARE DISK, PCB, Power Supply £3.99

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

Another super PIC praject from Magenta. Supplied with PCB,
industry standard 2-LINE x 16-character display, data, all
componznis, and software to include in your own pragrams,
|deal develpment base for meters, terminals, calculators,
counters, timers — Just waiting for your applicationt

EPE PIC Tutorial

Last! A Real, Practical nds-On Serie
3-Part Series — Starting March ‘98

e Learn Programming from scratch

o Uses Re-Programmable PIC16F84 Chip

o Start by lighting an l.e.d. and work up through
over 30 tutorials to Sound Generation, Data
Display, and a Security System

© PIC TUTOR Board has Input Switches, Qutput
l.e.d.s, and on board programmer

PIC TUTOR BOARD KIT

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

KIT 870 ...... £27.95, Built & Tested ...... £42.95
Optional: Power Supply - £3.99, ZIF Socket - £9.99

LCD Display - With Software and Connection detalls .....£7.99
LED Display - Including SOfWare.....cocoeveceerrverensicrs e £6.99

* Chip is pre-programmed with demo display %

PIC16C84 MAINS POWER 4-CHANNEL
~ CONTROLLER & LIGHT CHASER
e WITH PROGRAMMED 16F84 AND DISK WITH

SOURCE CODE IN MPASM

e ZERQ VOLT SWITCHING — o
10 CHASE PATTERNS chases software on DISK

Now features full 4-channel

o900

HARD FIRED TRIACS source code isfully
4 CHANNELS @5 AMPS ke codne

®
Kit 855 £3995 LOTS OF OTHER APPLICATIONS

= ALL PARTS FOR SERIES INCLUDING
P hlzzyg PCBs, PROGRAMMED CHIR, CD-ROM
AND DISPLAYS

MAIN BOARD - FULL KIT ... £131.95 BuILT ... £14D.95
IO PORT ..o KITE£16.99 BUILT ............... £24.99
I CID s £12.49 POWER SUPPLY ............... £3.99
8-BIT SWITCH/LATCH ....£7.95 INT. MODULE ....£10.45

68000 FERRSET "o

8 MHz 68000 16-BIT BUS
MANUAL AND SOFTWARE 1
2 SERIAL PORTS, PIT, PSU £6.99

KIT 621
" £99.95

OPTO ISOLATED B B P oarammed ' '

4 chip. Easi ) :
4 X 3 KEYPAD CONTROL et ll SUPER PIC PROGRAMMER
SPEED CONTROL POT. own applications, Softwvare

PIC TOOLKIT

o PROGRAMS PIC16C84 and 16F84

o ACCEPTS TASM AND MPASM CODE

Full kit includes PIC16FB4 chip, top quality p.cib. printed with com-
ponent layout, turned pin PIC sacket, 2l components and sofiware®
*Needs QBASIC or QUICKBASIC

KIT 871 ... £13.99. Built and tested £21.99

READS, PROGRAMS, AND VERIFIES
WINDOWS® SOFTWARE

PIC16C6X, 7X, AND 8X

USES ANY PC PARALLEL PORT

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

o SEND FORDETALED | it 862 £29.99

INFORMATION - A
SUPERB PRODUCT AT AN Pawer Supply £3.99

UNBEATABLE LOW PRICE. | DISASSEMBLER i
SOFTWARE £11.75

PIC STEPPING MOTOR DRIVER |

® 6 & ®© ® & @

AND /O PORTS o SERIAL LEAD £3.89

Mini-Lab & Micro Lab

nersraawnn | Kit 863 £18.99
DEMO PROGRAM, | FUtLt SOURCE CODE SUPPLIED.

SOFTWARE DISK :
- | ALSO USE'FOR DRIVING OTHER
D SToaNS | POWER DEVICES e.g. SOLENOIDS,

Electronics Teache__?

As featuréd in EPE and now
published as Teach-In 7. All
parls

are supplied by Magenta.

Angther NEW Magenta PiC project. Drives any 4-phase unipolar moiof - 0p
to 24V and 1A. Kit includes al) components and 48 stap mgtar, Chip is
pre-pragrammed with demao software, then wirita your owvn, and re-prograny
the sama chipl Circuit accepls inpuis from switches eic and drives métorin
response. Also runs standard demo sequence fram memory.

Teach-in 7is £3.95 from us ar
EPE

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

Tel: 01283 565435 Fax: 01283 546932 E-muail

Evervday Practical Elecironics/ETI, Jane 1999

GENT

All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99
: sales@magenta2000.co.uk
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ELECTRONICS

Editorial Offices; ¢ -
EVERYDAY PRACTICAL ELECTRONICS/ETI EDITORIAL
ALLEN HOUSE, EAST BOROUGH, WIMBORNE

DORSET BH21 1PF .

Phone: Wimtaorne {01202) §8174%

Fax: {01202) 841692. Duc to the cost we cannot reply to
overseas orders or queries by Fax. ‘
E-mail: ediicrial@ epemag.avimbome.co.uk

Web Site: hnp:llmwf.epemag.v.rimhome.co.uk

Sz= notes on Readers’ Enquiries below - we regret langthy
technical enquiries cannot be answeraed aver the telephona.

Advertisament Offices:
EVERYDAY PRACTICAL ELECTRONICS/ETI
ADVERTISEMENTS -

VOL. 28 No. 6 JUNE *99

MILL LODGE, MILL LANE
THORPE-LE-SOKEN, ESSEX CO16'0ED
Phone/Fax: {01255) 861161

POINTLESS PROJECT

Sometimes a project comes along that caiches the imagination of many readers
and we expect our Musical Sundial to do just thati, What a wonderful use of
microelectronics 16 do something which can easily be done with a stick in the
ground and no moving parts — unless you count the sun! Of course, our project
equally has no moving parts (unless you count biltions of electrons!).

When John first suggested the idea, my iniiial thoughts were what a wonderfully
pointless and fascinating projéct. — it makes me smile jusi to think about such a
frivolous use of technolagy. At no time has anyone questioned our decision to
publish it on the grounds that it is a pretty pointless excrcise. It's fun, it’s
fascinating and it’s a real conversation piece — [ bet it gets people talking ar your
next barbecue.

Suffice to say that everyone we have 1alked to about it is fascinated and wants to
knovw more. Let us know if you feel the same or if the pointlessness of it makes
you angry.

BRITISH GENIUS

Regular readers will know something of Alan Dower Biumlein, bur probably
not a lot. Barry Fox has previously commented on his life and the problems with
one individual hoarding archive material that had been coliected to write a biog-
raphy. I'm pleased to say thai this issue carries a feature on Blumlein's life; he
played a very important part in the development of electronics in the twenties 1o
early forties and it is right thai his name should be up there with Bell, Baird,
Edison and others. ['m also pleased to note that what is reported to bz an exceilent
book on Blumlein’s life is about to be published — more details in the article.

It is sad that such an outstanding British engineer has, for various reasons, not
received the acknowledgement he deserves and we are very pleased to be able 10
do our bit to put this right. Blumlein made significant contributions in a wide
range of electronic disciplines and had a great impact on the development of radar,
television and stereo recording amongst other things.

JLUsD

AVAILABILITY 'SUBSCRIPTIONS

Copiss of EPEETI are availablz on -subscription
anyvihiers in the woild (see rightl, from all UK
ngvrsagents (distributed by Seymour) and from the
following UK electranic compenent rataiiers: Maplin —
all stores throughout the UK f{and in S. Africa);
Greenweld Blactronics; Omni Electronics. £FE can also
be purchased frem retall magarzine cut'sts arcund the
worid. An endine version ¢an be purchased from
WW.epemag.com

Annual subscriptions for delivery direct to any ad-
dress in the UK: £26.50. Qverseas: £32.50 standard
sir service, £50 express airmail. Cheques or bank
drafts (in £ sterling only) payabie to Evendsy Pract
c3l Ezceronics and sem o EPE Subscriptions Dept.,
Allen House, East Borough, Wimberne, Dorsat BH21
1PF Tel: 01202 881749, Fax: 01202 841692, E-mail:
sutsi@epsmag.wimbome.co.uk Subscriptions sian
with the nzxt available issua. We accept MasterCard
or Visa. {For past issuss see ths Back Issues page.)
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Starter Project

CLIPPING
VIDEO FADER

ROBERT PENFOLD

A new series of periodic articles in which we present a variety -of
simple-to-build and use projects especially suited for construction by
those who are comparatively new to electronics and wish to build an
interesting and inexpensive practical circuit that does not-.require a
great deal of expertise or test equipment, and which is likely to work
first time. Experienced constructors will undoubtedly find the designs
useful as well — so it's something for everyone, we believe!

ANY camcorders include a video

M fader facility, but this is ofien in
the form of a pushbuuion control

with a fixed rate of fade. A fader of this
type is certainly usable, but ofiers no
creative control to the user. This extremely
simple video fader describe here has a
conveniional control knob that offers
precise eontrol over the fade characteristic.
The circuit provides what is virually a
conventional fade 10 black action, but the
fading is provided by asymmetric clipping
of the picture modulation rather than by
attenuating it. This method of fading
operates in different manner o a conven-
tional fader, and it produces a different
effect on-sereen when the picture is faded.

FADER TYPES

With a conventional fader the

‘best bits from the raw foofage in the
camcorder. However, il can also be
connected between two VCRs or any items
of video equipment that use the right form
of video signal. It is no! suitable for use
with equipment that uses any form of RGB
signal, digital video signal, or separare
synchronisation signals.

SYSTEM OPERATION

The waveforms of Fig.l show how the
clipping process provides a fading action.
In somewhat simplihed form, these
waveforms @ach represent iwo line scans.
Each scan siarts with a negalive
synchronisation pulse followed by a high
frequency colour burst signal. The rest of
each line scan is the colour modulation,
which is of the pdésitive variety for the UK

PAL system. In other words. the stronger
the signal voliage. the brighter the screen af
that point in ths line.

Waveform (a) shows the unprocessed
composite video input signal In waveform
(b) the clipping process has just begun, and
the asymmetric clipping process has tluiiened
the positive peaks in the piclure modulation.
In the waveform (c) the picrure has been
almost completely faded to black by the
heavy positive clipping, and in (d) the piciure
modulation has been removed completely.

BE POSITIVE

Note that symmetrical clipping would
not give the desired result because it would
commit both the picture modulation and

-the synchronisation pulses. This would

produce a grossly unsiable picture well
before the picture had been fully

complete modulation signal is still
present even when the picture has
been almost totally faded out, albeit
in a very weak form. As the piciure
is faded you see a weaker and
weaker version of it, but the picture
is otherwise undistorted.

With the clipping method, the
brightest parts of the picture are
faded first, then the mid-tones, and
finally the darker areas. The picture
collapses rather than fades from.the
screen. ]

The fact that this is an
unconventional form of fading does
not mean that it is an inferior effect.
This really botts down 1o a maiter
of aste, and both 1ypes of fade are
perfectly usable. This project offers
an interesting altemnative 10 a
conventional video fade effect. and
it costs very little 1o build.

The fader circuit is designad for
use with a standard UK PAL
composile video signal. It is
normmally connected berween the
video output of the camcorder and
the video input of a VCR, and is
-used when producing a 1ape of the
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Fig. 1. Example waveforms .as the signal is progressively
chipped.
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| faded.

A fader of this type. usually
brings in the odd reader’s lewer
pointing out that it cannot work.
The point of contention is that the
colour burst signal will start to-
become clipped before the picture
is fully faded 1o black. This does
indeed occur because, as will be
apparent from the waveforms of
Fig.1, the colour burst signal is
positively building for 50 per cemt
of the time.

There is no danger of affecting
the synchronisation pulses as
these are always negative and
have no positive conient. The
distortion of the colour burst
signal is unfortunate. but it does
not actually siop the system from
working properly. i

Some colour distortion will
-oceur, but only when the picture
has been virtually faded to black.
Somé over-saturated colours are
likely to be produced, but the
picture will be so dark that you
will have 1o look very close
indeed .10 see them,

=
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CIRCUIT OPERATION

As will be apparent from the circuit
diagram of Fig.2. the Ciipping Vidzo Fader
is very simple indeed. There is only one
active component, and this is transistor
TRI. The circuil is basically just a buffer
ampiifier, which uses TR! in the emiuer
follower mode.

With the wiper (w) of potentiometer
VR1 at the boitom end of its track the
circuit functions as a siraichiforward
emiller follower siage and no fading is
provided. As the wiper is moved further
up VR 1's track the bias voliage fed 10 TR
becomes higher. and it gets ever closer to
the positive supply potential. The output
voltage at the emitter (€) terminal of TR
is' about 0-65V higher than the inpus
voltage at its base (b). This facior, together

with the high input bias level. makes if

impossible for the oulput voliage from
TR1 to go more than about one wvoit
positive.

Therefore, severe clipping of the pictare
modulation occurs. The clipping becomes
heavier as the wiper is moved wowards the
top of the VR s track, and the positive part
of the output waveform is totally removed
when the wiper is at the top of the track.

The positive picture modulation is
removed by this clipping, but the negative
synchronisation pulses are unaffected. In
fact, the off-centre biasing provides a
massive amount of “hesdroom™ for
negative-going signals, and ensures that no

2
| e
Ci
ATy Nesm FADER
LizH
hLY
INPUIT
O~
=)
2
1::'0 Lo
Fig.2. Complete circuit diagram for the Clipping Video Fader.
CONSTRUCTION The solder pins are used at the points

The component layoul and wiring for the
Clipping Video Fader project are shown in
Fig.4, along with the trackside view of the
stripboard. The board measures 22 holes by
18 copper strips and there is just a single
break in the copper strips,

Construction of this board is extremely
simple. and complete beginners should have
no problems in building it. Transistor TR1. in
common with other semiconducior devices.
is more vulnerable o heat damage than most
other types of component. Consequently. this
should be left until all the other components
and the solder pins have been fited.

where connections will be made w0 the
controls. sockess, and bantery. Single-sided
pins Imm in diameter are required. “Tin*
the tops of the pins with solder and it
should then be easy 1o make reliable
connections to them.

The unit should fit into vinualiy any
small to medium size case, but make sure
that you select a case that can
accommodate the rather bulky bartery
pack. In theory there is some advaniage in
‘using a meral case that will screen the
circuit {rom any sources of eclectrical
‘interference. but in practice an inexpensive

distortion of the synchronisation pulses
accurs. N
The currént consumption of the circuit is i = = -
largely dependemt on the setting of fader sl = ionos#f
controt VR1. It is only about 3mA or so with c[ & &
the picture fully faded, but rises 10 about 21
BmA or 10mA when no fading is uscd. £
G
= = H
COMPONENTS |
L 4
, ‘
; L' |
Resistors n M
SK3
R 1000 §ee G Ak
"z 20 SHOP :
R3 2K7 ES 20
R4 1« TALK =
R5 5600 page
RE ‘ 2k2 | QUTPUT|
‘All 0-25W 5% carbon film orbatier.
Potentiometer
VA1 1k rotary carbon, Iin
Capacitors ‘
C1 47 axial elect., 16V
cz2 10u radial elect., 25V ' = 1 i 2y
c3 100u radial elect., ale e ooo_nnon,ooeooooocoool : =
16\/ 00 C00DCO0e®8O0CD OC003008 880 I
S . d AN E-E-N-TI-) 0OD0DO0OGOOOO O e
emiconductor 000000000000 O00000O0O0O0 D] =BREAK ™
SR ‘ : PR H[@ e D000 00DOODOO0O0000CO00, SHRERTRACK, |
TR1 BC559 pno transistor
MOODODO0O0O0OGSOO0OG®DOOQ 0C 600G
. LP0O00ODSDC0OO0CLOA00O0DDOOC
Miscelianeous ‘. e XCDODOWPOO006C000OB60000O0800D
B1 12V (ExAA-size cells in 100D DOC0000OOOLOO00D0DO0OGC O]
plastic holder) /1IDODODDO00C00O0OCOOOOCDO00
31 s.p.s.l.min.togglaf HIODDOODDODODOOOGCGODOO 0000
S\'Iitch GICDODOODOOSCO0.000D00O0 Q00 C
FIOODODO0O0O0O0OCODSHOOEOOCETODOS -
SK]'SKZ ,phunosock_e'(zom EIOCO00D00QO0O00D0DO0DOCOOOC0D0 OO0
D;WEIEAOT#'?UE.C%SE.tc(jJSEUzﬂ(r?El‘E‘tEX;}B' 0l0 OO OODODOOOODBOOOGCOO00L0G0
~1-inCh pACh stripboard, oles X Cl020(J00000O0OODOSCOCEC, JOOG
copper sinps; control knob; battery BiIBOOOOD0ODDOOCOCODOOO0D0D G
connactor (PP3 type): connecﬁng W[fc‘:; #0000 0DD0DCDO0C0O0000O000:0000 ‘:‘_i
solder, ete. | 4
s, £6.50
=

|Guidance Only

excluding case & batls Fig.3. Stripboard topside component layout, underside copper track details and

interwiring to ofi-board compenents. Note the single break in the copper strips.
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Only two componehts are mounted on the front. panel of the

finished Video Fader.

plastic box is perfectly satisfactory for this
tvpe of project.

Potentiometer VR1 and switch Si are
mounied on the front panel, but it is
probably best 1o fit the two phono sockets
(SK1 and SK2) on the rear panel, otherwise
the connecting cables tend w0 get in the
way. Bolt the siripboard panel on the base
panel of the case using metric M2.5 or 6BA
screws, and include spacers abont 6mm
long to hold the board clear of the case,

TESTING, TESTING

Once completed, this unit requires no
seiting up and it is ready for immediate use.
For initial testing it is advisable to use a
VCR or camcorder as the signal source,
and to monitor the output snenal using a
television or monitor.

Ordinary phono leads are used to
provide the interconmnections, although a
phono-10-SCART lead may be needed 10

(Right} Wiring from
the completed
circuit board to the
Fader control!
potentiometer
(VA1). Note the
solder pins.

make the connections to the ielevision sét
or monitor. These davs most camcorders
are supplied with a selection of leads and
adaptors, and the leads supplied with your
camcorder will probably be sufficient o
wire everything together.

With the output of the fader connected to
a relevision or monitor the effect provided
by adjusting VR can be seen immediately,
and it will be obvious if the unit is not.
functioping properly. As with any project,
if there is any sign of a malfunction switch
off at once and re-check all the wiring.

Tt is normal practice for the audio side of

Final positioning and wiring of components inside the completed model. Note how
‘the phono sockels, mounted on the rear panel, and circuit board are located
towards one side of the metal case. This is to allow sufficient space for the 8-celf
battery pack.
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things 10 be handled by a separate audio
mixer. [f.you do not wish to do things this
way and would prefer to have an audio
fader incorporated in this unit it is merely
necessary {0 add the u)tra-simple circuit of
Fig4.

X3
If.‘-F- N

Fig.4. This simple circuif provides
audio fading, but it is better to use an
audio mixer to handle the-audio side of
things.

This is comprised of just a logarithmic
potentiometer  connected in  standard
volume control fashion. For stereo
operation two of these circuits are required,
one for each stereo channel. A dual-gang
potentiometer should then be used so that
the two.channels can be adjusted in unison.

L.E.D. STROBOSCOPE

Don’t miss out!
See your Newsagent NOW!
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A voundup of the latest Eﬁemﬁhv_
News from the world of

BH%B“IIIIIGS

BIOMETRIC PC SECURITY IS HERE

Long awaited, biometric security comes out of the lab and into
the small office. Bariy Fox reports.

RECENT survey of 1000 North

American companies by Ernst and
Young showed thar more than half had
suffered heavy losses caused by breach-
es of computer security. The US govern-
ment has initiated a standard which lets
the owner of a PC ensure than no-onc
clse can start it up. As a resulr, a wide
range of technologies, which check a
uscr's fingerprint, eye iris pattern, voice
or facial fearures, is now on its wav.

Most PCs, and the software they use,
let the owner set an alphanumeric pass-
word. The PC automarically encrypts all
data as it is stored, and de-cncryprs only
when the rightful user enrers the correct

assword. Losing the password means
ﬁ:)smz the data, so many people com-
promise security by using simple pass-
words, like their own name, or sticking
a note on their PC, 50 as not to forget
the access code.

The military and national security
services have used biometric systems for
ten years, bur the cost has been too high
for small businesses or cash-strapped
medical and social services, which must
also store sensitive personal data.

HA-API

Three years ago the US government
created the Biometric Consortium to sct
an industry standard, thée Human
Authentication Application Program-
ming Interface, which lets any propri-
etary biometric identification system
connect to a PC through irs standard
ports and "plug in™ to 2 PC’s existing,
operating system software. The HA-AP]
also lets more than one system conrrol a
PC, so that users may have to pass sev-
eral different checks hefore accessing
stored data. (Ref: www.biometrics.org).

A 128-bit encryption key is used for
systems sold in the US, but expori soft-
ware is limired to 40-bit because the US
government still classifies high level
encryption as munitions unless special
clearance is given.

Compaq claims to be first on the
market with a fingerprint reader that
costs under $106. The device works like
a miniature scanner and plugs into the
pringer port of a PC. The first batch hit
the European shops recently. NEC says
it is now developing in:elligent sofrware
which distinguishes individual fingers,
so that the user can open a file by touch-
ing the sensor with one finger and log
onto the Internet by touching with
another.

Net Nanny of Vancouver does not
need aprint reader. The PC analyses the

user’s wyping rhythm when entering a
password. If the rhythm is wrong the
password does not work.

Korcan giant LG Electronics and

IriScan of New Jersey, will soon
launch eye recognition systems. The
user locks into a digital video camera
which captures an image of the iris,
the coloured ring around the pupil,
and stores 256 variables as a 512-byte
file. The PC will only work when it
sees a matching pattern. The probabﬂ»
ity of rwo different mses giving the
same code is 1-in-1078

For your voice only

Safelink of Tampa, Flonda has been
working with Belgian company Lernout
and Hauspie on a security system which
uses L&H’s speech recognition rechnol-
ogy to check a user’s voice against a
stored recording. The Saferylatch soft-
ware will use an ordinary microphone
and sound card, and sell for under
5100. The system can be used with a

laprop so that dara is secure if a trav-

eller’s PC is stolen.

Visionics of New Jersey, and the
Polaroid Corporation, claim 99-99
per cent accuracy with their joingly-

dci’eloped Facelt which checks the
user’s entire face. A digital video
camera takes a mug shot and the PC
extracts a face print which®logs all
facial features. The PC will then only
work when the user’s face fits.

Even the tghtest biometric security
cannot protect data if the legiumare
user logs on and then leaves the PC
unattended, for instance if sidetracked
by the boss while ferching a cup of cof-
fee. RF Ideas of Illinois has developed
Air [D to solve the problem.

A radio transmirer, the size of a ciga:
retze packet, plugs into the PC’s serial
port and rransmits coded query signals
as soon as the PC keyboard or mouse
has been idle for a couple of minutes.
The user wears a pendant or badge with
a radio transponder which transmits
martching signals whenever it receives
the query codes from the PC.

While it gets a response :the PC
remains active. But as soon as there is
no return code the PC shuts down,
and cannot be used again untl the
owner has passed a biomeiric rest.
The transmirtters are very weak so that
the codes only work if the user is close
to the PC.

Easy-PC Lives!
SOME time ago, 10 our regret, we
learnr that Number Qne Systems, the
Easy-PC PCB CAD system engineers,
had ceased trading. They had been
around for well over a decade and
had a rangé of well-respected software
products.

However, we are pleased to learn
thar, in facr, Easy-PC stills lives and that
Number One Systems is ndw owned by
Sightmagic Ltd, a software development
company. Sightnagic boasts over 120
man-years experience in déveloping
software for PCB layour generation. Of
particular and immediate interest to
Easy-PC users is the new Windows
upgrade of the product.

Many enhancements to the sofrware
have been added, and prices starr from
as low as £127 for the Easy-FC 500 For
Windows version, Evea the fully
equipped (unlimited) variant is only
£397 ar the present tme.

For more informarion,
Sighrmagic Lid., Dept EPE, Oak Lane,
Bredon, Tewkesbur\' Glos GL20 7LR.
Tel: 01684 773662. Fax: 01684
773664 Web: www.numberone.com,

Everyday Practical EleclronicsIETL; Jine 1999
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LIVE NET
CHAT

BRITISH Telecom has .annéunced
that it now makes ir easy for surfers to
speak to each other over the Internet.
BT Interner launched its new Voice-
over-Internet service on 16 April. The
service is aimed atr purting its cus-
tomers at the forefront of the next
“communications revolution” by
enabling them to make and receive
good quality calls between each
other while simultaneously-surfing the
Nert.

BT latérner’s home page features an
icon thar will lead customers through
setting up and using the Voice-over-
Interner service. Users need a multime:
dia PC with microphone and speakers;
which are standard with most modern
PCs. Best performance, say BT, is
obtained usiig appropriate headsets
which are wndel) available from high
street stores.

For more information about BT
Interner, phone G800 800 001 or visit
wwaw.brinterner.com.
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for data acquisition, have published their lalest catalogue. It is a 24-page A4
production {and very colourful too!) with an amazing selection of virtual
instruments for use with your computer.

Amongst them are oscilloscopes, spectrum analysers, meters, analogue-
to-digital converters, hand-held oscilloscope probes, temperature and
humidity monitors and converters, pressure and energy monitors, signal
conditioners, voltage/current converters, and more, plus a range of acces-
sories. It seems fair to say that if a situation is suited to being monitored and
displayed on a computer, Pico have the interface that permits it, and at some
astonishingly good value prices!

Pico pride themselves on being recognised for their innovalive low-cost
alternatives to traditional test equipment and data acquisition products. If you
have a computer in your workroom {and who hasn't these days?) you too
can use it with Pico products to inexpensively enhance your testing and
moenitoring facilities. .

For your copy of Pico's catalogue, conlact Pico Technology Ltd., Dept
EPE, 149-151 St Neots Road, Hardwick, Cambridge CB3 7QJ. Tel: 01954
211716. Fax: 01954 211880. E-mail: Post@picpte,ch.co.uk. Web:
www.picotech.com. & 3

PICO TECHNQLOGY, renowned leaders in the field of virtual instruments

= —

UK Microsatellite Constellation

THE University of Surrey has been
awarded a contract to build six
enhanced microsatellites. Their associ-
ated company, Surrey Sarellire
Technology Lid., has been awarded the
contract by DBS Industries Inc, USA,
under which they will build the constel-
lation of satellites to target hard-to-
locate utility meters, such as gas and
electricity and other fixed assets.
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Ar first the sarellites will cover the
USA and rhen, as permits are obtained,
other countries around the world. The
microsatellites are planned for launch

on Rockot in the first quarter of 2001.

Wich dimensions of 600mmx600mmx
700mm, each will carry a 1-5 metre
VHF antenna and a cold gas propulsion
system. The total launch mass will be
130%g.

PHOTO CD
RETURNS

By Barry Fox

KODAK is test-marketing a re-packaged
version of failed Photo CD. Adverts in
the national press offer photographers
the chance w have their pictures
scanned onto a floppy disk as well as
printed onto paper.

~ Kodak launched Photo CD in 1992
Photographers used conventional
35mm film which Kodak's labs
processed and scanned onto a CD-
ROM. The photographer then used a
standalone Phoro CD player 1o view the
pictures on TV,

The system flopped because con-
sumers want paper prints, not haye to
spend £300 on a player and connect it
io a TV set. Photo CD was later re-
vamped for use with a PC, CD-ROM
drive and reader sofrware, bur it has
had only limired commercial success.

The latest idea is called Picture Disk.
The photographer stll nses conven-
tional 33mm tilm, Kodak processes it
and sends back a set of paper prints
and a standard floppy disk which
holds rthe same images. These are
coded in standard JPEG format and
the disk also contaips reader sofrware
that works on any PC with a "486 or
better processor. .

One 1-4MB floppy can hold 28
images. of around 50KB cach. Kodak
accepts thar this gives only “low resolu-
tion” bur the compressed files are
“ready for Interner use on web pages
-and E-mail”.

A spokesman says that “Picture Disk
was never acrually released”, even
though the trial adverts refer to a “nagr-
mal price” of £11.99 with special offer
of £3.99.

Kodak’s Consumer Imaging division
1§ now evaluating consumer response:
before deciding whether to launch
Picture Disk as a full coasumer
service.

» L]
Radiometrix
ON the subjecr of radio control, one of
the companies who specialise in such
modules is Radiometrix, who have sent
us a bundle of data booklets about theic
products. Featured in the data are UHF
modules tuned not only 1o comply with
‘UK regulanons, but also others that are
tuned to suit the European mainland.
Evaluation kits are included in the range,
including some that are PIC microcon-
trolled. If this is a technology you want
to become more involved with,

Radiometrix can probably help you.

For more information contact
Radiometrix, Dept EPE, Hartcran
House, Gibbs Couch, Carpenders
Park, Watford, Herts WD1 SEZ. Tel:
0181 428 1220. Fax: 0181 428 1211,
E-mail: sales@radiomertrix.co.uk. Web:
huep://www.radiomerrix:co.uk.
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® Berkeley SPICESFS analoguersiminiation kemelk

® Tnle mixedimade simulation.

® New analysis jpesiimpiude multi-plot'sweeps, transfer
[B+[=]E] curves, distontion afid impedance plots.

O '® Active Gomponents: Switches, Pots etc.

SELEE @ Ovey 1000 new library parts with SRPICE models.
e ® Grealer ease ofilise.
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oF @apabl]lihy throughout”

=5 EWW CAD Review:Round Up qujembe‘n 1998

[ 'Schematic Capture

® Produces attractive sghematics llike in themagazines:
® Netiist, Papis List & ERC reports.

® Hierarchical Designs

® Full support for buses includifigibus pins.

® Extensive epomponent/model libraries.
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88-108MHz FM Professional
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RDS systems now available.
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Update

"HERE is always pressure on elecironics

designiers to fit inereasing amounts of
electronics into even smaller packages.
Any electronics designer today will say
that even though the level of integration is
increasing. there is always a problem try-
ing 1o fit all the elecironics onto a given
board because greater levels of functional-
ity are needed.

There are a number of methods that are
employed 1o relieve the probiem. Tracks
on the printed circuit boards can be made
thinner. Via holes passing from one layer
to another can be made smaller, or buried
within the circuit board nself if they con-
nect wo intemal layers.

Using smaller components can make fur-
ther improvements. Resistors and capaci-
tors, for example. can be reduced in size.
Some years ago these components had
feads that were placed through holes in the
boards. The introduetion of surface mount
technology lead to a quantum leap in size
reduction. Now even these coniponcats aré
being made even smaller.

Integrated circuits have also reduced ‘in
size with the introduction of surface mount
technology. Dual-in-line packages have
given way to & variety of surface moumt
packages.

However, in just the same way thar sur-
face mount was a major step forwards, so
further advances need to be made if the
trend of miniaturisation is 10 continue:

Package Size

One area that is being investigdted 1s 1n
the use of i.c. packages. Here a large
amouni of space is wasted, and this
becomes particularly crucial if the package
is only used to contain a comparatively
simple function.

In many designs there are aldrge number
of these i.c.s because it is not possible to
place all ihe circuitry onto one chip. This
can resuli from the fact that a proprietary
chip is used and, by its very nature, it will
be general and not all the functions for the
specific application will be included.

Alternatively. when ASICs or other
application specific chips are used it may
nol be possible to include everything
because the number of pins on the package
is limited. In cases like these, i.c.s with rel-
arively low levels of integration are often
needed 1o complete these circuits.

Where relatively low levels of integra-
tion are employed it is found that thé pack-
age is much larger than the chip itseltf. This
results in a very poor utilisation of the
board area.

To increase the levels of miniatifrisation
that can be achieved, one manufacturer has
taken a new lock at the way in which i.c.s
can be packaged. This has resulred ina

New Technology

A remarkable encapsulation innovation heralds
even smaller i.c. packages reports lan Foole.

new meihod of packaging these small
chips so that they take up considerably less
space on the board, whilst retaining the
low cost of the packaging.

CsP

A company named Shelicase, located in
Jerusalem. Israel, has undenaken develop-
ment of a new package. Named a Chip Size
Package (CSP), this new idea allows chips to
be mounted in simple packages that are liule
more than the size of the silicon itself. Not
only is the board area used kept 10 a mini-
mum, but so is the height, and in some appli-
cations this can also be critical. The wafer
level technology employed in the manufac=
g process produces CSPs that measure

benween 300 and 700 microns in height.

!

EXTTRNAL SAADER

COWFLLENT CREANT
LAYEH e AL CONTACTS

/

ST GER MASK

GLASS ENCAPSIAATEH
N\ S CCH IS, DIE
!
/ \ GLASS ENCAPSLE ATION /
1
[}
EPOY COHIACT BAD ON LT DEE

Fig.1. Cross section of the chip size
package.

The new package essentially consisis of
the bare chip sandwiched between two thirr
layers of alass to provide the environmen-
tal protection that is required. Solder balls
deposited onto comntact regions of the pack=
age enable connections to be made 1o the
chip itself. These connect 10 the printed
circuit board in the same way thal a ball
grid array (BGA) does 1oday.

Manufacture

One of the keys 10 the success of 1he new
system is that the packaging takes place at
wafer level, thereby significantly reducing
the costs. The technique also uses semi
conductor-like processes. enabling it to be
introduced into fabrication planfs without
the levels of investment required for other
processes.

The manufacturing process contains a
nuniber of steps and a representation of the
finished package is shown in Fig.1_ First a
thin protective glass layer is bonded 1o the

‘active side of the silicon wafer with an

epoxy adhesive. Next the silicon material
between the dies is eiched away. leaving

the individual i.c.s anached 1o the glass.

At this stage, the grooves berween the
dies are filled with an inert material and a
secand thin glass cover is bonded onio the
other side of the silicon dies. in this way a
complete enclosure is obiained.
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Mext an organic Jayer is applied and pat:
temed. This acts as a compliani layer
undemneath the solder joints when equip-
ment munufacturers place the CSP onto a
board during p.c.b. assembly.

The connections need (o be added. The
first step is achieved by drawing deep
notches between the dies revealing the
cross sections of the i.c. connection points.
A metal tayer is added to create the con-
rection pads, and create the connections
from the'i.c. termination poinis on the chip
itself. The correct pattern for this is
defined using photolithography.

Finally. the connection pads have the
solder applied and melied into the famil-
iar solder balls thai are normally associat-
ed with BGA packages. When this is
complete, the waters are diced to produce
the individual chip-sized encapsulated
i.C.5.

Advantages

Apart from the obvious advantages of
the reduced package size. the new CSPs
offer a few other benefits. For high fre-
quency and high speced applications the
CSP offers even shorter lead lengths 10
reduce the level of parasitic capacitance
and inductance, enabling the chips 10 oper-

_ate 1o their full potential. The process also

offers excellent thermal dissipation capa-
bilitics. This aspect needs to be considered
for a number of applications where heat
needs 1o be removed efficiently for the cor-

-rect operation of the chips.

The process is very flexible, allowing a
fast transition trom one preduct 10 another
merely by changing the mask set.

Production line flexibility is particularly
important where small volumes are manu-
factured. If the changeover or set-up limes

.are long then these can add significansly ©
-the overall costs of the product. A further

cost saving is made by the fact that the
process uses siandard  processing

techaiques and equipment.

Dutlook

This new technique has been swifily
taken up. Xicor are now working with
Shellcase and they plan to launch a family
of serial EEPROMs in the near fure. The
joint venture has built upon the original
work undertaken by Shellcase and has
made a number of improvements.
Compliant layers have been introduced
under the solder balls to reduce stress and
a betier passivation layer prevents mois—
ture ingress.

Both of these improvements will enable
the long 1erm reliability of chips using this
package 10 be improved. Further details
cgn be obtained by E-mail from
marketad@shellcase.com.

411



Qur regutar round-up of readers’ owi cifcuits. We pay
between £10 and £50 for all material published, depending
on length and technical merit. We're looking for novel
applications and circuit tips, not simply mechanica! or

5% electrical ideas. ldeas must be the reatler’s own work and

not have been submitted for publication elsewhere. The
circuits shown have NOT been proven by us. Ingenuity
Unlimited i& open to ALL abilities, but items for
consideration in this column should preferably be typed or
-word-processed, with a brief circuit description (between

WIN A PICO BC BASED
OSCILLOSCOPE
 S50MSPS Dual Channet Storaga
Oscilloscops @ 25MHz Spectrum Analysgr
o Multimeler o Frequenty Meter
o Signal Generator

5 i \
N vy '
{
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N =R /

100 and 500 words maximum) and full circuit diagram
showing all relevant component values. Please draw all
circuilt schematics as clearly as possible.

Send your circuit ideas to: Alan Winstanley, Ingenuity
Unlimited, Wimborne Publishing Lid., Allen House, East
Boarough, Wimborne, Dorset BH21 1PF.

They could earn you some real cash and a prize!

If you have a nove! ciruit idea which would be
of use to other rexers then a Pico Technology
PC based csatioscope could be yours.

Evary six months, Pico Technology wi be
awarding an ADG200-50 digital storage
oscilloscopa for the bast IU submission. In
addition, ivio single channel ADC-40s will be
presented 1o the runners up.

Car Auxiliary Power Protection
~ Keep A Check On Your Battery

CRCUIT design intended to protect a 12V
vehicle battery from discharging below
approximately 11-5V is given in Fig.l. The
voltage sensor chip ICL8212, ICI, monitors
the voliage and tms off the relay RLA 10
disconnect the load when the voltage drops to
aset level. ‘
In use, the load is connected to the 12V
battery via the normaily-apen relay contacts
RLAI. The Start switch S1 is then closed
which temporarily shorts out resistor R1.
This causes the output (pin 4) of ICI 1o
go low, sinking current and the transistor

TR1 switches on, powering the rélay and
completing the load circuit. With the relay

operated the circuit uses around 50mA, fall-

ing to around 36p A after the relay switches
out.

When the voltage on the threshold pin (3)
of IC! drops to a value comresponding 1o
approximately 11-5V at the bauery, pin 4
2oes high and the relay de-energises, cutting
the supply to the load: The battery is thus
disconnected.

The reason for the pushswitch S1 is 1¢
send the threshold pin (3) high when a

=0} +12¥ BATIERY

=

w3

751 ;
I00mA Pu.ill
P pratiy i
- _!”’""
= 31 O
e 121

EHBNGECVER

Fig. 1a. Circuit diagram for a Car Auxiliary Power Frotection and (b} using
a double-pole or changeover relay to provide a battery charger controller

facility.
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normal batiery vollage is assumed: once
resistor R} is in circuit, @ much higher
battery voltage would then be needed to
take pin 3 high. Once the falling battery
voltage has eaused the relay to drop out, the
circuit will not be reactivated by the in-
crease in battery voltage which will occur
when the batiery goes off load.

With the resistor values shown the volt-
age to take IC1 pin 3 high without using the
switch would be around i16V. and the volt-
age to take it low is'LI-5V.

On Charge

The circuil ¢an be adajied 10 jorm a
Battery Charger Coniroller, so that a battery
can be left permanently connected 10 a
charger and **conditioned®* when not in use.
Pushswitch S1 is omifnied and resistor R1

-should be exchanged for a 500 ohm presat

polentiometer, wired as a varable resistor,
plus a 2.7 kilohm fixed resistor (in series).
Resistor R2 should also be changed to a 2-7
kilohm preset (also wired as a vartable
resistor) in series with a 12 Kitohm fixed
resistor.

Nommally-closed (n.c.) relay crontacts
RLAL connect the charger (see inset Fig.1b)
and normally-open (n.o.} contacts RLA2 can
pravide an optional load for the battery. The
batiery should be fully charged prior to
adding the controller.
~ The charger will be switched off a1 14V
battery voltage and switch on again when the
baticry voltage drops fo roughly 12V, as
determined by the resistors which set the
‘upper and lower limits. It is probably best 1o
set 10 a low charge rate once the battery is
fully charged. to prevent it rapidly cycling off
and on. Setting up is best achieved with a
variable PSU, noring that the Le.d. D2 will be
on when the charger is off.

IM. Tasker,
Grantham, Lincs.

WARNING

Care -must always be taken when
dealing with lead acid baueries, 10
aveid accidental burns or shorts with
wristwatches, bracelets etc., or ignition
caused by electrical sparks; of any
hydrogen gas emijued by the cells -
ARW.
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Metal Detector Adaptor - Tune-In To Those Hidden Objects

A SIMPLE way of adapting a Walkman-type
of petsonal radio for usé as a metal
detector is suggested n circuit diagram Fig.2.
No electrical connections are requnred as the
circuit is coupled via a coil.

The design is based upon a Harley os-
cillator formed from transistor TR and as-
sociated components. The oscillator coil is
approximately 200mm (8in.) in diameter and
it alsa acts as the search coil.

‘Good sensilivity is obtained and a search

depth of several inclies can be achieved. The

circuit is powered from a 9V banery and
details of the coil windings are shown in
Fig3.

To set up the circuit, wrap the coupling
aerial wire around vour **Walkman*" and mune
in a weak MW (a.m.) station. Switch on the
detector circuit and adjust variable capacitor
VC1 uniil an interference *beat™”
heard. This will sound like a Theremin!

‘The Meial Detector can now be tested with:

a vanety of meial objects, noting how
the pitch of the beat frequency changes

frequency is:

‘ SO0 WITH |
e.ss.va_f-:n.»r WISULATHG TAPE
\ ~ :«
% D
/" } X\
g N
2000 (3 W) DAVETER
,J\
\ 8,
Lo
Tl e == \;
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Fig.2. Simple Metal Detector Adaptor
circuit diagram.

accordingly with both ferrous and non-
ferrous items.

ng.? Coit wmdmg detalls for ithe
osciflator/search cor.

MMichael Roberison,
Chasetown, Staffs

Alarm Add-On

Bz Protective
THE CIRCUTT diagram shown in Fig4 can:

protect exterior outhulldings and was
designed to imterface to a domestic alarm
system. A resistive loop is used to protec
items outside the house. and each item 10 be
proiecied has some form of switch (magnetic
switches seem to be the most reliable) with a
resistor wired in series.

When the loop is closed, this resistance

forms part of a potential divider, the voltage
of which is sensed by window comparator
ICI. To set the system switch S1 is opened,
but the loop will not become active unlil
capacitor C5 charges up via resisiors R8 and
RY 10 the gate threshold of I1C2c. This acts as

an exit delav (around 1-3 minutes), sufficicnt

10 get the car out of the garage for example.
If the loop is shorted or opened the output
of the appropriate comparator will go low.

B— = |
INGENUITY UNLIMITED
BE INTERACTIVE x
IU is your forum where you can offer other =3
readers the benefit of your Ingenuity. Share those ideas, iy
-earn some cash and possibly a prize! —
- _ -5

‘The output of 1C2a will then go high and
:consequently the output of IC2d will also go
high.

The MOSFET TR2 will now sound the
warning buzzer WD1 {mounted indoors) and
also open the relay contacts which can be
wired as one of the zones of a domestic alarm
sysiem. [t is best 10 have a delay on this zone
10 act as an eniry period, or in the event of &
real break-in it acts as a “‘silent alarm®

afid provides an oppormunity to telephone the
police before the mein siren goes off.

To set up the system, the loop ‘is closed
and preset potentiometer VR1 is adjusted un-
til test point TPI is at cxacily half the supply
voitage. The Le.d. DI shows the state of the
leop whether the system is switched on or
off.

Duncan Boyd,
Blackburn, West Lothian.
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Fig.4. Full circuit diagram for an Alarm Add-On for a domestic alarm Sysiem to help protect exterior outbuildings,
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Special Feature

ALAN DOWER
BLUMLEIN

BARRIE BLAKE-COLEMAN %A

o 2

A Touch of Magic - Blumlein, a name krown to
few, but as significant to the progress of
technology as any of the “greats”

S A YOUNG development Engineer
A;vorking in the Laboratoriés of a

arge industrial research and devel-
opment unit in the early seventies, I lis-
tened avidly to the old hands talking about
their early experiences ia both peace and
war. One had the good fortune to have been
ar Blewchley Park, during WW2 and would
modestly mention names such as Enigma,
Turing and the Colossus digital computer
project.

Another was at Ferranti in the fifties and
had worked on Pegasus, one of Britain’s
first commercial main frame compulers.
Others had stories about carly teléevision
manufacturing with Ekco and some talked
at length on the development of radar.

What was interesting, however, was that
they all knew a name [ had never heard of,
a man called Blumlein — Alan Dower
Blumiein — and they hardly ever failed o
mention this man other than in terms of
admiration, deference or endearment. They
said he was a genius and added a touch of
inventive magic to anything he set his mind
te. Even now, they said, people in EMI
speak of him in hushed tones!

Being young and with no background
information [ half suspected they were
making more of maters than was justified.
After all, if he had been that smart 1 would
have heard of him wouldn't I?

It was to be a good few vears before 1
found out why I hadn't heard of him and
that the regard my colleagues showed for
Blumlein was wholly justified. For all my
skepticism, they had acmally understated
his brilliance,

BLUMLEIN GENIUS

Few will ever maich A. D. Blumlein-in
his insight. breadth of knowledge or ability
10 solve probléems in electronics and electri-
cal engineering. If one defings genius as
“original thought'' then Blumiein had it in
abundance, In a life that was cut shon dur-
ing the Second World War, he created more
in a career lasting only 17 years than the
vast majority do colleciively in a lifetime
— one eminent author has said that he was
more versatile, prolific and inventive than
even Faraday.

Blumlein eithier originated or made pro-
found contributions 1o Telephony.
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Monaural and Stereo  Recording,
Television, Radar, Amplificr technology,
and Signal Processing circuits. In all
Blumlein held 128 patents — on avcrage
“one for every six wecks of his working
life” (Bums 1992). Of this it has been said
(Lynch 1993) that “the sheer number of
Blumlein's (successes and) patents should
have made him famous — but it didn't!”

That he was hardly known by his con-
temporaries outside his smatl group. or by
those he left behind after his untimely
death, is more to do with historical circum-
stances and bad fiming than any judgment
of his incredible ability. Add to this a cul-
ture which is slow 1o acknowledge engi-
neering celebritics (and tends to assume
that modesty equates to lack of ability) and
his lack of recognition is understandable.

Blumlein’s unsung standing had nothing
to do with the frue priorities in history. If
Biumlein had lived longer he would
undoubtedly have become famous for his
achievernents — but after he was killed
wartime restricios meant no immmediate
pUbllC recognition. Though the few acadc-
mic papers he did publlsh were outstand-
ing, they were sporadic (restricted by his
employers) and he had insufficient academ-
ic credentials and background to be feted
by academic peers.

Similarly. the esoteric nature of his work
meant that few understocod, let alone
admired, his abilities — and at his death
there was no one with the immediate
opportunity or mandate to collate or cham-
pion his successes and accomplishments.
As often happens, it took decades before
his reputation emerged from anonyaiity.

BEGINNINGS )

Bom in London on 29 July 1903 at
Netherhall Gardens, Hampstead., London,
Alan Dower Blumleia was the son of a nat-
uralised British father, Semmy Joseph
Blumlein who had left his home in Alsace
(then Germany) and, after training as a
mining engineer, had lived in Manchester
and South Africa. In South Africa he had
met and married Jessie E. Dower, the
daughter of the Reverend William Dower,.a
Scottish missionary.

Semmy had travelled extansively o sur-
vev appropriatc mineral sites and 1o find

the finance for their mining and exploila-
tion. Semmy and Jessic Blumlein had set-
tled in London before Alan was bom.

... If one defines genius as “original
thought” then Blumiein had it in
abundance. ..

Alan had the good fortune to find the
fight schools. The first, Gothic House, was
a preparatory school at which he was very
happy. and in later yeass he would re-visjt
the school. On one such occasion he was 1o
meet his future wife who was teaching
there. After Gothic House he attended
London House, described as a “progres-
sive” — meaning that it allowed its pupils

10 do what they found stimulating.

This suited Alan’s intellectual develop-
ment and he progressed well enough o be
sent 10 Ovingdean, a “crammer’”’ near
Brighton. He was later offered scholarships

-at both Aldenham and Highgate and decid-

ed on Highgate. Highgate was on¢ of the
great London boarding Schools anid under
the leadership and direction of the Head,
Dr. 1. A. H. Johnston, it developed an out-
standing reputation in science.

One contemporary of Blumlein spoke of

‘hiny as needing little in the way of instruc-

tion — whilst othiers built model boats,
Blumlein built a breathiakingly profession-

al balance cabinet. Whilst others laboured

with prep and experimental procedures,

Alan was often seen relaxing having coms

pleted his work seemingly without effort.
However, though Alan was not particu-

Jarly happy at Highgate he matriculated

with ease and entered the science sixth
form without difficulty. Heé left Highgate
in July of 1921 and with a Govemnors’
scholarship entered the electrical engineer-
ing course at City and Guilds Engincering
College, one of the then constituent
colleges of Imperial College.

INTELLECT

Alan’s intellect wids immediately appars
ent, a friend (I.L. Tumball) noted that for
the first four months he teamed up with
Alan 10 share the engineering exercises but

Tritle photo courtesy EMI Archives
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had to drop out of the partnership — he
found it simply impossible 10 keep pace. As

at Highgaite, Atan hardly needed to exam-.

ine experimental directions — he tended to
finish as others in the class were still read-
ing the notes.

Alan was not. however, the kind 1o create
jealousy, he was “quite popular — mixed
pretty wel — but did not sufier fools glad-
ly*’. He swam well and obigined Imperial
College colours for swimming.

Alan Dower Blumlein obiained his third
year passes and was admiited as ACGI
(Associate of the City and Guilds College)
before graduating in July 1923 with a first
class henours degree (external) in electrical
engineering. Immedialtely following gradu-
ation, Blumlein, along with A.R. van

Warmrington another graduate studeni, was'

offered and accepled. a post at C&GEC as
assistant demonstrator.

He was insightful enough 1o choose (o
work under Professor E. Malle: on telepho-
ny and wircless telegraphy. even though his
degree was in heavy engineering, Two
research students working under Mallent
were A.H. Reeves and G.F. Dution. Reeves
eventually joined Western Electric and
went on to invent Pulse Code Modulation.
Duiton was investigating the electrical
reproduction of sound. Both men were
involved in research which influenced
Blumtein profoundly in later years.

That Blumlein was broader and more
comforiable with "light engineering” and
electronics had not been lost on his
College. With Malleit he devised a novel
high frequency resistance measurement
and read a paper covering its development
a1 the IEE in January 1925. The paper was
awarded a premium. However. Blumlein
had reservations about an academic career
and laying aside his demonstrator's mantle
‘he subsequently joined Iniernational
Western Electrie, which was 10 become
Intemnational Standard Electric Corporation
and then (late in 1924) Siandard
Telephones and Cables.

TRANSMISSION LINES

Long distance telephony was becoming
pan-European but it had its problems.
Blumlein travelled 1o various locations 1o
learn at first hand what problems éxisted in
atiempting to eliminate the “out of balance
problems”” in fong transmission lines.

Blumlein's vital work on the reduction
of cross-1alk and interference in telephony
and his investigation of unbalanced capaci-
ty in transmission lines led to the develop-
ment of the transformer ratio arm bridge —
a device which was 1o become a crucial
piece of test apparatus in many electrical
laboratories and field testing in telephony.

In Switzerland he was highly regarded
and thought of as quite brilliant. In England

2 value of his work was immediately
recognised and resulted in his employers
awarding him a year's salary (£250) for his
efforts. This in any era would be valuable,
but with the onset of the economic depres-
sion of the twenties the award was manner
from leaven, ,

In 1929, afier five years with STC and a
number of imporant investigations and
patents in telephony, Blumlein found him-
self invited to 1alk to Isaac (later Sir Isaac)
Schoenberg. then technical director of the
British Columbia Graphophone Company.

Columbia, like eéveryone else at the time
involved in sound recording, were subject to
licensing agreaments with Bell
Laboratories. In 1924 Bell Labs had intro-
duced the first all-electrie recording sysiem
for the gramophone industry and had crealed
a clean sweep of the whole rechnology.

The Bell technology (the “Wesiern
Electrie™) monophonic recording system
was composed of a eapacitive (condenser)
microphone, linear high gain
thermionic amplifiers and
an exceptional moving-
‘tron wax (disc) cutting
unir with “an excellent
(mechanical) damping
sysiem” for the cut-
ter. Each licensee
paid Bell Labs
approximaiely one
old penny iacmal

and 125~
approumately fﬁ,-
036p 10 0-52p in A,
new pence) per
pressing.
Columbia,
however. were N2l stereo moving coil

not prepared 10 pick-up.

go on paying Courtesy EMI Archives
the fee and wanted 1o develop a royalty-
free disc cutting and pressing system of
their own. In auempting to extricale his
company from the royalty trap, Schoenberg
initially invited E.K. Sandemann from
ISEC 1o join Columbia and iackle the
development of a novel recording system to
bypass the WE patenis.

~ Sandemann declined. but spoke to
Blumlein about it. Remembering Dutton's
work at Imperial, Blumlein wrote to
Schoenberg. E. A. Nind, then at Columbia;
recalls that two applications were actually
received but, recollecting Blumlein from
his college days, gave him preference and
recommended him.

Al the interview, Schoenherg was immedi-
ately impressed with Blumilein and expressed
his satisfaction with the young engineer’s
potential 1o resolve the sound recording prob-
lem. It is reported {Lodge 1993) that
Blumtein, on hearing Schoenberg’s com-
ments, retorted that Schoenberg might revise
his opinion when he heard what salary
Blumlein expecied — Schoenberg’s riposte
was to offer substantially more than Blumlein
was asking and Blumlein left Schoenberg's
office a more than-willing recruit.

SOUND
REPRODUCTION

Working ™al phenomenal speed™ with a
small team which included an inspirational
mechanical engineer called H.E. Holman,
Biumiein set about circumventing the
Western Electric Palents. The whole
Westermn Electric sysiem was subject to one
Ppatent specification or anothef, and so they
had 10 address the whole system from
scratch — including the wax master disc
curfing apparatus and the microphones.

The Westemn Electric system was reliant
on mechanica! damping and Blumlein
found no way around this. Insicad, he
decided on elecrromagnetic damping and
began to develop a full moving coil drive
which had a very light cutier made from a
single turn of aluminium. This in turn lay in

-~
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Closz-up of the origi-

the field of a2 wound coil whichyvas able to
deliver enough power without any serious
upper frequency losses. The method, in
effect, was the same as a moving coil meter
with the needle indicator being. in this
instance, the cutter head. Initally, the axis
of the field coil was horizontal but a veni-
cal axis was eventually demonstrated as
more effective. Spurious rescnances were
carefully designed out — a small shaft res-
onance at 3kHz being eliminaied by replac-

ing steel nuts with ones made from
platinum, thus increasing the
mass/spring ratio above
audible resonance.
Blumlein
also

chose
the moving coil
principie for his micro-
phone. In Aprii of 1930 he began
work on designing a microphone with
a stiff ultra-light diaphragm and incorporat-
&d a thin sheet of balsa wood between two
very thin aluminium sheets, much like a
sandwich. The restoring force of the
diaphragm was simply produced by allow-
ing the edge of the aluminium sandwich to
overlap and then terminating at the edges
by clamping the overlaying aluminium
sheelts in a 1wo part frame.

The voice coil mass and winding was
also carcfully managed — in all Blumlcin
tried over 20 different surrounds and cavi-
ties beforé he was satisfied. Initially, the
magnetic ficld was provided by a mains
energised coil but by 1937 the laier models
of Blumlein's design incorporated recently
improved permanent magnets.

The main resonance of the microphone
was at 300kHz and emanated from the
diaphragm surround and the coil mass. This
was sel as the standard microphone reso-
nance and could be adjusied by a screw on
the diaphragm surround.

The Wesiern Electric Patents prevenied
the use of an air space between the
diaphragm and magnet for damping, so the
box dividing the microplione from its
amplifier was used. All microphones were
adjustable in terms of their resonant
frequency and resonant peak value, so

interchangeability was easy.

Subsequently, Blumlein designed all the
intermediate audio amplifiers and gain con-
trols, providing not only a highly ‘innova-
tive system but a complete operational
manual for end users.

In August of 1930. 22 master dises were
cut using both the standard Western
Eléctric system and the new moving coil
system. Subjective assessments resulied in
the moving coil system being preferred in
just over half of the recordings. In
Decémber of 1930, tests were continued
and a marked improvement was noted in
March 1231 with redesigned microphones.
The new system, designated HBIB (H for
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‘Holman) was just being proved when
Columbia merged with HMV.

EMI FORNMATION

Columbia merged with His Masters
Voice 10 form Electrical and Musical
Industries (EMI) in April 1931. Schoenberg
became director of research for EMI and
Alan Blunilein was formally transferred w0
EM! from Columbia on the Ist of
November 1931. Just prior io this
(September 1931) Blumlein was awarded a
bonus of £200 in recognition of his out-
standing work on the recording sysfem.

HMYV also had a formidable R&D team
whose main interest (though somerimes
-unofficial) had been television. To the-HMV
team of C. O. Browne, J. Hardwicke and W.
E. Tedham was added the brilliant Columbia
group consisting of Blumlcin, P. W, Willans,
E. C. Cork, H. E. Holman and others.

Still concemed with his recording
tesearch Blumlein went for another
redesign of his cutter in early 1932. This
unit, denoted as MC4, embedied all that
had been learnt 10 date and overcame the
problem of location recording, made diffi-
culi by the bulk and power requirements of
the earlier marques.

New record and replay amplifiers were
designied. so too were high compliance
moving magnet pickups. and Blumlein was
also able to use the new PX25 audio power
triodes just becoming available. He used
negative feedback exiensively (his
‘undoubied forte) to match and load the néw
cutter assembly.

PATENTING STEREC

Schoenberg, now acling as Direcior of
Advanced Development (and head of the
EMI Patent department) was well able to-
take Blumlein's developments to their nat-
ural conclusion. In December of 1931, after
a series of six initia} patents on the wax cut-
ter, pickup and microphone, EMI filed
Blumlein's “‘monumental™ system specifi-
cation (No: 294325} on binaural (steréo}
recording and playback. The specification,
covering almost every detail of stereo
recording and reproduction. was intended:
for the cinema but was equally applicable
10 home sound reproduction. Blumlein's
master pateni contained some 70 claims.
~ He had cither experimental evidence, or
had pre-calculated, the effect of off-centre
sound sources on microphones, phase
ambiguities, and integration and diffcrence
effects. He catered too for the conse-
quences of employing either velocity or
pressure microphones and the justification
for using velocity microphones with their
.axes at right angles.

In January 1932, Blumléin started sterco
recording experiments and in March 1932
the first record/replay experiments were
cammied oul in steréo. Further trials contin-
ved until August 1933 when a binaural wax
culier was incorporated and eventually pro-
duced (December 1933) six 10-inch stereo
wax masters of EM]I staff waiking and talk-
ing: Shellac pressings of these masters still
survive.

Later in December there was a demon-
stration given W Schoenberg and other
senjor stafi. A decision io 1ake the appara-
s to Abbey Road for studio iesting was
followed by tests on binaural film (some of
this too survives). Then. in June of 1934,
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A slilt from a film made by EMi for testing cinema stereo soundtracks showing
Blumlein (left) and colleague “walking and-talking” as they cross the stage during

the making of stereo demo wax maslers.

the binaural amplifiers were taken © be

-tested in conjunciion with early television

systems. Likewise, some effort was direct-
ed at designing the sound system for the

-Alexandra Palace television stizdio.

This venure into television was in no
way disharmonious — even though he con-
tinued 1o file patents on aspects of stereo
reproduction up to 1934, by April of 1933
Blumlein was giving much more of his
time to tie development of television.

BLUMLEIN AND
TELEVISION

By 1934, Schoenberg was convinced that
«electronic television techniques were tech-
nically within reach and had persuaded
fouis Sterling, MD of EMI. 10 allocate in
excess of two hundred thousand pounds to
the Television research budget. No mean
feat in such economically depressed times.
Schoenberg rtecruited more people with
-academic research experience including J.
D: McGee, L. F. Broadway, J. Caims, F. H.
Nicoll, I. L. Pawsey and H. G. Lubszynski.

In al}, 23 graduate scientisis and engi-

neers, nine PhD’, 32 pre-graduate laborato-

ry assistants, 33 instrument and toolmakers,
glass blowers and machinists, eight draughts=
men and nine female assistants were recrudl-
ed. G. E. Condliffe headed the Research
Department Labs, though Blumlein had the
same status and a roving brief. Blumlein was
asked to consider the whole aspect of the
development programme and contribute
where he thought best. He had the authority
to enter any of the research labs and grapple
‘with.current problems.
~ Most of the EMI team were physicists.
Blumlein. however, with his telephony and
*light current”” background was at this time
at the cuning edge of innovative gircuir
design. He was the group's authority on
valve and circuil design applications. From
him came the inventive application of neg-
ative feedback, artificial delay lines, the
theory of siabilisation and filier theory.
Blumlein insisted on a prediciable per-
formance of his circuits based on circuit
analysis — his approach 1o linearising

Courtesy EMI Archives

amplifier stages, using negative feedback,
created a culture of “designability” — ie.
secking 1o eliminate the need for post
assembly test or presel adjustment of cir-
cuits. It is significant that his first patent
describing negative feedback was pub-
lished as early as September 1933. The
melthod had only been recently suggested
(in 1932) by Nyquist, and Blumlcin was
four to six months ahead of a complete
analysis’ published by Black in December
of 1933,

TV SYSTEM
DEVELOPMENT

Blumlein maintained a complete
overview of the whole TV system under
development. He had lonz and involved
discussions with McGee in an attempt 1o
unravel the complications of the EMI
Emitron camera then under development.

Not being a vacuum physicist, Blumlein
became involved in a cross-instructional
exercise with McGee, who leamt 4 lot about
clectronics from Blumlein, whilst Blumlein
himself was schooled by McGee in the
process and problems of secondary emission
in high voltage cathode ray tubes (CRT).
Nevertheless, even with their intreduction of
“cathode potential stabilisation”, much
more needed to be done to get the electron
beam from the cathode to uniformly hit
every spot on the photo-mosaic {the CPS
Emitron took another 14 years of develop-
ment before commercial operation —at the
tefevised 1948 Olympics in London).

Blumlein’s first patent in television cov-
ered an energy-cfficient line-frequency

'scanning circuit for generating a sawiooth

waveform to CRT scanning coils. He also
devised a linear framc scan circuit which
depénded on the anode-grid capacitance in
the valve. It became known not as the
“Blumlein integrator’” but the *Miller
Integraior” — wrongly. bui simply because
John Miller had been the first to point out
the existence and effect of inier-grid and
grid-anode capacitance in 1919. -
Though in this particuiar instance to be
out-famed by Miller, Blumlein is still
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credited with the much more important
cathode follower circuit. This brilliant
piece of insight used the cathode resistor of
a linear valve stage as the source imped-
ance for the nexi. Using this configuration
achieved a voliage source of very low
impedance (= }/gm) without any apprecia-
ble phase inversion of the signal.

More famous, however, was 1the
Blumtlein “long-tail pair’", now so ubiqui-
tous in electronics for impedance maiching,
phase reversion. signal mixing and com-
mon-mode rejection. He first devised this
*common-cathode™ circuil 10 solve signal
problems on the eighi-mile 1win video
cahle used to relevise the 1937 coronation
procession of King® George VI which
wound its way from Hyde Park comer 10
Alexandra Palace. Blumlein patented the
long tail pair eircuit in July of 1936.

ALEXANDRA PALACE

Then Blumlein was thrown in al the deep.
end, in being asked to redesign the trans-
mitter stages for the Alexandra Palace TV
transmitier. The output stuge itself was a
17kW, 45MHz Marconi device with the
modulaior attempting 1o deliver 1400V into
the output stage grid — in effect, a non-lin-
car resistive load shunting aboui 300 pice-
farads up 10 2-5MHz. The cathode of ths
output stage required 30A at 18V, but the
supply had to be insulated from earth and
have as low a stray capacitance as possible.

His solution was to emplov an isolaied
d.c. generator using a water-cooled CAT6
triode as & cathode follower and a Blumlein
“stand off " constant resistance circuit o
eliminate the dynamo’s capacitive loading.
This exercise has been described as *‘a real-
ly heroie bit of engineering*,

Acrial design was next, Blumlein had
ideas about “reciprocity™ in circuits — thus
came the “resonant slot aerial®’, described
as “the most important technical advance in
the ficld of aniennas in the 1930s™",

But it was in the area ol general svsiem
design for TV that Blumlein gave his great-
est perception and ability. One Sunday in
November of 1934 Blumlein met with five
of his team at his house 1o plan the circuits
for the EMI TV system. Thus began the
development process that was 10 be embaod-
ied in his approach to the signal configura-
tion und waveform structure for the EMI
broadceasting principle, which was eventu-
ally described in Part | of Blumlein's 1938
rilogy of TEE papers on. the '305-line
sequential” TV system,

The best definition possible at the time
was determined by the clectron-optics of

the camera system and the receiver, and the:

video performance of the video circuils
emploved. The signal bandwidth could not
be extended indefinitely, What was possi-
ble was set by the choice of scanning lines
= the bandwidth increased with the square
of the number of lines but could not go on
indefinitely since each scanning line width
was governed by the ability of the HT sup-
ply and clectron optics 1o resolve a small
spot (pixel or “picrure élement™) on the
display tube.

Baird’s mechanical sysicin had 243 lines
interlaced but this was no good for an elecs
tronic system because it limited the poten-
tial resolution and required simple divider
circuits to produce the scan waveform.
Initially, each divider stage was indeed set

early in 1938,

10 three, giving 3°=243 as in the mechani-
cal method but this was far (oo low for a
high definition system. 7° gave 343 lines
whilst 72x3? gave 441. In the end, the lim-
s set were achieved by the simple expedi-
ent of having just one odd divider circuir —
thus 3%x5=405.

The bandwidih, including sound, video
modulation and synchronisaiion. was well
within bounds at some 3MHz. This
approach was tried. and gave sufficiently
good results with the experimental Emitron
cameras for Schoenberg 10 give the go-
ahead. The 405-line standard lasted some
50 years!

RADAR DEVELOPWVIENT

Despite EMI's vast experience in high
frequency transmission, enly Marconi and
Metropolitan Vickers had received con-
tracts 10 pursue radar systems by the time
war broke out in 1939. It was later said that,
though EMI were an obvious choice for
invalvemnani, govemment sciemtisls were
under “some kind of restraint” -not
to talk to them!

Nevertheless, becoming aware of
the secret of radar, EMI set up a pri-
vate venture and by 1939 had devel-
oped its own 60MHz radar system.
Much of it stemmed (rom
Blumlein's work on sound location
of aircraft which he had sianed

As the war entered its first stages,
the sysiem known as Al (Airborme
Interception), developed by E. G.
Brown and his tcam at Bawdsey,
was being evaluated, The Mark TI1
Al spparatus had a minimum range of
330m —not good enough for might
fighters which needed to be as close as 130
metres before there was a chance of visual
contact.

Because of EMI% demonstration of the
60MHz radar, they were invited to partici-
pale in improving the Mark 111 Al radar.
Blunilein designed an entirely novel trans-
mitter modulator which allowed the 130m
criteria 10 be mer By August 1940 an
upgraded version of Al, the Mark 1V, was
being fitted 10 the new (wo sealer
Beaufighter.

However, Al had 10 be used in conjunc-
tion with the Ground Control Interception
(GCI) radar but this was subject 10 severe
delay in getdng into service. Likewise,
crews had to be trained 1o use the equip-
ment, and so the complete interception sys-
tem was not brought into operation until
late Oclober 1940.

Tt was immediately effective (first kill
November 7) and subsequemtly had its
effect on German nighi bombing. By April
1941 over 32 enemy aircraft had been shot
down, with a further 88 probables. By May
it had risen to 102 confirmed, with some
172 saverely damaged.

Later it was decided that the AT system
should be installed inlo single-seater fight-
ers — but ihis posed a problem. The pilot
could not fly the aircraft, engage an enemy
and operate the Al all ai the same time.
Usually it was necessary to sei a “strobe
pulse onto g target echo™. This needed 10
be-automated and Blunilein set 10 work.

-Again, he imposed a quick and highly
effective solution by creating an automatic
pulse-tracking strobe generator. The
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official report aitempts & diffident conclu-

sion — that the automatic Al est which

took place at Christchurch in December
1940 “appeared to function satisfaciorily in
prnciple™ — which was nothing less than a
begrudging understatement. Blumlein and
his co-workers White (EMI) and Wiiliams
(Telecommunications Research Establish-
ment — TRE) weré fully aware of the value
of their work and patented the sysiem
immediately afierwards.

RADAR MAPPING

Reconnzissance photographs revealed
that at night very few British bombs were
actually failing on target. Only a fifth of the
total bomb load ever got within a 5-mile
radius of the target, and even on a bright
night (full moon) things were litile better.

What was needed was a radag-based
ground map to identify built up areas. In
1037 E. G. Bowen at TRE Bawdsey had
lashed shon wave aerials 10 a Hayford

bomber and had flown

over Harwich
detecting  sig-
nificant dif-

Early H,S Visual iIndicalor (oscillo-

scopa). Couriesy EMI Archives.
ences in the pulse echo from large build-
ings and open tracts.

Likewise. A. P. Rowe had reponed that
the characteristic curves of the River
Severn could been seen from the air by
ground reflecied shont wave. As the war
moved beyond its initial phases, Lord
Cherwell {(Proi. F. A. Lindermann), then
scientific advisor 10 Churchill, indepen-
dently raised the quesiion of ground targets
being detected by radar and opened an
investigation. Bowen was later to repont
that the Air Ministry commiitee {ormed to
debate matiers had stated that it could not
be done. He replied on the contrary — *Yes
itcan — [ saw it in 1937!

From 24 Ociober 1941, centimetric wave
Al radar was converted by TRE for ground
echoes and flight trials were commenced. In
November an adapted Blenheim bomber
flew from Chrisichurch. It was clear that
buili-up sreas could be resolved and EMI
were contracted in January of 1942 to devel-
op a radar which could project a plan of the
ground being overflown. The name given fp
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the development programme was “H,5' and
involved both TRE and EMI personnel.

{Originally the sysiem was called “BN™
for Blind Navigation but H,S came about
(supposedly) because Lord Cherwell
applied the chemical formula for the pun-
went gas hydrogen sulphide, apparently he
thought that the timing of the development
was “stinking — because it ought to have
been done years earlier’”. Another theory is
that as a ground radar it could seek out
home location as well as enemy 1argets;
hence “Home Sweet Home™).

MAGNETRONS AND
STATE SECURITY

Bemard Lovell, later Sir Bemard Lovell,
head of the Jodrell Bank Radio Telescope,
was then on Blumlein’s team and remarked
tha the tnals were not initially successful.
Minimum altitnde requirements tor bombers
could not be met due to the operaticnal ceil-
ing of the method — ihen. to add to the
problem, it was decided at minisierial level
that the top secret cavily magnetron (central
to ultra-shori wave high power operation
and virtually indestructible) could not be
allowed to fall into enemy hands.

To force the use of the magnetron, and
thereby have a hope of solving the other
problems, it was necessary to prove that g
Varian klystron (already well known 1o
both sides) would not do. As each problem
was painstakingly resolved, time was lost,

Nevertheless, matters progressed and on
7 June 1942 Blumlein, never reluctant to
cngage with the real world irials of a svs-
tem, joined rwo of his colleagues from
EM! (Browne and Blythen) and three from
TRE on board the adapted Halifax
bomber V-Victor 9977, now trialing a mag-
netren driven advanced proiotype H,S:
The rotating scanning aerial system was
housed in a Perspex cupola where the front
gun turret had been.

Lovell goes on to say that the pressure on
the EMI/TRE group was enommous with
"no respite from day to day — either I or
other members were flying but on Sunday
the 7th of June 1 was taking a day off —
tired of flying. | rewirned 1o Malvem and at
about 7 o*clock in the evening I had a telex
phone call from Defford Airfield to say that
the Halifax had not retumed™.

FATAL PLANE CRASH

Unbeknown to anyone on beard the air-
craft, which had only been recently ser-
viced. the starboard motor had a broken
inlet valve. Failure by the servicing crew to
tighten the tappet loecking nut led to flash
back through the valve and in flight the
engine caught fire. The general consensus
is that the fire rapidly bumi through the
main wing spar shedding the wing section
and sending the aircrafl into an uncontral-
lable dive, ioo rapidly for the pilot or any-
one clse to get our. All five eréw and six
passengers were killed.

Lovell reports that the “rest of the night
was a nightmare — I was driver by the CO
through the winding lanes near Ross-on-
Wye searching for the wreckage — it was
wartinme and no time for emotions and our
first duty was to search for the highly secrey,
equipment and colleet all the bis and
pieces'.

The effect on the remaining team was
“devasiating”’ but there was no let up in the
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pressure 1o get H,S ‘operational. Without
Blumlcin. the pace could have slowed but it
did not. Within three days a second Halifax
was airbome with a duplicate system. Jt
must be said, however. that the greater part
of Blumlein's work was done, as was the
system development.

Watson-Wat, the “father” of radar was
later to say that Biumiein was the “key man
in H,S8”. A colleague and engineering
-assistani, £.A. Newman was in no doubi
that “the circuitry for H,S was “almost
entirely due to Blumlein® with contribu-
tions by Biytham and White,

Ultimately. the proposed TRE design
was abandoned in favour of Blumlein’s
EMI design. Churchill wrote on the day
of the crash that he was extremely pleased
at the satisfactory progress of H,S and
wanted an urgent programme of produc-
tion. This was inaugurated swiftly
through a supreme effort by all, seeming-
ty regardless of the devastating loss
recenily suffered. Though intended for
‘bombers and target identification, the sys-
ten: also proved to be hugely successful
-against U-Boats.

As for the crash of the Halifax, -and
Blumlein’s death, it will forever be some-
thing of 2 mystery — not least because the
loss of all the crew and the technical 1eam
with not one survivor implies that the air-
crail went down very quickly after losing
control, and one can only assume a1 a very
low altitude. If not, why was there no time
for anyone to bail out? The question of sab-
otage has always been raised, but there is
no evidence other than that which endorses
the “engine failure” conclusion of the 1942
icrash enguiry.

RECOLLECTIONS

Alan Dower Blumlein was as inveniive
and indefatigable as Thomas Edison.
Indeed, much of his behaviour had similar-
ities 1o Edison’s life style — though one
must hasien to point out that Blumiein’s
mix of cngineering rigour and careful
experimentation was some distance from
Edison’s thoroughly empirical approsch to
problemn solving. However, like Edison,
Blumlein would engage in relentless and
unceasing laboratory sessions and. exhaist-
ed, sleep where he was working.

Similarly. he shadowed Edison in that
he had no perception of normal working
hours and if an idea occurred outside the
usual time for attendance (Sunday
evenings or very early in the moming) he
would simply go back to the laboratory
and g2t on with things. He even had
Edison-like traits in his attitude to other
personnel — he kept in daily touch with
other laboratory teams and would engage
in conversation with the most junior of
personnel as equals. He was as capable of
putting people at case in terms of their sta-
tus as he was in reinforcing his seniority
when it manered.

‘Blumlein was as versatilé:in privaie as
he was in his professional life. His inter-
ests were extremely broad — he swam
(London Omer Club), flew (obtained his
private pilot’s license in October 1928),
shot {pistol). plaved bridge (of which he
had a “passion’). enjoyed the theatre
(particularly Bernard Shaw), rode. played
zolf and liked nothing better than 1o drive
very fast.

MARRIAGE AND
LEGACY

Blumlein-mariied his wife Doreen on 22
April 1933. She had met him on ong of his
periodic returns to Gothic House where he
had been a happy pupil and she was now a
teacher. They had two sons, Simon and
David (1936 and’ 1938). Her abiding love of
ADB was in no way diluted by his frequent
muttering at night and sudden departures
for the laboratery.

It is impossible 1o find anyone associated
with. or in some way connected with Alan
Dower Blumlein who is prepared to speak
badly of him, or in any way express envy or
criticism. The worst comment is perhaps
that he had a “rather loud voice™. Yet even
this has no overtones of complaint or cyni-
cism. Rather, he is remembered for his
“modesty, integrity, unbounded “patience,
generosity, inventiveness and brilliance™.

A later contemporary was to refer to him

.as “a delightful man — very human — and

very good at explaining everything. He haid
“ingxhaustjble patience — and — didnt
get exasperated if you didn’t understand —
he would go through 2 poimi again and
again. He had, it was said, “a great facility
for converting quite complicated mathe-
matics inlo very simple circuil elements™.

He seemad 1o enrich everyvthing he
embraced. Colleagues at the Central
Research Laboratories of Thorn EMI spoke
of his inspirational role on everything and
everyone he touched, and had he lived there
is no doubs he would have gone on to do so
much more. 1 is a great loss and sadness
that he was taken so early in his life.
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READER OFFER

SPECIAL EPE

EPE in association with A.S.A. are

pleased to be able to bring you this

exceptional offer on security
camera kits

PROFILE CAMERA KITS

@ MONOCHROME 352 x 288 pixels CMOS board
camera, 270 TV lines resoiution, 0-8 lux level,
automatic iris, 3:6mm wideé angle lens, 100mA,
BV to 12V d.c. operation, focus 300mm to infinity

® Profile camera housing with ball-socket bracket for
indoor or sheltered outdoor use

® 20 metres of cable and SCART plug
® 6V to 12V d.c. 300mA power supply unit

® Easy d.i.y. instructions to assemble in less than an
hour

@ Optional-audio board module
® Made in the U.S.A.

PROFILE
SECURITY
CAMERA KIT

ONLY £33.95

Including VAT and pé&p

COLOUR VERSION
Colour vérsion includes a twin sandwich CCD cam-
era with 330 TV lines, lux level 2, aute iris, 3-8mm
wide angle lens and latest digital signal processor

AUDIO BOARD

Optional audio board fits
inside camera housing
{pre-drilled hole) and
uses the same cable

and power supply (£5 &
extra) Q

CONNECTION

The profile CCTV camera kit plugs straight into the

SCART socket on your TV or video — no tuning-in is
required. Simply use the AV channel on your TV or

video — in fact il is idiot proof!

SPECIAL OFFER PRICES

Monochrome CCTV Camera Kit £33.95
Colour CCTV Camera Kit £69.95
Audio Board Upgrade £5.00

Prices include post and packing and VAT

DON'T MISS OUT, OFFER ENDS
31 JULY 1999

j A.S.A. PROFILE SECURITY CAMERA — "DON'T MISS THIS
i EPE SPECIAL OFFER ORDER FORM 1 -
Fillin‘and send with your payment, or phone or fax us with your order and credit card-détails EXCEPTIONAL REABE'R
‘Full name: | 3 s U ey e R S g T B L R E e i ) OFFER
NS R MRl TSR e e s B0 = M) R RIS g .,
| a i Send your order to:
| S R A L ST S St A S MR e T L EPE OFFERS, Allen House,
| i ‘ East Borough, Wimborne,
i ....Pcstcode: ... . Tel.No. e o oty e B o PORY v Dorset BH21 1PF
| | 3R e oot MO e e it SN o g e ST CRSSVTE, e ATy Tel: 01202 881749
| I enciose cheque/PO in € stering payatle to WIMBORNE PUBLISHING LTD for € ... Fax: 01202 841692
! Please charge my Visa/Mastercard: £ . ..... .. ... Cadexpllydale .. ... cicae.cus OVERSEAS ORDERS:
'i’c:a'm | Price inctudes delivery to anywhere
i ANOD L - TR T e O o e - ST e i Ry e s o Ry T 8 S intheworld
;Please send? (We use the VAT portion of the price
{ Monochrome Cerfiera Kit (£33.85ea) ........ {quantity) to pay for overseas delivery)
‘Colour Camera Kit (£69.95ea) ......... <. .. {quantity) ‘We cannot reply to overseas orders
Audio Board Upgrads (€500 ea) ... ....... - {quantity) or queries by fax
b Offer ends 31 July 1999: Ordars normally sent within 7 days
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Constructional Project

ROBERT PENFOLD —

Use your PC “bidirectional” printer port .
to moritor frequencies up to G2kHZz.

HIS project is the latest in oor occa-

sional series of PC-based test gear

projects. Like the others, this Audio
Frequency Meter is based on a design that
was previgusly featured in an Interface arti-
cle (Oct '97). The hardware and software of
the present design are not identical 1o those
described in the original article, but they
are essentially the same.

This article takes things a step further
by providing full constructional informu-
tion. including a custom printed circuit
board (p.c.b.) design. Like the original, iv
operates up 10 a maximum frequency of
32.767kHz and has 0-3Hz resolution. The
unit therefore” covers slightly more than
the full 20Hz 1o 20kHz of the audio
range.

ACCURACY

Although the accuracy of the unit.does
nor compare 1o a high-quality digital
frequency meter. it still provides more
than adcquate results for many purposes.
It is certainly easier to use and more
accurale thap am analogue frequency
meler.

The input impedance is a few hundred
Kilohms, for input levels of up to about
1-3V peak-to-peak. Above this level the
input impedance falls due 1o the action of a
limiter circuit that protects the unit against
damage from large inpul signals. Input
valtages of up to at least 30V peak-10-peak
can be handled safety.

The interface should work with any rea-
sonably modemn PC, but it does require a
spare bidirectional printer pori. If your PC
is not suitably equipped, or its printer port
is already occupied, adding an inexpensive
printer port card will enable it to operate
with this interface.

There is a slight advantage in using a fast
PC. but it should be possible-10 abiain good
results with anything from an old 80386
.machine to the latest super fast Pentium
marvel. The MS-DOS sofiware for the
interface runs under QuickBASIC. QBasic
or GW-BASIC and one of these interpreted
languages is needed in order to run the
sofiware.

420

SYSTEN OPERATION

In common with most digital frequency
meters this system determines the input fre-
queney by counting the number of cyeles in
a given period of time, In order 10 ohiain
rcasonable resolution at audio frequencies
it is essemttal 10 use a fairly long counting
period. In this case a gate period of 1wo sec-
onds 1s used, giving G-3 Henz resolution.
The general amangement used in the inter-
face is shown in Fig.1.

A simple limiter stage at the input clips
the .input signal and prevenis any damage
from occurring 1o the subsequent circuitry.
The next stage is a bufier amplifier that
provides the unit with an input impedunce
of a few hundred kilohms, which is high
enough to ensure that there is minimal
loading en the circuit under test. 7

The next stage is a Schmitt trigger. and
this performs two functions. it provides a
cenain amount of amplification that boosts
the input sensitivity of the circuit 5o that an

input level of only about 100 millivolis

peak-to-peak is needed to drive the unit
properly, It also ensures that input levels
that are slightly inadequalte fail to produce
any output from the trigger circuit. and do
not provide a reading. This avoids a situa-
tion in which borderline signal levels
produce misleading results.

The output {rom the Schmiu trigger is a1
nomial logic levels and is fed o & 2-input
NOR gate that acts as a signal gate. This is
controlled from the Strobe handshake outpui
of the printer port, and the two-second gate
pulse is generated by sofiware and some of
the intemal timing hardware of the PC.

BINARY COUNTER

The ouiput of the gaie feeds inwo a |7-
stage hinary counter. but prior to starting a
new count this must be Teset o zero. The
reset pulse is generated in software and
delivered to the counter via another hand-
shake output (Init) of the printer por. At
the end of the gaie period the value held in
the counter is double thie Input frequency.
In order to oblain a reading in Henz it is
merely necessary to read the counter and
divide the retumed value by two.

There is a stight complication in that the
value must be read from the first 16 outpuis
of the counter. but the printer port has only
eight daw inputs. This is overcome by
using a simple method of multiplexing.

The 16 ouipuis are read via two 8-bir 3-
statg buffers that are controlled wia a third
landshake output of the printer pori (the
ALF output). One buffer is controlled
directly froni this output. but the other is
driven via an inverier. and consequently
only one bufier or the other will be active at

] RPUT m -ALF SUSY AT
? 7 3174 T { T
LAITER e R
" |
{ |
o Y
‘BLIFFER
AMPLIFIER.
SCHMITT foe] S5 || 17-STAGE BINARY DIVIDER e
;-srl n’s_Es'l
{

Fig.1. Block diagram for the PC Audio Frequency Meter.
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any one time. depending.on the state of the
handshake line. )

The handshake line is set high 1o read
one byte and then low so that the other oné
can be read. A simple software routine then
combines the two bytes lo reconstitute the
16-bit value.

It is important that any overflow of the
counter is detected, as erroneocus results
will otherwise be obtained. Having reached
its maximum value the counter will simply
cycle back to zero and start counting ornce
again. Stightly excessive input frequencies
will thercfore provide what appear 10 be
vilid readings while they are in fact very
much lower than the true input frequency.

This problem is overcome by monitoring
the 17th output of the counier using the
Busy hundshake input of the printer port. In
normal operation the 17th output will
always be low, but this output goes high if
the counter overflows.

If the input frequency is well above the
maximum that can be handled by the counter
the output of the 17ih siage could go low
again by the end of the gate period. It there-
fore drives a simple laich circuit, which
ensures that a valid overflow signal is always
present at the end of the gate period. The state
of the overflow output is detected via the
Busy handshake input, and a suitable on-
screen warming is displayed if this output is
high. A fresh count cycle is then commenced.

CIRCUIT DESCRIPTION

The circuit diagram for the input and
gate stages of the PC Audio Frequency
Meter is shown in Fig 2. The limiter circuit
uses resistor R9 and diodes D1 and D2 to
clip the signal ai approximately + 0:65V:
Diode D1 becomes forward biased when
the input voltage is more than about
—0-65V. and D2 becomes forward biased
when voltage is more than about +0-65V.

Transistor TRI operates as a simple
emitter follower stage. This does not pro-
vide any voltage gain, but it provides the
unit with a2 high input impedance.
Capacitor C5 couples the output of TR1 to
a conventional Schmitt trigger circuit based
on TR2 and TR3.

Component IC7¢ is the signal gate, and
this is one of the four CMOS NOR gates in
a 4001BE device. Taking the control input
at pin 1 high forces the output to the fow
staie, but when this input is low the output
assumes the opposite state to the other
inpul. This gives the required gating action,
and the inversion through IC7¢ is of no
practical consequence,

The circuit diagram for thie Jogic stages
of the unit is given in Fig.3. IC2 and TC3
are the 8-bit buiiers, and IC1 is the inverter
that ensures they are controlled in anti-
phase fashion. There are actually six invert-
ing tfigger stages in IC1, but in this circuit
only one is actually utilised, and no con-
nections are made 1o the other five sections
of this component (being an LS-lype i.c.
the unused inputs do not need to be tied to
a power line, uniike with CMQOS devices).

The outputs of the buffers drive the bidi-
rectional data lines of the printer port, but
there is a minor complication here because
these lines default 1o the output mode when
the PC is first switched on. They only opér-
ale as inputs when the frequency meier
software is run. This means that initially
the ourputs of the buffers will be connected
to the outputs of the printer port.
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Fig.3. Circuit diagram for the-logic stages of the PC-Audia Frequency Meter.
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Resistors R1 10 R8 provide current limit-
ing that protects both sets of outpuls usntil
the printer port is set to the input mode. The
value of these rasistors is made low enough
to prevent them from hindering normal
operation of the interface, but high enough
to ensure that no damage occurs 1o either
the interface or the printer port hardware.

The counter consists of three 4024BE
7-stage binary dividers (IC4 10 IC6) con-
nected in series. This obviously provides a
21-stage divider, but the outputs of the
final four stages are left unused, The
ouiput of the 17th stage drives a simple
larch eircuit based on IC7a and IC7b. The
latch is reser by the same signal that is
used to reset the counter.

Note that one section of IC7 is not used
in this circuit, and so its inputs (pins 3 and
6) are simply tied 10 the OV line, as recom-
mended for unused CMOS inputs.

A-+5 volt supply is required, and the cur-
‘rent consumption of the circuit is about 70
milliamps. Obviously the circuit could be
powered from its own power supply unity
but it is cheaper and more convenient if
power is obiained from the PC.
Unfortunately, there is no supply output of
any kind on a PC printer port, and power
must therefore be olrained from one of the
other ports. Suitable outputs are available
from the keyboard and game ports.

CONSTRUCTION

The topside component layour and hard
wiring for the printed circuii board are shown
in'Fig.4. together with an actual size copper
track master pattern. This board is available
from the EPE PCB Service, code 232.

Bear in mind that [C4 to IC7 are CMOS
devices and that they require the usual anti-
siatic handling precautions. The most
important of these is that you ensure that
vou discharge staiic eleciricity from your
body before handling them. Touching the
bare metal of a nearby water or radiator
pipe is usually satisfactory.

It is recommended that you mount thé
devices in sockets rathier than soldering
them direct to the board. Do not fit the ic.s
into their sockets until the board is com-
pleted, and try 1o touch the pins as liitle as
possible.

There are number of a link-wires .on the
board. and these are made from about
0-36mm (24 s.w.g.) tinned copper wire. In
some places there are several wires running
side-by-side and very close 1ogether. These
wires can be insulated with pieces of PVC
sleeving to ensure that there is no risk of
any accidental short-circuits,

The connections are demsely packed in
some pars of the board. and many of the
copper pads are quite small. To avoid
numerous short-circuits it is necessary 10 use
a soldering iron having a fine bit and 1o take
great care when making the connections.
Check the finished board for short-circuits
using a magnifier, and make sure that you
completely remove any that are found.
~In other respects consiruction of .the
bourd is largely straightforward. The layout
is:designed for polyesier capacitors having
7-5mm (or 0-3 inch) lead spacing, and it
could be difficult to use components having
a different lead spacing. At this stage only
fit singie-sided solder pins at the points
where connections to SK1, SK2, and PLi
will eventually be mada:

122
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Fig.4. Printed circuit board component layout, wiring detalis and full size copper
foil master pattern for the PC Audio Frequency Meter.
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Practically any medium size plastic or
metal box makes a suitable housing for this
project, bul a metal instrument case is the
most appropriate type. SK2 is mounted on the
front panel. and this is a phono socket on the
prototype. It you wish 1o use the unit with a
standard oscilloscope test leads a BNC sock-
et should be used instead. as his maiches the
BNC plugs normmally fitted to these leads.

A flat file is used 10 make a broad notch
in the rear panel for the rbbon cable that
connecis the unit to the printer port of the
PC. Socket SK1 can be a 2mm or 4mm
type mounted on ihe rear panel. or the
power lead can simply pass through the
same noich as the daty cable.

The printed circuit board is mounied on
the base of the case using cither plastic
stand-offs or metric M3 screws, with spac-
ers about 6mm to 12mm long 10 keep the
underside of the board well clear of the
metal base panel.

CONNECTING UP

A picce of 13-way ribbon cable abou
0-5 10 onec metre long is nesded to connect

COMPONENTS

Resistors
R1to R8. 2709 (8 off)
Rg 10k
A10 470k
AT =] 680k See
R12 Ri15 SkQ 2 o
Ri3 (o) SI}{I@P
R14 27k
Aia 4700 TALK
R17 18k page
Ri8 Bk2
R19 2k2 o
All 0-25W 5% carbon film or better:
Capacitors'
Ci 100n ceramic
cz2 100u radial
) slect. 10V
C3.'C4 470n polyester, 7-5mm
lead spacing (2 off)
C5 10y radial elect 25V
Cé 150p ceramic plate
Semiconductors y
D1, D2 1N4148 signal diode
(2 oih
TB1 BC350Q low-noise ngri
transisior
TR2, TR3 BC349 npn ransistor
) (2 off)
o5 S— 741514 hex invener
IC2.1C3 7405541 octal tri-stale
non-inverding buifer
. {2 off)
1C4 10'IC8 4024BE 7-stage binary
ripple counter (3 off)
1G7 4001BE quad 2-input
l NOR gate
Miscellansous
SK1 4mm socket
SK2 phono socket
PL1 25-way male D-type
__ conngctor
Printed circuit board, available from
the £EPE PCB Service. code 232; melal
instrument case, about 130mmx
100mmx50mm; supply adaptor cable’
{see texy); l4—pm d.li secket (5 off); 20-
pin d.il. socket (2 off); multistrand con:
necling wire; solder pins; solder, etc.

Approx. Cost
Guidance Only

£22

excluding case

‘Internal layout of the completed PC Aud:o Frequency Meter showing positioning of

the p.c.b. and the ribbon cable exit. cutout.

the circuit board to the printer port connec-
tor (a 25-way male D-type connector). It is
unlikely that 13-way cable will be avaijl-
able, but 3 20-way cable is easily pruned
down 1o size. There should be no difliculty
in tearing away a seven-way sirip to leave
the required 13-way cable.

Both ends of the cable are prepared .in
the same way, and this staris by separating
the cable into individual feads over a length

os
[
o
SusY 5

i3 7 ]

O COCCOCO0LLLOOD o)
Q00000000 0QOC
== 14

GH BITULISE ALF

228 B K

:

Fig.5. Wiring details to the 25-way
D-type connector (PL1).

of about 20mm to 30mm. Next. a few ‘mil-
limetres of insulation are then removed
from the end of esch lead and the bare
wires are then tinned with solder. The con-
nector details are shown in Fig.3.
Provided the pins on the circuit board
and the appropriate terminals of the printer
port piug are tinned with solder as well it
should then be easy to make the connce-
tions. However, the connections are tightly
packed togelher and it is necessary to lake
due care in order to avoid short-circuits.
The plug must be held firmly in place
while it is connecied 1o the lead. and it can
either be held in place using a minjature
vice, or a blob of Bostik Blu-Tack does the
jeb quite well, It is probably easiest if the
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eight data leads are connected first. folk
lowed by the ground connection and then
the handshake lines in any order.

POWER-ON

The easiest way of ohzuining power forthe
unit is 10 @p off the 5V supply from the
games port, This requires a 13-way male D-
type connector o make the connection to the
computer. This method should work with
both the old style games ports and the mod-
em variely that are fitted 10 sound cards. that
are part of a combined game/MIDI port,

If the games port is already in use the
best aliernative is 1o oblain power via 4
short extension cable for the keyhoargd. This
requires a S-way (180-degree) DIN plug, a
matching line socket. and a piece of 3-wuy
cable about 30Umm lonz. Connection
details for both methods of obtaining the
5V supply are shown in Fig 6.

SOFTWARE

The simple program that controls the
PC Audio Frequeney Meter is available

=Yg

C_ﬁ'—
! o\ =] OOOOO 000000 7/ o) |
1s

GAMES FORT 3

4.5\*- ‘L

LIHE SCORET

‘Fig.6. Two possible alternative ways of
obtaining the required 5V supply for
the circuit,
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from the Editorial office and via
the EPE web site (see Shop Talk
page). It is suitable for running
under GW-BASIC. QBasie or
QuickBASIC). It is shown in full
in Listing 1.

The screen is cleared at line 30,
and then the next three lines assign
the correct addresses 1o variables
PORTI, PORT2, and PORT3.
These arc the addresses for the
printer port and the values used in
the program (&H278, &H279. and
&H27A) are correct for what will
normally be printer port two
(LPT2). The addresses for prinier
port one (LPTIl) are normally
&H378. &H379, and &H37A, bu
they can sometimes be &H3BC.
&H3BD, and &H3BE.

During the start-up rouline some
PCs may display a screen that pro-
vides information such as the printer pon
base addresses, and this will probably 1ell
'you what you need to know. The information

can also be obtained through such utilities as.

the MS-DOS routine MSD, or through vari-
ous Windows options. If necessary, though;
you will have 10 resort 1o trial and errorin
order (o find the comect address range:

FIRST READING

The first step when taking a reading is 1o
sel the printer porn to the inpul mode. and to
resel the counter. This is the purpose of
lines 70 10 90. Swiiching the port to the
input mode is achieved by setting bit 5 of
the handshake output register high, or wrii-
ing 32 (decimal) to PORT3 in other words.

The reset pulse is generated by seiting
bit 2 at the same address high, and then low
again. A gale pulse of two seconds in dura-
tion must then be generated, and this is pro-
duced with the aid of the Basic TIMER
-funiction. This hus a resolution of 10 milli-
seconds, which is something less than
ideal. but in praciice enables quie good
accuracy to be achieved.

Screen shot showing frequency readout.

The gate period used has 1o be some:
thing of a compromise. A long gate timé
provides increased resolution and helps 1o
give good accuracy at low frequencies. On
the other hand. it resulis in readings being
taken at a very low rate and makes the sys-
tem awkward 10 use. A gate period of two
seconds seems 10 be a good compromise
value. Most readings will have an accuracy
of better than one per cent, which is nor-
mally adequate for an audio frequency
meter

All the TIMER function does is to return
1he number of seconds that have elapsed
since midnight. The timer is read at line
100. the returned value is incremented by
two, and the resuli is placed in vardable T.
Line 110 opens the gate and line 130 closes
il again. In between these. line 120 provides
the two second delay by looping until the
value returned by the TIMER funcfion is
greater than the value stored in variable T.

The input port is read at lines 160 and
180, and the 1wo 8-bit byies are placed in
variables LB and HB, which contain the
least and most significant bytes. The wo
bytes are merged into a 16-bit value by

70 OUT PORT3, 32

80 OUT PORT3, 36

90 OUT PORT3, 32

100 T = TIMER + 2

110 OUT PORT3, 33

120 IF TIMER < T GOTO 120
130 OUT PORT3, 32

150 LOCATE 5,30
160 LB = INP(PORT1)
170 OUT PORT3, 34

180 HB = INP(PORT1)

140 IF (INP(PORT2)) < 128 THEN GOTO 260

multiplying the most

Listing 1 significant byte by 256
i and then adding it to
10 REM AUDIO FREQUENCY METER PROGRAM b ledst—tRet R
20 REM FCR PC WITH BIDIRECTIONAL PRINTER PORT bylte. E
30 ELS ol As the gate period is
40 :OR’I‘- _=_ &H278 rwo seconds rather than
30 PORT2 = gH279 one second ihe wvalue
60 PORT3 = sH27A

from the port is divided
by iwo in order to
oblain the fTequency in
Hertz. The gatc period
will actually be slightiy
more than two seconds
because it takés a short
while for the computer

I (o (crmiatc he gale pulsc once
AEEEPN

‘tite timing loop has completed.

With something like a 200MHz
Pentium PC the eror 1his pro-
duces is likely to be so smalf as 16

¢ insignificant. With a slower
computér such as a 80486 or
60MHz to 10GMHz Pentium
machine the measured irequency
might be as much as one per cenl
higher than the aciual input fre-
quency.

Line 210 is used 1o reduce the
value read from the interface by
one per cent, and line 220 then
strips off any decimals. [ you are
using a suitably fast computer
these (wo lines should obviously
be omitied from the program.
Ideally the unit should be checked
against.an accuraie calibration fre-
quency so that the software can be
*fine tuned”” for oplimum accuracy.

At line 240 the frequency is printed on
the screen und the program is then looped
back to line 70 where & new reading is
commenced. The program loops indefinite-
ly 1aking a continuous stream of readings
until it is halted by the usual CTRL-
BREAK -combination from the keyboard.

On each loop of the program the ouiput
of the overflow latch is read at line 140. If
an overflow is detected the program
branches to the subprogram starting at line
260. and this prints & warning message an
the screen. The program then branches
back to line 70 where a new reading is
staried.

FREQUENLY RANGE

The system provides very accurate
results ai low and middle audio frequen-
cies. but at higher frequencies the resolus
fion of the system is inadequaié 10 give
results that will stay perfecily in step with
a high quality digital frequency meler. It
would presumably be possible 10 obiain
highly accurate results by using a
machine code routine 1o handle the gate
pulse timing. This certainly represents an
interesting line of investigation for those
who are suitably expert at writing PC
software.

It should be possible 1 exiend the oper-
ating frequency range upward by using nor-
mal prescaler techniques. For examiple. a
divide-by-10 circuit added ar the input of
the gate would provide a maximum input
frequency of 327-68kHz with a resolution
‘of SHz.

As described here. this interface design
is-a practical test instrument for audio fre-
quency measurement. but it also represents
4 slarting point for.the experimenter. [

190 HB = HB * 256
200 F = LB + HB
210 F = F * .99
220 F = INT(F)
230 F = F/2 »
240 BRINT F "HERTZ m
250 GOTC 70
260 LOCATE 5,30
270 PRINT "OVERLOAD o
280 GOTO 70
a
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; ROB O T l C S Instruments

BASIC Stamps: Scenix

@ Re-Programmable ; © Fastest 8-bil micro
@ BASIC language @ 50MIPs r
© R5232 Serial ports @ Flash Eprom

@ 80716 VO lines : © 18/28 pins ]
@ Fast development ¥ pin replacement
Serial LCDs

@ R5232 Senal interface

@ 2x16 1o 4x40

@ Simple 3-pin connection

@ Integral Keypad option : 2

@ Large Numerics option Robotics

@ Driver chips available for (EM use ® Humanoid

© 3-Axis Arm
@ Walking lasect

3-Axis Machine

© Stamp 2 based.

© Drills PCBs

® 3-Axis movement ~

© Stepper drive

® 4 thou resolution

ewWinli Servo Conlruller
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3 © RS232 IR Decoder
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Hi-Fi POWER AMPLIFIERS

ILP 2000 SERIES POWER AMPLIFIERS ARE FULLY ENCAPSULATED
HIGH QUALITY MODULES WITH INTEGRAL HEATSINKS AND CARRY
A FIVE-YEAR GUARANTEE.

BY SELECTING THE APPROPRIATE MAINS TRANSFORMER AND
THE PROGRAMMING LINK ON THE MODULE THEY CANM BE USED
V/ITH 40 OR 801 LOADS WITH THE AUTOMATIC ADJUSTMENT OF

INPUT SENSITIVITY.
HY2000 30\ HYBRID AMPLIFIER LT3
HY2001  30W HYBRID AMPLIFIER \YITH.P.S.U. BOARD £17.63
HY2002  60W HYBRID AMPLIFIER £17.53
HY2003  60W HYBRID AMPLIFIER WITH P.S.U. BOARD £2458
HY2004  120W MOSFET AMPLIFIER £38.78
HY2005  120W MOSFET AMPLIFIER WITH P.S.U. BOARD tag.18
HY2006 240V MOSFET AMPLIFIER £79.60

HY2007  ~240V/ WOSFET AMPLIFIER WITH P,S.U. BOARD £96.35

HI-F1 QUALITY AUDIO POWER TRANSFORMERS FINISHED IN BLACK
WITH RESIN FILLED CENTRES FOR MAXIMUM MOISE ABSORPTION
AND EASE OF MQUNTING

AT0304  FOROHE HY200001 IN 40 MODE £i7.63
AT0308  FOR ONE HY2000:1 IN 80 MODE £17.53
AT0S0Y  FOR ONE HY209273 IN 40 MODE £21.15
ATOS08  FOR ONE HY2052:3 IN 80 MODE £21.15
AT1204  FOR ONE HY2004'5 IN 4) MODE £28.20
AT1208  FOR ONE HY2004 5 IN 80 WMODE £28.20
AT2404  FOR OME HY20067 IN 40 MODE £33.95

PRICES INCLUDE VAT & POST AND PACKING

ILP DIRECT LTD. '
SPONG LANE, ELMSTED ASHFORD, KENT TM25 5JU
PHONE +44 (0) 1233 750481  FAX - 44 {0) 1233 750578
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READ

OouT

John Becker addresses some
of the general paoints readers
have raised. Have yvou anvthing
interesting to say?

Drop us a line!

WIN A DIGITAL
MULTIMETER

The DMT-1010 is a 3% digit pocket-
sized |.c.d. multimeter which measures
a.c. and d.c. voltage, d.c. current and
resistance. It can also test diodes and
bipolar transistors.

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

HOT BARS!
Dear EPE,

The PIC Altimeter (Sept "98) was excellent
and panicularly appealing for those of us inter-
ested in the weather and ouidoor activities like
ramping or flying. Bui, can I just raise a couple
of points with regard 10 the measuremen units.

Internationally, the term millibar is now ob-
solete in meteorclogy and aviation. It was re-
placed at least a decade ago by the hectoPascal
or hundredih of a Pascal, abbrevlation 47a. The
unit is equal in magnlitude 1o the old millibar,
thereiore standard pressure is 1013.25hPa. The
bar is:an outdated CGS unit, whereas the Pascal
is the modem SI unit for pressure, equal to one

| Newion per square metre.

The SI abbreviation for the metre is a lower-
case m. not the upper-case M as displayed by
the altimeter.

In the anicle text, reference is made to
temperature in Centigrade. Tis use for naming
a temperature scale was dropped in 1967
because it means a unit of a **hundredth of a
grade’’, an angular measurement. The units in
this scale are termed degrees Celcius in rightful
honour of its inventor. After ali, Mr Fahrenheit

- gets credlt for his temperature scale!
Congratnlations on a great magazine. 1 read
it regularly and find it an excellent source of
ideas.
= John Phitlips,
Upper Huit, New Zealand, via the Net

A most interesting point about barometric
pressure, one that I was only mildly aware
of. However, although sciensificaily speaking
you are undoubtediv correct, the majority of
the population still relate to the term millibar
rather than hectoPascal. Prompted by your
comment, I actually spent some timne on the Net
studying’ various weather sites but could not

% LETTER OF THE MONTH %

find any verification of the use of either rerm,
There was just onz reference | found to hPa.
and none at all for mB.

So I rang the Mer Office at Southampton. They
said ithar hectoPascal is the rerm used scien-
tifically. but in terms of expressing baromeiric
pressure on weather forecast broadcasts to the
general UK public, they would never use hec-
toPascal and always quole pressure in milfibars.
They wen! on to commenl that tiey believe the
American forecasters still quote it in inclies (now
that IS an ancient hang-aver?). Inches refers
to the height of a merciry column in really
old-fashioned baromelers, a measurement sifll
quoted on some domestic barometers. One of
mine is graduated in inches, although my others
are graduated in millibars.

! would make the observation, too, thas our
word baromeier comes from the words bar and
meter and we siill continue to use the term
baromeinic pressure, Somehow [ think the term
hectoPascalometer might not catch onf As a
scrba diver, | am also used o using bar as the
measurement of the pressure [ am subjected 1o
at depth. |

Yes, of course, Celcius is the term [ should
have used instead of Centigrade — am [ revert-
ing to childhood when the latter was drilled
into me at school and how to convert berween
C and F, along with degrees Kelvin? ({f so, my |
colleagues are too - they all read and approved
my scriptl)

Regarding *“m’* and *"M*' = I'll shaw what ]
like on my Lc.d s, thank you! (in. fact "M was
used to differentiare it from *'m”’ of “mB"" )

Bui, what a great interest your baroriric |
comment caused — I spenr a couple of hours
researching it! A fascinating question, thanks.

Yes, I think you deserve to be Letier of the
Month l[u's time, even though it’s tanicanount 1o

(very polite} criticism of me!

PIC OF THE HOURS
Dear EPE,

Running  your PIC Tuiorial program
TUT28.ASM 1 noticed that the hours count did
not roll over to zero from hour 23, but continued
upwards. Looking further into the problem 1
changed the program as follows:

incf CLKHRS,F

mov¥lw 6

addwf CLKHRS,\Y

btfss STATUS,DC

movwl CLKHRS

movlw 700100100

sorwf CLKHRS,W

btfss STATUS,Z

cirf CLKHRS

return

It took me a month 18 spat the solution. Was
your fisting a printing error. or was it deliberate
o give readers homework?! Anyhow. I con-
gratulate you for your excelleni work in the
pages of EPE. d

Rubens Sant’Anna, via the Net

Pd like 1o say it was ““homework’, but

honesty prevails and ! have o admit it was a
programming error = well spotted and solved?
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CATCHY WIND-UP
Dear EPE,

Congranulations 10 EEPEEPEHEEMET!
(catchy!) and especially Bant Trepak for
rathinking the concept of the “wind-up™ radio.
Like the author himself commented, as someone
‘who has recently been playing with geared
motors to demonstrate the ““dynamo”’ principle
immediaiely thought “*Now why didn't I think
of that!™’.

1 was especiaily happy to see Mr Trepak
feturn 10 the 1960s/70s in his circuit design. Yes.
the old regencrative radio circuiis are resurfac-
ing following the sad demise of the ZN414
.and its kin, I'd much rather have my son and
his schoolfriends experieace the excitement of
building a simple portable receiver using the
ZN414, just because of the favourable perfor-
mance-to-effort ratio. but in its absence we are
reminded that. once upon a lime. there were
‘other ways to achieve a similar end and, in an
-agé of here-today-gone-tomemow ic.s, discrete
transistors and 7400 TTL may siill have a usa-
ful part w play in our hobby, alongside thoss
‘marvellous PICs.

1 was panicularly amusaed by the appearance
in the circuit of a crystal earpiece. in parallel

with a 2k2 resistor. This is a dodge 1 first
saw presented in PV in 1972, when everyone
was bemoaning the demise of 2000-chm head-
phones ... Resourcefulness is essential 10 our
pursuits! Incidentally, have you thougly of pub-
lishing a design for a small MW radio based on
a PIC? {Okay. I'm oaly joking!?)

Dr Philip C. Miller Tate,
Walton-an-Thames Surrey

Thanks Philip far your latest commients (o add
0 our pages: Such projects as Bart's radio do
prove that ingenuity can achieve astonishingly
simple b effect resuits using the minimum
of “age-old”* technology (aliliough such high-
capacity minianire capacitors as he used are
very much '‘modern” components).

Bart's original texi for his radio actually
discussed some of the basic principles behind
other aspects of his back-to-origins components,
but space prevented our including the discus-
sions. Bart, as many of you will be aware, also
delights in designing mains operated circuits in
which again he gets down to basics withou! the
need for more “‘high-feluting'’ technology -
more pwer to iim, and to you!

MORE ON FUEL
Dear EPE.

Having read the letter Fuel For Thought in
-your Aprii '99 issue, | wondered whether there
might b¢ any *‘mileage” in suggesting a suitable
pressure transducer in the fuzl line berween the
fuel 1ank and engine — possibly with an expan-
sion chamber after the transducer 1o mimimise
the effects of fuel pressure variations due to dif-
ferznt demands made by the engine.

I tiink T would be correct in saying, just as @
column of water exerts a specific force at s
base, that a similar arsument would apply 10 the
amount of fuel left in a 1ank. There are many
books which could then cover the pressuie w
voltage relationship required in order 1o operate
a dispiay. | hope this is of use. Great magazine,
Many regands. §

Neil Cullimore, vin.the Net

As an *‘off the rop of my head™* first response
it seems that this would be fine for a quantity
of liguid at rest, but as soon as the vehicle
siarts moving, the liquad will slop around in its
tank causing different pressures to occur on the
transducer in the fuel line, resulting in widely
varving values being outpul by it

However, whilst ““narmal’’ electronic circuits
(swhatever they might be!) would perhaps have
difficulty in averaging the values, na doubr a
PIC could be programuned 1o work it out. There
would remdin the question, though, of how an
electrically powered pressure transducer could
be safely installed in g fuel line without the
dunger of an electrical discharge igniting the
Jueel. Any suggestions, Readers?

AIR THEM!

Whatever your vlews on electronics
and allled subjects, air them in
public, either through Readout or
our Chat Zone via
www.epemag.wimborne.co.uk
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WHY SURFACE MOUNT?
Drear EPE,

1 have a smal!l point I would like to raise with
you regarding Bill Mooncy's SMD Smoke Ab-
sorber in the March 1999 issue, namely, why
he considered it necessary to use surface mount
devices in this project. To my mind, SMDs are
only suitable to use when:

o One or more devices vital o the circuit's cor-
rect operation are only available in SM form

# The unit is intended t© be mass produced by
machines

® The unit is required 10 be physically small

With the Smoke Absorber all of these are
untrue; all the devices are more common as
through-hole components, the device is intended
to be made using a soldering iron and there is
plenty of room in the specified case. | fail to se2
what the advantages are to the amateur construc-
tor of using SMDs.

i can clearly see the disadvaniages though.
Firstly, they are incredibly expensive; Buying
Just the resistors from onc major source (seven
different values, twelve resistors in all) cosis a
ndiculous £14 + VAT! Buying exactly the
same thing in through-hole costs just £4.41 +
VAT, Adminedly. this is largely due 1o mmni-
mum order quantities, bul the single SM resis-
tors cost 4p, which is still more than double the
cost of a comparable through-hole companent.
Likewise the SM NES55N costs 10p more than
a comparable through-hole companent.

Secondly. they are very fiddly o solder. al-
though this was outlined in the article. Also,
SMDs can get lost, blown away and flicked off
the workbench. | am sure everybody would
agree that losing a vital component in the carpet
during the construction of your latest mastor-
piece is a major source of annoyance!

As [ am sure like many others, I have no
SMDs in my spares box. 1 could build the
device on stripboard from just my spares box
in through-hole, except the infrared detector
and fan because these are obviously specialised'
devices. I would hope, therefore, that EPE casts
a critical eyz on SMD projects submitted in the
future unless they reach ane or more of the
above crireria. Since when did through-hole bex
come passé?

Please do not think 1 am being critical of Bill
Mooney's article; it is a great safety project
which | hope to build in the coming weeks.

Joseph Birr-Pixton, via the Nek

Bill Mooney replies:

My decision to use surface mount is to do
with education, the fecling of being up-1o-date:
‘and making the best use of the latest methodol-
ogy. Open any serious piece of clectronic gear
these days and you will see what contemparary
circuit fabrication has come to. Believe it or aot
it is also to do with the simplicity and elegance
of this technigue. The application of a set of
rules along the lines of those outlined by Mr
Birr-Pixton would limit the scope of this hobby
and. more important. could resirict its growth
and evelution into the future.

Sure, SMDs are fiddly w0 use, but through
hole {(th) construction was difficult untii we
developed the appropriate skills. SM construc-
‘tion also requires a hule dexterity coupled with
good evesight, or at least a good magnifier. The
reward is a circuit as close as we can gel o stale
of the an. Many constructors who try SM soon
realize that it is not all bad and in fact offers
many sdvantages. They find 11 quickerand easier
once the basic skills are acquired.

Seme, in fact becomz hooked on SM and
prefer to make everything that way. My nine-
year-old son has assembled kits in both SM and
TH and, without prompting, expressed a strong
preference for SM over the awkward husiness of
threading and snipping leads. Losing the odd
wayward chip is a hazard but taming them is just
a matter of selecting a suilable work area and
being careful,

The cost of SM components to-the small-scale
hobby user is becoming less of an issue and the'

price differences are mosily negligible. At any
other level they ane cheaper than TH cquivalenis.
Availability in small quantities is 2 more imposr-
tant issue not helped by the difficulty of retail
handling. The cost of postage and packing must
be separated from the argument, as small orders of
either tachnology will always be expensive.

It is surprising how quickly a useful SM junk
box develops once you start. Part reels and bags
of SMDs appear at junk sales and there are ever
increasing numbers of redundant disk drives and
cellphones around, 2l packed with SMDs.

Hybrid projects are cropping up with increas:
ing frequency in our magazines. Even if we
‘don’t want 10 be SM purists, some experience in
handling chip components is useful for when we
have no choice. TH devices are cenainly not
passé and neither are valves. Qur aim is to
broaden our horizons, not to restriet them.

Bill Moohey

Editorially, we must also add the comment
that one of the roles of EPE is to ¢educate people
in electronics, and we would be failing in this
aspiration if we did not periodically publish
an SMD-based project of a simple level. Bill
Mooney's SM projects (af which we have pub-
lished several) fulfil this need nicely.

HIGHER STILL
Dear EPE,

| have been following with interest the subject
of using higher level lunguages in projects. It is
true that accessing the /O space from later
Visual languages is a problem in Win 95/98.
‘However, this is not impossible, as long as
the complications of using HO arc done for
‘you. After all, how are the mouse and prnters
contralled?

May | suggest that it a set of virmal drivers
accessed from a comesponding set of DLLs
were writlen and docurnented with their func-
lion calls. they could be used and called from
whichever high level language the user wizhes.
This might include reading and modifving the
registers for the paralle]l and serial pons on the
PC in Visual Basic, Then sny front end could be
written simply by both constructors and project
authors alike 1o access the outside warld without
resoriing to the DOS prompt.

1 believe tha: staying in the Windows environ-
ment to be prefemble, as it can be much more
intuitive for novice and inexperienced users,
given its visual and object based approach:
While this may forego the use of older x86
based machines for runoning some of your
programs, dare | say that come the end of the
vear many of these will be consigned to the
“*Doesn’t work any more this century™* pite. In
fact it may even be the case thet some older
compilers may refuse to work any more as well.

Steve Diver, Somerset, via the Net

interesting opening nvo paras, Steve. Viriual
drivers and Dl Ls seem a bit too sophisticated,
however, and not really practical for us to take
on-board. All the contributors 1o EPE design
their own circuits and software basically 1o
-suit themselves. Whilst you see the same cons
ributor’s names regularly appearing, none are
aciually employed by EPE 1o prodice their
designs (even | am an independent contribufor
in this context).

If I understand vou correctly, the outcome of
having an *'EPE ser of drivers'’ would neces-
.sitate us trying fo impose our own software
protocols on a werld which is already over-
stuffed with them. In this malter, | for one would
Jor rather 1y 1o make use of the facililies
included in existing commercial packages. even
if they do sometirmes seem difficult to come 1o
grips with.

On your last para — despite initia! conicerns to
‘the contrary, I am going to assume that any
EPE-published software written in a currenily
standard format (e.g. Basic or x86 assembler
€tc) is going to be recognised by succeeding
generatians of compuer long into the future;
“Time will tell if I'm right or wrong!

Everyday Praciical ElectronicstETI, June 1999

NETTING THE TIDE
Dear EPE,

In Regdour Oct "98 you published a iéiter of
mine requesting a possible update of your PE
Tide Meter of Oct 92, using the latest PIC tech-
nology methods.

Your replying comments are -appreciated. 1
haye found a freeware liule gem called WXTide
on web site www.shipsstore.com which works
beautifully and universally. A data base is in-
ciuded and is harmonically based. Maybe you
clever boffins can use the info for a PIC-based
gizmo?

Johan van Rooyen,
LCape Town, Soith-Africa, via the Net

Well. Johan, ir's me that's even more ap-
preciative af yoor larest comments. Receiving
them in late December {it's mid-April as |
write this), { have since spent time studying
that most astonishing site yvou quote. | down-
loaded the WXTide software and wads utterly
amazed at its campleteness and, as you say,
universality.

To be honest, for some weeks dfier
thoroughly studving ir, I felt totally cured of
any desire 1a design a PIC-based tide meter.
There was no way I could see thar | could
create a meter that would come anywiiere near
what WXTide does. With that so readily
.available via the Net, why should I even Iry (o?

However, once having had an idea, | am
usually reluctant to give it up, especially
having already spent couniless previous hours
artempting to crack the tide prediction problem
using Basic and memories of school-day
maihs. Having discussed the dilemma with
Editor Mike (who, as you probably recall from
my reply in Oct '98, sails a dinghy in Poale
farbour), | decided that a tide meter cauld
still make a good PIC project,

For a start, not evervone wants 1w lug a
computer aboit on a small boat {or car when
gaing on a beach Irip) or even (o take a
priniout of 1ide conditions with them, Secondiy,
knowing hightlow tide states to within a few
minutes is not necessarily critical and so a
simple compuiaiion which results in prediction
1o within, sav, half an hour is geing 10 be quite
satisfactory for many *'coasters’’.

Interestingly, I did some comparison checis
berween WXTide's predictions jor UK loca-
tions for which | have data going back as
Jar as 1992 {originating from the UK's tide
prediction authority, Proudman Oceangraphic
Laboratories). The two sources. did not agree
in a number gf instances, by as much as 15-20
minutes in some €ases. .

With these thoughts in mind, I may well
(sooner or later) dig oui my filed notes and
WXTide and seec what a PIC can achieve, and
be prepared 10 accepr less than the about-five-
minutes accurgey that | had been trying lo
work fo before.

As Canute might have said. watch this shore
line.

CHIP SOURCE
Dear EPE.

How do I find cut whether & manufacturer
has produced am “‘audio frequency spectrum
analyser'” on a single chip. None are listed in
the Maplin or Electromail catalogues - ]

Alan J. Munday, Southampton

Dmight tackle it by browsing the IC Masier,
a massive well-updared, but expensive, pub-
lication that some reference, libraries ieep.
More conveniently, perhaps, doing a search on
the Web could prove beneficial; starting off
with a general search call for *"semiconduc-
tors”" and see where it leads you. Alse, other
readers might know, either offering an answer
to this letter here, or via our Char Zone on the
Web.

As an aside, you really ofight 10 have mare
catalogues than the rwo you meniion. No
workshop is complere without dozens!
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VISUAL PROGRAMMING FOR A VIRTUAL METER

IN RECENT months the readers’ letters
pages of EPE have included a certain
amount of debate about the best pro-
gramming language for use with PC
based projects. QBASIC and GW BASIC
are easy to use and one or other of these
is supplied free with MS/DOS or
Windows 95/98.

However, they only produce MSDOS
programs, and compared with the mod-
ern visual languages they are rather slow
and crude. Things that take a couple of
mouse clicks in a visual programming
language can take hours of programming
with a traditional BASIC.

The problem with the visual languages
is that they do not support direct control
of the PCs ports. At least, until tecently I
thought that was the case.

Original And Best :

Borland Delphi is a sort of visual ver-
sion of its “Turbo Pascal”, which used to
be popular in the pre-Windows era. The
Bmgramming ]anguaﬁe at the heart of

elphi is Object Pascal, and the help files
for this language do mention direct port
dccess using the Port (8-bit) and PortW
(16-b1t) functions. Unfortunately, tryin
these with Delphi 2 and Delphi 3 (an
presumably with Delphi 4) only produces
SITOT Messages.

The solution to the anomaly can be
found on Tom Boyd's excellent web site
(sce Readont page 272 of the April 1999
issue of EPE). It seems that these two
functions were included in the original
version of Delphi, or Delphi 1 as it is now
often called, but were dropped from the
subsequent versions.

Although you can no longer buy
Delphi 1 as such, it is included with sub-
sequent versions to provide a means of
producing 16-bit Windows programs.
Versions two to four can only produce 32-
hit Windows

ot cna W Lo

QBASIC, C,.etc., it takes some adjustment
to get the better of visual programming.
Selecting the right icon and clicking on
the screen produces the basic elements-of
the program such as buttons, pull-down
menus, and dialogue boxes.

Yeu do not have to write code to keep
track of the mouse movements, as this is
all handled for you. You do have to write
some program code to make buitons,
menuy items, etc. actually do something,
but in the current context a few program
lines is often sufficient.

By necessity, the visual a proach to
things results in programs that have a
very different structure to traditional pro-
grams. Things are more compartinén-
Aalised and less serial in nature.

On Form

When you run Delphi you are faced
with four windows (see Fig.1), and the
one at the top is the main program win-
dow. This has the usual menus plus
numerous buttons. The buttons in the
right-hand section of the window formy
the component palette, and there are sev-
eral sets of these, which can be selected
via a set of tabs. What in Delphi terminol-
ogy is called the “form” is situated below
ihe component paletie, and this is where
you produce the' general layout for your
program.

I you require a label at the bottom of
the program window, you click on the
label icon in the component palette and
then click at the bottom of the form. This
deposits a label on the form, and it can
then be dragged to precisely the required
position, and resized by dragging on the
handles. Other items such as buttons and
scroll-bars are added in the same basic
fashion.

The form has a grid of dots to help with
precise positioning of screen ¢lements,

NG e e
Delphi 1 has also been &
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but the dots do not appear in the program
window when the completed program is
run. You can alter the size of the form
itself using the Object Inspector or the
usual dragging method and this sets the
initial size tor the program window when
the program is run.

“The left-hand section of the screen con-
tains the Object Inspector. If you tlick on
the form or a component on the form to
make it active, the object inspector then
controls numerous aspects of that compo-
nent or the form. This enables you to
change the text of a label or a button, set
text fonts, streen colours, and so on.

It also provides control over the way in
which a component responds to an event
such as a mouse click or double-click.
Most components ignore most events,
and only those events that are relevant
are actually activated. :

Largely hidden behind the form the
‘Code Window can be found. This is
where the program code is added, and
initially there is a basic framework for a
program supplied for you.

On The Button

A stmple way to try out direct port con-
trol with Delphi is to place a couple of
buttons on the form. Click on one to
select it and then change its caption to *0”
wsing the object inspector. Then double-
click on the button to bring up the code
editor. The code for the button goes
between the words “begin” and “end”,
and you only need-to add this line:

Por1[888] := 0,

This sets the port-at address 888 (deci-
mal) to zero each time the button is
pressed. Port 888 is the data line set of
what will usually be printer port 1
(LPT1:), but you can obviously use a dif-
ferent address here if you
wish.

given away free with some
computer magazines, albeit
with some restrictions on =

This program line looks
rather different to an
equivalent BASIC OUT

=

its use.

Delphi 4 produces 16-bit
Windows programs, but
they will run wunder
Windows 95 and Windows
98 as well as Windows 3.1.
They will not run under
Windows NT4 though.

The programs produced
are staﬂd-gg::e EXE files ) o
that do not have to be et
installed. You simply dou-
ble-click on the program
file in Windows Explorer or
use the “Run” option of the
“Start” menu. They will
even run quite happily
from a floppy disk. BEPRNI Vet

[= S

el e

unit Uniti;

interfaca

inskuction, and there are a
few points to note here.
The address is placed in
| square brackets and not
the usual round variety. In
Pascal the “equals” sign on
its own is a Boolean opera-
tor, and in this context a
colon must precede it All
| normal program lines In
Pascal end with a semi:
colon.

Repeat this process for
the second button, but
| give it a caption of "235"
and this program line:

_ ! Port[sgs) := 255,

e

Visual Programmin
. If you are used to tradi-
tional programming
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Fig.1. Four windows are opened when Delphi is run. The Forq is where
in. the program is assembled.

To test the program
from within Delphi oper-
ate the “Run” button that
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is situated towards the top left hand sec:
tion of the screen or select “Run” via the
menus. If all is well this should produce
an operational program window com-
plete with the two buttons.

Operating the buttons should switch
the data lines of printer port 1 between all
low (0) and all high (253). If vou select
‘Compile” via the menu system your pro-
gram will be compiled into a stand-alone
-EXE file.

On The Slide

There are other components that are
potentially useful when writing software
for do-it-yourself add-ons, and one of
these is the scrollbar. Select this object
from the standard component palette and
then click on the form to place it on the
form. )

The scrollbar needs to be quite large so
that it has sufficient resolution to enable
any output value from 0 to 255 to be set,
so enlarge it to a few hundred pixels
wide. In the Object Inspector you will
find the “Max" and “Min” values for the
bar set at 100 and 0 respectively. Alter the
maximum value to 255,

The “SmallChange” value is the
amount by which the value of the bar
changes when the slider control is operat-
ed, and the default value of one is what
we require. The "LargeChange” value is
the amount of change produced by click-
ing to one side of the slider control, and
you might like to increase this to some-
thing largey, such as five or ten.

Next, double-click on the scrollbar to
bring up the code window, and add the
following line between the word “begin”
and “end”:

Port[888] := Scrollbar1,Position;

There can be a slight problem when
reading a port due to the way in which
Delphi handies variables. In BASIC it is
quite in order to read a port into a vari-
able and then simply print that variable
on the screen. The varable will be auto-
matically converted into a corresponding
text string and printed on the screen.
Also, in BASIC you can simply invent
variables as and when you need them.

With Delphi varables only exist once
they have been declared, and there are
various variable types available (string,
byte, integer, etc.). The reading from a
port can be read into a byte variable but
not a string type. A byte cannot be print-
ed on the screen though. It has to be con-
verted to a string first.

To produce a program to read printer
port 1, first double-click on a fresh form
and look for the heading “var” in the code
window. It is beneath this heading that
the variables are declared, and these two
lines should be added:

Reading : Byte;
8 = String;
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effect the first time the button is operated.
Note that due to the proportional fonts
used in Windows it is necessary to use
more than three spaces in order to be sure
of blanking up to three digits (half a
dozen should suffice).

Finally, the lastline actually prints the
reading on the screen. Note that you
can set the font size for the form to a
high figure if you require large num-
bers. A point size of 32 vvas used in tlve
example.

When the program is run it should pro-
duce something along the lines of Fig.3.
Each time the button is pressed the read-
ing will be updated.

Virtual Meter

Delphi has quite good graphics
fadilities, and these offer an intéresting
alternative to simply printing values on
the screen. The accompanying simple

‘demonstration program will display the

readings on a sort of “Pseudo Moving
Coil Panel Meter”. Start with a blank form
and double:click on it to bring up the
code window. Add the following
line under the “var”
heading:

Meter : Byte;

No string variable

i is required this time,

because the returned
values will not be
printed on  the
screen. Next place a
button at the bottom

Press To Read Printer Port |

right-hand corner of
the form and give ita
i caption such as “Take

o Output Control - =03 {fih.-: ‘_[—ml:ﬁ}
M. Max.
EI N -3

Speéd Control

This declares the byte
and string variables that
will be used to hold read-

Fig,2. This scrolibar uses one program line to provide ings from the port. Next

coniro! of the printer porl.

To complete the program you can use
the label component to add labels such as
“Min.”, “Max.” and “Speed Contral".
When the program is run you should get
something similar to Fig.2, and using the
slider it should be possible to set the
printer port output lines at any value
from 0 to 255.

This neat little control program was
produced using just one conventional
program line. When compiled it produces
a program file that is almost 200K in size,
but by Windows standards this is proba:
bly quite compact!

In#lut ;

e Port and PortWW functions can be
used to read from ports, and it is the syn-
tax that determines whether a reid or
wrily action is performed. To read a port
the following form of instruction would
be used:

Variable := Pori[Address}

slace a button near the

ottom of the form, give it
a caption such as “Press To Read Printer
Port”, and resize it if necessary. Then dou-
ble-click on the button and add the fol-
lowing program lines into the code win-
dow between “begin” and “end”:

Port{890] :=32;

Reading := Port[888];
Str{Reading, S); ’
Canvas.TexiOut(50, 50,° '}
Canivas.TextOut(50, 50, S}

The first line outputs a value of 32 to
the handshake output register of the port,
which sets it to the input mode. Of
course, it must be a bidirectional port ior
this to work. The next two lines read the
port and place the result in variable
“Reading”, after which the returned value
is converted to a string and placed in vari-
able "S”.

The penultimate line prints a séries of
spaces on the screen, 50 pixels from the
top of the program window and 30 pixels
in from the left. This is done to blank any
previous reading, but obviously has no
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Fig.3. The port reading program. Large the
‘fonts are easy with Delphi, which has the
usual range of Windows fonls available.

Reading”.

Next, double-click
on the bution and add
iollowing lines
between “begin” and
“end” in the program
code window:

Canvas.TexiOut (205,0, *0');
Canvas.TexiOut (205,25, '25');
Canvas.TexiOut (205,50, '50%);
Canvas.TextOut (205,75, '75Y);
Canvas.TextOut (205,100, "100Y%;
Canvas.TexiOut {205,125, *125Y;
Canvas.TextOul (205,150, '150%,
Canvas, TexiOut (205,175, *175");
Canvas.TextOul (205,200, ‘200°);
Canvas. TexiOut (205,225, '225');
Canvas. TextOut (205,250, '250');
Formt.Canvas.FillRect{Rect
{0.0,200,270));
Por{890) := 32;
Meter := Por1[888];
Canvas.MoveTo (0,128):
Canvas.LineTo (200,Meter);

On The Scales

The first eleven linés print a simple
scale for the meter down the screen. This
‘is followed by an instruction, that prints a
filled rectangle on the screen in the
‘default colour, which is white. The
rectangle is effectively the scale plate of
the virtual meter, and it also erases the
last reading before a new one is added.

Next the port is set to the input mode
and a reading is taken. This is placed in
the variable called “Meter”. This is
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followed by the “CanvasMoveTo”
instruction which piaces the
graphics cursor at the. specified
co-ordinates, but does not draw
anything on the screen.

The final instruction draws a
line from this point to a new set
of co-ordinates. The Y co-ordi-
nate is the value read from the
port and the higher this read-
ing, the further down the screen o
the line is draywmn. This line is the ™
pointer of the virtual meter. ~

When compiled and run this

rogram should produce some-
thing similar to Fig.4. Not bad for
just 17 lines of conventional
programming!

Time After Time

In many cases readings are
required at regular intervals and
nat when a button is pressed.
Delphi has an interval timer com-
ponent that makes this sort of thing easy.
itcan be found on the component palette,
but you must first click on the "System”
tab to bring up the appropriate set.

Although a timer icon is placed on the

form when this component is used, it is a object inspector.

100
125
150
175
200

2225

250

Fig.4. This Virtual Meter requires a minimal amount of
convenlional programming.

non-visual component that does not
appear in the finished program. The icon
serves as a reminder that you are using
the interval timer, and it also enables vou
to add code for it and access it via the

(s
it

if you:go through the above
steps, but use the interval
timer instead of the button,
the meter reading will be
updated at the default rate of
once per second. Other inter-
vals can be used, and the
event timer has one millisec-
ond resolution. This program
line would set the interval at
100 milliseconds:

Timer.Interval := 100;

It is obwiously impossible
to give a complete course-in
Delphi programming in an
article such as this, but the
possibilities should be obvi-
ous. Things that would take
hours of programming in
BASIC can be achieved in a

- few niinutes using Delphi.

Potentially, Delphi can be
used to produce much better software for
PC add-ons-with far less effort. Also bear
in mind tHat Delphi is a compiler, and it
should produce programs that run much
faster than GW BASIC or QBASIC
equivalents.

|| Take Reading |

with David Barrlngton

Clipping Video Fader (Siarter Project)

All the components called for in the Clipging Video Fader, the fifst
of cur periodic “starter projects” especially aimed at readers fafrly
new 1o electronics construclion, should present no buying problems:
They should all B2 stocked by the majority of our component
advertisers.

Unfortunately, stripboard nearly aiways seems to come in the
wrong size fot the project being undertaken. So, the only course af
action s to purcha a piece larger than required and to carefully
cut this down {0 size with a junior hacksaw, Smoath down any rough
edgss with a fine grade file or some sandpaper. Don't forget to
check for any “swarf” bridging the copper tracks before attempting
any componert mounting.

If you do not already own a soldering iron we sugges! you pur-
chase one rated between 12W and 25W, preferably at the lower
end. This will probab'y set you back about £12 to £15 and the British
manufactured ones, such a2s Antex (www.antex.co.uk). have a
very good repu{ahon

Now for the small commercial plug. Soldering is considered quitz
an art, and if you are al all hasitant about this espeact of construction
you should read the excellent booklet, enlitled The Basic Soldering
Guide, attached 1o the April "99 issue of EPE/ETI. See Back lssuss
page 456 for details of how to obtain this back copy.

The choice of case is lett to individuals’ own personal preference;
the author elected to use an aluminium type, with a vinyl-effect fin-
ish, measuring approximatelly 200mm x 125mm x 50mm. A metal
case was chosen 10 help screen the circuit from any possibility of
scme outside electrical interierence. Most! of our component adver-
tisers should b2 able to offer a suitable box, bul make surs there is
room for the 8-cell battery pack as well as-the circuit board.

PC Audio Frequency Meter

We do not expect any component supply problems to be encoun-
tered when gathering together paris for the PC Audio Frequency
Meter The semiconducior devices, D-type connectors and multi-
colour ribbon cable now appear as siandard stock items in adver-
tisers’ catalegues. However, just maybe, the BCG550 low-noise tran-
sistor might prove elusive and was purchased from Maplin (&
01702 554000), code UL49D.

Cnce again, you do not have to adhere to the exact dimensions
and type of melal case for this project, just make sure there is ample
room for the p.c.b. and that the input phono socket does not foul
with the beard. The primed circult toard is available from the EPE
PCB Service, code 232 (see page 469).

Musical Sundial

We don't see why the author should get away with all the “puns”
for the Musical Sundial project, so hare goes! We cannot iorecas)
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any dark shadows falling across the components as most seem (o

e in tune with suppliers’ stocks.

The miniature Vatec VT935G light dependznt resistor {l.dr) is
stocked by RS Components and is available through their mail
order outlet Electromail (= 01536 204555), code 234-1044_11 can,
of course, also be ordered from any bone-fide RS stockist. It also
seems likely that the MPYS54C568 l.d.r. from Farnell (= 0113 263

'6311). code 179-611, would be equally suitable.

You will most likely iind that most of our adverusers will ofter you

-a Mylar cone miniature loudspeaker when asking for & plastic cone-

type. These are fairly common and inexpansive. about £2 to £3
depending on size, and will certainly be OK for this application.

Details of the case have bean fully discussed in the article and no
doubt readers will have their own ideas — suggestions to John
please. The circular printed circuii board 12 obtainzble from the EPE
PCB Service, code 231.

For those raaders who want a “plug-in and go" ready-pogrammed
PICi6F84 chip, one is available from Magenta Electronics (e

‘01283 565435 or hitp/magenta2000.co.uk) for the all-inclusive
prica of £5.90 (overseas readers add €1 for postage).

For those who are able to “tlow” their own PICs, the soitware is
oblainzble from the Editcrizl Offices on a 3-5in. PC-cormpatible disk,
see EPE PCB Service page 469. There is a nominzl admin ¢chargs
of £2.75 each {UK). the actual sofiware is Frae. For overseas read-
ers the charge is £3.35 suriace mail and £4.35 airmall. If you are an

Internet user, it can be downloaded Frs= irom aur FTP sile:

ftp:/ifip.epemag.wimborne.co:uk/pubs/PICS/isundial.

PIC Toolkit Mk2

Locating components for the PIC Toclkit Mk2 was fully covered
last menth and no further news has been forthcoming, except the
Correction nole at the end of this monih's articie.

EPE BINDERS

KEEP YOUR MAGAZINES SAFE - RING US NOW!

This ring binder uses a special system to afiowr the i5sues o be easly remuved ard
ra-insarled without any damags. A fiylon sUip Sips over each issys ang this passes
Gver the for rings in the tinds:, thus holding tne magarse n place

‘Tha bindars are terchog in hard-waaring royal blue puv.c. with the magasine 1535 n
gold &n the spine. Thay will keep your issues neat aad tidy but allow you 16 femine
tram for use easdy.

Thapr-ceﬁ!tﬁ"& p'us £3 50 past and packing. i you order more than cne bindsr
add £1 pastage lor =acn binder afler the indtal £3.50 postane chargs (overseas resd-
ers the postags is £6.00 each 1o everywhars exciapt Ausrahs and Papus New Gunea
wiich costs £10.50 ezach)

Send your paym=nt [n €= starfing cheque or PO (Ovsrseas raaders send € stgring
bank drafl, or theque drawn on a UKbank or pay by credi casdd), to
Everyday Pracilcal Elecironics, Allen House, East Borough, Wimboms,
Darset BH21 1Pk Tel: 01202 BB1749. Fax: 01202 841682, E-mail:
editorizk@epemag wimborne.co.uk.

Web sita: hipuiwww.epemag.wimborne.co.uk

{We cannol reply 1o quanas ot confum orders by-Fax due lo the coct)

Ve aso aloept credit card paymants. Mastercard fAccess) o Visa {menirum cred-
it card order £5). Sand your Gard nurfioer 3nd cart expity date phus cardholdet's

sgdress (@ diferent fo the defvery addeess)
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Constructional Project =

JOHN BECKER

What can one say about a project that may be "
enormous fun but /s otherwise totally unjustitied?

I AVESTY — that’s the word. it's an
I absolute and utter travesty - this
Sundial thingy. it’s a gross and total
‘misuse of sophisticated electronics. Well,
‘think about it: 4

In the Beginning was the Big Shout that
echoed throughowt the Multiverse: “Let
there be Light”, and so it was, and so came
about shadaw where light could not reach.
And man saw the shadow and how it moved
when the light moved, and thus he saw the
motion of time and that it can be measured
in its motion beneath the planis and trees
around him, and thus the sundial was there
Jor his enfightenment from the beginning.

And what happens? Acons later along
comes a bright spark who says to himself
“Electronics can tell the time from the
miotion of sunlight™, and set about 10 prove
it. But why he should bother was never
questioned — and it should have been, the
sundial already IS and needs no improve-
ment. and it certainly doesn’t need o be
made with technology.

Nonetheless, it's been done and we fecl
you should know about it, perhaps even
build it and marvel at how petty we humans
can be at trying to replicate what nature has
alrcady achieved without even thinking
about it.

SUNSTROKE

So what does this Musical Sundial con-
wapiion actually do? It monitors the motion
of the sun of course — a pointer casis a
shadow that rotates with the sun. Sensors in
an arc detect the position of the shadow and
when a sensor is completely covered by the
shadow, electronically generated musical
chimes and pips mark the hour of the event,
one pip for each hour past. Then . . . and
then, vou get a tune played! And whal tune
might it be — what clse but something thai
might perhaps remind you of the old clas-
sic “You are my Sunshine” (although a réal
musician wouldn’t think so}!

But that’s not ull. on any day when the
weather's changeable, with the sun coming
and going, appropriate phrases of the
“tune™ mark the disappearance or re-
appearance of the sun.

So that’s what you do this monih; build
our Sundial (never mind what the neigh-
bours might say about your samity!). We

provide-the info, where you find the sunm is'
‘up to you!

-Everyday Practical ElécrronicsiET], hinie 1999

‘Consulting Old Moare's Alinanac

PLANETARY HiOTION

As the Sun (apparently) moves across
the heavens from East to Wesl, any object
in the path of its light casts a shadow that
moves in the opposite direction. In the
northern hemisphere beyond the Tropic of
Cancer (in the UK, for example) 1o an
observer with the sun behind him, the shad-
ow moves in a clockwise direction, from
left o right.

This is, no doubr, why clocks tell the
time “clockwise™. It needn’t have been,
though, and had clocks been invented in the
southern hemisphere. beyond the Tropic of
Capricomn. where t0 an observer the effec-
tive motion of the shadow is from right to
left. we might all be telling the time back-
wards! The implications of this apparent
chunge of direciion for our Sundial will
be discussed later — they are not
insignificant!

Anyway, we'll siart ofT by ralking about
the Sundial from the perspective of where it
was designed — Southern Counties
England. As you will see from the pho-
tographs, Sundial is constructed on a circu-
tar printed circuit board thar has an arc of
16 light sensors spaced so that a pointer’s:
shadow as cast by the Sur moves across:
them at the raie of one per hour
Irrespective of the scason, this raie is
always true (without getting into discus-
sions of astronomical or sub-atomic time
scales).

What does change with the seasons, of
colirse, is the number of hours there are
beiween  sunrise  and  sumsel.

{a publication the author finds
invaluable for its fucrual pre-
dictions of Sun. Moon and
Tide times) revealed that for
Londen the number of day-
light hours is about 16 in
mid-summer and about
eight in mid-winter.

It seemed worthwhile; |
therefore, 10 give the
Sundial 16 sensors. nominal-
ly regarded as covering 3 a.m.
10 8 p.m. {Oh, OK, sa it’s only

Compieted Musical Sundial
with the “shadow™ pointer
top covered with an impro-
vised eye-protector.

15 hours, but who in their right mind is
going 10-be looking at sundials at 4 a:m.?)

SENSIBILITIES

With these 16 sensors spaced around an
arc, a central pointer (known as a gnomon—
pronounced NO-MON. and is Greek for
“the one that knows™ — by those who know
such things) is mounied so that its shadow

moves around covering each in tum. Whai

the clectronics has o do is moniior the sen-
sors and determine which one is in shadow
— i.e. which has the least amount of light
shining on it.

The simplest choice of sensor scemed 0

'be 10 use light dependent resistors (1.d.rs),

The most commonly encountered Ld.r. is the
ORPI12 — but that’s not the type chosen! In
fact. ORP12s are a bit big in diameter and
would require a greater radius of mounting
arc, and thus a printed circuit board larper
thin the author desired. Their diameter
would also require the use of quite a thick
pointer o ¢nsure that its shadow adequately
covered their lighi-sensitive area.

A search through RS Compozenis’ CD-
ROM revealed some minjature l.d.rs hav-
ing a diameter of about 4mm instead of the

2mm of a typical ORP12. They were also

fsxufmf‘ ca.mly cheaper than ORP12s.

The device quoied by
' RS was a VTY35G. man-
ufaciured by EG & G
Vactec. Doing a
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Fig. 1. Circuit diagram for the multipléxed sensor stage of the Musical Sundial.

saarch on the Internet. Vactec's site was
found and a data sheet downloaded
(hitp:/fwww.egginc.com). The specs of
several other Vactee l.d.r.s were compared
with the VT935G but it was cancluded that
the one stocked by RS (who also trade as
Electromail) was satisfactory for the
PuUrpose.

The specs quote the VT935G-as baving a
cell resistanice of somewhere between 10kQ2
and 50k€2 at 10 lux. A unit of lux is not ter-
ribly useful to most people. including the
author. so some practical measurenients
were made. Typically the VT935G was
found 1o have a resistance of 70€2 in full sun
and 120Q with a pointer’s sun-cas: shadow
across it. In workroom conditions under
150W of artificial light at about oene metre,

the respective readings were typically 2kQ2
and 2kBQ2. There were, though, significant
differences in the readings between saniples
(this s illustrated photographically later).

MULTIPLEXING

Two 8-way multiplexers connect the 16
sensors 10 a common bus line, a PIC micro-
controller causing each sensor to be indi-
vidually selected in a repeating sequence.
The connections of the L.d.rs (R1 10 R16}
to the multiplexers (JCI1 and IC2) are
shown in Fig.1.

When sefected. each sensor forms part of
a potential divides chain effectively con-
nected berween +5V and OV via the multi-
plexer. Which muitiplexer channel and
which sensor is selected are determined by

the 4-bit centrol code supplied by the PIC
(Fig.2, in a moment) o the A, B, C and
[NH pias of IC1 and IC2.

With IC1’s X3/X path selected. for
example, sensor R1 is in series with resis-
tor R17 and preset potentiometer VR1. The
required voltage is tapped at the junction
between R1 and R17 and fed (in Fig.2) to
an analogue-to-digital converter (ADC)
arrangzement. The resistance of Rl varnes
according to the level of illumination
falling on ii, so resulting in varying volt-
ages applied 10 the ADC. VRI is used to set
the basic range of response.

Note that switch S5 is only used during
the simple setting-up process described
later (il sets a known voltage leve! against
which the circuit is “tuned"),

:

o]
AV TO b 42 T ot i5
R T oy
AND RZ8 - 03 !
oty Ml g 16 TE¢ o, =
22; = i +VE ~- P TO 52
| ct IC3
00 T 2045 o TOR23
ON/OFF - “: scam  POIOUT e - 7D R24
1 l_s FeBw Fo20UT P2 = OIS
31 \P TOICING2 Fil 3 “fmmied VOO PCP OUT = TO A5
= BLa VEO G
AL <= TO 151 PIH @ ANT IC2 FRUIFY
JF—={cs e TOICH P8 10 AND IC2 P 10
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Fig.2. Circuit diagram for the analogue-to-digital and PIC microconiroller stages.
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ANALOGUE DIGITISING

The analogue-to-digital converier and
PIC microcontroller are shown in Fig.2 as
IC3 and 1C4, respectively. *"Thal’s never an
ADC.” might cry the uninitiated looking up
from their component supplier’s catalogue,
“it's a phase-locked loop device™. Ah, hah,
grins author (and others in the “know") =
you're right but wrong.

True, a CMOS 4046 is a PLL, bur as
such it has a voltage controlled oscillator as
part of its fumniture, and if a digital device
such as a time-controlled binary counter is
fed with a regular pulse chain from a VCO,
the resull is a binary representation of the
voliage that caused the frequency. OK?

This is, then, one of the functions that the
PIC (IC4) is used 1o perform — timed pulse
counting. The frequency output at IC3 pin 4
{(VCO OUT) is monitored by the PIC via.ils
RA4 pin and software obtains the count val-
ues obtained with each L.d.r. as it is sampled.
A bit of analysis provides the information
on which Ld.r. (if any) is in shadow.

Basic frequency range relative to sensor
voltage input is set by capacitor C1 and the
total resistance across resistor R18 and pre-
set VR2. The latter is used for adjustment of
the range during setting up (it too is a sim-
ple operation, and makes usc of an inge-
nious bit of test equipment — your ear!)

You are niy sunshine
My only sunshine

You make me happy
When skies are grey
You'll never know dear
How much I love you
Please don’t lake

My sunshine away

Various pause lengths are inier-
spersed between words and notes as
scemed appropriate.

The source code listing shows the
1able 'of definitions (equates) from
which the PIC's note values have been
chosen (and which you could use if you
want to write in a different “tune™). The
+une calls are shown under tabel MUSICIL.

There is a novel twist 1o the musical
opus. The notes shown in the source code
are generated simultaneously on two out-
puts of PORTA, but to give “colour’ to the
sound, the same notes are also slightly
shifted in frequency and output via Iwo
other PORTA pins. The effect is similar to
that used in many “chorusing™ uniis for
which various hobbyist magazines used 10
provide constructional data in bygone years
{ah. nostalgia!).

The original intention for using four
outputs of PORTA as sound chaanels was
to aliow not only more than one frequency
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Fig.3. Circuit diagram for the mixing amplifier output-stage.

MUSICAL PIC-UP

On a repeating cycle of 16, the PIC con-
stantly looks for the point at which one sensor
has a considerably lower output value than
the others. When that point is reached, a ttag
is set and another cycle of 16 is performed. If
1he same sensor is still the one with the low-
est value, this is the sensor that is taken to be
in the shadow of the pointer, and hence the
one that indicates the time of day.

A further check is then made: has this
hour of the day already been detected? If
the answer is no, then the first of several
music routines is entered, outpulting via
PORTA a sequence that is loosely reminis-
cent of the Westminster Chimes (Big Ben)
~ gee the sousce code at label CHIMES.

" The PIC then outputs a serics of pips via
PORTA, the quantity “telling’" the hour. on
a 12-hour clock basis, e.g. cight for 8 am,
12 for noon, eight for 8 pm. (the fuil range
is 5 0 12 and then 1 to 8). Then follows the
“pme” — as hinted it (hopefully) suggests
the old classic whose words are (if memo-
ry serves correctly):

10 be output -simultaneously, but also 1o
allow different volume levels to be con-
trolled by the PIC. theoretically 16 levels.
But tests showed that the effect was not so
pleasing as was expeécted and the idea was
dropped.

There is a hint of it, though, in that the
chimes and pips are created via two
PORTA outpuls, whereas the tune uses all
four ourputs, giving a bit more, impact 10
its occurrence following the preliminary
introductions. :

Just guickly, now, on the rest of the PIC
pins. Crystal X1 plus capacitors C6 and C7
sot the 10MHz clock frequency at which
the PIC needs to operate. It is imperative lo
use 10MHz {even though the sensors are
monitored slowly) because of the note fre-
quencies generated in relation to 1ooped
clock cycles.

pins RBO to RB2 plus RB6 and RB7
control the sensor chamnel multiplexing
through IC1 and 1C2. RB6 and RB7, with
their associated resistors R21 and R22, plus
switches 83 and 54, are also used diTmg
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setling-up, following which the switches
can be removed. .
oUTPUT AMPLIFIER

“Al} four frequency outpuls from PORTA
(RAO 10 RA3) are summad at the mixing
amplifier stage around 1C6. shown in Fig.3.
iC6 is hulf of an L272 dual op.amp capable
of outputting up to 1A of current. A dual
device was chosen merely because the
author had some already in stock — expe-
diency can play an importan role in
designing things, from time 1o tme!

The levels of the four channzls are atien-
nated from their 3V swing to allow the
summation without hitting the “end-stops”
of the op.amp (i.e. keeping the rotal level
below the clipping peint). Preset poten-
tiometer VR3 is used 1o set the required
gain, If preferred, an external control with
knob could be used instead of a preset.

Don’t annoy your neighbours by setting
tov high a volume when the Sundial’s
installed outdoors (and where else could
you instal it, for that matier? Oh, your con~
servatory or greenhouse, perhaps).

Preferably choose a speaker with a plas-
tic (rather than paper) cone, better suiting it
to outdoor use.

Capacitor C13 is optional. smooths off
the comers of the square wave signals, but
the author preferred the sound without it.

The purpose of switch §2 wili be dis-
cussed when we get 10 ihe setting-up, and
that's the only time it's needed.

POWER SUPPLY

Al the outsel, it had seenied appropriaie

‘to use a solar panel to power the Sundial

and extensive tests in the garden were car-
ried out. Tt was found. however, that
although under ideal conditions the solar
panel did the job satisfactorily, it was when
conditions changed that difficulties arose.
Nominally, the solar panci (RS 194-098)
outputs 12V under open-circuit conditions.
The data sheet says this drops 10 7-3V when
under load. In itself, this is adequate for reg-
ulating down to SV as required by the PIC
Tt was the current drawn by the audio
amplifier that was one of the problems,
reducing the solar generated voltage lev-
els nearer to 6V and below the threshold at
which the regulator IC5 could operate. The
result was unpredictable functioning of the
PiC and incorrect Ld r. value interpretation.
Furthermore, the situation was greatly
aggravated when a sudden drop in light
level falling on the solar panel occurred,
This could happen when a person’s shadow
passed across the panel. cutting off the
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ECURED TO CASE
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i

Fig.4. Printed circuit board component layout and interwiring. The full size copper track master is shown opposite. Note that
capacitor C3 and crystal X1 are mounted flat and that C5is also mounted flat above R19/R20/D2. The tops of the I.d.r.s should
stand about 8mm above the surface of the p.c.b.

'main light $ource. Undoubtedly, inquisitive
hands of those studying the Sundial (kids
and adults alike!) would find their way if
front of the panel, disrupting operation.

Considerabie thoughr was given to using
the solar panel 1o keep a battery backed-up,
powering the Sundial from the battery
rather than the panel. The question then
arose about whether a 6V battery should be
used, with the resuliant loss of the ability 1o
mainiain the circuit voliage at 5V using a
regutator chip (Zener diodes require a resis-
tor in series with them. so affecting the
current flow, and were thus rejected in the
considerations). y

A 9V batery would allow regulation. but
it would require a recharging input voltage
above that which the solar panel could pro-
vide. The thought of adding a second pane!
in series was rejecied on cosi grounds.
Switched mode voliage step-up was con-
sidered. 1o increase the solar gencrated
voltage above that needed, either by the
Rattery being charged, or by the regulator
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used 10 provide 3V. But it was al} beginning
10 get a bit more complicated than the
author wanted to be involved with.

The upshot is that the suggesied supply
is @ 9V PP3 battery (rechargeable by an
indoors charger. perhaps), regulated down
10 5V by IC5 for the sake of the PIC, mui-
tiplexers and VCO. but provided “neat”
{via diode D1) to the audio amplifer 1C6.
A compromise solution, and one which you
may choose 1o ignore, experimenting with
providing a selar power oplion — it would
be the “preferred™ way of powering a
Sundial, wouldn 1 it?

You might consider Bart Trepak's power
storage solution from his Mechanical
Radio (April '99) .in which a very high
value capacitor was ised.

CONMSTRUCTION

Our p.eb. manufacturers can readily
produce circular boards, and that’s what is
being supplied through the EPE PCB
Service, as code 231, The component

layout-and tracking details for the bourd fire
shown in Fig4.

Originally, before a suitable circular case
was envisaged. the author intended to
mount the board in a rectangular box with
transparent lid. — hence the “unoccupied®
bit cut off the board as seen in the pholos.
It’s up o you whether you do similarly.

Muke the on-board link wires first, not-
ing that one will partly lic under IC4. Use
low-profile sockets for all dual-in-line i.c.s.
The 1.d.r.s should be mounted so that their
heads will be roughly level with the 1op
surfaces of the i.c.s (abour 8mm above the
pc.b.). The author didn't, and although it
does not really matter too much, the exim
sensor height could be benaficial when the
Sun is close to the horizon, casting long
Shadows from the components as well as
the poimer. Do not angle the mdividual
sensors towards the Sun’s expected posi-
tion, keep them pointing upwards. The
Ld.r.s have no polarity and can be inserted
either way round.
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Overseas readers should read the
Latitude section for information on l.d.r.
mounling.

Incidentally, if you already have a stock
of ORP12s, vou could no doubt use them
instead of the YT933G devices — they
have similar characteristics, but a thicker
pointer will cenainly be needed (as stated
earlier). They will alsa need 1o be mounted
with their heads outside the board edge.

Capacitor C2 (not shown in photo), C3
and C3 should be mounted horizontaily, as

should crystal X1. Observe the correct
polarity of the clectrolytic capacitors and
diede DI. s

Loudspeaker LS 1 and capacitor C15 are
mounted off-board — ultimately secured 10
the case {hut don't do it yet} using double-
sided foam-filled self-adhesive tape
(Sellotape Fixer Strip). Once stuck never
parfed. would be a good moiwo for this
swff, make sure you get it right first time!

Temporarily connect 1S1, C1S and all
the switches to the rear (track side) of the

! ’ *'-b-‘-—-

iIEES i
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Coniponient layout.on the completed circuil board.
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‘board, using wires of about 15¢cms long (or
so). They don't need to be neatly dope at
this stage, and S2 to §5 will eventually be
removed anyway.

FIRST TESTS

As always, the very first thing o clieck is
that all your solder joinis and component
positionings are correct, and that there are
no shorts between tracks.

Then, with IC1 to IC4 plusICo-omitted;
connect the batery. switch on and check
that you are geuing 5V out of regulator
IC5, within about five per cent.

COMPONENTS

Resistors
Rito R1&

VT835G rmin. light
dependent resistor |
see text) (16 off)

R32, R30 1k (4 off) See

R18,.R19 10k (2 off) @E‘-ﬂ@@

R20 1000

R23 10'R29 100k (7 off} TALK
R31 100 page

A17 to,A31 all 0-25W 5% or befter.

‘R17, A21,

Potentiometers
VR1 2k2 min. preset, round
VR2 100k min. preset, round
VR3 50k min. preset, round
Capacitors
C1.C4,
C8to C12| J
Ci4 100n ceramic disc

{5mm spacing) (8 off)

Cz.C3 224 elect, radial 168V
; (2 oi)

(el 1 elect, radial 63V

Cs,C7 10p polystyrene or
‘ceramic (2 off)

C13 1n8 polystyrene of
ceramic (see text)

c15 2200y elect, axizl 16V

Semiconductors ; -

D1, D2 1N4 148 signal diode
(2 ofi)

IC1,1C2 4051 8-way analogue
‘muitiplexer

IC3 4045 phase locked loop

IC4 PIC16C84 {or PIC16F84)
pre-programmed
microcontroller

_ (ses texl)

iICs 78105 +5V voliage
requlator, 100mA

iC6 L272 dual power op.amp

Miscellaneous

S11055  min. s.p.s.L toggle switch
(see texi) (5 ofi)

LSt 82 0:2V/ speaker,
50mm diameter,
plastic cone

X1 10MHz crystal

Printed circuit board, available from
the EPE PCB Service, code '231: B-pin
d.il. socket; 16-pin d.il. socket (3 off);:
18-pin d.i.l. sockel; pointer plus protec-
tive top (see lexi); self-adhssive p.c.b.
suppons (see text) (4 ofi) foamed-filled
double-sided fixer strip (se2 text); circular
case to suit, clear lid (se2 text); coloured
card; waterproof sealant; sunshine (see
weather forecast); connecling wires:

o £35

Approx. Cos®
Guidance Orily

excluding case
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Il you're satisfied, switch off and insert
the other i.c.s. The PIC (IC4) needs 10 have
been programmed, of course (see
Resources, [ater).

The next stage can be done indoors, and
without a sun in sight — just a-lamp of
about 100 watis at about one or iwo metres
slighily o one side of the board, enough for
-8 pointer (o cast a decent shadow.

Set VRI fully anti-clockwise, VR2 -and
VR3 midway. Swirch on $3 first and then
switch on S1 (Power). Leave switches §2,
54 and S5 swiiched off.

CALLING THE TUNE

The PIC should immediately start run-
ning, but before it reaches the main pro-
gram it will spot that $3 is switched on and
will go into the first of two test modes. In
this first mode, a constant 440Hz {requency
(Concert A to the musical) is generated and
output via PORTA to IC6 and the speaker.
Adjust the level with VR3 if preferred.

Switch on §5 10 provide +3V 10 the input
of the VCO (IC3 pin 9), bypassing the
effect of the |.d.r;s and multiplexers. The
VCO will now output the maximum fre-
quency of which it is capable at this voliage
and setting of VR2. Switeh on S2 10 couple
the VCO culput 10 the op.amp mixer via the
fifth resistive input (R27).

You will now hear 1wo nates, the originuf
440Hz, and thal from the VCO. What you
need 1o do is adjust VR2 until the iwo notes
are prelty much the same frequency. Ii's
casier than you may think.

Slowly rotate VR2's wiper backwards
and forwards and listen 10 the frequencies.
Unless you are 1one deaf (in which case get
help from someone who isn't) you should
hear the frequencies getting closer to each
other and then further apart. The nearer the
wo frequencies become maiched, so an
extra "beat” note will be heard, running at
a very slow rate. Carefully adjust VR2 umil
the beat stops (or almost), at which point
the frequencies are the same.

Be aware, though, 1hat beat frequencies
will occur when the 1wo frequencies are
almost two or more oclaves apart. With a
liule bit of concentration you should bs
able to determine which is the comrect
oclave 10 be working in for the VCO.

A more technological way of matching
the frequencies would be to use a double.
trace oscilloscope, in which case frequency
murching is a deddle, you see it happen.
The audio method has been included purely
for the sake of less well-equipped readers.

The objective of this tuning is to bring
the VCO's frequency into a range that pro-
duces sensor-dezermined frequencies that
fail within & band optimised for the soil
ware. Too high a VCO frequency and the

PIC’s internal registers would roli-over

beyond their limits. Too low a frequency
and there will be insufficient resolution
between the readings for difTerent sensors.

TESTING STAGE TWO

Once you are happy with the tuning (and
it does not need 10 be precise). do pot
miake any further adjustments to VR2.

Now switch off S1, §2, S3. and SS.
Allow a few seconds for ihe power line
capacitors 1o discharge. Then switch on S
followed by S1 (o power up the Sundial in
its second test mode. Switch off S4 =
couple of seconds after switching on S1..
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The software
now goes inlo a
repeating cycle in
which the sensors
are sampled and if |
any one is found 1o
be significanily less
well-illuminated
than the others, the |
pips relative 1o the
hour  represented
are sounded.

An  additional
lower frequency pip
will briefly sound
as each sensor is
sampled. 16 10 each
fult cycle, plus one
extra slightly longer
Pip to mark the start |
of the cycle. The Sme—
whole cycle takes S
.about 50 seconds.

Under workroom
conditions and with
a ball-point pen as the source of the shadgiw
caused by the sideways lighting referred 10
carlier, you should be able 10 rotate the
board so that the shadow can be made to
{all on any one of the sensors. For us long
as the sensor is in shadow, the correct pip
count should occur at the end of each cycle.

You could even mask off cach sensor in
tum with non-translucent sticky tape (insu-
lating tape, for example) just to check that
the software is reading the sensors ade-
quately and that the pip gencration sysicm
is being triggered. If necessary. slightly
reduce the setting of VR1 until the software
responds to all individually shadowed (or
covered) sensors. (Incidenially. switching
on 52 will allow you 10 hear the iones
created as each sensor is sampled.)

PHASE THREE

Once this test is complete and all sensofs
cause pips when in shadow, switch off §1.
Allow a few seconds 1o lupse, and again
switch on S1 (on its own).

The software now allows the main pro-
gram to be entered and run (we'lt wlk later
about the short phrase of music you will
hear first — ignore it for now). On each
occasion that any sensor is found 1o be in
shadow, and if that sensor is not the one
previously in shadow, the chimes. pips and
full une-generating sequences are played.
The scnsors are sampled as a 16-ilem
‘Sequence once every 16 seconds or so. and
the same sensor needs to be in shadow for
two consecutive cycles in order 1o trigger
the music sequence.

Once the music for any sensor has been
Played, it witl not play again for that sensor
‘until afier another sensor has triggered the
nwsic. In theory this means that each sen:
sor will only cause its own sequence .io
occur once daily.

It is, of course, a svstem that can be
deliberately confused by the malicious!
Indeed. this is probably a way in which you
and others can have fun, deliberately caus-
ing shadows 10 occur over the sensors in
random order. If the shadow remains in
place long enough, the music for that sen-
sor will be triggered, irrespective of the
correct hour of the day, And the author has
no intention of being a spoil-sport by writ-
ing misuse-proof Sundial sofiware!

e gy
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(see texi).

Sensor sample levels as captured on the EPE Virlual 'Scope
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JARDINARY JINGLES

‘What's the weather like out there now? 1f
it’s nice and sunny, take the Sundial our as
it is. Never mind the casing, that can wait.
Place 1he whole construction én a table in
the garden. ;

Under extemnal sunlit conditions, ii is

‘nmecessary 1o adjust preset VRI 10 set the

polential divider chain (sensor. R17 and
VRI1) 10 a value more appropriate 1o the

stronger lighting conditions than experi-
znced indoors.

Stage one of the setting-up does not need
repeating. Go straight into stage two by
switching on §4 followed. by SI, and then
S4 off again.

Vertically fix your pointer at the ceritral
position on the board (temporarily). Rotate
the board until all sensors are in futl sup-
light without a shadow being ¢ast on them.
It is likely that because VRI is still at its
indoor light seuting. the software will
decide thui at least one sensor is in shade
compared 1o the others, and will pip 4t you
accordingly. Slowly adjust VRI clockwise
until this fails to happen. and adjust clock-
wise a mere fraction more. This may- lake
several minutes 1o complete.

Now rotate the board umiil the shadow
falls across the 5 a.m. scnsor. Wait for the
pips. then rotate the board until the shadow
is across the 6 a.n. sensor, again wait for
the pips. Repeat undil all 16 sensors have
been tested for the correct pip response.
Should any sensor not respond correcily, it
is likely 10 be because the sofiware thinks
another sensor is in greater shadow. Further
reduce VR, just fractionally, until the mis-
triggering ceases.

Basically, that's all there is 1o it. It may
lake you some whife umil you're happy
with the sctting of VR1, but you do enjoy
being out on a nice sunny day. don't you?

What is being done by the adjustment of
VR1 is 10 reduce the sensitivity of the sen-
sor/divider chain to take into account varia-
tion in the inherent mis-balances beiween

Ahic response of individual sensors.

To itustrate the point, the Sundial circuip
was nionitored under artificiat light condi-

‘lions using the LPE Virwal Scope (Jan/Feb

"98). The sampling rate was se1 for one
sample per second, the screen trace taking
about 22 seconds 1o cross from one- side 1o
the other.
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The photograph of the recorded screen
data shows 21 (and-a-bit) sensor periods,
synchronised 1o the negative-going puise
caused by one sensor being in shadow. This
pulse is followed by 15 other sensor sam-
ples (took closely), before the second large
negative dip which indicates the start of the
‘next batch of 16 samples.

Each of the other samples in the display
represenis the voltage ouiput by the
sensors that are under the same levels of
illumination.

If VR1 is inadequately sei. you can
imagine that the sampled values are going
1o occur either oo far above or too far
below the irigger point, resulting in either
the wrong sensor being taken as in shadow,
or none at all. If you later find that VR1 is
not quite correct, you can always adjust it
fractionally.

(The positive-going blip at period 17/18
is due to the capiure of a very fast interval
in the sampling process in which the soft-
ware goes off on another errand. This hup-
pens on each sample, but it's coincidence
that it should have been captured during the
brief sensor samplings made by the Virtual
Scope.)

SUNDANCE KID

You're mot quite through with checking
the music of the “celestial dance”. but first
you have to relax a while. Swiich off SI.
You are now going ic ler the earth rotate
and the grass grow under your feet, proba-
bly for about half an hour.

With the Sundial switched off, position it
so that the shadow falls between two of the
sensors. Switch the Sundial back on with
all other switches lefi off. After a few sec-
onds a snatch of music will be played at
you, but without chimes or pips. This is the
phrase of music played when the sun re-
appears after a period of absence or
dullness:

You are my sunshine
My ounly sunshine

Now the software repearedly samples
all sensors uniil {eventually) it finds that
one is in shadow. The fuil tune is then
plaved, preceded by chimes and pips.
What we want you o do is to wait for the
shadow to reach a sensor and trigger the
music withour any assistance from you.
But “listen very closely. we shall play this
only once” — having sounded the hour,
there's an hour's wait unti! the next heur
is sounded. Do what vou like in the
meaniime!

Actually, whai you could do is have a bit
of idle fun. Using this copy of EPE that you
are reading now. cast a shadow over ul] the
sensors together — simulating a cloud, of
course. Within a few moments. the “sun’s
gone™ music phrase will play:

Please don't take
My sunshine awgy

Remove the shadow (the sun’s come
out!); and shortly thereafter you will again
be serenaded with:

You are my sunshine
My only sunshine

Fup, isni it!
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S5AMPLING ROUTINE

You will probably notice sooner or later
that the sensors are not cennected 1o the mul-
tiplexers in sirict hourly progression. The
p.c.b. was designed for the ease of rucking
simplicity and strict sensor sequence was
ignored. Software takes care of this, using a
{ookup table to determine which counting
loop value relates 10 which sensor. The pro-
sram'’s lookup sequence is shown in the
source code listing at label LDRVAL.

During the sampling, it is not the @ciual
value of each ADC result that is imporiant,
it is its value relative 10 an overall averaged
value, The sixteen samples of cach group
are totalled and then averaged. but while
the samples arc being taken, the lowest
value and its sensor position are noted. That
value is then subtracied from the average. If
the difference is greater than a software-se
trigger value. then the hourly music
sequence is entered (unless previously trig-
gered by that same sensof).

If the difference is less than the trigger
value. the result is ignored, and thisis what
happens when the sun is not causing shad-
ows, nothing = no shadow, no trigger, no
music! ‘

However, the intention of the way in
avhich the sampling routine has bzen writ-
tent is to allow the hours music to be trig-
gered by any individual shadowed sensor
somewhat regardless of the sunlight inten-
sity. If there is a fairly distinct shadow. the
Sundial should respond accordingly
(slightly readjust VR to increase the S&nsi-
tivity if you think fir). ,

_The echnique used also belps negate the
&ffect of temperature drifi.

(You will ulso see various calls to l.c.d.
routines in the source code. Tgnore them,
they were used by the author during early
development stages.)

SUNDIAL CASE

What. sunset arrived already? An appro-
priate time. then. to go indoors and put the
“Sundial into its case.

Conventionally. probably most of us are
used 1o thinking in terms of rectangular
cases. There is sound financial sense in this
= the more conventional the case, the less
it’s likelv 1o cost. For Sundial, though,
there is the opporiunity to be a bit different
without it costing the earth.

So it's a circular case
that’s  suggested,
and it might
dlmost be
bought
at the
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type ‘of shop that says “anything 30p”,
although in fact it may cost a fiver. The
suggesiion is 10 use the case of a bauery-
powered kitchen-type clock, removing its
mechanism. Indeed, you may already have
such a clock that ticks-nay-more  sitting
around the attic or garage. A car booi'sale'or
a market might also be a good source.

Lapacitor C15 and the miniature
loudspeaker are fixed in position using
‘double-sided adhesive pads.

The author’s elock had two plastic tabs
that needed pressing in to release the trans-
parent cover. The hands then pulled off cas-
ily, revealing a large screwed bush that
thin-nosed pliers removed without prob-
lem. And that was it. mechanism gone.

The face was then covered with a
coloured card cut 16 shupe and size, sécured
with double-sided sticky 1ape. A hole was
poked through the cenire to allow the
swilch and speaker wires o be passed
thirough from the p.é.b. Afier which, self-
adhesive p.c.b. supporis were used 10
‘secure the p.c.b, centrally on the card. The
cover was then replaced geod as gold, job
nearly done.

It just remained 10 secure the speaker arn
capacitor C15 (as said earlier), reconnect
them to their wires (you did colour code
yours, didn’t you?). and to provide a
pointer.

GARDEN GNOMON

In all the early experimentation siages a
new bail-point pen was usesd as the pointer.
It was the right length and thickness.
- and the ink inside it
= allowed a dense
shedow 1o be
cast. [t wis
only
when




publication photography time approached
that this pointer was replaced by something:
a-bit more photogenic.

It happened (o be in one of the author's
numerous spares boxes {everything’s use-
ful, little ever gets thrown out) — it was a
white plastic wbe (which may have once
helped keep a fish-tank ventilated). {t was
cul 10 ball-point pen length (about 14em)
and its bore was just the right size to push
securely over the top of another self-adhe-
sive p.c.b. suppont, which convenienily was
then stuck down on the clock case cover.
immediately above the central point of the
p.c.b. There's no reason, though, why you
should not ese some other form of pointer
and securing mount.

What is absolurely vital. thoush, is that
you place an eye-protecting cover on the
top of the pointer. As chance would have it,
a polentiometer screw-secure knob fined
the prolotype's pointer perfectly, but covers
10 protect the tops of bamboo garden canes
are uvailable from garden centres and may
prove suitable.

Whatever you use, though, it musr be firm-
ly fixed. We don’t want you io be responsible
if someone bends over the Sundial in excite-
ment and fails to rotice an unprotected point-
¢r until too late. We mean it!

Ultimately, if you intend 10 leave the
Sundial in the garden. a waterproof scalant
should be added around the lid/case Jjunc-
tion. A clear bath-tub calk should be’suit.
able (from DIY shops).

ENCOMPASSING

THE SUN

With a bit of minor carpeniry, the
Sundial could be mounted on a wooden
platform secured to a post set into the gar=
den where the sun is likely 10 reach
throughout the day. Avoid being (oo close
to a greenhouse or other reflective building
otherwise the reflections might shine into
the shadow area of the poiner.

We come now to an interesting situation
= alignment. You naturally think (we
expect) that you position the Sundial so thar
the 12-noon pips will sound at 12-noon.
But are you correct? It's a sundial. niot a
clock, and it’s the sun that's being moni-
tored. not the somewhat arbitrary time
specified by your National “powers that
be". Strictly speaking. you should align it
5o that the noon pips sound when the sun is
immediately due sourh.

[ 4

=3

around 1742, this one acre site is
of “sundial”

positions.
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Take Wimbome (where EPE is pro-

-duced) as an example. Wimbome's clocks

are timed to match the time a1 Greenwich,
London. over 100 miles to the east. But as
fur as the sun’s location in the sky is con-
cerned, when its noon at Greenwich (sun at
its highest daily poimt in the sky above

Greenwich ie. immediately due South),

sun-wise at Wimbome it’s still earlier than
that, by . . . well, let’s work it out:

The Earth is round (we do belicve!) and
so circular measurement in degrees is
appropriatc — 360° degrees of rotation per
24 hours of time. One hour thus tepresents
360/24 = 15°. Wimbomne is almost exactly
2% west of Greenwich. and so ils noon
occurs 60/(15/2) = § minutes laser than ar
Greenwich.

Nawrally the choice is yours. to align
with National (or State) time or true local
sun time. A map will tell you the degrees of
difference between your national and local
meridians, and then a compass will hélp
you align the Sundial. {Did you know that
it was not until the coming of the railways
that local and national times were siandard-
ised - in abow 1883/847)

The business of correcting for daylight
saving time (GMT/BST) also seems irrele-
vant in this context — have you ever seen a
gang of workmen tuming a churchyard
sundial to compensate? OFf course not!

LATITUDE

The previous section covérs time - dis-
Placement with longitde, but the guestion
of latitude (position north or south of the
equatar) is a bit ricky!

With the Earth's axis being tilied, the
vertical angle a1 which we view the sun
changes with the szasons. For those living
fairly well north of the Tropic of Cancer
(23° 28' N), e.g. in Europe or Norih
America, the Sundial can be used “as is* as
the sun will always cause the poinicr to cast
a clockwise moving shadow.,

However. for readers living fairly well
south of the Tropic of Capricom (23° 28
§). ez in Ausualia or New Zealand, the
pointer’s shadow will always move in an

anti-clockwise direction. These readers

should mouat the i.d.r.s on the rear {track

'side) of the board and mount the board in

(=

The gréat Jantar Mantar observatory at Jaipur. India. Buili
filled with numerous types
minutely inscribed with planetary and solar
motions relative to the every-changing sun-cast shadow

the case upside-down.

An absolute solution cannot be given-to
readers who live between the two zones. It
is likely that many will find that the

. shadow’s direction of
movement changes
across the months,
with it actually moy-
ing in a siraight line
during some periods.
" Perhaps putting . the
Sundial on a hinged
base plate might pro-
vide an  answer,

angling it so thatmore of an arced shadow
track is produced.

EPE will be pleased 1o hear from “tropi-
cal” readers who find & practical answer
that can be shared with others.

RESQURCES

The software was written in TASM and
is available as source (text) and object
(binary) codes on a 3.5inch disk available
from the EPE PCB and Software Service
(PIC DISK 2) — ‘see that page for cost
details. It is also available free from the
EPE web site. See the Shop Talk page for
more information on both matters, plus
details about ready-programmed PICs.

PIC'S PROGRESS

At the time of conception, the PIC16x84
was the only PIC the author would consid-
er using; it can be readily reprogrammed as
often as you like without the hassle of ultra-
violet erasers. ADC-wise, the author has
often used VCOs 1o provide A-to-D sam-
pling across a range greater than 8-bit but
without the associated expense of ADC
chips having greater resolution,

Furthermore, he had already messed
around with programming PICs for “musi-
cal™ audio output (PIC-0LO of Aug ‘97, for
example). In other words, half the work was
already done and it was along thase lines
that it progressed.

However, a snag arose — the British
weather in [998! Although the hardware
and software 100k shape quite speadily, its
full testing was seriously hampered by the
lack of sun at the right momenis.

Now that the Musical Sundial is ready,
the irony is that technology has moved on
in the imervening months and the design
could now be uchieved with fewer chips!
The new PICI16F87x chips have several

channels of built-in 10-bit ADC — eight

for the PIC16F877. This latter chip could
thus hive been used 1o replace VCO IC3
and one of the multiplexers. while still
handling 16 sensors.

Burt there comes a point, though, when
even the most dedicated designer has 10 say
“enough is enough” and go with the Mk]
version even though the Mk2 is now feasible.
That's what's presented here, Sundial Mk].
Interestingly, its probably slightly cheaper
than it would have been had the PIC16F877
been used, The end result is also no different
10 what Mk2 could do — providing fun and
interest 10 whimsical observers of all ages.

ACKNOWLEDGEMENT
The author expresses his thanks 1o Terry
Goldberg for providing information about
the notes for the “Sunshine Tune” (he's not
responsible for it starting with F, though, he

‘suggested G!). Complainis about the mis-

use of electronies for frivelous purposes-io
EPE’s Tech Ed please!

Also of interest:

The British Sundial Seciety: http://vwv.sundlals.co.iik.
The North American Sundiat Society:
http:/ivrww.shadow.net/~bobVnass/nass:htm

Qver 300 sundial links via: )k
hupiveww.ph-eip.uni-koéln.de/~roth/slinks.htm!

http:/ivaww.kyes-world.com
hitp:/iwvow.pefarm,com )
htp:/iwvrw.geocities.com/Heartland/71 34/Shadowighsundial
hittp:/ipbweb.netcom.com/~abraxas?

WEB-DIAL
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FED PIC BASIC

Develop on a PIC — Downioad and
run on the module in seconds!
Compiler Avatlable.

BASIC

# ALL modules have 8K EEPROM
& Local Variables, User defined tunctions
and subroutines. Sub-Byte Variables
o Standalcne operation — module
includes 5Y regulator, osclllator,
EEPROM, IDC connectors & RS232
compatible Serial port
e Full 'O support, LCD & LED display
drivers, Infra-Red remote control, I:C*,
PV, Interrupt Support®, A/D converter
Inputs®
*16G74 version only

BASIC Development Environment

o Win NT/95/98 f#3.1 version avallable)

o Integrated Editar — synlax hightight,
display of variables as program runs,

full project enviranment etc. FREE with all

our Modules

Develop PIC Applications with FED’s PIC BASIC
Il PRICES SLASHED !!

Coming Soon from FED

C Compiler

for PIC & AVR, see web site

" environment FREE from our Web
Site:

Lhﬂledspsce dlal.pipex.com robln ‘abbott’ FED-:

EED PI& BASIC Products

16C57 version — 4MHz ‘
£20.00 Kit, £25.00 Built & Tested

16C74 version — 4 & 20MHz

£30.00 Klt, £35.00 Buiit & Tested
(Add T3, 00 for 2004H2 version)

BASIC COMPILER for
PIC16C74
@ Produce Standalone code
® Fully compatible with 16C74,
module — develop on EEPROM
module-and then blow to 16C74

‘Price £30.00

Programmer & development
environment for PIC and AVR

We have programmers and Windaws
based development for

PIC and AVR chips. Write or phene
for details or see our web sile

Forest Electronic Developments

60 W alkford Rozd. Christchurch, Dorsel. BH23 3QG.
— E-mail — mbm.ahb-ml@dla! pipex cam
f" % Weh Site — *hrtp:/fdspace_dizl pipex comyrobin abbot/FED

014235-274068 (Voice/Fax)

Prices are fully Inclusive, Add £3.00 for
P&P and handting to each onder.
Cheques/POs payable to Forest Elecireaic
Developments, or phone with credit card
details.

EURDCARD

SQUIRES

MODEL AND CRAFT TOOLS

A comprehensive range of Miniature Hand and Power Tools
and now an extensive range of
Electronic Components
featured in a fully illustrated

336-page Mail Order Catalogue

1999 Issue

SAME DAY DESPATCH
FREE POST & PACKING

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

Squires, 100 London Road,
Bognor Regis, West Sussex
PO21 1DD
Tel: 01243 842424
coeenne | Fax: 01243 842525

| SHOP NOW OPEN

UK Manufactured
2 . 20 1

Low Prlces'
e DISE

Oider the FM TXK-418-A/F and SILRX-418-AJF
pair (as shown above) for only £25. 00 + VAT and
" get an additionaEtransmitter treeF P & P £ 1. 50

.{:,lease cati for a iree catalogue, wall chart ora
competnwe ‘voiume quotation on an any

Radiometrix Lid module. Simpty jusl e- mait
sales@radtec demon.co.uk. aiternatively Fazx or
Felzphone quoling ref: EPE-RMI

Telephane +44(§1992 576107

Fax +44(D)1992 561994

R:@) hup;’lmww..radloetech.-couk 7
adio - Teeh Radio-Tech Limited

Your olficial Radlometrix Distributer
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Regular Clinic =

CIRCUIT
SURGERY

ALAN WINSTANLEY
and IAN BELL

| =
!

é’

o

=

Our in-house team of “surgeons” continue their exploration of current
mirrors and current sources, with a quick look at soldering, p.c.b. etching

C[RCUIT SURGERY is our popular forum
for discussing readers’ electronics-
related problems, so if you have any
queries vou can contact the authors a1 the
postal or E-mail addresses given at the end.
We read every letter and iry 10 offer help
wherever possible, and although we cannot
always guarantee an immediale or person-
al reply to every query, we publish a selec:
tion from our postbag every month.

Last month we announced an addition 1o
the Circidt Surgery team — lan Bell of the
School of Engineering at the University of
Hull, who helped 10 write our series for
City & Guilds students: Teach-In 98 — An
Intraduction to Digital Electronics (EPE
Nov. 97 — Sept. 98). lan’s in-depth knowl-
edge of many uspects of digital and ana-
logue clectronics helps us to provide
advice on a much broader range of topics,
Keep those questions rolling in!

Current Sources Keep
Flowing

Previously we looked at some of thé the:
ory and concepts relaling to current
sources. Let's move on to some circuils
and applications.

The transistor provides us with a ready
means of creating a current source.
Transistors work by using a voltage at the
gaie (field effect transistor or f.c.i.) or base
(bipolar junction transistor or b.j.1.) to con-
trol the current from source to drain (f.e.1)
or from collector 1o emitter (b.j.L.). Thus if
we make the voltage on the base (b) of a

| SUPRLY ¥

b)

i
1

Fig.1. The bipofar junclon transistor
(bj.t) as a current source; (a) transis-
lor as a current source and (b} possible
circuit based on (a),
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and electroplating too.

b.j:t. censtant we get a constant collector
current, 50 the collector is the oulput of a
current source (see Fig.1).

You may be thinking that it is the bage

-current which controls a bj.i’s collecior

curremt — true, but there is a fixed relation-
ship between base voltage and collector
cuirent, se a given base voliage resulls in 2
pariicular base current. The reason we
often think base current as the “input” is
the simple relationship beiween base cur-
rent and collector current {the iransistor's
gain), whereas the base-voltage 1o collec-
tor-curvent relationship fora bij.L involves
an-exponential equatjon,

We could obuwin a fixed vollage for our
transisior’s base simply by using a poten-
tial divider (see Fig.1b). As long as the
current in the resistors was much larger
than the base current, the voliage at the
base would be fairly well fixed. Note that
this is an application of internal resistance
- the potential divider can be thought of as
a voltage source whose intemnal resistance
must be much lower than the base-emiuci
resistance of the (ransistor,

This circuit does not work very well
‘because the current changes with tempéra-
wre — all semiconducior devices such as
diodes and transistofs are very lemperature
sensitive. The curreni will also change
quite a bit it the supply voltage changes;
duc to the exponential base-voliage 1o
collector current relationship.

Mirror Mirror. ..

Now for the first clever bit: if we “push™
a'current into the transisior’s collecior at
the same time as providing it with some
means of 1aking whatever base current it
needs, then a particular base voltage Vg
will develop (See Fig. 2a). This may seem
a bit strange as we normally think of the
collector as the output; however, there is a
“one-to-one mathematical” relationship
belween base-emitter voliage and collector
current so if we control one then wé con-
trol the other.

If we combine the ideas in Fig.l1a and
Fig.2a we arrive art the circuit in Fig. 2b. In
this circuit a current is pushed into transis-
tor TR 1 causing a cenain voliage Vg at its

base. The second transistor TR2 has the
same base-emitier voltage as the first tran-
sistor because their bases and emitters are

‘connected.

Now for the-second clever bit: If the two
{ransistors in Fig.2b are identical, then
because their base-emitier voliages are the
same and there is a fixed relationship
between base-emitter vollage and collector
curtent the hwo transisiors will have the

‘same collector current (except for a small
error due to the base current of TR1). This

circuitis known as a current mirror — cir-
cuits like this are very imporiant in ans-
logue integrated circuit design.

Current mirrors 1ake a current and fro-
duce a copy of il in fact they can produce
multiple copies as shown in Fig.3. This
type of circuit is often used to produce bias
current in analogue j.c.s.

Queslions that arise from Fig.3 are: what
exactly do we mean by identical? How do
‘we make identical transisiors?

Transistors are identical, or more realis-
tically very similar {known as mached
fransisiors), if they have the same parame-
ters (gain eic.) and the same physical con-
ditions (lemperature etc:). This can be
achicved by making them the same size

Fig.2. lllustrating the Currenit Mirror,
which {akes a current and produces a
copy of it. (a) “Push” a current into the
collector and (b) combine Fig.1 (TRZ2)
and Fig.2(a}) and we gel a ‘current
mirror. This is a very important applica-
tion in analogue integrated circuit
design.
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and'shape and close 1ogether on the same
picce of silicon. Chip designers know
various tricks to make sure their matched
transistors are closely maiched. These cir-
cuits are therefore a bit difficult for the
consirucior to usg because discrete transis-
tors rarely have maiched parumeters, and
keeping them at the same temperature is
nol easy.

1t is possible to buy treusistorarray chips
that provide beiter thermal matching {e.g.
CA3086 from Harris). Better still are
specifically maiched transistors such as the
SSM-220 matched pnp pair from Analog
Deviges.

Finding the Source

To produce a current source we have lo
supply a fixed reference current as /iy in
Fig.2b. It turns out that this is quite casy to
do, all we need is a resistor from the sup-
ply to the collector/base of TR (see Fig.
4). To calculate the value of R we assume
that the base-emitter voltage of the transis-
tor is fixed at about Vgg =06 10 0-7V. If
Vee is the supply voltage (+V) shown in
the diagram, the output current lg;r is then

Tout=(Vec—Vae)/R.

Here we have a kind of “doublethink™.
The variation in Vg is what allows us to
set Joyr. however we can assume Vgg is
fixed for this calculation. This is due to the
exponential variation of /¢ with ¥ge, which
we mentioned carlier — Vg changes very
tittle for Jarge changes in /.

The circuits used on analogue chips are
often more complex than Fig.2a and Fig.4,
and they use additional transistors 1o over-
come some of the imperféctions of a basic
current mirror.

A Trick of the Tail

Tuming to some practical uses of a cur-
reni source, they are very useful when used
in a bissing circuit. Fig.5a shows a basic

Voo

v

a

Fig.3. A current mirror can make multi-
ple copies of a current.

Fig.4. A current source based on a cur-
rent mirror. TR1 and TRZ2 ‘are malched
transistors.

Fig.5a. Differential amplifier with emil-
ter resislor bias, also known as the
long-tailed pair. (b) Improved differen-
tial amplifier with current source bias.

b.j:t. differential amplifier (sometimes
called the long-tailed pair). Circuits of this
type are used in input stages of op.amps.

The emitter resistor Rg sets the bias cur-
tent in transistors TR1 and TR2 and R is
choszn so that the no-signal output voltage
is.around half +Vge . The long-tailed pair
is a differential amplifier so we want the
output 10 depend on the difference in voli-
age between the inputs. Any response in
the output causcd by equal changes at the
two inputs (called common-mode input)
is unwanted.

The ability of the circuit 10 amplify input
differences while rejecting commori-moqde
inputs is called the common-mode rejec-
tion ratio (CMRR). You will see CMRR
figures quoted in op.amp data sheets.

It turns out that the largér Rg acwally is,
then the better the CMRR of the long-
tailed pair. In fact, the name “long-tailed

-pair” comes from the need for a large Re.

There is a problem though — if we make
RE very large then the bias current must be
very small (giving poor transistor perior-
mance). or the supply veltages must be
very large (giving excess power dissipa-

tion). So it looks like we can cnjoy ejther

the correct biasing or a good CMRR, but
niot both!
The current saurce comes io the rescue.

‘If we replace Rg with a current source, we
‘can then choose whatever bias current we

want and gzt a very high effective value
for Rg due to the current source’s large
internal resistance (Fig.5h).

More to Gain

A similar trick can be used to increase
the voliage gain of transistor amplifiers.
The current gain of the transistor is con-
veried 1o a voliage gain by passing the col-
lector currerit through a load resistance (in
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Fig.6. Common emitter amiplifier with
current source aclive load.

g 7

i
|
|

Fig.7. Constant.curren!.i.e.d. controed
by ajlel

ihe simplest case a resistor from the col-
lector 1o the supply is used). The larger this
resistor then the larger the voltage varia-
tion at the collector for a given change in
collector current.

We hit the same problem again — we
need a large resistance but that means bias
currents thal are 100 low. Or cxcessive sup-
ply voltages. Again the current source
solves the problem. Fig. & shows a basic
implementation of what is known as an
active load. A current source is used in
place of the standard collecior resistor.1o
give a higher vollage gain.

Sloping Off ,

1f vou look ai the schematic of op.amps
or similar devices, you will see many cur-
rent sources either as symbols (as in Fig.
5b) or drawn fully (as in Fig. 6). but the
internal circuitry of op.amps is not the only
place where currént sources are used. One
such example is the constant current le.d..
which can b2 connecied 10 a range of volt-
ages without needing a resistor, which is
especially handy where varying vollages
are involved. These l.e.d.s contain a fe.l.
wired as a constanl current source so that
the same current is supplicd 10 the l.e.d. as
long as the applied voltage is within the
Tange specified for the device (see Fig.7).

Another use for a current source is in
obtaining a lincar ramping voltage, e.g. 4
'sawlooth waveform. If a capacitor is
icharged/discharged through a resistor then
-a familiar exponential curve is produced. It
we charge/discharge it using a current
source instead, then the change in vollage
is linear.

This can be used to generale a ramp-
shaped wavefdrin. which itself has several
applications: the time 1aken for a ramp to
reach a given voliage is directly propor-
tionat to that voltage. If we use a digital
counter to measure the time taken for a
current source 10 charge/discharge a capac-
itor 10 a given level we have the basis of
single slope and dual slope analogue-to-
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digital convernters (ADCs), digital voli-
meicrs, elc.

Current sources are employed in other
forms of data converter too, & well known
type being the current switching DAC in
which binary weighted current source out-
puts are switched onto a single line under
the control of the digital input. The 1otal
current is then proportional to the binary
input value.

This concludes our discussion on curremt
sources. We have spent some time on the
subject because it is an imporant topic
which is not covered very often. If you
have any novel circuits based on current
sources of current mirrors why not send
them to Ingenuity Unlimited? IMB.

Shiny Solder Joints

Thank you very much for publishing
such an imeresiing bookler The Basic
Soldering Guide. Soldering is a very
importani and sometimes difficult proce-
dure ta wmaster.

My concern is how | can protect a p.c.b.
after sollering the work. | do not know
how 1o protect solder and p.c.bs from
oxidation. What is the best and easy way
fo do this? Sincerely, Tom Banasikowski
by E-mail).

Thanks for your comments on the
Basic Soldering Guide booklet, which
we gave Free with the April *99 issue. To
protect circuit boards. all vou need is an
aerosol spray-on protective varnish
(Yacquer) afier soldering the board. This
celiulose based or acrylic lacquer pro-
tects copper tracks and solder joints from
the effects of condensation, oxidation
‘and moiswre, as well as helping to insu-
late it.

The lacquer can- also be “soldered
through™ after it has been sprayed on, and
it is useful as a finishing fouch far any
stnpboard project: it's a must if the project
is destined for outdoor use (e.g. burglar
alarm devices). The aerosol is pungent and
must be used in a well-ventilated area.

Examples of products include
RS/Electromail 569-290 or RS CPL200D.
An exeellent range of aerosol service aids
is manufaciured by Electrolube Lid. and is
sold by RS. Famell. Maplin and others.
You could try http://rswww.com or
www.farnell.com. Unforiunately the
Maplin  (www.maplin.co.uk} on-line
ordering service was suspended at the time
of writing.

Servisol is unother brasid, sokd by ESR
ina 110ml can; | strongly recommend that
anyone involved with p.c.b. production at
homefcollege should ask for their cala-
logue and check the very interesting range
of pe.b. materials sold by this Frm.
Componenis’ details arc listed in the next
query.

F'm not sure where you Jive, Tom. so
shipping restrictions may apply because
aerosols cannot be airfreighted, AR,

Seno Etch-in-a-Bag

In your FFeb™99 Circuit Surgery vou men-
tiared the Seno GS etching system. I used
it abouwt 15 years ago with good resulls.

Now, having time 1o iinker again with
electronics, I'm trying to find this produci
once again but five hours of surfing the
weh produced no results: Could vou tell
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e where | can buy it from? Thanks from
Thomas Ernst. Swirzerland.

No problem — the Seno “Etch-in-a=Bag ™
system is listed by the ever helpful mail
order  supplier = ESR Elecironic
Components Lid. (Tel. 0191 251 4363
you can Fax Q191 232 2296; or web
http://www.esr.co.uk). ESR have an
excellent mange of printed circuit board
fabrication materials and their catalogue is
A"'must have’ (free for an A4 50p SAE).

Regular readers know hiow I rave about
-the excellemt Seno system, which is the
neaiest and safest way to etch circuir
boards with ferric chloride at home or in
school. It is a sealed system which almost
completely eliminates contact with the
etching fluid (provided, of course, you' use
it carrecily!).

Each kit will produce ar least 12
“Eurocard™ boards which are 100mmx
160mm. Tip: warm the bag witha hairdry-
-er 1o speed etching.

Best of all, the kit includes an EPS stor-
age box and a newtraliser powder whick
cnables the spent eichant w0 be thrown
away in domestic waste with a clear con-
science. {(Any chemists out there care to
speculate what it is?) The current list price
4t ESR is £9.394 VAT and postage: there is
no minimum order charge. ARW.

Power pack follow-up

Help!! You gave excellen: assistance
vith my questions about a 54 variable
‘PSUs based on LM338Ks in the March ‘99
issue. | then built nvo such 0-30V 0-35A
PSUs and wus pleased as Punch.

When testing. | used an auiobulb raied
‘at 12V 3V as a load which immediately
glowed brightly. | then iried a 12V 2iW
bulb. The voltage dropped 1o NIL. then
gradually rose to 12V along with a grud-
ual similar increase of the bulb’s glow
Jrom NIL 1o full brilliance. 1aking three or
Jour seconds.

1 then tried u 60(50W headlamp bulb bu
in this case the onlv result was the volr-
weler dropping to NIL with no attempr 10
rise and no illumination whatever. Can
You suggest where | have gone vwrong? I'm
learning all ‘the time! Thanks from G.
Wilsher.

I don’t think you’ve .done anything
wrong! You demonstrated that the circuit
works when you used low power 12V
bulbs as a load.

A wngsten filament bulb has least resis-
tance when it is cold, so it draws the most
current at power-up (which is why many
bulbs blow at swiich-on). There will be a
very large initial current drawn hy a pow-
erful halogen headlight bulb, which when
cold “looks™ almost like a shorn circuit to
the reguiator.

Hence, the regulator voltage drops to
virtually nii and the device will curremt
limit. The bulb may or may not gradually
start t0 glow and the voltage risc. |
wouldn't be surprised if a headlight bulb
fails 10 illuminaie — i’s drawing so much
current that the rcgulator’s output voliage
has been shunted.

The best way of testing would be-10 use
4 set of lower power (3\W say) bulbs in
‘parallel across the power supply instead!
Alternatively try fixed resistors, paying

the usual attention to power dissipation
values (P=V2/R watts). Radio enthusiasts
have similar problems when testing radio
transmitters, and they use an oil-filled
dummy load which can handle several
kilowatts if needed! ARW.

Electroplating for Fun and
Profit

{ am rrying 1o .find a circuir diagram io
build an electroplating machine. However.
this appears not so easy as I first thought.
The complete machine will gold and sifver
plate as well as clean up old jevellery.

! am aware that the plaiing voliage is
{6V and cleaning is 53V. Also, the curreni
drawn is 300mA. What | don’t know is
whether this is ac. or de.? Does this
require smoothing or limiting? N

RCS, by F-mail.

Ican do'no betier than point to the hand-
book Eleciroplating by 1. Povner pub-
lished in the very useful Workshop
Practice Series (No.11) by Nexus Special
Interests, ISBN 0-85242-862-6 which may
help. I chanced upon a copy when I visit-
ed an engincering supplier a year or iwo
ago.

Its author seems 1o suggest that a simple
d:c. power supply is suitable (since depo-
sitioo cannot take pluce with an alternating
supply). The voliage seems less relevant
and | undersicod from elsewhere that a
consiant current or curreni-limited supply
may offer better controt of deposition and
more consistent results.

I reckon an ordinary voltage regulator
such as the LM317 would.be adequate,
and 4 second 317 could be added as a vari-
able current source, used in constant-limit=
ing mode. The book also gives derails of
all the various chemicals needed, how 10
prepare-and clean materials, and also cov-
ers anodising. electroplating in different
colour finishes and onto different materi-
als, though quite where you will source
some of the niore hazardous chemicals I'm
urisure.

If there are any chemisis or model engi-
neers out there with any practical advice. |
"will gladly share it with readers. ARW.

CIRCUIT THERAPY

Circuit Surgery is your column. If you
have any queries or comments, plzase
write lo: Alan Winstanley. Circuit Surgery,
Wimbarne Publishing Lid., Allen House,
East Borough, Wimborne, Dorssl, BH21
1PF, United Kingdom. E-mail
alan@epemag.demon.co.uk. Plezss indi-
calz if your gusry is not lor
publication. A personal reply 5
cannot always te guaranteed
but we vill try fo publish rep-

= . W
resentalive = R T
answars  in S

this column.

ENTER THE CHAT ZONE
The EPE Chat Zoné an our web sile is
now open as a way for teaders o exchangs
information, views, hints and tips in virtually
real time.
hitpiwww. epemag.wimborne.co.uk/
wwwboard
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‘Multimater £12:56 £8.00 1MHz

Advertisement

Vann Draper Electronics Ltd

‘Unit 5, Premier Works, Canal St, South Wigston, Leicester LE18,:2PL
Tel 0116 277 1400 Fax 0116 2773945
E-mail sales@varnndraper.co.uk, Home page vy vanndrapef.co.uk

SPECIAL OFFERS

New equipment

AG2601

Audio gen £351758 £99.00

0 ACADCWts © 10Hz- 1Mz in 5 ringes 9
® G currentio10A © Sineard square cupts ¢
@ Transeswor ezt © E00chM cus imperancs =
@ Dwoda est © 240Vac mains operaicn o
® Eamx accurscy 0-5% ® Sy o 8

MO30 Grundig

30MH2 scope £466:83 £329.00

384z bandwiaon
2 charnels

8 x 10em screen
X and ¥ modes
smV o 20V div
G-Sus {0 200me
Tetcarmyg herite

2000QOC0Q
20000 COCC

Others including: UZ2400 2-4GHz Freq counter- £386:58 £275.00

MX800
Multimeter £68:37 £39.00

AC and OC woitzge
AD 20 OC current 22 204
Ragziance @ 20000 ohm
Caracizncs o 20,000uF
Compistz wek hotster

Kenwood power supplies
from £95.00

FAES-1:2  O-18Y t-2A digedl display  £348-33 £65.00
PR1G-3 0-18Y 3A analogue tispizy  £26563 '£92.00
PAC20-3  (-20V 3A digital daplay f2rexg £119.00
BED18-10A 0-13V 10A ansloqua display  £3+265  €305.00

@ Twin anziogue of digital dispiays.
© :Constant vollzge & constani CLITent modes

Ex-demonstration equipment
RLC100 Grundig

FG100 Grundi

20MHz Funclion gen £58+83 £393.00

0-3Hz 1o 20tz rarge

2 x 15 dighl alphdrumenc dsplay
Kicroprocessar sefl best

AS232 inedace

Frequency & cutput level display

Back & led

Sine, square. tiangie 4 sawiocth

RLC mater $366:58

‘2 % 16 gt alpha display
Moroprocesser sell a5t
R332 nterface
Ragistance 1m chm 1o 234
Inductansa 0-1uH ta 200H
‘Capzcitzrce 0-1pF 1o 2mF

(NN N K N-N J

£275.60

‘RF1000 Grundig

RF millivoltmeter £375:88 £330.00

1GKHz to 1GHz range

iV o 10V rengss

Anaiogue recarder cuipit

—37d8m to»33d8m

Aaverags accuracy 3% !
Irriudes AF probs & nserbon hasd
complate with N-phug sackat

cCoOOROD

DM100 4-5 digit 0-05% bench multimeter £416708 £295.00

Data shes!s available as hard copies or on our web site and all equipment (new or ex-demo) is supplied with manuals, all accessories in origina
manufacturers’ packaging and include a iyear guarantes. Ex-demo units are unmarked, in virtually new condition end and have generally enly been
usad once for exhibitions/demonstrations, Other new and ex-demo models for Grundig & Kenwood available.
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Everyday Practical Electronics are pleased to be able to offer all readers these

ELECTRONICS CD-ROMS

ANALOGUE ELECTRONICSH DIGITAL ELLECTRONICS

by Mike Tooley by Mike Tooley

Analogue Electronics is a complete learning resource for Digital Electronics builds on the knowledge of logic gates
this most difficult branch of electronics. The CD-ROM covered in Electronic Circuits & Components (below), and
includes a host of virtual laboratories, animations, takes users through the subject of digital electronics up to
diagrams, photographs and text as well as a SPICE the operation and architecture of microprocessors. The
electronic circuit simulator with over 50 pre-designed virtual laboratories allow users to operate marny circuits on
circuits. H screen,

FUNCTIONS =rmmmEssr =] FUNDAMENTALS

The compaonent values on all
circuits can be edited and the user
can use the simulation engine to
see how the value of each
companent aflecis circuit
pedormance. You can, for instance,
alter frequency and phase angle
and p'ot outputs on a virtual

H ';m‘-:—n:.u..-in_.mmnhﬁn ri i

Fundamentals introdiuttes thé basics
of digital electronics including binary
and hexadecimal numbering
systems, ASCI), basic logic gates
and their operation, moncsiable
action and circuits, and bistables —
including JK and D-type flip-flops.

oscilloscope or show load line

o g o B R N M2 o o s b B || ]

araphs elc.

COVERAGE
Sections on the CD-ROM include:
Fundamentals — Analogue

Virtual laboratory — Filp-Flops

Signals (5 seclions), Transistors (4 a1 Filies toe pesre s g et [ Digiea Srvscm o s e |
sections), Waveshaping Circuits (6 e l_,;- = i
sections); Op.Amps — 17 sections [ I8 x g G By
covering everything from Symbols ST T r_:—h--”‘r

and Signal Connections to . atemjpC 0
DiMereTialors; Amplifiers — Single ! oy i

Stage Amplifiers (8 ssctions), = = s rer pp TH Mty
Multi-stage Amplifiers (3 sections); o B meclle. o
Fliters — Passive Fliters (10 s & T e e D ot
sections), Phase Shifting Networks B o ey
(4 sections), Active Filters (6 L e e e et J:—x—k?]
sections); Osclllators — 6 seclions CEI s e LI [ E 2

gﬂ:&gg:&iﬁf‘f:‘é S;gl;],s Twin-Tphase shifting network Virtual laboratory — Traffic Lights

from Audio Pre-Amplifiers 1o 8-Bit =

ADC plus a gallery showing

representative p.c.b. photos.

® Includes SPICE circuit
simutator with over 50
cireuits

® Unlque virtuat laboratorles

® Edltable assignments

@ Deslgn paramatars for circuits
Included

@ Complete hi-fi ampiifier case
study

Galiery — Wideband Amplifier

Microprocessor

Hobbyist/Student ........ s T e Tr e

COMBINATIONAL
LOGIC

Multiple gate circuits, equivalent logic
tunctions and specialised logic
functions such as majority

vote, parity checker, scrambler,

haif and full adders. Includes

fully interactive virtual

laboratories for all

circuits.

SEQUENTIAL LOGIG

Intreduces sequential logic
including clocks and cloek circuitry,
counters, binary coded decimal
and shiit registers.

DIGITAL SYSTEMS
A/D and D/A converters and
their parameters, traffic fight
contrallers, memaories and
microprocessors — architecturd,
bus systems and their arithmetic
logic units.

GALLERY

A catalogue of commaonly used
IC schematics taken from the
74xx and 40xx series. Also
includes photographs of
common digital inlegrated
circuits and circuit technotogy.

T D TOTON ) £45 ine VAT

Prices for each of the two CD-ROMs above are. |Institutional (Schools/HE/FE/Industry).............. £99 pius VAT

Institutional 10 user (Network Licence)

ELECTRONIC CIRCUITS & COMPONENTS

+ THE PARTS GALLERY by Mike

cireuils. Passive Components: resistors, capacitors, induclors, transtormers.

Semiconductors: dicdss, transistors, op.amps. logic gates. Passive Clreuits . Active
'-"-‘S‘.‘.‘.:.“"_'_" Clrcuits

ot 1= @ dige mia. The Parts Galiery — many students have a good understanding of electronic theory b

et still have difficully in recognising the vast number of differertt types of electronic
mrmmmdi=— || componants and symbols. i
bt i The Farts Galiery helps cvercome this problem; it will help students to recognise
~own | commen electronic componants and thelr comesponding symbols in circuit diagrams.
Rl Selections on the disk inciude: Components ,Componenis Quiz, Symbols, Symbols
0 meee —=| Quiz, Clrcult Technology ik
it | M | ] === #Esl HobbylstStudent . ........... D ay Rk £34 inc VAT
= il I=len risa]  Institutional (Schools/HE/FE/ndustry) o ovovvveenn.... £89 plus VAT

Virlual laboratory — sinusolds Institutional 10 user (Network Licence) ..............€169 pius VAT

| sy
L - . ]
== 2j=m I EET S

£199 pius VAT

Tooley

Electronic Circuits & Components provides an introduction to the principles ard appiicaton of the mast common types of
elactranic components and shows how they are used to form compiete circuits. The virtual laboratoriss, worked examp!es and
pre-designed circuits aliow studants to learn, experiment and check their understanding as they proceed through the sections on
the CD-ROM. Sections on the disk include: Fundamentals: unils & multiples, electricity, electric circuits, alternating

Circuit technology screen



Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker

Deluxe PlCtutor Hardware

Developed from John's EPE series, this highly acclaimed CD-ROM, together with the PICtutor experimental

and deveélopment board, wifl 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 projecis as
your pregramming skills develop. This Interactive presenlation uses the specially developed Virtual PIC

S[mulator lo show exacliy what is happening as you run, or step through, a program In this way the CD

provides the easiest and best eyer introduction to the subject.

‘Nearly 40 Tutorials cover virtually every aspect of PIC grogramming,in-an-easy to follow logical sequence.

HARDWARE
Whilst the CD-BOM can be used on its own, the physical demonsiration provided by the PICtutor
Development Kit, plus the ability 1o program and test your own PIC16x84s, really reinforces the lessons

- learned. The hardware will also be an invaluable development and programming tool for fulure work once you

have masterad PIC software writing.

Two levels of PICtutor hardware are available — Standard and Deluxe. The Standard unit comes with a battery
holder, a reducad number of switchas and no displays. This version will allow users to complete 25 of the 39
Tutorials.

The Deluxe Development Kil is supplied with a plug-top power supply (the Export Version has a battery
holger), all switches for both PIC poris plus l.c.d. and 4-digit 7-segment |.e.d. displays. Il allows users lo
program and control ali funclions ard both parts of the PIC and to follow the 39 Tulorials on thé CD-ROM.

All hardware is supplied fully built and tested and includes a PIC16F84 eleclrically erasable programmable
migrocontroller.

PICtutor CD-ROM

HOBBYISUSITENL . ccocvcrrerereierecseinsesenssianssnasinses S £45 inc. VAT
‘Institutional (SchoolslHBFE Industry) .....oenvcenrincnd <£99 plus VAT
Institutlonal 10 user (Network Llcence).........occiee .£199 plus VAT
HARDWARE )
Standard PiCtutor Development Kit ....ooeiiiiciniind £47 inc. VAT
Deluxe PICtutor Development Kit ..£99 plus VAT

Deluxe Export Version........coemmiisnenes e e AT £96 plus VAT
(UK and EU customers add VAT at 17.5% to “glus VAT" prices)

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton designing your circult '

mymamrmmm&nwmmme ¥

Developed from Max Horsey's Teach-In series A Guide to Madular Circuit Design (EPE Nov r2ad how thay wovk and join them up to ma¥e your creud

‘85 to Aug ‘86). This highly acclaimed series presented a range of tried and tested analogue
and digital crcuit modules, together with the knowledge to use and inlerface them. Thus
allowing anyone viith a basic undérstanding of circuit symbols to design and build their own

projects.

Essential information for anyone undertaking GCSE or A" level electronics or technology and
for hobbyists who want to gel to grips with project design. Over seventy diiierent Input,
Processor and Qutput modules are illustrated and fully described, together with detailed

information on construction, fault finding and components, including circuit symbols, pinouts, et | protestor f o I
pawer supplies, decoupling etc. . " e
Single User Version £19.95 Inc. VAT “1 found that | coiid design & oircul without my feacher's halp
Multiple User Verston £34 plus VAT B W e et v

2nd wivch pins did what” Argres Preston (GCSE sudani)

AWeb Browsg is required for Modular Circuft Design — oné is provided on the EPE CD-ROM No. 1 (see below) but mos| modefn computers are supplied with ona.

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 requtred for PiCtutor or Modular Circuit Design).

P s o e e e R e e e R e e e e e T Rt e L =)
| CD-ROM ORDER FORM ! - ORDERING
\-Please send me: g i AEU PHIGES |NCLUDE UK
] O Electronic Clrcuits & Components +The Parts Gallery [J Hobbyist/Student 1
1[0 Analogue Electronics 'J Instjtutional 1 5 g
| O] Digital Electronics 1 Institutionai 10 usey o s{udem}slngle Uwisﬁndard Veréiqn
;O PiCtutor - P i Includes postage to most
b H countries in the world
i [J PiCtutor Development Kit— Standard 3 5 e
%D PlICtutor Development Kit — Deluxe (] Deluxe Export s 3

HIR
ED Modular Circuit Design ~ Single User 'i OVERSEAS ORDERS: |[nstitutional, Multipla

Modular C Desian —~ ‘ User and Daluxe Verslons - overseas readers

ll [ Mhaculer i Dosiog s MURIDIRUEST l| acd £5 10 the basic price of each arder far airmail
:Fuilname I L S S i e e S TR PSR CNE e ] = BRSSP U DR T ¢ (PSR 2 } pos(age(donola,ddVATun]essyoulNeinan
| Address: } -EU country, then add 17%5% VAT or provide your
lt Gadde o o o' = 6 4.2 8 == s'efg s oo & 800 & #°2.978"3 Ria 2 a r & & 8 = & = & # 8°8 -6 g = % = alple W 4L R A4 Wim s gim R E e et EF . Omcal VAT feglslfaﬁﬁn number)‘
b oo et e TR RTaT s e R R P SIS LR Send your order to:

3 Direct Book Service
| /) ¥
e 5 e R Posticede: a. wiman sl dmes Tel N < w el e L 2 St | 33 Gravel Hill, Merley, Wimborne
Y T LT B R T 0 T T T LIS oo A, e NP IRPRMPRRN | o LA Ot o (P ! Dorset BH21 1RW
l Y 2 , - (Mall Order Only)
ID | enclose cheque/PO in € sterling payable to WIMBORNE PUBLISHING LTD for € - s ! Dirkiol Bk Sardce 15 o, dvision e Ambaits:
' | [0 Please charge my Visa/Mastercard: £ .. ............... Card expirydate: ............. 0.5, : Publishing Ltd. To order by phons ring
'Card T I T | N D o) ool SN L. =i 1 61502 881749. Fax: 01202 841692

: nnat t
: Plezse supply name and address of cardholder if different to the delivery address 1 G(fo?s :r‘:, .:ima.?fxﬁfh?n ,E?,:y d.f:s
Lo O 4

Demios (not Modular Circult Design) avallable on the EPE CD-ROM No. 1 [Frae with the November '98 issug) — send £2 for this CD-ROM if you requirz the demos.
For Modular Circuit. Design demo send £5.95 for cut down version (€5 refunded if you buy full version). Minimum order for credil card payment is £5.



Simulation Cirecuit Capture
PCB Avtorouting - CADCAM

Imagine an electronics design system that lets you draw
schematics onto the screen and then simulate them at the
touch of a burton. Now imagine pressing another button
and seeing the schematic replaced with a PCB rats-nest.
Pressing another button starts the autorouter, and finally
you can click on File then Save As to create a complete
set of CADCAM files.

QUICKROLHE

32

“Too easy? We hope 56. Quickroute has always been
designed first and foremost to be €asy 1o use. That's why
simulation, circuit capture, PCB autorouting and
CADCAM support are all intégrated into one package,
So that you only have 1o learii onte package.

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

We have also introduced a major new PLUGIN module
called the SymbolWizard that actually creates custom
symbol designs for you. Simply sclect a template, specify
pad and spacing properties and SymbolWizard creates
the schematic and PCB svmbols for you!

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

"modern, powerful
and easy fo use"

Hebtor Electronics 87
: c )3
FREEphone Cabs
Int +44 161 476 0202 Fax 0161 4746 0505 @
Web www.quickroule.co.uk EP
30 DAY MONEY BACK GUARANTEE .&!ﬂw

Copyright (c) 1553 Quickroure Systems L1 Regent House Heaton Lane Stockpon SK4 155 UK



Special Review =
EDISON 3
REVIEW

ROBERT PENFOLD -

Robert puts some circuft simulation and analysis -
software through /1ts paces.

known program in the UK, but it isa

piece of software that is likely to
produce a great deal of interest amongst
those who teach electronics. Iz is for PCs
only, and requires a minimum of a 80486
CPU, 8Mb of RAM, 10Mb of hard disk
space. VGA graphics. and Windows 95 or
higher. The recommended minimum sys-
tem includes a Pentium class processor, a
16-bit graphics card. and a SoundBlaster or
compatible sound card.

The software is supplied on a CDR disc,
and a CD-ROM drive is therefore required
as well. It is a definite plus point that
Edison 3 will work quite well on older PCs,
but a Pentium PC with a good graphics
system is needed in order 1o get the most
from it.

installation is reasonably straightforward
and follows along normal Windows lines.
There is a separate booklet that covers
instailation and registration, and replaces
the initial section of the main manual, The
program originally used a hardware “don-
gle™ fitted 10 a printer port, bul this has now
been abandoned in favour of a “key"”
number that is obained by registering the
software,

Without the “key* number the program
will operate for 15 sessions, which should
give sufficient time 1o register and obtain a

EDISON 3 is a relatively new and little

reply. This all scems like an unnecessary
complication, but it is much beiter than
dealing with troublesome ""dongles”.

SPLIT PERSONALITY

Sa just what does Edison 3 actually do?
fris a form ol circuit simulaior, but one thai

is tailored 10 suit the 1caching of etectron-

ics. It has obvious similarities to the popu-
tar Crocodile Clips program that was
reviewed in a previous issue of EPE. and
circuits can be built up and tested on what
is best described as a virtual breadbourd.

The virtual Le.d.s light up and switch off
in the appropriate fashion when a circuit is
tesied, and the virtual loudspeaker will
even produce the appropriale sounds via
the PCs sound sysiem. Resistors are given
the correct colour code automaiically, or
they can be labelled with their values if pre-
ferred. Overloaded components go up iR
smoke and have to be repaired.

The 3D graphics are quite good;
ghthough I found it a bit difficult 1o identify
some of the components when first using
the system. Sound effects are available if
required.

When the program is run it operates with
a split screen having the virmal breadboard
on the left and a schematic editor on the
right (Fig.1). Both Windows are resizable,
and cither can therefore fill the screensif

’g(n i

tequired! Circuits are built up on the bread-
‘board, and the comesponding circuit dia-
-gram is ~produced automatically in the
schemafic editor.

The breadboard window has two
“‘ghelves” of components in the top left
hand and bottom right hand comers. and
clicking the mouse on the background of
cither cycles the program through a number
of additional *shelves”. The components
are simply dragged onio the breadboard
varea and then wired together with trails of.
virtual wire using the mouse.

It is easy to delete wires and compo-
nenis, und components can be dragged 10
fnew positions if desired. However, any
wires atfached 10 components are automat:
ically deleted if the componenis are moved:
s0 it is advisable to get the components
arranged neatty before adding any wiring.
Iris also advisable o look at the schematic
‘editor while placing componenis. to make
sure that a reasonably neat layout is pro-
.duced in both windows.

COMPONENT RANGE

The range of components available is
guite limited. but it includes all the basic
components such as resistors, capacitors,
and a pushbution switch. There is a smali
but useful range of semiconductors avail-
able, including various types of transistor, a
O SN gt Yo Sabug TR NG 1
E.*‘_ﬁ' o4

e #] iR

IR1 1.0k ‘G1 1.0
-&

e

T )
By

25
| o T
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Fig.1. Edison 3 operates using a split screen with the bread-
board on the left and the schematic analyser on the right.
Components are dragged onto the breadboard and wired up,
automatically producing the circuit diagram in the process.

Everyday Practical Electronics/ET/, June 1999

Fig.2. The graphs on the virtual test instruments are quite
'small, but they can be shown in-a resizable window. This win-
dow permits some basic editing of the graphs, and also pro-
vides printing and expori iaciities.

447



353 timei? 74 1C operational amplifier, and
some simple flip/flops. This section of the
program is not usable as a general-purpose
circuit simulator because the range of avail-
able components is too limited, but it
should be possible 10 test a wide range of
simple beginners’ projects.

Some of the components provided are
actually test instruments, such as power sup-
plies, various types of meter, a signal gener-
ator, an oscilloscope, and a signal analyser,
The laner is used 1o produce such things as
phase and frequency response charts.

IN CONTROL

Circoit analysis is controlled via a third
window, appropriately called the Control
Panel. This offers three modes which are
selected via on-screen buttens. The deiault
mode is a.c./d.c.. which works with either
fixed d.c. levels or sinusoidal a.c. signals.
Motors, Le.d.s, eic. respond to the average
signal voliage.

The next option is the single transient
mode. Operating e star/stop bution in the
control panel or any switch on the bread-
;3 board riggers this

! mode. The simulation

tinues for a ume set

g‘g_[_»]h-: Yrafrebrioed e ST S
FaERISFI- =TIl S]]
o = T [y o [puom ]

Colpitts Oscillator

1

Curt

1
= To wew re oudpt waeeforms nn Tremgeex 3 Il
rom e Anahes meu B you want o dsgiay i
Culpels By sepErEle COOCBNATe syMenTs ~s2eTt
Separate cunes from e View menaof e
Lepgran Wirdow

via the control panel.
This time can be var-
ied from Ips to 10s
which is adequate for
most purposes. but
clearly prevens very

— = then startis and con-

Integrating the virual breadboard with a
schematic editor should make it much
easier for students 0 leam the basics of

<circuit diagrams,

The program has somec useful exums,
Such as the ability to add notes to circuirs.

-and in some cases it can show the formulae

used to produce test resulis. A useful range
of example circuits re included with the
software, and thesé cover topics such as

Ohms law. siinple filiers, voliage dividers,
and simiple logic circuits. Some additional

source material may be required, but the
package includes sufficient jo get you
started and well under way.

ADDED BONUS

A program such as Edison 3 provides an
excellenr means of leaming about clectron-
ics, but it can only ieach you the funda-
mentals. The relatively small numbdr of
components that are catered for and the
limitations of the breadboard mean that

r 17 o2 | brief or high frequen- mny users witl soon outgrow the system.
-des |agemaleety euc Osolossope fromi= TAM. | CY events from being ~ Ldison 3 provides a solution to this prob-
G e e e > B} simullated. lem in the form of an additional program
e et e | ] ANt N e o Ve i ,1hat.is a more conventional circuit
o T on = simulater. This is effectively the
e =T = =~_ = Edison 3 Schematic Editor, but
Ji=ig de b, oo NN I AN N U circuits are drawn up by adding
! Sy 3 > s & circuit symbols directly onto the
T e - - l - = drawing area, and a much greater
WS WS Y S : range of components is available.
= = 4 Using this program it is possible
Fig.3 (above). _The stand- 0 simulalepa wider mnmg?)f cir-
alone  schematic analyser S 8 cuits. and much more complex
loses the virtual breadboard S circuits are easily accommodated
front-end and the separate — = | | £ i<
control panel, but gains more — et e R
conventional component t0ol- } E;’Eﬂ ke
bars. The tabs give access to F Eines -g! e
ten sets of components, and i 3 .,
these provide a much wider s b L ;"—; gg' ai,.."’_ g -
choice than is possibie using i g 2
the virtual breadboard, This ; o )
screen also shows how notes =@ = T Tae 7 e
can be added lo circuits. A o 3 —_—
Fig.4 (above right). Right clicking on a componént.and then Fa
selecting “Properties” brings up a dialogue box (bottorn right) R Y
that enables the value and characteristics of a component to e
be altered. The virtual test instruments, like the signal analyser = N
shown, are available in the stand-alone schematic editor. £ \
Fig.5 (right). All the analysing facilities remain available in the i : ¥ A
schematic editor. These graphs show the phase and frequen- b TR TN K =

cy responses of an ill-concelved lowpass filter, The sensible
scaling makes the graphs easy to interprét.

With the aid of the test instruments it is
possible to show how well (or otherwise)
the test circuits perform, in addition to
undertaking fault-finding checks. You can
lest components, nieasure voltages, elg., s0
that the virtual fault ¢can be traced in much
the same way as when testing the real
thing.

The test results produced on thé screens
of the signal analyser and oscilloscope are
difficult to see due to their small size, espe-
cially when using a high-resolution screen.
It is an easy matter 1o display resulis in a
separate window though (Fig.2). and this
shows them very clearly with sensible
labelling. There is no unnecessary use of
seientific notation or labelling at odd inter-
vals such as every 21-35Hz! The charts can
be printed via the sysiem printer and they
<an also be exportad as Windows metafiles
or bitmaps.
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Where appropriate, the simulations are
slowed down to a matc that enables the
action to be observed properly. and each
run normally takes a second or two. This
mode is useful for capturing evenis such as
a capacitor charging via a resistor. or an
oscillator starting up. The third mode i§ a
repetitive version of the transient mode,
where the program efiectively re-iriggers
itself at the end of each run. It carries on
from where it left off rather than starting
each simulation “from scratch™, giving a
form of continuous simulation.

QUICK AND EASY

Using Edison 3 is generally quite simiple
and straightforward, which is clearly essen-
tial for a piece of software that is intended
for beginners. Building and testing circuits
'using this software is quick and easy, and it

gives newcomers a flavour of the real-thing,

e ety = 5 = = v = b =

The schematic ediior is a fairly conven-
tional Windows style program having the
usual menu bar, 0ol bars, scrollbars, etc.
Below the main toolbar there is a selection
of circuit symbols, and below this there are
tabs that are used to select the required type
of component (basics, gates, etc.). These
replace the “shelves™ of the Edison 3 pro-
gram, and provide access (o a wider range
of components. The range is stil much

smalter than that available with up-market

simulators. but it is sufficient to produce-a
huge variety of circuils.

There are 18 sample circuits available
and it is woril experimenting with these to
familiarise yourself with the program
(Fig.3), but it is very easy to draw up your
own designs. This is just a matter of drag-
ging componeats into the drawing area,
positioning them, making any necessary
value changes (Fig.4). and wiring théem up.

Everyday Practical Electronics/ETI. June 1999
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Fig.6. Two traces can be included in a single graph if desired,
with a different colour being used for each one. This example
shows two output waveforms from a Coipitts oscillator. The

graph editing, export, and printing facilities are the same as.

Fig.7. Edison 3 has some digital analysis and mixed mode
capability. Here the graphics window effectively acts as a
simple logic analyser and shows the output waveforms from
four test points in a half adder circuit,

those of the main program.

The schematic editor has the usual edit-
ing facilities and it is not difficuli 10 pro-
duce neat diagrams that can be printed owt
if required. Some schematic editors are a
trifle cumbersonie in use, but this one
seems 10 be very straightforward. Circuits
are restricted 1o a single page, but it should
still be possible to handle some quite com-
plex designs. No node limit is specified for
the analyser, but on test it handled some
multi-pole filters without problems.

The analyser can be controlled by way of
conventional menus and dialogue boxes. or
the twwolbar includes an equivalent of the
control panel in the main program. The
schematic editor has the same test insiru-
ments a5 the main program, and these can
be used to produce some neat graphics.

Where two traces are produced they can
be shown separately (Fig.3) or together
(Fig.6). The graphics can be saved, export-
ed, and printed out, and this is a strong
aspect of both programs.

DIGITAL MODE

There is a digital mode so that you can
see the logic states change at each pin of
digital devices, see the numbers produced
on seven-segment displays, and this type of
thing. Free-running and siep-by-step
modes are available. The logic levels at test
points can be monitored and shown on a
logic analyser style display (Fig.7).

In order 1o fully wmilize the circuit
analyser il is necessary to resori {o control
via the menu, but a lot of useful tests can be
carried out using the more simple facilities
available from the toolbar. The analyser
does noi rival high-end circuit analyser

-programs as it only provides basic phasg;

frequency response, and voltage testing.
There is no distortion analysis for example.
On the other hand, it does have analogue
and digital circuit analysis, plus sonie
mixed mode capability.

The A5 size manual only has about 40
pages, but it covers the basics of using the
software quite well. Even though the pro-
gram has quite a wide range of facilities it
is so casy 1o use that an outsize manual is
not really necessary. Running through the
example circuits following the notes in the
manual should soon familiarise new users
with the program. The printed manual is
backed up by the usual on-line Windows
help system.

TEST RESULTS

Edison 3 provides a fun introduction to
electronics via the breadboard froni-end,
and it is about as easy 10 use as a program
of this 1ype could be. A wide range of cir-
cuits can be handled including simple logic
types. It is capable of producing some
excellent graphs. which can be printed out
or exported to DTP programs, etc. if
required.

Edison 3 is in direct competition'with an
éstablished progrim in the form of
Crocodile Clips. and it is al a somewhat
higher price. This strategy would normally
be doomed to failure, but Edison 3 has
advantages over Crocodile Clips. Not the
least of these is the ability to abandon the
breadboard front-end and use the schemat-
ic editor on its own.

Using a viriual approach to .producing
circuits has obvious appeal 10 new users,

and can make the sysiem much more inter-
esting 1o use as well us making things easi-
er for beginners. The drawback is that i is
not praciical 10 produce anything more than
some quite simple circuits. Using the siand-
alone version of the schematic editor
removes this limitation. and should ensure
that it takes much longer for users to oui-
grow the system.

Edison 3 is compatible with the more
advanced TINA circuit analysis program.
which provides an upgrade path if one
should be needed. (We liope to review TINA
soon — Ed.)

This program is clearly aimed it educa-
tion establishments where electronics is
taught. and it is just about ideal for this
role. It is not particularly expensive by edu-
cational software standards, and when one
considers the range of facilities it provides
Edison 3 certainly represents superb value
for money. It will also be of interest 10
home users wishing to lcarn the fundamen-
tals of electronics.

ONGOING

Having used the virtual breddboard to
leam about electronics there is no need tw
discard the program. It can still be used as a
conventional circuit simulator when design-
ing projects or modifying existing designs.
If only this type of thing had been-available
when I started leamning about electronics!

Edison 3 costs £99.88 including VAT and
postage and is available from Quickroute
Systems Lid.. Regent House. Heaton Lane,
Stockport. SK4 1BS (Tel: 01614 760202,
Fax: 01614 760305.
E-mail: info//www.quickroute.co.uk). [

-
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Understanding Compuiers s

PhizzyB COMPUTERS

Part 8: Exit Stage Left (randomly)

Clive “"Max™ Maxfield and Alvin Brown

GOOD Grief! “"Time flies if you're having fun,” as they say, so
we must have been having a ball, because here we are wt the
closing rutorial of the PhizzyB series. It’s hard 1o believe that eight
months have gone by since we commenced this suite of articles
(Ah, we were all so nuch younger then!) Where did the time go?

QOur own personal theory is that. by some as-yet unexplained.

mechanism, everyone on the plapet is presented with 24 hours-

worth of ““time particles” to ““spend” each day, but that some cal-

lous swine is stealing at least half of ours! (This is why we are so

suspicious of those individuals who seem 1o be able to makg the

time to get everything done ... coincidence? ... we think not!)
But, back 1o the job in hand. . . .

HERE is a saying that exhoris us all w0

“Perform randem acts of kindness and
senseless acts of beauty”. Sad 10 relate, this
has little 1o do with what we're poised to
talk about here (but it's cenainly a nice
thought, so that's alright). Actually, there is
a conngction between this saying and our
PhizzyBot (but it's somewhat tenuous, so
you'll have to pay close aitention). In reali-
ty. the world would be a very boring place if
everything were totally predictable — it's
the unexpected that gives life its zest and
flavour.

RANDOMLY
PREDICTABLE

Unfortunately, the existing incamatioh of
our PhizzyBot falls into the highly pre-
dictable caiegory. This is because the con-
trol programs we've described thus far are
restricted by their very nature. For example,
consider the collision detection routines
from Part 6. The way in which these rou-
tines were wriiten means that when the
PhizzyBot bumps into something, thereby
iniggering one of its microswitches. it will
always perform the same predetermined
series of actions thar we associated With that
switch.

Much the same is true for the control rou-
tines we designed for the optical sensors in
Part 7. In this case, shining a light on the
PhizzyBot will simply cause it to approach
or retreat (depending on whether you opied
for a “MothBot™ or “RoachBot™ software
implementation).

Ultimately. i would be more interesting
if the PhizzyBot's control routines con-
iained some element of randomness. such
that you were never quite sure what it was
going 1o do next. “But how can we imple-
ment this?”, you cry. Well. if you'll just sit
down and stop interrupting with all of these
questions, we'll tel! you . . .

STANDARD SHIFT
REGISTERS

Before we leap inio the fray. it will be
advantageous to remind ourselves as 1o
what a standard shifi register is and what it

does. Consider a standard 8-bit shift register

of the serial-in serial-ouwt (SISQ) persua-
sion, which is forized by creating a “chain”
of register elemeiits (say D-type flip-tlops)
— see Fig.1.

Note that the usual convention .in
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schematics is for signals 1o “flow™ from left
to righi. However, we've illusirated the
example in Fig.1 with the signals flowing
from right to lefl, because this will make
our subsequent discussions much easier
(trustus ... !). )

Each of the register elements is driven by
a common clock. Thus. when an active
clock edge occurs, the contents of the data-
in input will be loaded into register bit 0. At
the same time. the original contents of reg-
ister bit 0 will be loaded into bit 1, the orig=
inal contents of bit | will be loaded into bit
2, and so forth down the register chain.

The reason this works is due to the inter-
nal delavs of the register elements. That is,
when a register starts to load its new con-
tents, its original contents remain on the
output for a short time while the new con-
lents wend their way through the paies
forming the register. The clever bit is that
the original contents of cach register persist
long cnough to be loaded into the néxi stage
before they are overwritten by the new
contents.

For example. let's assume that all of the
register bits initially contain Os, except for

bit 0 which coptains a 1. Further assume
that the data-in inpult is presented witha 0
value. Keeping these assumptions in mind.
applying a series of clock pulses to the shift
would resuli in the following sequence:

Bit7 Bitk

¢ 4
Init 00000001
Clk 1 00000010
Clk 2 00000100
Clk 3 00001000
Cik 4 00010000
elc e

BSEUDO-RANDOM

Many computer applications rely on
some elemient of randomness. These appli-
cations include games, graphics programs,
and real-world simulations. Altliough it's
possible to create generators that output
truly random numbers, it is often beneficial
to have the ability to repeat a sequence.
Thus, we very often make use of number
generators that are not truly random, but
instead give the appearance of being ran-
dom. and which are therefore called

data-oul

Fig.1. A standayd 8-bit SISO shilt register.

T 1

- Lo

(a) Many-to-One impiementation
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(b} Gne-to-Many impicmentation

Fig.2. Two implementations of an 9-bit LFSR.
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]
Listing 1 Listing 2
GUTA: .EQU $F03¢ # Address of o/p pozt
CUTB: .EQU $F031 # Address of o/p port OUTA: .EQU $F030 # Address of o/p port
SEED: .EQU 580 # Seed {initial) wvalue OUTB: .EQU $FO031 # Address of o/p port 1
MASK: .EQU $1D # Mask value SEED: .EQU $80 4 Seed (4initial) value |
MASK: .EQU $1D # Mask value
.ORG '$4000 ‘§ Set program origin ‘ i
.ORG. §$4000 # Set program origin
LDA SEED # Load ACC with seed BLDSP S$4FFF 4 Load stack pointer
LOQP: STA (OUTA) § Store to o/p port BLDIV SHOW §# Load interrupt vectar
STA [OQUTB] # Store to o/p port SETIM # Set interrupt mask
SHL # Shift.ACC 1 bit left i
JNC [LOOP] # Jump if carry = 0 LDA SEED # Load ACC with seed
XOR MASK # else XOR with mask LOOR: ~SHL # Shiftc leftc
JMP [LOOP] ‘4 then jump JNC [LoOP) H Jump {f carry = 0
*OR MASK # else XOR with mask
. END JMP  [LCOP) # then jump
) #
[ SHOW: STA {[OUTA) # Store to o/p port
“pseudo-random number generators™. One GEJET STA [OUTB] # Store to o/p port
such generator is the linear feedback shift AND XOR RTT # Return_from interrupt
register. : ] - .END =k ¥
. | Let's  assume
LINEAR FEEDBACK that we are using .
SHIFT REGISTERS b o Lot T S ‘ : ‘
accumulator to tepresent our LFSR, in  Meanwhil¢, the | in the LS bit of the mask

The Quroboros is an ancien! synibol of a
serpent or dragon devouring its own tail and
théreby forming a circle. This symbaol has
been employed by a varicty of culwres to
depict etemity, or renewal. The equivalent
in the world of the digital designer is the
linear feedback shift register (LFSR). in
which a number of outpuis (called “taps™)
from a standard shift register are manipulat-
ed and fed back te form the input. For the
purposes of these discussions we'll consider
an 8-bit LFSR. Two aliemative ways of
constructing such a beast are shown in
Fig.2.

The point about XOR-based LFSRs
{(XNOR flavours are also possible) is that,
so long 9§ we select the correct 1zp paints,
they will pseudo-randomly cycle through
every possible combination (except all the
bits being zero) before returning to the
starting point. That is. an a-bit LFSR will
cycle through (2n-1) patterns. Thus. the 8-
bit LFSRs shown in Fig.2 will each cycle
through (28-1) = (256-1) = 255 different
paiterns.

Both the “many-to-one® and *one-to-
many” styles can be implemenied in hard-
ware or software. Each style has i
agvaniages and disadvantages (and each
will follow a different sequence). For our
purposes. we will concentrate on the one-
to-many version shown in Fig.2b, because
this style is easier to implement in software.

So how random is our LFSR? Well, just
for the sake of discussion, jet's assume that
our register contains an initial (seed) vatue
of 10000000 (that is, only bit 7 contains a
1). In this case, applying a series of clocks
to the register will cause the following
sequence (the values shown in parenthesis
are the decima!l equivalents):

Bil7 Bit0

Init 10000000 (128)
Cik 1 00011101 ( 29)
Clk 2 00111010 ( 58)
Clk 3 01110100 (116)
Clk 4 11101000 (232
Clk 5 11001101 (205)
Cik 6 10000111 (135)
Clk 7 00010011 ( 19)
i elc

which case there are two main technigues
we can use to implement the algorithm
from Fia.2b. The first approach would be 10
use an “XOR and shifi” algorithmn, in which
we loop around performing an XOR fol-
towed by shifi. However, this technique
uses more instructions than we really like
and ends up being aesthetically unpleasing.

An aliernative approach is to form a loop
that first performs the shift, and then per-
forms the XOR. To illustrate this. consider
the program in Listing 1.

Note that we're using two oulpul poris.
The label OUTA is assigned to the 8-bit
Le.d. bargraph display at address SF030,
while OUTB is assigned 10 the external
output port at eddress SFO31.

We commence the program by loading
the accumulator with a seed valuc of $80
(binary 10000000). In fact any seed value
would be acceptable (other than all zeres).
The only reason we chose this value was to
match our previous “paper exercise”.

Next we enter the main loop, which we
commence by writing the current value in
the accumulator to our hWwo oulput poris.
This has nothing whatsoever to do with
implementing the LFSR algorithm, but
serves only to fct us see what's happening.

The real algorithm begins with the SHL
(shift left) instruction. This shifis the con-
tents of the accumuiator one bit 1o the left
and also shifts a 0 ipto the LS bit of the
accumulator. Meanwhile. the original value
from the MS bit of the accumulator “falls
off the end” into the carry flag.

We next use a JNC (ump if net carry)
instruction 10 check the state of the camry
flag. If this bit is a zero, all we have rodo is
1o jump back 1o the beginning of the loop to
start the next cycle. Alternatively, if the
carry flag contains a {, we XOR the accu-
mulator with a “mask” value of S1D (bina-
Fy 00011101).

This mask value may appear a little con-
fusing at first, but the way we derived it is
really quite simple. Remember that we
started this loop by shifting the cantents of
the accumulator one bit 1o the lefi. Thus, the
eroup of three is in the middle of the mask
correspond 10 our tap points at bits 1, 2, and
3 (binary 000011 10) shified left by one bit.

is used to foree the LS bit of the accumula-
tor (our LFSR)toa 1.

Let's see how this works in practice. Stari
vour PhizzyB Simulator, invoke the assem-
bler, enter the program from Listing |, save
the file as ggexpl.asm and assemble it to
generale the corresponding ggexpl.ram
file. 3

Click the “Power” bution 10 power-up the
simulator, then use the Memnry -> Load
RAM command to foad your ggexpl.ram
machine cede file inio the simulator's mem-
ory. Now start clicking the Step button 1o
step through your program and note that the
values on the l.c.d. bargraph display and the
output port device at address $F031 follow
the same sequence we described carlier.

You can also download this program 10
your real PhizzyB (if you have one) and run
it in the real world. In this case you should
connect the simple 8-bit L.e.d. output device
from Part 2 10 the output port at address
SFO31.

When you've finished experimenting,
reset the simulator (and the real PhizzyRB)
and proceed 1o the next section.

RANDOM NUMBER
GENERATOR

Let's extend our previous program {0
make il just a tad more interesting. Consid-
er the new version shown in Listing 2.
These modifications aren't anything that we
haven't seen before. We commence the pro-
gram with a BLDSP (big load stack point-
er) instruction, which initializes the stack
pointer with a value of S4FFF.

Next we use a BLDIV (big load interrupt
vector) instruction 1o load the interrupt vec-
tor with the start address of the .interrupt
service routine called SHOW. We follow
this with a SETIM (se! interrupt mask)
instruction, which tells the PhizzyB 10
respord 10 an intermupt request when one
accurs. e

The main loop is identical to our previ-
ous program (excepl that we've removed the
stalements that stored the value in the accu-
mulator to the autput ports). Thus, when we
run this program, it's going to start
endlessly looping around generating the
LFSR sequence.
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When we cause an interrupt 1o occur,
however, the program will jump to the
SHOW interrupt service routine and dis-
play the current LSFR value by writing i1 10
the two ouiput ports. The program will then
remrn 1o the main loop and start looping
through the LFSR sequence again.

Let’s see this in action. Use the assem-
bler's File —> New command 1o create a
new file called ggexp2.asm. Enter the pro-
gram shown in Listing 2 and assemble it 1o
generate the comresponding ggexpl.ram.
file.

Use the Display — CPU registers com-
mand 1o activate the simulator's CPU regis-
ter display and drag it 10 the right-hand side
of the main interface. Now load the
ggexpl.ram file into the simulator's memo-
ry and set this program ruaning.

Initially nothing happens at the simula-
tor's output ports, but from the CPU register
display we can see that the program is hap-
pily eycling through the LFSR sequence.

Click the simulaior's IRQ (interrupt
request) button to see a random number
appear on the displays. As soon as ihe pro-
eram has displayed this value, it retums 10
the main loop and continues on its quest.
Every time you ctlick the IRQ bution you
wili be presenied with a néw random num-
ber. Pretty cool. eh?

RANDONISING
PhizzyBOT

The next step would be to integrate our
new-found pseudo-random number capabil-
ity into our carlier PhizzyBot control rou-
tines. One way 10 do this would be to
“tweak™ our original timer routines. such
that every 1/10 of a second we gencrated
the next value in the LFSR sequence.

Then, whenever we wanted the Phizzy-
Bt 1o make a decision like “should I tum
left or right”, we could cause our program
tolook al the LS bit of the LFSR value. This
would be just like flipping a coin (0 =
heads, | = tails). Altematively we might
decide to use the emtire 8-bir LFSR as a
count value, along the lines of “let’s go for-
ward for whatever delay is currently in the
LFSR register™. :

Sad to relate we don't have the space to
investigate this any further here, so we'll
leave any randomizing of the PhizzyBot for
you 1o experiment with.

WE LOVE IT WHEWN ., . .

The program examiples above were based
on generating the next LESR value algorith=
micaily, but another approach would be 10
use a lookup table. What's a lookup table?
Well. by some strange quirk of fate, this jusi
happens to be the focus of the solution to
the PhizzyB programming competition
Number 2, which is presenied at the end of
this anicle (we just love it when a plan-
comes together!).

We should also note that we've really
only scrarched the surface of LFSRs and
their applications here. If you're interested,
you'll find that these little rapscallions are
introduced in far greater detail in our books
Bebop 1o the Boolean Boogie (An Uncon:
ventionol Guide 1o Electronics) and
Designus Maximus Unleashed (Banned in
Alabama). Bebap is available from the EPE
Direct Book Service, and both books are
available from the EPE Online Siore at
WWW.epentag.com.
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YET MORE PROJECTS!

Just because this is the final part of the
PhizzyB series doesn't mean that you can sit
back on your laurels and relax, because
there is an unlimited number of additional
experiments you can perform On your owil.

As an example. vou could redesign the
control routine from Part 7 such that the
PhizzyBot didn't just execute a “'knee-jerk™
response when presented with a beam from
a torch (flashlight in America). That is, as
opposed to making the PhizzyBot rtace
towards the lighi. you could modify the pro-
gram io count the number and duration of
any flashes and then respond appropriately.

For example, one short flash could mean
“go forward”, two short flashes could direct
the Bot to “reverse™. a short-long-short
flash sequence could represent “tum right”,
and so forth.

Aliernatively, you could mount new optj-
cal sensors underneath the PhizzyBot and
create a “"white-line following™ control rou-
tine. ({f your mother or “significant other"”
rebels against your painting white lines on
the living-room floor, you can always create
the lines using masking tape. In addition ro
being easily removed. this has the added
advanlage that it picks dust up oft the {loor,
$0 you can Iry to present this‘as your shire
of the housework.)

MAGNETIC SENSING

As a somewhat related project, you could

.mount Hall-effect (magnetic) sensors under

the PhizzyBot and write a conirol routine to
follow wires laid under the carpet. (Once
again, you may expecl some opposition to
pulling up the living-room carpet, dutl we
aever said that an inventor's [ot was going 1o
be an casy one.)

In fact. a quick perusal of other construc-
tional projects that have appeéared in recent
issues of EPE and EPE Online reveals that
almost every issue contains something that
could be modified to have a PhizzyB appli-
cation. For cxample, consider the I5-way
infrared Remose Controller project from the
Oct/MNov 98 issues of EPE. (This ariticle
appeared in the NoviDec "98 issues of EPE
Online, £d)) The receiver portion of this
project could be modified to drive one of
the PhizzyB's input ports, thereby allowing
you 1o contro! the PhizzyBot from afar.

- XTE

Similarly. e Ulirasonic Tape Measure
project from the Nov 98 issue could be mod-
ified 10 drive one of the PhizzyB's input ports.
This would then allow you to program the
PhizzyBot io detect obstacles and ke appro-
priate action before it bumped into them!

RADIO CONTROL

Another potential project we personilly
find very exciting is based on the low-cost,
shori-range Wireless Monitoring data logging
project from the Feb/Mar '99 issues. By
equipping the PhizzyBot with these radio-
linked sensors, it could roan: around the room
transmitting a host of interesting data back 10
your PC.

What would be really fun would be io stare
mixing and merging the above projects. Fo
example. you could get the PhizzyBot 1o 18I
low a white linc and use a modified version of
the wireless data-logging project to keep your
PC informed as to what the Bot was discov-
ering. As part of this project you could also
create a program on your PC 1o display the
PhizzyBot's path on the screen. Furthermore,
you could zxtend the wireless project o be
bi-disectional, such that a program nnning
on the PC could transmit new instructions to
the PhizzyvBot.

On a similar basis, you could combine the
PhizzyBoi version of the Tape Measure with
the Wireless data-logger. Then you could
instruct the PhizzyBot to roam around the
room transmikting any information on detecr
ed objects back 1o the PC, which could use
this data 10 construct a model of the room!

EVER ONWARDS

And the list goes on, and on, and ... So now
the ball is in your couri. We very much hope
that you've enjoyed this series, and we look
forward (o hearng from you as lo any pro-
jects you underiake using your PhizzyB.
Also, we are hoping to see some PhizzyB-
related /ngenuity Unlimited circuits appear-
‘ing in future issues — perhaps one of them
will be vours?

Buwt for now we must away, because we
have a number of other cool projects “on the’
stove”. So until we meet again, it's “"Goodbye
from me, and goodbye from Him™. All the
best from Max and Alvin - visit us at
www.epemag.com and E-mail us  af
info@epemag.com
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PhizzyB AND RELA]

ONE question we have been asked by
several readers is 1o comment on the
relevance of
microprocessors.

In fact, the PhizzyB is extremely rele-
vant. All that any digital computer can do is
to perform very simple operations, like per-
forming a logical operation on two values,
adding two numbers together, or comparing
two numbers 10 see which one is the larger.
The only reason today's coniputers appear
to be so powerful is that they can perform
hundreds of millions of these op<rations
‘every second.

The PhizzyB was designed 10 have a sim-
ple and understandable instruction set. Real
microprocessors  typically have more
instructions, but the underlying principles
are exactly the same.

the PhizzyB 1o other

Similarly, these days mos! people create

programs using medium and high-level

programming languages, like BASIC,
FORTH, C, LISP. and . . . the list goes on.
However. even today, there are ceriain tasks
which are best implemented by program-
ming at the assembly level. there are assem-
blers for almost every computer, and good
assembly level programmers can command
very respeciable salares.

WHEN YOU'VE LEARNT
ONE . ..

The advantage of programming in assem-
bly language is that you gain a very good
understanding as to how the CPU is per-
forming its cunning machinations. Once
again, the PhizzyB‘s assembly language
was designed to be simple and understand-
able. but also represeniative of its commer-
cial equivalenws. Every assembly language
is different, but ence you've learnt one it's a
lot casier to learn another.

As an example of this, 1he winner of the
second PhizzyB programming competition
didn’t actually have a PhizzyB Simulator or
any documentation on the PhizzyB instruc-
tion sel.

All Edwin (for that is his name) had to
auide him were the program examples in
one issue of EPE. However, Edwin was
familiar with other assembly languages. and
the PhizzyB's language was convéntional
enough that he wrote his winning-solution
as'a paper exercisg!

WORLD SERIES

The:“bottom line™ is that all of the experi-
ments we've.described for the PhizzyB could
be easily mapped onto any commercial
microprocessor, and that evervihing described
in this series is highly applicable to the real
world.

PhizzyB COMPETITION 2 — The Resuits

S YOU will recall, we posed our sec-

ond PhizzyB programming compeli-
tion in the March '99 issue of EPE and
EPE Online. This competition was
based on thie generation of an odd parity
bit:

When one conveys digital data from
one pértion of an electronic sysiem 1o
ancther, noise or other “glitches” may
occasionally flipabit froma Qtoa )l or
vice versa. For example, suppose that we
were to transmit a byte of information
containing the value 00110111 from one
computer to another, but that something
occurred to flip the least-significant (LS)
bit froma 1 to a 0, such that the receiving
computer was presented with the value
00t 10110.

This could obviously cause problems.
so we need some way to detect (and ide-
ally correct) evrors in our data. One of the
simplest forms of error detecting coxdes is
that of parity, in which an extra bit called
a “parity bit" is appended to each trans-
mitied byte of data.

The idea is that the transmitter counts
all of the 1s in the original 8-bit byte, and
uses this number o determine the value
of the 9th (parity) bil. In the case of an
“Even Parity” scheme, the parity bit
would be set so as lo maimain an ¢ven
number of Is. Alternatively, when using
an “Odd Parity™ approach, the parity bit
would be set so as to maintain an odd
aumber of Is. .

For exampte, consider the following
data bytes and their resalting parity bits;

Daia byles Even parity Odd parity
00000000 0 1
00000001, 1 0
00110011 0 1
00110111 1 0
11111110 1 a
Tl 0 1

The transmitiing unit transmits each
hyte along with its associated parity bit.
The receiving unit generates its own parity
bit for each byte and compares this to the
transmitted parity bit. If the two parity bits
differ, the receiver knows that an error has
occurred and can respond appropriately:
for example, it could request that this byie
be re-transmitted. {(Note that there are
more sophisticated codes that enable us 10
both detect and correct errors, but codes of
this ilk are outside the scope of these
discussions.)

AND THE QUESTION
WAs . ..

The second PhizzyB prograimming com-
petition was to write a program that loops
around reading a value from the 8-bit
switch device (connected to the input port
at address SF010), generating the odd-par-
ity bit associated with this value, and dis-
playing is parity bit using the LS bit of
the 8-bit le.d. display (connected to ths
oufput port at address SF030).

In our first competition, we tried to
create a program using as few bytes as pos-
sible. By comparison, the judgement erite-
ria for this competition were that the
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program should read the value from the
swilches and write the resulting parity bit
to the le.d. display “using the least number
of PhizzyB clock cycles” (note that a table
of PhizzyB instructions versus clock
cycles is provided in the EPE Onfine
Library al www.epenag.com).

AND THE WINNER IS ...

The winning Solution was presented by
Edwin P, Berlin, Jr., who hails from Oak-
land, California (your year's subscription
to the prinied version or EPE is on the way
Edwin).

Actually, we were a bit miffed by this,
because no one prior to Edwin had spotted
the right way 10 solve this problem. Thus.
we were expecting 1o reveal the correct
‘solution and lock like heroes. but Edwin
beat us to the punch.

Even waorse. Edwin's solution raced its
way through the E-mail 10 us just as we
‘were poised to close the doors, and it liter-
ally squirmed its way in at the last
moment. However, all is forgiven, because
Edwin's answer io the problem is so ele-
gant as to make us all proud!

LOOK-UP TABLE

But enpugh of all of this wafftle, what
about the solution? Well the key point hera
is thal we are not concerned with the size
of the program (which can be as big as we
want it to be). but only with the speed with
which the program executes. Thus, Edwin
started by creating the lookup table shown
‘in Listing A,

=5
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Where did this table come from and what
does it represent? Well, remember that an 8-
bit byte can represent 28 = 256 different pat-
terns of Os and s, and that cuch of these
patierns is going to have a parity bit associ-
ated with it. In the casc of an odd parity
scheme, the parity bits associated with the
first sixteen patterns will be as follows:

Data bytes
0000000
0000000
00000010
0008001 1
00000100
00000101
00000110
00000111
00001000
00001001
00001010
0b001011
00001100
00001101
O{011 10
60001111

Odd parity

— O D Ot © O 1 O O —

Note the symmetry of the patity bits:
1001 01100110 1001, and also note that we
use these 0 and | valucs as assignments 10
the first line of our 1able in Listing A. Now
consider what will happen with the nexi six-
teen patterns of Os and s, which wili be
similar to the first set, except that the digit
in the bit 4 column will now be a 1 (remem-
ber that we start counting from 0, so the
right-most column is the bit 0 column):

Data bytes Odd parity
00010000 0
00010001 [§
00010010 1
00010011 0

elc

Compare these four patterns with the first
four pauterns of the previbus sequence. The
fact that the digit in the bit 4 column is a )
means that our earlier parity bir is effective-
ly inverted. In fact. if you look at the second
line of the table in Listing A, you'll see thar
i's the inverse of the first line (that isall-of
the Os arc now Is, and vice versa).

Furthermore, if you look at the first digii
following each of the .BYTE statements
(that is, the column of digits running down
the left hand side of the 1able), vou'll see
that they follow the same 1001 0110 0110
1001 sequence we saw running across the
first row of the 1able.

Not that any of this is paricularly rele-
vani you understand. except that a liule
thought reveals how easy it is 10 define the
contents of this table without having 10
bang our heads against the wall.

Anyway, the end result of Listing A is a
lookup table that will occupy 256 bytes of
the PhizzyB's memory. But again. this com-
petition is not concerned with the size of
our final program, but only with the speed
with which i1 executes.

Save the program shown in Listing A as
lookup.asm and assemble it 10 generate the
corresponding lookup.ram file.

MAIN PROGRAM

But wait, there's more. because the
lookup table is only haif of the solution.
Now let's consider the other poriion of the
program.as.shown in Listing B {and while
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.ORG
.BYTE 1, 0, 0,
.BYTZ 0, 1, 1,
.BYTE 0, 1, 1, 0, 1, O,
.BYTE 1, 0, 0, 1, O, 1,
,BYTE 0, 1, 1, 0, 1, O,
:BYTE 1, 0, 0, 1, 0, 1,
.BYTE 1, 0, 0, i, 0, 1,

LOOKUP: 1, 0, 1,

.BYTE 0, 1, 1,70, 1,0,
YBYTE 107 Tral) «07 Fasesiol
RBYTE AN Do 1w d 0k =13,
.BYTE 1, 0, 0, 1, O, 1,
.BY¥E. 0, 1, 1, 0, 1, 0,
.BYTE 1, 0, 0, 1, O, 1,
.BYTE 0, 1, 1, 0, 1, O,
{BYITE, 0 W15 o 08 (5105
.BYTE 1, 0, O, 1, 0, 1,

JEND

Listing A

$4100 # Align table on 256

byte boundary

1 0807 15 S G0Teet SR 0 805 8]
05 Y 1y 705, 2057 0 3R 00EN1E R s 50
0,5 10005, 208 20:==10 1 10w TE=S11 {0
s 0r e 0, wals, <18, 0. Lopen O 50, =1
O/s=lne=1viAd 0 - OF — il o 10580 1 - l-v20
15 07 %05 N 150050 115,008 503 =1
i (00 0, "1, F8154 402 E 18 0y M0, 31
QR SIRa 0,200 0.8 v -a1evs0
8530 0 B 03950 11 091 T 0
i, 0, 0,11, 6,1, 0, 0, 1
35 0500, 235 A% 05 A0 05 02
0, 1, 1, 0, 0, 12, 0, 1, 1, O
L0 0,00, s, il 10%451a) 054 041
()2 P D0 JE (1 Joh (S s o =S 1)
L0 | PSS S (o O B - [ £
Lpp 030, 3V, 0, 0, Beyq 0p0.07 1

L4

we're considering i1, feel free 10 use the
assembler’s File—>New command 1o create
a-new file and enter this program into it).

In fact Edwin's program uses the same
type of self-modifying code that we saw in
the solution for our first competition. Let's
stroll through this program and discover
bow i1 works.

We commence with three constant decla-
rdtions. The first declares a lubel SWITCH
and assigns i1 the address of the input pon
connected 10 ihe PhizzyB's 8-bit swiich
device. Similarly, the second declares a
label LEDS, which is assigned the address
of the output port driving the 8-bit L.e.d. bar-
eraph display on the PhizzyB.

The last constant declaration called
LOOKLUP is perhaps the most interesking,
because we're assigning it the address of the
first location in our lookup 1able, which we
created in our earlicr program segment.

Now lct's jump down the program a lindle
1o the label FETCH. Note especially the
LDA [LOOKUP)] statement associated
with this label. When the assembler is nin,
it will automarically substitute the label
LOOKLUP for the value $4100. which we
assigned 1o it earlier. Thus, the PhizzyB's
memory will énd up containing the
following:

Address Data
FETCH $91
FETCH+1  $4
FETCH+2 S00

Note that 391 is the LDA opcede, while
341 and SO0 are the mosi-significant and
least-significant bytes of the target address,
respectively. Of course the addresses,we've
shown as FETCH. FETCHs1. and
FETCH+2 will actually be substituted for
real addresses by the assembler ($4006,
$4007, and 34008 in the casé of this partic-
ular program).

Why is this of interest? Well, this is
where the self-modifying code comes in.
Let's return to the beginning of the main
body of the program, which commences at
the label LOOP. First we use the LDA
ISWITCH] statement to load the accumu-
lator with the current value on the switches.
{Purely for the sake of an example. ler’s
assume that the value we read from the
switches is $39.)

The next.line is+the clever bit. where we
use the STA [FETCH +2] to save this value
into the location at address FETCH+2,
which means that we've just overwritien the
least-significant byte of the target address
associated with our second LDA instrac-
tion. Thai is, the contents of the memory
will now be as follows:

Address Data
FETCH 591
FETCH+1 S41
FETCH+2 839

This means that when we execute the
L.DA  insiruction associated with the
FETCH label, we won' actually read from
address $4100, which was the original 1ar-
get address associated with this instruction,
and which is the address of the first location
in our lookup table. Instead, we'll read the
value from the lookup tuble ar address
$4139 (thar is, from row 3 column 9 in the
lookup table). (Don't forget that we stan
counting the rows and columns. from row
and column 0, respectively.}

What this all means is that we read a
vilue from the switches and use that value
as an index into our lookup 1able. The
value that we read back from the lookup
1able comains the odd parity bit associaied
with this particular pattern of Os and Is (it
has 1o be, because thar's what we loaded
into the lookup wable in the first place). so
all we have to do is to save this vajue 10
the 8-bit l.e.d. display, then jump back to
the beginning of the loop and do it all
again.

Using the cveles versus-instruction chart
(us presented in the EPE Online Library at
www.epemag.com). we can see thai this
program uses onty 43 PhizzyB clock cycles
cach time it goes around the main loop
(these cycles are shown in Listing B).

Note that the sbove explains why we had
to store the lookup table in its own program
fite. This was because we had 10 ensure that
the able commenced on a 256-byte bound-
ary (that is, that SO0 was the valuc assigned
to the least significant byie of the address of
the first location in the table).

This then allowed us to easily use the
value on the swiiches as an index into the
table. Many assembly languages allow the
-use of multiple .ORG statements. which
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Listing B
SWITCH: .EQU' $F010 # Switch port address = 0 eycles
LEDS: .EQU  $F030 # LED o/p port address = 0 cycles
LOOKUP: .EQU $4100 # Start of lookup table = 0 cycles
ORG  $4000 # Program starts here = 0 cycles
LOOP: LDA  {SWITCH] # Load ACC w switches = 9 cycles
STA [FETCH+2] @ Store ACC (see notes) = 10 cycles
FBETCH: LD~ {LOOKUP) # Load ACC from lookup = 9 cycles
STA {LEDS) # Store parity to LEDs = 10 cycles
JTHP {LOOP] # Jump back to start = 7 cycles
8§ Bl
~EMD # End program Total = 45 cycles

would have made this a whole lot easier.
There's mo particular reason why the
PhizzyB's assembler shouldn't support
multiple .ORG statements, except that we
didn't think about this when we created the
assembler!

SUCK IT AND SEE

Save this file as compZ.asm and
assemble it to generate the corresponding
comp2.ram file. Now power up yvour
PhizzyB Simulaior and activate the
Memory ~> Load RAM command. In
the past we've only ever been interested
in loading one program module at a time;
but this time we wish 1o load two mod-
ules. Double-click on the lookup.ram
file in the left-hand scrolling list, then
double-click on the comp2.ram file.
Once both of these files have appeared in
the right-hand list. click the “Load™ but-

ton to load them both into the simulator’s
memory.

Now set the simulator nunning, set a pat-
tern on the 8-bit switches at address $FO10
and waich the odd parity bit associated with
this paitern appear on the 8-bit Le.d. device
at address SF030. Experiment with difier-
ent patierns on the switches to ensure that
evervthing is working as you expect. OfF
course, you can also download both pro-
gram modules to your real PhizzyB and test
this in the real world if vou wish.

38.x CYCLES?

Just 10 give you something to be ponder-
ing, Edwin also presented a modification (0
his program that allowed him to reduce the
average number of eycles for each “read the
switch and display the parity” operation o
only 39 cycles. Furthermore, Edwin noted
hiow this approach could be extended to

reduce this average number to just 4 tad
over 38 cycles!

Sadly, we don’t have the time (or
energy) to explain this any further hcrt-.,Blg
iff you think that you've spoited how this

might be achieved, E-mail us at
info@cpemag.com.
OTHER APPLICATIONS

Lookup tables are very imponant toals,
which can be used for all sorts of applica-
tions. Once you've wrapped your brain
around the concept, vou'll start to spot ali
sorts of cases where a lookup table could be
of use. f

For example. consider the LT'SR we dis-
cussed earlier in our tutorial aricle. As
opposed 1o generating the next LFSR vaiue
algoniihmically, we could use a Iool».up
table approach if we wished.

YOU WANT MORE?

If you're desperate for something 10 do.
one thing that springs 1o mind is creating a
program that can generate the contents of a
lookup table. (This isn't a competition you
undersiand, just a little something to keep
you occupied.)

You could start with a program to.gener-
ale the contents of the odd parity 1able.
Later (if you're leeling frisky). you could
consider a program 10 generate the contents
of the LFSR table. Note that this second
program is a little wickier, in that the con-
tents of each table entry form the index for
the next value in the LFSR sequence. )

So, once more, 'bye for-now! O
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VYIDEO SURVEILLANCE

Design yotir own professional video surveillance
Smallest pinbole camera in the world, 1Smm=13mm (B&W) £29.00

32mm = 32mm Board camera (Colour) £635.00
B&W Quad £79.00
Colour Quad £330.00
Picture in Picture with alarm input £299.00
£-394Ghz video transmitter module, 100mW £85.00
24Ghz video transmitter module, 10mWV £80.00
1-294.1-3Ghz Linear power amplifier, 2Woutput £230.00
Four<channe! video receiver module, with auto Switcher £120.00
Time & Date Generator Module £42.00
Timz, Date and Character generaior module £63.00
5W infra-red light source £25.00
Audio amplificr module £7.00
Convert your VCR (0 an-aulomatic vidéo recorder £43.00
4in. L.C.D. moniior £190.00
6-8in. L.C.D. monitor £290.00

We also siock R.F. parts such as Pawer Module, MMICs, RiP.
transistors, efc.

Above prices are subject to VAT and are for one unit order
10% discount for 5 or niore

CONFIDENTIAL COMMUNICATIONS LTD

344 Kilburn Lane, Maida Vale, London W9 3EF
Tel: 44(0)181 968 0227  Fax: 44(0)181 968 0194
E-mail: 106075.276@compuserve.com

32mm=32mm Board camera, pinhole. high resolution (B&W)  £29.00
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Constructional Project

JOHN BECKER =—

— Part Two :

How to improve your PIC programiming
options in a8 Flash — and it's a real pleasure to use/

PIC Toolkit Mk2, told you how to
build it and how to do a bit of prelim-
inary system lesting. We then lefi you high
and dry! Still, you're an enterprising lot and
in the intervening monih vou've no doubt
dong some playing around with the various
Toolkil opiions. We now tell you the details
of what you should have found the options
capable of doing.
-50, plug it all in again; turn on'the power
—and we're off . . .

PIC CONFIGURATION

PIC configuration is the next option on
the list. However. since it is discussed in
PIC Toolkir Mk, the PIC Tutorial (Mar-
May '98) and P/Crutor (CD-ROM ) we shall
not repeat it all here. We shall now simply
tell you what to do without saying why you
should do it.

Note that the configuration options
offered by Toolkit Mk2 for both PIC '84
and ‘87 series do not permit any Code
Protection to be selected — a deliberate
decision to aflow unimpeded disassembly
of all program and EEPROM data codes,

To configure a PIC, select menu option
1. do 50 pow. The screen changes 10 show
four oscillator configuration options, which
apply equally 1o the PIC '84 and '87 serjes
(as do & few more options yel to be shown).

For each opiion offered, press <Enter> 1o
accept the default, or press one of the other
keys offered if the default is not required.

On this occasion, accept the XT crystal
default, accept the default (No) for WDT.
-accept the defaull (Yes) for POR.

I AST monfi we introduced you 1o

sesescs (AT IGURE FIC BAG7 FACTIES wwveres
200k
e
e ~ 1O

Low POUTR CRYSTAL Xk
REDIIRY SPEED CAYSTAL 300b:
HIGH SPIED CEYSIAL

XT &
EMABLE UATOHDOG TIMER YN (BEFRELY M0) 1M
DWELE PONEE-U? TIMER Y9 (DEFAULT YES). YiS
FGE BIC 1107x O (DEFALT-MD = '84)

1069 CONFIGURATION Yon ETMET TESY

FIHISHED COOMF | GLBATEON
MY KEY PRESS RESTORLS MEm

PIC16F87x is the chosen device:
458

The PIC configuration screen showing the paramefers select-
ed for a PIC16x84. Further options are shown when a

There is now a question as 10 whéther it
is an ‘84 or an '87 which is about to be con-
figured. For the latier there are more factors
to be selecied, but you need 10 refer 10 the

-data sheet for the 87 family 10 know how

they should be used — we shall not discuss
them. Accept the default of "84.

(When the "87 is chosen and the final
configuration option selected. two screen

lines ther show the logic of the confipura-

tion bits and their abbreviated meanings,
Refer 1o the '87 daa sheets for their
explanations.)

When offered the Load Coniiguration
option. accept the default and send the data
to the PIC, having first checked that the
power is on and Toolkii is connected to the
computer.

The sending is almost instantancous and.,
unless there’s a problem on your board, the
PIC will be configured as above. When
advised, press any key 10 return.1o the main
menu.

Note that the-default options in-the con-
figuration function are fixed, unlike many
that we shall discuss for other routines.

PROGRAM SENDING
Once the PIC has been configured,
you can send the previocusly assembled
program (which you did last monih!)
C\PICN\TKTEST1.0BJ to the PIC. Select
opijon 2.
The resulting screen is similar 10 thart for

‘the Assembly routine, giving the same

choices of action. Press <Enier> 1o select
the default file, which is then loaded into
the computer prior to sending to the PIC.

‘4 SILECTED

YES

Now displayed are the number of bytes
(commands — the term byte is used loosely
in this coniext) 10 be sent and the pareent-
age capacity thag will be used of the threé
PIC sizes available (this screen is common
to all the "84 and '§7 devices), and the
number of spare byies that will siill be
available. |

‘With this file, which is 10 besent to an
84, two per cent of tie "84 will be used,
leaving 1006 byies. { Yes, you will probably
have spotted that the count is now 18
whereas on assembly it was only 14 com-
mands — some header commands are added
for the Send routine!)

Press <Enter> 10 accept the default @
send the data (N would retum you (o the
main menu). Confirmation that it is being
sent is displayed and (again for interes:) the
time that sending commenced.

The time” takea to send data depends on

the file length, about LK bytes (a full "$4)

per 11 or 12 seconds — about 90 seconds for
a full "876 or *877 (8K). These timings are
based on the author’s several ¢omputers
running at 33MHz or faster.

The 18 bytes will have probably havé
been fully sem well before you finish read-
ing this paragraph. You should now see
contirmation that it has sll been sent, and
the time at which it was completed.

VERIFICATION

You will recall that during the griginal
selting-up procedure it was established
whether or not your computer was capable
of reading data back from the PIC. If it was
found capable, vou will also now see

eeswesea: FEOGRAN | RIG PUAGT- S HIMAT COIE meoscnes
M )sru#g mm!g?‘t rtﬁf[u wxx,08)

ERITPUR 1S J0IPIG

Uﬂiﬂllﬁ'lﬂ w;lﬂ

‘PEOCESS WHICH

E:g\LPIL\!IIESIl.DBJ LOSDED WITH 18 B¥TES,

TIE (R

ot

gF EIC FE6/7

SPAEE BYIES = 4
SPARE BYTES =
SPABE BYTES==@iM

o 876/
1 Y80 UISH T PROCESS: THIS PROCRAT'?2 7

SEMIMG CAPIDNTETEST! .08 mmﬁ; 15519:77
0 UERITYING EXFORS FOLBD BUT GF $B7BVTES SINT
FIMISHED. SEIHE C:\PIONTRTZS THUBR) ‘AT 15:19327

RNY B FRESS, TR IURES Ry

The p;ogram sending screen, common lo the '84 and ‘87
devices. Nole that the used and remaining PIC capacities are

shown for the three PIC sizes.
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confirmation that no errors have been
found during the verification process fol-
lowing the data being sent (the author has
never expericnced errors that were not his
fault — power not on. lead not connecied,
chip not inserted!).

If your computer cannot read back, the
verification routine is bypassed and no ver-
ification message witl be shown on screen.

Should verification be active and errors
have been found, another screen will be
displayed giving advice on_possible rea-
sons for the failure. It is highly unlikely

that you witl normally ever see this screen’

once you have ascertained that Toolkit (and
Tutor) are operating correctly. The chances
are greatly in favour of YOU being the
cause of the errors in some way! If errors
are found, follow the suggestions on
screen, and then try again.

The centents of the Error Notes screen
can also be viewed via the main menu,
select N (for Notes) o display them. Have
a look when you get a momeni 10 spare.

DATA SENDING RATE

The rate of sending is principally deter-
mined by the PIC’s need to have frequent
10ms pauses between data bytes being sent.
Additionally, the bytes are not sent as a
consecutive sequence comprised of just
themselves. A lot of extra commands have
1o be sent for cach byte of data.

When-you have another spare moment or
two. examine TKMAING2.BAS from DOS
EDIT. or through QuickBASIC or QBasic.
Look for the voutine having ihe label
progsend: at about line 900 or so. Follow
that sequence through, including ifs two
sub-routines sendit and delay10. It's a lot
of work to send just one data command!

PHYSICALLY

CHECKING

‘Right, for several paragraphs now, we've
left the Sending routine program screen
unattended. Look back at ir. and follow its
suggestion to return 1o thé menu.

But, even more inierestingly. though you
may not realise it yct, your freshly pro-
grammed PIC will be cycling through atl its
newly acquired commands with great
‘gusto. Indeed. if you've got a Turor board
connected. you should be seeing actvity on
its PORTA and PORTB l.e.d.s. both poris
counting upwards from O to their limit,
rolling over to zero and starting all over
again. How tedious for the PIC - but never
mind, eh. it's only a slice of silicon, and it
dossn’t know it’s tedious!

If you are using Toolkit without Tilor,
you now need io use your meter (or prefer-
ably an oscilloscope) to check that it's
doing what we state it should be. After all,
even though you've already checked its
basic constructional accuracy. there could
still be something the checks might not
have shown up (for example. is the crystal
oscillator working vet? It should be; bt
vou don’t actually know s0).

The counting has been deliberately
slowed in TESTI so that changes on the
PIC’s pins can be observed on a meler. ana-
logue or digital. The rate of change is a
binary progression, with pin RBO changing
state at the fastest rate and RB7 the slowest,
Check with your meter that, sooner or laier,
RBO to RB7 and RAO 1o RAS3 are all chang-
ing state. Yes, we said RA3 and not RA4,

think back 1o Twor texts where it was
pointed out that RA4 is an open collector
pin. consequently it won't show a change
of state unless it has a collecior toad resis-
tor connected between it and +3V.

If all is not as it should be, you need to
switch ofl and check that you've assembled
the board properly. Look for missed or
shorted solder joints etc., and is the PIC in
the right way round? Still, your electronics
experience is presumably sufficiently
advanced for you to know what to look for.

IMPORTANT
DIFFERENCES

Do noi necessarily expect a program
written for an ‘84 1o be usable on an 87, or
vice versa — the commiands used are the
same but the required register addresses
can be very different.

For example. where the User Dala
Memory staris at $0C for the "84s, il staris
at 520 for the *87s, the addresses from $0C
to SIF being additional Special Function
Registers. Any code written for thc 84
must take this change into account if being
converted for 87 use. -

Tt is also well worth noting with the "§7s;
that if you want 10 use PORTA as an output,
not only must register TRISA be set for its
selected pias to behave as outputs, you
miust also set the ADCONI register at $9F
(PAGE], $1F) 1o a value of 6 or 7 as well.
Any other codes will set one or more
PORTA pins for analogue-io-digital opera-
tion. A similar situation applies 1o PORTE
where available.

For complete information on ADCONL,
see the data shezet for the “87s (especially page
122 — late-1998 edition. Also see the error
note at the end of this article). The following,
though, will be of interest in the first instances
of experimenting with the "87s:

To access ADCONI, equate it 1o S1F at
tite head of your program. along with all
the other equates:

ADCONI: .EQU SIF

Then, when setting the TRIS factors (for
pori direction controt), set ADCONI w 6 or
7(it doesn’t matter which), e.gs

CLRF PORTA
PAGEI
CLRF TRISA
MOVLW 6
MOVWF ADCON1
PAGEOD
A program exam-
ple that allows all five
ponis (PORTA, B, C,
D. E) 1o be set so
that binary counts

appear on their out- % PIC

puts is available in
test  program
TRTEST4.ASM.
Note that TKTESTI
and TKTEST2 do not
allow PORTA to be
seen as a couniing
oulput on the '87s
{this will only be seen
on the '84s).

A further point: on
the '87s, RA4 is an

open collector output The disassembly screen showing the six-PICs catered for.
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send to PICs using

(as it is on the '84s), but RAS is a“normal "
pin in this context.

DISASSEMBLY

Those of you whose compulers can’t
read Toolkit's daia line can skip this section
(correction ~ no you can’t, you ought 10
know what you are missing and think about
installing a printer porl card that can read
back, they are not expensive).

We now tell you about disassembling a
PIC’s data, translaiing it back into a source
code (LASM) file. This is useful if you have
got a PIC that you don't know what func-
tion its been programmed to perform. Note,
ihough, that the PIC itself may not allow
you o disassemble its contents.

All PICs of the '84 and '87 iamilies have
the option when configuring them to
change one or more Code Protect flags.
which from then on prevent the data being
read back. It's to help stop the unscrupu-
lous from- pirating other people’s code!
(We, though. encouraze you to allow full
and free dissemination of any codes you
Toolkit - see
Configuration, earlier!)

If disassembly is a function -your com-
puter lets you use, from the main menu
select option 6. The screen revealed shows

a table of the six PIC devices catered for by

Toolkit, and their capacities. It is necessary
to select a particular device to be disassem-
bled since the software nzeds to know.how

‘many commands it has to read.

Tell it too few and you will not get all
you want; tell it too many and you will get

the same section of data re-read (there's

fold back to zero if the PIC finds its byte
address is higher than is allowed). There is
no way to tell the software where it should
actually end its disassembty except in this
fashion — disassembling the entire contents.

Although all six devices are shown, in
fact the software only has three size options:
1K, 4K and 8K. So. for instance, if you are
set for the "C84 but are disassembling an
'F84, you can accept the "C84 option.

As with many other Toolkit programs.
default selection is included. The default can
be changed by pressing the required option
number. Press option 2 and note the default
has changed 1o the "F84, which is now con-
firmed on another line as having been select-
ed. You could have just pressed <Enter> to
have selected the previous default, had that
been acceptable (which in this case it was),

oo RISASSINOLE FREY PIC G187 TO'TASY STHRCE (O3 eveerarve
WITAY IS M0 CinPIC\DDIGDE ASH

SPPE PINS EXFRN
1

167877 B

0
WRICH [RUICE TYPE T PICIB0H4 SELICIED
W Y10 WISH T PROCESS (THIS TREGRAD VA 7

RINISHED DISASSENLING PIC16CH T Tasn

#V AEY PEISS RESTORES MEYE)
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Accept the defsuli to process this pro-
gram, press <Enter>, Confirmation will be
shown that disassembly is in progress (and
the format, TASM, that it is being generai-
ed in — the option 1o disassemble to

_MPASM iormar is available via menu
opiion 7).

You will also see at the top of the screen
that the file name to which disassembly is
being made is C:\PIC\DECODE.ASM.
This is another default factor, the
DECODE.ASM part of it is-fixed in soft-
ware. but the destination directory and file
name can be changed from menu option D
{whose functions are discussed later on).

Be aware that disassembly is a section
whose rute of completion will depend heav-
ily on your compuier’s sysiem speed — all
sorts of look-ups and comparisons are
being made during the process. The
author’s 120MHz Pentium takes abour
three seconds for an 84; his 33MHz 386
takes 83 seconds!

When you have been informed that dis-
assembly is complete, return to the main
mena as Indicated.

TEXT FILE EXAM

Exams — often a hateful concept, bus
here highly beneficial. Now that you've
disassembled the PIC, you ean examine the
text file via DOS EDIT. (It is assumed that
all modern PCs have DOS EDIT accessible
from anywhere within the compuier’s
directory sysiem.)

IFrom the main menu, you will see that
alongside the E Edit Text File option, the
newly disassembled file name
C:'PIC\DECODE.ASM is now shown as
the default. Press E for Edit, 1o cause an
exit from the Toolkit suite and a retusn 1o
MS-DOS. Therc a Baich file. TK.BAT,
will eall TK2.BAT in which the Toolkit
program has just placed the said defaul: file
name in the command lormat EDIT
CAPIC\DECODE.ASM. 5

This Bawch command calls up DOS
EDIT which then loads the stated file and
displays ir. What you do with disassembled
files was discussed in Toolkir Mkl and will
not be repeated here. You are, in faci, free
to do whatever vou iike with this file from
this position. editing it in anv way vou
wani. and resaving it under any naw name
of your choosing.

Should you want, you can also make usé
of EDIT in the same way as you would in
other situations, examining and ediring
other files from any directory. However,
any change of file name is not copied back
into Toolkit when you return there, the
same default name is still shown and
assumed. (DOS EDIT is the suggested
facility you should use when writing your
own source code for programs you are
developing for PIC use.)

Having called EDIT for a defauli file
from within Toolkit, it’s name remains as
the Edit default name (unless another rou-
tine you access changes i) and vou can
keep on developing your codg and running
it through Toolkit s assembly/program facil-
ities while using the same defaull name.

Have a look now at what is shown in the
-ASM file EDIT is displaying, then press
{in conventional DOS EDIT fashion) ALT,
E, X to exir EDIT. Whereupon tie Batch
file will return you 10 Toolkit's main menus
Press those keys.now.

460

EEPROM MESSAGE
SENDING

These next two routines are included at

the suggesiion of a reader, who lamented
their omission from some other PIC pro-
gramming packages,
- The first routine, Send EEPROM mes-
sage to PIC, allows users lo pre-program
the PIC’s internal EEPROM data memory
(not the program mcmory) with any data
they like. Some sysiems require the PIC
program itszlf 10 place fixed data into the
EEPROM data memory during its initiali-
sation routine before the main program
SIars.

There are several advantages of having
direct access to the EEPROM data memo-
ry, not least of which is the ability 1o
change the data without fully reprogram-
ming the PIC. Another advanlage can be
the saving in the prfogrars memory space
that would othenwise be needed to.place the
data where required.

Referring to the main menu. you will see
the option S for Send EEPROM message 1o
PIC, and its defauh is currently
CAPIC\TKMESSG1.MSG. Use of the
term message is, in fact, a rather loose
interpretation what the file can hold. Ii can
be any data that you want 1o place in the
EEPROM. In this comext, data means any
8-bit bytc value between 0 and 2535. Tt can
be expressed in any of four forms — ASCIL
characters, hinary. " hexadecimat -and
decimal.

Later on, we suggest that you examine
this file fairly closely through EDIT as it
shows the ftype of formats that are
required when setting up your own data
message.

The “grammar” is very simple, and can
be stated as follows:

Real text messages (as ior an lc.d. dis-
play, for example) can have all their char-
acters on the same line, speli-out in text
fashion, thus:

Hi there PICkers!

would be a legitimate message and the
ASCII value (in decimal) of each character
within the message would be sent to the
EEPROM data memory in consecutive
order from EEPROM byte location 0
upwards. Such messages must not be pre-
ceded by any symbol or decimal numbeg,
that will be interpreted as a numerical
valye, Thus:

28 APR 1999

would not be legitimate (sec later for how
this type of situation is dealt with}. -

Binary values must cach be on their own
linz and preceded by a percent symbol (%).
and be eight bits long, e.g::

‘%01100101
% 11110000
% 00110011

each of ‘which would be sent consecutively
to the next available EEPROM byles as
decimal vajues,

Simitarly, hex values must cach be on
their own line and preceded by a dollar
symbol (8), and having values less than 236
decimal (0 to 255), e.g:

$32
S00
SFA

each of which would be sem consecurively
to the next available EEPROM bytgs as
decimal values.

Decimal values must each be on their
own linz withour a preceding symbol, and
‘having a value between 0 and 255, e.g.:

67
48
109

Where a linc siatement might be
confused for a numeric value or a control
symbol, precede and end it by a single
righthand guote (). e.g.:

123" (semt as three ASCII values,
49, 50, 51)
(space, sent as ASCII value 32)
;- (comma, sent as ASCII valuc 44 )
.’ (semicolon, sent as ASCII value 39)
= (rigénhand quote, sent as ASCI| value
39)
0" (zero characier, sent as ASCIl value
48)
%" (percent symbol, sentas ASCIL
value 37)
'S '(dollar symbel, sent-as ASCI] value
36)
* (three spaces, sent as ASCII values
32,32,32)
*28 APR 1999° (date, each character senl
as separate ASCIE value)

(]

All eontrol symbols must be at the statg
of aline, and statement types must not be
mixed on the same line. .

The total message must e no longer
than the EEPROM duta byte capacity of the
PIC — excess length will not be sent.

If you wish to include comments that are
to be ignored by the daia sending program,
they must be on their own line precedad by
semicolon {;), thus the following would not
be sent:

+Just a comnient!

Any message 10 be sent to the PIC can be
written in DOS EDIT. [is file namé must
have a MSG ending.

MESSAGING EXAMPLE

If you have ome of the alphaaumeric
Le.d. modules supplied with a ready-fitted
connector for the Pl/Crutor (CD-ROM)
board. plug it in and vou can observe .the
messaging technigue in action.

First you need 1o load the PIC with pro-
egram C:\PIC\TKTEST3. From the main
menu, press A for Assemble, and then
where it asks which file to process, type in
TKTEST3 {do not type in C:\PIC\ before
it, or .ASM after it).

Following assembly (only 77 com-
mands}), return to the main menu and press
2. C:\PIC\TKTEST3.0B] has now
become the defauli for this option, so just
press <Enter> 10 send it to the PIC.

Now look at the Lec.d. screzn. What you
have just done is to load the PIC with a
simple L.c.d. controlling program that reads:
the contents of the PIC’s EEPROM data
memory and displays them as characters on
the le.d. screep. You could be seeing
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anything on the screen right now, probably
a whole chunk of garbage! You arc-abour to
change that.

From the main menu press S for Send
EEPROM message. The resulling com-
puter screen display shows that
C:\PIC\TKMESSG1.MSG is the default
ready 10 be sent. Press <Enter> to accept il.

A screen similar to that for Disassemble
now appears, giving the choice of PIC
types. It's their EEPROM data memory
capacity that is now imponant, 64, 128 or
236 bytes. Press <Enter> to accept the
default (which should be the 'C34 or "F84#
— unless you've been playing around earli-
er, in which case press 1, for the 'C84).

The screen will now confirm that the
default message has been loaded and that it
is destined for an 84, which has 64 bytes
of EEPROM data memory. Press <Enter>
1o send the message.

Now look at the l.c.d. screen. The first
line shows a real message, Read EPE
monthly. The second line, though, shows

. . how dare you call it garbage! It’s the
lc.d.'s interpreiation of what might be
absolutely critical non-alphanumeric data
for use by another PIC program in pursuir
.of world controi!

Return 1o the main menu, where it shows
that the Edit default file is now the message
‘you've just sent 10 the PIC, Press E to
examine it from DOS EDIT.

You will sez a textale that includes a lot
of “commenis™ preceded by semicolons,
which offer “grammar’ advice which is
similar to that just discussed a moment or
two ago.

Interspersed between the comments are
the EEPROM “message” itself, starting
with Read EPE monthly, followed by
examples of other data formais. That's
what's been sent 10 the PIC — not garbage at
all!

We can-now. confirm it by reading back
the data from the PIC. Exit DOS EDIT to
return (o the main menu.

EEPROM MESSAGE
READING

Once again it is only those whose com-
puters can read back via the printer pon
that can use this EEPROM read routine.

Those who can, press R for Read EEP-
ROM message from PIC. Again a choice of
PIC type is offered, accept the {presumed)
default of an "84, 1elling the computer that
64 EEPROM bytes are 1o be read.

Press <Enter> to accept the "84 default.
and press <Enter> again 1o 5tart the
process.

On completion, from the main meny
press E to emter DOS EDIT where 1hie
default file is mow secen w0 be
C:\PIC\DECODE.MSG (notc the MSG
ending which indicates that it is a message
file and not a source code .ASM file).

The EDIT screen should show a com-
ment line saying which PIC 1ype has had
its EEPROM data memory contents read,
plus the date and time at which it was
done.

After a blank line, 64 lines of data will
be seen. Each line holds three or four
columns of data. Each column in afinc isa
different representation of the data byte that
was read, Line one reads:

$52 01010010 82 “"R”™

ry was created by

lar file, use the cursor

From leit to right, the
columns give hexadeci-
mal. binary, decimal and
(if meaningtul) equwﬂuu
_ASCII character in quotes.
As to which column will
prove 1o be the most useful
rests on the nature of the
program with which the
data is used. In this case, it
is (presumably) the ASCII
characters for the first 16
bytes.

Note that 1hé¢ read message will always
contain the full capacity of the EEPROM
for the device being examined and not all
data will necessarily be relevant to (or used
by) the device’s program.

(Two further messages suitable forl:c.d.
display can be found through the directory
option. Also try writing some of your own.)

Now exit EDIT 1o return to the main
menu.

EXAMINING
DIRECTORIES

Another great improvement offered by

u
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Toolkit Mk2 is that access to file direclory
information has been added. Not only can

you se2 what files are available, but you can
also select any of those files 1o make it the
default file for the routine from which the
directory display has been called.

Let’s illustraic an cxample. From the
main menu press A 10 enler the Assermbly
routine.

You've already been shown how 10 use
the default file offered, and that you can
key in a known file name. The third file

-access option is o call it up via the direc-

tory. Press D for Directory, and then
<Enter>.

A fourth program is now chained into

-service, TKDIRO03. The nature of what is
then displayed depends on the routine from

which the directory was called. Calling it
from the Assembly routine shows all files
having a .ASM cndmg (as relevant to
Assembly) and with the current default
directory (C:\PICY). This information is to
be seen on screen line 2, where it says
Category = C:\PICV*.ASM. (More on
default directory changing presently.)

Screen line 1 shows the main options
open to YOU Now.

The number of files listed will depend on
whether or not your C:\PIC\ directory
existed before load-
ing Toolkit Mk2 (it
could be chockablock
if you are a frequent
user of PIC pro-
grams), If the directo- 3 m'ﬁ%ﬂ T
Toolkit you will see
only four files, three
TKTESTs and one
DECODE.
~ To sclect a particu-

keys to highlight the
one you want. Do so
to select
TKTEST2.ASM,
then press <knter>.
Screen line 1 will
change to display the
file name selected

and askf you wanrio  @amended.
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Typical example of part of a directory screen.

accept it. Press N on this occasion to reject
the offering.

Screen line 1 will now revert to showing
ils previous options. The <Enter> option is
the one vou have just tried; M would retum
you to the main program, which you do not
want at the moment: option D allows you to
rarrow down the number of files displayed
— especially useful if there are a lot of files
shown, Let’s whittle the number down now
to just show those starting with TK and
ending in -ASM. Press D.

Line | dIspIays the previous category
calted. Line 2 asks you to enter a new caie-
gory. Type TK* ‘<Enter> (the asterisk
being used as in any DOS file search
option). See how the screeén has obeved.
your command? If you call a category that
does not exist you are told so and offered
another attempt.

Note that you cannot (from this routine
now) change the drive or the drive directo-
1y that is being scarched, nor can you
change the .ASM ending. The first two can
be changed from another option yet to be
described ({Directory Paith  Display/
Change). The .ASM can never be changed,
it is a category specific o the Assembly
routine {and to some others). Other “dot™
extensions are used in other situations, e.g.
.OBJ when looking for TASM object code
files. .HEX for MPASM hex code files, and
.MSG for EEPROM miessage files.

Move the  highlight back 10
TKTEST2.ASM, press <Enter> to select
it, press <Enter> again to accept the file.
You are now rewumed to the main program
and then returmed to the Assemble routing
from which the directory was called. Lo
and behold., there as the default is
TKTEST2.ASM. Accept it for assembly
and then send it o the PIC if you wanL

Its action is the reverse of TKTEST1 -
counting down from 253 to zero, and repeat

DR R0 VITH 1ecH 5INAAY G\Pll’.\mfm
PO VETH 3]
i FASA K € .

I \PM rﬂ!
PIC
CinPIC\SELEDE S

c’\r

fcm ‘SELECTED

ELD
CIRERY: HPASH HEX 10 TASH BID
SEEZE PEIVE LY

STMEBCE DIEDTIONT
RERTTRAYIGH BRIVE
E2STILi0N DIKICTORY m'\
OFeL SIUBCE URIVE TO T

The screen through which directory and drive paths are
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perpetuwm mobile uniil you change the
program! You can watch this on the Turor
board’s Le.d.s. if you've nothing beiter to
do (which you have, as it happens!)
Anyway. sooner or laler get back 1o the
main menu, and read this next section.

DIRECTORY PATHS

From the main menu, press D 10 reveal]
the Directory Paths Display/Change screen.
It’s from here that you can change default
drives and directory paths, and the default;
PIC ype. 3

You cannot change the “dot” endings,
though. They are fixed! So oo are the
source or destination when just the word
PIC is shown, and the DECODE file name
is also fixed. Nor can you change the port
register, or the verify/disassemble option
they were fixed when the setup program
was being performed and you were asked
10 test the port output lines (Setup can
always be run again if you think circum-
stances justify it — option Z from the main
menu).

Let’s show you how changeable matters
can be changed. Press 2. whereupon the
functional description for option 2 will be
highlighted. At the bottom of the screen the
deseription is repeated as comfirmation and
below it the two subjects that can be
changed. the source drive and source
directory.

You are first offered the chance 1o
change the drive letter. vou might wanr
Drive A, for example. For the sake oi
demo. make believe you do want Drive A.
Press A and <Enter>. See how the source
seatemnent has changed colour and the drive
is indeed stated as A?

A change 10 the source directory is now
offered. Again just for demo, choose any
name you like, between one and eight let-
ters fong, EPE for instance. Pressing
<Enter> will clear the bottom of the screen
and the highlight on option 2. But you will
now sce that option 2's default path has
become  what  you selected -
ASEPEWxx.OBJ (where xxx represents
the file name that will eventually be placed
in that position during that routiné’s active
service.

Still for demo. press 5. You now have
four items 10 chanige if you want, drive and
directory for both source and destination.
As before, any can be changed when
offered on the boitom line. If you don't
wan! 10 change an item, just press <Enter>
and it will remain unchanged. Try it with
all four items shown.

Experiment with any of the other
options, but leave option A untouched for
the moment, we shall return 1o i1 anon.

It is important 1o note that a disk must be
in the drive selected and that the directory
path stated already exists on ii. Failure to
observe this could result in an error situa-
tion that needs you 1o exit the program and
stant again (by typing TK from the PIC
dirzctory).

A lot of error trapping has been allowed
for in the program, but the author might
still have overlooked a potential error situ-
ation from which immediate recovery is not
-passible.

The PIC default type is simply changed
by pressing P, cycling through the six types
catered for. Try it, but end up with one of
the "84s.
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“Hiving changed all you want 1o experic
memt with, when next asked which func-
fion’s parameters you wanlt to change, just
press <Enter>.

‘The program now saves all the new para-
meters. They will continue 10 be the
defaults every time you run Toolkit {(even
after a period of switched off-ness!) until,
you change them again.

Having saved the details, the main menu
re-appears. Press 2 and look at the top of
the resulting screen. You will see that the
default directory is shown as you chose it
If you know that the stated path is actually
available, press D for directory. On entry lo
the directory program, any files within the
stated file directory will be displayed and
can be selected. If the path does not exist,
don’t try this situation until you have
selected one that dogs.

Returmi 10 the main menu and select Dfor
Directory Paths again. This time, press A o
Resiore Author’s Defaults. In the blink of
an eve, 5o shall it be! All your changes have
gone and the original paramelers are back
in place. The word RESTORED will now
be seen on the A line.

The reason is because two identical
default files were created during setting up;
one that your path changes can be saved in,
and the other which remains holding the
author’s defaults. On restoration, the
author’s file is called in and overwrites
your changed file.

Return again to the main menu.

MPASN OPTIONS

The end is nigh, but not quite yet!fust a
bit more to describe:

TASM and MPASM - the differences
betwean these two PIC dialects were dis-
cussed at length in Toelkit Mkl, we shall
oot repeal those discussions here. Sighs of
relief from those who read i1, groans of hor-
ror from those who didn't. Despair not ye
latter, Back Issues are available (and photo-
copies will be when those have all gone —
see Resources, near the end).

Suffice to say now thar all the
TASM/MPASM options in MKL are avail-
able in Mk2 — options 3, 4, 7. 8. 9 on vour
main menu. There’s nothing new abour any
of them, except for the new use of defaults
and directories.

No, wait, there is one significant differ-
ence. It came as a surprise 10 the author to
learn (from a fair number of you) that he’d.
overlooked some situations in which insuf-
ficient memory space remained available in
Basic. That aspect has been thoroughly
revised and very little use is now made of
data storage in memory ~ far more is done
using Drive C as the sworage-medinm.

The main limits imposed on ‘memory
storage are for Labels (1000). Jumps
(1000), Equates (200). Object code length
(16383). Command codes (255), Program
lext lines (9150).

Unless you are trying 10 process some-
thing you shouldn’t be, it seems highly
improbable that you’li have memory prob-
lems with Mk2 — or will you report back
differently ... ?

SETUP OPTION 2

You are welcome to use option Z (run
Setup program) any time you want. You
may perhaps want to recheck your comput-
er's.connections {o Toolkit, for example. Or

you may have acquired a printer port card
ihat can now read data back from the port,
whereas your original board could not.

Beware, though, all the files and defaults
created during the original setting up (and
which you may have changed) will be re-
crealed and the previous data lost. If this
could be a problem to you. make a copy of
all the TK-prefixed files in the PIC directo-
ry and then re-copy them into the remade
directory. (Note-that all other files remain
unltouched.)

0 FOR QUIT (AT LAST!)

You will have used it already, we are
sure, but we'll just repeat that pressing Q
for Quit takes you fully out of the Toolkii
program suite (withow finding yourself in
DOS EDIT instead). To get back, in, type
TK from the PIC directory.

And now the author quits. All queries,
comments and -praise 10 .EPE Tech Ed
please!
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Software for PIC Toolkit M2 is avail-
able on 3-3-inch disk from the Editorial
office and as a free download from the EPE
web site — see Shopralk column in this
issue.

Data sheets for PIC devices are available
for free download from Microchip’s wéb
‘site at http://www.microchip.com.

Arizona Microchip can also be contacted
at Microchip House, 505 Eskdale Road,
Winnersh Triangle, Woking, Berks RG41
3TU. Tel: 0118 921 5858. Fax: 0118 921
3835. (Mail addresses for Microchip agents
world wide are accessiblé via the above
web site.)

Back Issues of ‘Toolkit M (July "98).
the PIC16F87x Review (Apr "99) and
reprints (back issues now all sold) of the
PIC Turortal articles of Mar-May '98 are
available from the EPE Editorial office (see
Back Issues page).

ror details of the PICtutor CD-ROM sge
‘our CD-ROMs for Elecrronics page.

CORRECTIONS i

Part 1 Fig.1. IC3 RB6 should’be num-
bered 39 (27). L

Pant | Fig.2. PIC{6F872/876 pin &
shonld read GND.

DATA LOGGER

Coming scon — 8-channel Analogue
Data Logger. with up to 2Mb serial
memory, using PIC16F877.
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£1 BARGAIN RACKS
- List 1

1,000 itams apy:ear in our Bargain Packs List—
request one of thesa when you next order.

2 LITHIUM COIN CELLS, 3V p.c.b. mouniing, Order
Ref: 1078.

2x5A BRIDGE RECTIFIERS with heatsink eouplers
Io-: 12V charger, Order Ref: 1070.

2210 PACK SCREWDRIVERS. Order Rel: 508.
2xAMP PULL CORD CEILING SWITCHES, browm.
Qrder Bef. 921.

53 REELS INSULATION TAPE. Crdar Raf: 811,

2xCORD GRIP SWITCH LAMP HOLDERS. O:dar

Rei: 913

1xDC VOLTAGE REDUCER, 12v-5V. Cwer Ref

8ia

LIGHI'WEIGHT STEREQ HEADPHONES, moving

col so supenor sound. Ordar Ref: 836,

2x 25\ CROSSOVERS for 4ohm loudspeskers.

Otdar Ret: 22.

2xNicad CONSTANT CURRENT CHARGERS,

easiy adaplzbls {0 charge almaost any NiCad Battery

Orgar Bel: 20,

18V-0-18V 10VA mains tanstormer. Orcer Rel: 813:

2% WHITE PLASTIC BOXES wih s, approx. 3in.

cube. Lid has square hole through the cenire so

these zra idaal for ight-cparated switeh. Order Rel:

132,

2xREED RELAY KITS, you get B reed switches ana

2 eod s=ts. Order Reaf: 148,

12V-0-12V 6VA mains transformer, p.eh. mounting.

Ordar Ret: 938. i

1 xBIG-PULL SOLENOID, mains cperated, has ¥in

pull, Order Rel: 871.

1xBIG-PUSH SOLENOID, mains cperated, has

2. push. Order Reh B72.

1 x MINI BSONO AMP. 3\ into 4 chm sp=aker or W

into 8 ghm. Ordar Ref: 495,

1 MINI STEREOQ 1W AMP. Qe Rei: 870

15V DC 150mA P.S.U, nicely cased. Ordar Ref.

942,

1xIN-FLIGHT STEREO UNIT Is a siefes.amp._Has

fwo mast ussful muni moving coil spsakers. Made for

BOAC pasangars. Order Ref: 28,

1x0-1mA PANEL METER. Full vision face 70mm

square. Scaled 0-100, Order B3l 756.

2xLITHIUM BATTERIES. 2-5V peniight size. Order

Ref: 874.

2x3Im TELEPHOME LEADS. With BT fiat plug. idea!

for 'phona extenslons, fax, ewc. Order Ref: 552,

1x12V SOLENOID. Has good '=n. pul or coud

push i modifiad. Order Ref: 232

IxIN-FLEX SWITCHES. With neon or'off ighis,

sa'¢3s leaving things switchad on. Order Rel: 7.

2x6V 1A MAINS TRANSFORMERS. Upight

mounting with fixing clamps. Order Raf: 9.

1xHUMIDITY SWITCHES. As ths alr becomes

damper, the membrans streiches angd operzles a

micreswitch. Order Ref: 32

4x13A ROCKER SWITCH Thres lags s0 ondgh, or
jeover with centre off. Ordar Rel:

1xSUCK OR BLOW- OPERATED PHESSUHE

SWITCH. Or if can ba operated by any low pressure

variaton, such as watsi level in lanks. Order Ref B7.

1x6Y 730mA POWER SUPPLY. Nicely casea with

mams input and 6V outpu! lzad. Order Ref: 103A.

12 VERY FINE DRILLS. For p.cb. boards eic. Not-

mal cos? about 80p e=ch. Order Rel: 128.

5xMOTORS FOR MODEL AEROPLAKNES. Spin tg

stan 50 neads no svatch. O:der Rel: 134,

6 xMICROPHONE INSERTS. Magretic 400 ohm,

ako acl as speawers. Order Ref: 139,

6xHEON INDICATORS. In panel mounting holders

with bens. Order Ref: 180.

1% IN-FLEX SIMMERSTAT. Kzeps your soidering

ion et a'ways &t the ready. Order Ref:- 186,

1 x ELECTRIC CLOCK. Kains oparated. Putthisina

box and you need never be lata. Ordar Rel: 211,

4x 12V ALARMS. Makes a no'se about as loud as a

car ham, All brand naw. Order Rel: 221,

2x{6In.x4In) SPEAKERS. 16 chm 5 watts, 50 can

o2 joined in parafs! fo make a high wattage eolumn.

Orgder Rl 243,

1 x PANOSTAT. Controis ‘sutput of balling ring from

simmes up to bell. Ordar Rel: 252.

2x OBLONG PUSHSWITCHES. For bell or chimes,

these can swiich mans up to SA so could b

fcotswiich i fittad in patress. Order Ref: 263.

50x MIXED SILICON DIODES. Order Ref: 283.

1x6 DIGIT MAINS OPERATED COUNTER. Stan-

darg sizee but counis In even numbars. Order Rel: 28.

2x6V OPERATED REED RELAYS. Ons nomnaky

on, other noimaky closed. Orcder Rek 48.

1x% CABINEY LOCK. With two keys. Order Ref: 53

6% 815 \WATT SPEAKER. Crdar Rel: B24.

1x SHADED POLE MAINS MOTOR. *uin. stack, 50

quite pawertul. Ordar Rel: 85.

1% CASE, 3%x2V%x 1% with 13A socke! pins.

Ordar Flef:845.

2% CASES. 2V¥ex 2vix 134 with 13A pins. Ordsr Rsi:

4x LUMINOUS ROCKER SWITCHES.

Order Ref: 793,

10A mains.

BATTERY MOTOR WITH GEARBOX. W& opsr=fE on
any DC vorage betw=sn 6V ard 22V, price £3. Ordar
Azl 3P108. A speed controfar is avadahia for s, £12
™ Kt o cr £20 made up, but if you lntend to cperate
frem the mans, IN3N cur power supply 2P3 wil give you
3 speeds and will also revarse. Prica ol power supply s

SPEED CONTROLLER for meirs up 1o 16 hp.. €12
Wi larm, Gedar Rek 12934, and £20 made up and work-
ing, Order Rek: 20P32.

REVERSING SWITCH, sing's po'a 40A or double pois
20A, £1. Ordar Rel. 343,

30A DP SWITCH, panet mounting, £1. Order Rel: 156.
MAINS DRIVEN DC MOTOR CONTROLLER, swatch
gives BY, BV or 12V and revarsmyg. igeal to control the
battery motnr with gaamox, price £2. Crder Rel: 2P3

BT TELEPHONE EXTENSION WIRE. Thiz = proper
haavy duty cable for running around the skirting board
whan you wan! {0 make a psrmansnt auension. Four
cores propery colour coded, 25m igngth ondy €1, Owdar
Rat: 1067,

LARGE TYPE MICROSWITCH. With 2in. lsver, change-
over contacts rated at 154 at 2580V, 2 for €1, Order Rek
1721R7.

HMIN] KICROSWITCH. Only approwmalely t5mm long
with a 20mm lever which could Quite ezsly be removed,
changeover tomtacts ralad at SA AC. 50p sach. Order
Rsf: 121R8.

FLEX PROTECTORS. Rutbsr, 30mm lang. 8mm
diameter with a 12mm shouider. kizal for protectng fiex
passing through a metal panel, 5 for €1. Crder Ret:
121R10.

10K POT. With goubla-pole mains onfaff switch, good
length of Ydn spndie ard hex fiung nwt, S0p each.
Order Ref: 122R5.

DIFTO but SK. Order Bek 1/11R24.

BALANCE ASSEMBLY KITS. Japanssa madz, whan

_assambiad dea! lor chemical expenments, ecmpiete with

twee26ts and § weights 05 o 5 grams. Price £2. Ordar
Raf: 2P444, ;
SUPER CROMPTON PARKINSON MAINS MOTOR.
Realy we¥ mads. lotelly encioged by vesiialed
amewcrk. Size apprommately 4in damater, 4in. high
and with 2in. of 3 Yen. spindia. Spsed is 750pm, hp is
not Quoted but we sstimate this to bs arcund V/&hp.
Prica £10, Order Hel. 107149,

EQUIPHENT COOLING BLOWER. Near enough 5.
square and (%N, lhi:.k but 3 reafy good .ak mover.
Mazins cpemted, poce £4. Orger Bel: 7150

OVEN THERMOSTAT vmh knoh catbrated s0 you can
set it fo cut out 2t 2ny temperaturs up o B0O°F, £3.
Ortar Rel: 3P223,

DOORBELL PSU. This has A.C. vollzge culpul'so s
deal for operabing most doorbais. The unit is totaly
enciosed so parfectlly safe and #t phugs into 3 134 socket.
Prca only €4, Order Ref: 1/30R1.

BUY ONE GET ONE FREE

ULTRASONIC MOVEMENT DETECTOR. Nicely
cased, boa standing, has miemal atarm which c2n ba
siznced. Alzd has connections for extemal speakar or
bght. Price £10. Crder Ref: 10P 154,

CASED POWER SUPPLIES which. wih z faw small
extr2 companents and 2 bit of moditying. would give
12V &t 10A Originafy £9.50 2ach. now 2 lfot £9.50.
Order Ral: 9.5P4. .

3 OCTAVE KEYBOARD with.piarn sus keyj, brard
new, previcus price £9.50, pow 2 for the price of ona.
‘Ornzr Rel: 3.5P5.

GEAR VWHEELS. Sat ol 5, qurits small, shouid enabls you
o g=1 2 vansty ot spesds, maunted in a matal casa bt
easy to remove and use separataly. Prza €1 the sa2t
Ordar Ret D409,

CYCLE LAMP BARGAIN. You czn have 100 6V D-SA
MES pults for Just £2.50 cr 1,000 for £20. Tray are
besutifully mads, sbghtly larger than the standard 5:3V
péot bub ss they would be ideal for making dsplays for
night Bghts and simdar applcations. 50 joined n sariss
can be ected 19 the mzins and woull maks & vary
attractve window display. 100 for €2.50. Ceder Rsh
25P28,

12V RELAY. Minialure, clear platic encissed, has one
se} changeover contacts, on2 set thal bredks contact
ard 3 sats that maxa contact Prica £1 each. Ordes Ral
GR30.

COMPONENT MOUNTING PANEL. Haavy Paxoln, size
arprowmatsly 10@n. x2in. with 32 pairs of brass p@ars
for sovdering of binding on componznts, £1. Ordes Ref:
17RCZ5.

AIR-SPACED TUNING CAPACITOR. Twin '100pF with
immars, exira small. Foed {rom the front by 3 scraws
£2 each. Order Rel: Y7RGC2S.

PEA LAMPS. Very tiny, ondy dmum, bul 13V ai 0-04A
wirg-anded. 25p each. Order Rel; TRC28.

HIGH AMP THYRISTOR. Normal two conlacts-from the
top ard heavy threaded fdng undemsath. We doat
rraw the amperage of this bus thank if to be at least 254
Price 50p sach. Osder Ral: 17RC43.

FLASHING BEACOM. Meal for pmmg an & van, 3
tractor or any vehicle that showid ahways be seen. Uses a
Xenon tube and has an amber coloured dsms. Sepzrata
foing basa is included SO unll can De pul away #
Gegrakia. Prica £5. Order Raf. 5P2567.

LIGHT ALARM. Or 2 could ba used o wam when asy
cupboard door is opaned The Bght shining oo the unlt
makes the bel ring. Corrgiately bult and neatly cassd,
requ¥es onty a banery, £3. Order Rel: 3P155
WATER LEVEL ALARH. B2 R bath, snk, celar, sump o
any otter thing that could food. Thes devace 0 el you
when tha walsr Bas rsen o the prase! leval. Adusiabia
over quite a usetul renges. Nealy cased for wall mount-
ing, ready to wack when bauery @tad, £3. Crosr Rel:
3Piss.
BIKE RADIOQ. In fact, i's move than 3 radwo, ks an alam
ard a spotight. The rado is batiery oparsiad, ol courze,
and ngeds 3 AA colis. OnYy oie band but thi &5 the FM
Band €6 well receive Rado 1 and 2. Comeas compiela with
handiepar ftong cios. Price €4, Osder Rel: 4P72
EMERGENCY LIGHTING UMIT with perapex cover. Con-
t3ns internal rechargearis hatteries and s own chargs?
to cperate an fernal fluccescant tube Stays on for 3
kours shipuid mens fall Price £15. Ceder Raf: 153932,
PHILIPS Shy. MCNITOR. Not cased, but 2 is ;v 2 frame
for ragk mounting. It i8 high resgiution and was made to
work wiah the 1BM One per dsk computar. Price 215,
Ordar Ret: 1371,
METAL CASE FOR 9in. MONITOR. Suppied =5 a-fial
pack, price £12. Crder Rafr 12P3 >
TELEPHOME EXTENSION LEAD. Nicsly mads and BT
approved. Has the plug oito BT socket one and =nd the
telephone sockal the-pthes end, total length 12m, £2
Order Ral: 2P336. y
INSULATION TESTER WITH MULTIMETER. internaly
genarales vohages which enasis yaut 19 tead insulation
gaectly in megohms. The multimeter has four ranges,
ACDC vous. 3 rangds DC mitamps, 3 ranges resstance

and § amp range’ Ex-Briish Telecom but in very 0o

conditon, tested and guarardeed, probabry oot at lzast
£50 each, yours for only £7.50 with 'sads, cdnying case

‘€2 sxtra. Crdar Rsf 7.5P2

REPAIRABLE METERS. We have some of tha zbove
testers but faully. not working on al ranges, should b
repairatiz, wa giagram, £3. Order Ret- IP178.

PIANO ON KEY CHAIMN. Afthotxth it I8 quite smafl, only

‘20mm iong, & Wil play any una. [nsmEtons with it el

you which keys 10 press for Happy Binhday'. Twinkde
Twinxle Litie Star’, "Singie Bals’ and Londen Sedge. It s
also a lgnl i has a Rtle tamp which can be operzled oy
the end svitch, Battery coerated (ot otiuded), price
£1.50. Crder Re®: 1.5P38. i

12V RECHARGEABLE YUASA BATTERY. Sesled so
uszhiz i any pasifon — suit ool tralay, lzan mowsr,
poriabie Aghts, olc., ele,, only £3.80. Order Ref: 3 5P
CHARGER FOR YUASA BATTERY. Ths batery
charger plugs milo a 13A seckel, chames at
apomamatsly 1/2A 5o | wouldd chargs thes, tantery
overmight. Complela with croc clips, ready to go, £5
Crder Rel: 5P269,

TOROIDAL MAINS TRANSFORMERS
All with 2207240V primary winding

24V +24V at 25VA wouid give
25V a1 1A or 50V at WA,
pica, £3. Crear Rel: 3P245
0-7V 40VA has main vt
ing 7TV at 5A and a secon-
dary winding 12V 1A price
£3. Oedzr Ret 3P238.
0-110V+0-110V a1 1ZGVA
viouid ghe you 110V at just
aver 1A of 220V ot %A, prce
£8. Oedar Ref: B7G3

35V +35v ar 150VA would
give 35V at 1A oF 70V &l 2A, prce £8. Orger Rel: 8RG8,
35V+35V a1 220VA would give 35V at 6%A or 7OV at
IvA, price £10. Osder Rel: 10PG4.
110V+110v 21 220VA woukl gvz 110V a1 2A or 220V 2t
14, price £12, Order Ref: 12PGS. " }
10V # 110V a1 SGOVA would give 110V a1 5A ¢r 220V 2f
nearty 34, price £25. Order Rel: 26PG3.

SUPER WOOFERS.
A 10in. dohm with pover
rtng of 250'W musc amd
nommal 150%Y. Normal salng
price for ths & £5E+VAT,
you can buy at £2% ncudng
VAT ard camiage. Ortler Rat:
2CP7. The sacord cne I8 an
Bin. dohm, 200W music. 200W normal again by
ChaZenger, geice €16 Ordar Rel: 18P2.

Deduct 107% trom thesa prices § you order i pairs a7 can
codfect. Theas are all brand new in makmr's packing.

A TERMS |
Send cash, PO, cheque or Guale credt card numbe
— ordars under £25 acd £3.50 service charge,

g DeptuE-E )
Stalrbndge ne, Bolney,
‘Sussex RH17 5PA

It Telephone: 01444 38‘19'65 |
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ELECTRONICS TEACH-I} No. 7. FREE
ANALOGUE AKD BIGITAL SOETWARE
ELECTRONICS COURSE &

(published by Everyday Practical Electronics}

Alzn Winstaniey and Keith Dys B Eng{TechJAMIEE
‘This highly acclaimad £FF Teach-In series, which Inchudsd
the construction and use of the Minf L35 sad Micro Lab
1est snd deselopment  units, has been put together in
book form. Additionslly, £PT Educational Settwere have
daveloped 3 GCSE Electronics soit psagTem fo com-
pliment the coursa and 38 FAEE DISK covefing the fust twa
parts of tha course 3 included with the book.

An interesting and thorough tutosial series aimad spech-
fically a1 the novice or complate begimnsr tn alectrenics.
Tha sefies is designed 1o support thote und2rtsiing either
GCSE Electronics of GCE Advanced Levs!s, and starts
with fundamentst principles.

I you are tecking eleztronics c: technology at school
o college, this boox is for you. § you just want ta
fearn the basics of elzcuonics or technclogy you must
make sure you sea it. Teach-/n Mo. 7 will be invaluable
i you ara considering a carest in electronics or even
if you ere alteady wreining in one. Tha Mini Lab and
softwere ensble the construction and testing of both
demonstration and dewsiopment circuits. Thas= laarn-
ing aids bwing electronics to fife in an anjoyable and
interesting way: yau will both sez and hear the slectron
in action} The Micra Lab microprocassor add-on systam
will appead to higher Isvel students and thosz davalop-
ing microprocessor projects.

168 pages Oreder coda 117 £3.95

Circufits and Destign

ELECTROMNICS PROJECTS - —FREF
USING ELECTROMICS WORKBENCH
|us FAEE CD-AOM CO-ROM I
. P Horsay

This book offers a wids fange of tzsted circudt mod-
wles which can be usad as elsctroniés projacte, past f
zn electronics coursse, of &5 & handscn way of gt
ting better scquaint=d with Slectronics YWorkbench, With
circuits ing from ‘bulbs and banare® to complex
systems using integrated circuits, the projects wiil appeal
10 novices, studants and practidoners aliks.

Electronics Workbanch is a3 highly versatile computer
simulation packzge which ensbles the user ta design, test
and moddy thair circuits bafore building them, and to plan
PCB layouts on-screen. All the circuits In the book are
provided as runnablzs Elsctrone Workbenach files on the
enclosed CD-ROMY, and 5 sefection of 15 representative
circuits can be explored using tha free demo version of
the application.

Coments: Scim= basic eonsepts: Propecs with swvitches,

-LEDs, relays ‘and ciodes; Transsiocs: Power supplies;

On.amp peoiects; Furthar op.amg cruits; Logic gates; Raal
logc circus; Logic gate multndibrators: The timer;
Flip-fiops, counters and shédt registers; Addere, comparators
and muhiplaxers; Fieid effect wansigtors; Thyrfsiors. thacs
zrd diacs; Constructing your cirnist; indsx.

227 psges Ordes code ] £14.99

A BEGINNER'S GUIDE TO MODERN ELECTRONIC
COMPONENTS

R A Penfold

T2 purpose of this book is 1o provide praciical informa:
tion to help the readsr sont out the bewildering array of
compeonsnts curently on oftzr. An advanced knowiedge
ol the thecry of electronles is not nesded, and this
book is not intesdad 1o ba s course in slectronic theory.
The maln alm is 1o explain the differences between
componeats of the samg basic typs (2.0. czrbon, carbon
fitm. metz) film, and wira~weund resistors) so that the
right component for s given epplication can be scldcied.
A wide range of coemponemts ere included, with the
emphaesis firmly on those components that are uzed &
great geal in prajecis iof the home canstructor,

170 pagas £4.99

—

The books listed have been selected by Everyday Practical
Electronics/ETI1 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 ho matter how
many books you order! 3a

L o >
Computin
L o g
VatDOWS 55 EXPLAINED of external hardware provides 3 surprisingly versstile

PR M. Ofiver and M. Kantyris

# you woutd iike 1o get up and nunning. as soon s possibla,
with tha pew YWindoras 05 opsrating system, then this = the
book for you. -

The book was vaittzn with the non-expart_ busy person in
ménd. [t axplaing the hardhvare that you feed in order 1o run
Viindows 95 ty, @d hauw to Install and optimize
YDUr Systans resowrces.  presers an ovenview of the Win-
dizws 95 environment.

Later chaptars covet Bony 1o vaork with programs, fokiers
& documents; how 10 contrat Windovs 85 and use the
m3ny sccessodies thal come with it havr to use DOS
Grams and, i necessary, DOS commands and how 1o com-
muricats with the rest of the destronic wosid.

170 cagee £

INTERFACING PCs AND COMPATIHLES

R A Penfold i

Crize you lovow how, PC interfacing is iss invotved than
interfacing many e:ght-bit machines. which hawve terded G
w32 som unusua! intarfacing methods.

This book gives you: A detarled deserintion of the fmes
fresent on ihe PC edpansion bus A dstailed discussion of
the phnysical charsctaristics of PC expansion cards. The 1O
mzp 2nd deass of the arsas where your add-on an be
fitted, A diecussion of sddrese dacoding technigues. Practi-
2l address dacoder cucuits. Simpla TTL 8-bit input and
cutput ports. Details o using the B255 paratel interfzce
adzptoe Digital to analogue convarter cirmuits. in fact eveng—
fhing you nesd w know in order 1 producs successtl PC

& pag=s Dvder code BE2 83

EASY PC INYERFACING

R A Penfold 4

Altheugh the intzenal dxpansion siots of a FC provide
{ull access to tha col 1er's buses, and zra suiteble for
vser gdd-0ng, making yeur owvm expansion cards re-
quires 8 fai smount of expsnise and eguipmant. The
built-in ports movide what I8 ofisn 2 much essizr 2nd
hassle-frez way of limedacing your ovm circuits to 8
FC. In particiar, 8. PC yinter pont plus a small amount
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inputfoutput port. The PC "games™ port is less usehul for
geners! interfacing purposes, but it ¢an bes ussful in
scmme applications.

This book provides a numbar of usaful PC addon
circuits including the following: Digital input/output portsy
Araloguz-ta-digital convertsr; Digitalac-Anzlogue Con-
verter; Yohage and Curent measurement circuits; Rasis.
@nce meter Capacitsnce mefer; Temparature measyre-
manat intedace; Biofeedback maonitor; Consiant voltage
model train cantroller. Pulsed model ain comtrollers;
Position sensor {optical, Hall sffect, stc); Stzpper motct
intarfaces Aelzy, and LED driverss Trisc mains svfching
imerface.

173 peges Order code BRISS £199
INTRODUCTION TO MAICROPROCESSORS
John Crisp

¥ you zre, or soon will be, involved in the usa of
IOpeLessors. this- practica) introdiction  e=ssntia
reading. This bock prevides 7 thotaughly reqdab&fl;uab
tion 10 MICIOpIroCessors. assiaTiing na previkes inoafedce
of the subject, nor 8 tzchnkal or mathemaical back-
greemed. Bt 13 sunsble for students, tachnicians, anginass
ard hobbyists, and  covers the fll range o modem
MMICIHOCasIors.

After 3 thavouah introduction 10 (e subject wess are
dxvelopad progressively i 3 vallstruciured format AY
techrizzal lanns are tareiu!}y mntroduced and subjects which
haee proved difficul, ko example 25 complement are
clearly explainad. Jjohn Crisp covers the complete ranza of
miCroprocessors from the poputar 4-bit and 8-b1 designs Lo
today's superdost 32-bit and 84-bit versions that pawer Fis
and engine MENSGemant gysiaims et

Contztits: The word changsd in 157); Miroprocessees
dom't have ten fingers; Morz counting; Mathematics
micros; It's ail 8 marer of logic; Registers and mamories; A
mictoproRessor based systern: A typaca! TRCTOPTDCES-
sot; Programming, High levzl lsnguages; Micres zre gating
begger snd faster; The pentium; The PowerPC; The Alpha
21184 wicroprocesses. Interfaoing; Test squipment and

fau't firnfing. 5
222 pages £1699

PRACTICAL REMOTE CONTROL PROJECTS
Ovsen Bishop b,
Provides a wealth of circuits and circut modules for usa
in ramois contro! systems of all kinds; ulirasoric, infra-
red, optical fibre, cable and radic. There are instructions
for building fouriesn novel znd practical remate control
projects. Hut this is not all, &5 each of these projects
grovides 2 model for bullding dozsns of ather ralsted
circarits by simply modifying parts of the design slightly
to suit your ovwn requirements. This bosk tells you how.
Ajso included gra technigues for connecing 2 PClo a
ramolz centrol systam, tha uss of = miccocentrollsr in
remote control, as exampiified by the BASIC Stamp,
and the applicaticn ol ready-mzde Wpe;ﬂ;pcoved
41BMHz adio trensmitter and recelver modulss 12
ramote control systems.

180 psges [ Didar cods BP413 | £5.09
DISCOVERING ELECTRONIC CLOCKS
W. D. Phillips

This is a whole book about designing and making
alectronic ¢locks Ygu start by connecting HIGH and
logic-signais 16 logic g=tes. You find cut sbowut
and then build and test bistables, erystsl-conirolled
actebles, coumters, decoders gnd displays. All of these
subsystams zra carslfully expleined, with practical work
supportad by pasy to tollav prototype board lsyouts,

Full constnaitiona! detz%, including circult disgrams and
s minted circuft board pattern, zre given for a digital
elecironic clock. Thz cirguit for the Firlt Cock s modfied
zrd daveloped 1o produce additional desians which includa
a Big Digit Oock, Emary Oock, Linear Clock, Andrew’s Clock
{with 2 sémi-ar3logua displayl, and a Circies Oock. All of
thesa designs are urusual and distinctive.

This s an ideal resource for peoject work in GOSE
Design znd Technelegy: Eisctronis Product, ard for
project work In AS-Level and Adevel Bectronics and
Techriology.

133 pages, Ad spiral bovod [nETenrINiAR

DOMESTIC SECURITY SYSTEMS
A. L Brown

This bock shows you how, with common sense and basic
do-it-yoursad sigils, you can profect your home. i atso
givas tips and idaas which will telp you 1o mzmain and
improve your home security, evan f you siready have
an slsrm. Every circuit in this book i clearly describeg
and Mustrated, and containg componenis that are easy fo
source. ice and guidanca are bassd on the resl ex-
porience of the author who s an elarm installes, and the
detfons themszlves have been rigor ¢ put 13 usa oh
zoma of ths mosi crime-ridden sireats in the world.

Tne designs include all elemsznts, including sensors,
dsiectors. slamms, coritrols, lights, video and dpor entry
systems. Chapters cover instaliation. testing, main-
{enance and upgrading.

£16.50

19z pages E1259
MICROCONTAGLLER COOKBOOK
Mike Jamas

The practicel solutions to razl probiems shown in this
cookbook provide the bisis 1o make FIL and 8057
devices reaily wark. Capabiliies of the variznis are
examined, =nd ways to enhanca these zre thown. A
sursey Of common interfzcs dovices. snd = descrip-
tien of programming models, 1ad on 0 a section on
davelopment techniques. The cootbook offars zn invo-
duction that will allow any usar, novics or exparienced,
to maka the most of microcontroders.

230 pzges ¥ -£18.99

A BEGINNER'S GUIBE TO TTL DIGITAL ICs

A. A. Penfold

Triis book first covers ths basics of simple logic circuits
in general, and then progresses to specific TIL jogic
integrated circuits. The devices covered includz gates,
oscillators, timers, NipAlops, dividers, znd dazoder cir-
cuits. Some practical circwsts =re vsed 0 jllystraie the
us# of TTL davices in the ‘real world™” s
142 psges Osder code BP33Z £4,85

ELECTRONIC MODULES AND SYSTEMS FOR
BEGINNERS

Owen Bishop 3 ™

This book describes over 60 modulss =lactromic circuits,
haw they work, how to build them, dnd how o use
them. The modulss may bs wired tegsthar to make
fundreds of driferemt elecironic systems, both anatogue
and digital. To show the reader how o hegin build-
ing syst=ms from modules, "a selsction of over 25
elecironic systems ars described in detsil, covering
such widely differing applications ac timing, home
security, measurement, audio {ncluding a simple radio
rEceiver], gamas and remote cantrol,

200 pages Oidér code BP2ZEG £3.85

PRACTICAL ELECTRONICS CALCULATIONS AND
FORMULAE

F-A_Viilson, C.G.LA.. C Eng., FILEE, FLER.E, FB.LM,
Bridgzs the gap beiween complicatad tachnical thaory,
and “cut-and-ined” mathods which may bring success
in design but leave the experimanter unfulfilled. A
stroag practical bias - tedious sod higher mathematics
hsve been avoidad wherz possible and many tables
hava been includad,

Tra beok is divided Into six basic sections: Units and
Constants, Direct-Cusrant Circuits, Pessive Componernts,
Afternzting-Current Circuits, Natworks and Theorems,
M§§syrements,

236 pages Temporarily out of print
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Bebop To The

By Clive (call me Max)
Maxiield
QRDER 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 pictura” of
digital electronics. This in-depth, highly
réadsble, up-to-the-minuiz guide shows
you how electronic devices work and how
they’re made. You'll discover how transistors operaie, how printad cireuit
boards are fabricated, and what the innards of mzmory ICs look like. You'll
also gain a working knowledge of Boolean algsbra and Karnaugh maps,
and understand what Reed-Muller logic is end how it's used. And there's
mpch, MUCH mors {including a recipe for 2 truly great s=afood gumbol).
Hundreds of caraefully drawn illustrations clearly show the important
points of each topic. The author’s tongue-In-cheek British humaor rmakes it
a delight 1o read, but this is a REAL tachnical bock, extremely detelled and
accurate. A great reference for your own shelf, and also an id2al gift for &
friend of famity member who wants 1o undérstand what it is you do all
day....

oolean Boogle

BeRop &

DIGITAL ELECTRONICS - A PRACTICAL APPROACH’ FREE
With FREE Software: Number One Systems —- EASY-PC | SOFTWARE
Professionat XM and Pulsar {Limitad Functionallty}

Richard Monk
Covars binary arithmetic, Boolean azlgebra and logic. gates, combina.
tion logic, sequential logic including tha design znd construction of
asynchronous and synchronoys eircuits and registzr circuits. Together
with a considerabla practical content plus the additional attraction of
its close association with computer-aided design including the FREE
softwara.

Thars is & ‘blow-by-blow' guide to the use of EASY-PC Professional XM
{a sehamatic drawing and printed circuit board design compuizr package}.
The guide also conducts the reader through logic circuit simulation using
Pulsar software. Chap(ers on p.c.b. physics and p.c.b. production tech-
niques maks the booX unique, and wilh fiz host of project ideas make it an
ideal companion for the integrative assignment and common skills com-
ponents required by BTEC and the kay skllis demanded by GNVQ. The
principal aim af the baok is to provide 2 straightiorward spproach to the
understanding of digital electronics.

These who preier the Teach-In' approach or would rathar expsrimant
with some simple circuits should find the book’s finel chapters on printed
circuit board prnduchon and project !dE:xS especially useful.

250 pages £16.99

Bebop Bytes Back | CO-ROM |
Bebop BYTES Back

An Unconventional Guide o

By Clive “Max" Maxlield
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:
Eully Functional Intemet-Ready
Virtual Compuler with [nteractive .

This follow-on to Bebop To The
Bootesn Boegie is 5 multimedia ex-
travaganza of informsztion about how
computzrs work. It picks up whsre “Bebop I laft off, guid:ng you through
the fascinating world of computer design . . . end you'll have a faw
chuckles, if not bally laughs, along the way. In addition to over 200
magabytes of mega-cool multimedia, the accompanyinge CD-ROM (for
Windcws 95 machines only) contzins a virtuz! microcomputer, simulating
the motherboard and standard computer periphaerals in an extremsly
realistic manger. In addition to a wealth of technical information, myriad
nugpats of trivia, and hundreds of car=fully drawn illustratians, the book
contains a set of lab experiments for the virtual microcomputsr that let
you recraatze the experiences of sarly computsr pioneers. |7 you're the
clightest bit interested in the inner workings af tomputers, then don't dare
to miss this onef

DIGITAL GATES AND FLIP-FLOPS
lan R. Sinclair
This book, intended for enthusiasts, students and technicians, seeks 1o
establish a firm foundation in digkial ¢lectronics by treating the topics of
gates and flip-flops tharoughly and from the bzginning.

Topics such 35 Boolean algebra and Karnaugh maepping are explainéd,
‘demonstrated and used extensively, snd mor2 attention is paid to the
subject of synchronous counters than to the simple but less important
rpple counters.

No background other than a basic knowledge o electronics is assumed,
and the more theorsiical topics are explained from thz beginning, as also
are many working practices. The book concludes with an explanation of
mitroprocassor tcchntques as appliad to digital logic.

200 pages £8.95

Audio and Music

AN INTRODUCTION TO LOUDSPEAKERS AND'
ENCLOSURE DESIGN

V. Cape!

This book explares the various fealurzs, good points
and srisgs of spaaker designs. it examines thz whys and
wherefores so that th2 resdar can understand the
principles involvad 2nd s make an rformed choice of
design, or even design loudspeaker sinclosures for him—
or berseif. Crossover units are aisp explained, the
vatious types, how they work, the distortions thay
groduce 3nd how o gvoid tham. Finally there & &
step-by-step description of the construciion of ihe
Kapellmezsizr lgudspeaker enclosure.

148 pages Ordaecode EPZS6 £3.59

ACOUSTIC FEEDBACK - HO\W TO AVOID IT

V. Capel

faadbsck is the bame of all public sddress systems.
While feedback cinnot be completely eliminated, maﬂy
things can be donz to reduce it 1o a tewel 21 which It is
nc longer a problam.

Much of the trouble ¥ oftsn the hall itsed, not
the equipment, but thera is & simpla and practical
way of graatly Improving acoustics. Some mictephones
are pronc 10 feedback while others aré not. Censin

toudspaakar systems are much battar then others, and-

the wiy the units are positioned can produce a reduced
foadback All these matters are fully explored 25 vell &3
electtonic aids such as equalizers. frequency-shifiers
and notch filters.

The special requiremants of Hive group concents zre
considared, and a'so the raiat=d problem of Instatafity
that Is somatimes encountered with largs set-ups. We
aven 3k2 a look at some unsuccessful sttempts to cure
feedback 30 2s 1o save readers wasted time and affort
duplicating them.

Also Included is e circult and layous of an inaxpen-
sive but highty successful w.in-notch filter, and how 10
cperals it

82 pages Tempararily out of print
PREAMPLIFIER AND FILTER CIRCUITS
R A Penfald

This book provides circuits and bsckground infosmation
for 3 rangs of presmplifiers, plus tons conuols, Nitiérs,
mixers, =fe, The use of modern low noize opsratichs!
amplifiers srd a e=pecizlist high perdormance audic
preamplifier i.c. reSults in e¢ircuits that have exceflent
pedormance, but which zr= still guite simple. All the
¢ircuits featured can be built at quite low cost (just
g few pounds in most cases). Tha presmplifier cir-
cults featured includz: Microphone preampiifiers (low
impadance, high impedance, and crystal). Magnetiz
cantridge pici-up preamplifiers with RLAA zqualis=
tion. Crystat ceramiz pick-up preamplifize Guhtar plck-up
prazmpiifizr, Tane head préamplifier {for use with com-
paci cassaite sysiams).

QOther circuits Include: Audio limiter 10 prevent over-
losding cf powsr amplifiers. Passive tone controls
Active tune cortroks. PA filtess |highpzss and low-
pass). Seratch and sumbla filters. Loudness filtse, Audic
mixers. Volumé and balance controls.

92 pages Temporatily out of print

COMPUTERS AND $USIC - AN INTRODUCTION

R A Penfold

‘Compaters are playing 3n incressingly impottant:part in
the world of music, and the days when computerised
music wag strictly for the fanaticzi favr sre long gone.

I you are more used 10 the black and white keys of 2
synth keybcard than the QWERTY keyboard of 2 com-
plter, you may b2 undarstanidably confused by the jar-
‘gonand terminology bandied about by computer buffs:

Everyday Practical Electroniés)ETI, June 1999

But fear nol, seiting up and uSing 8§ computer-based
munsli_c meking sysiem is not 2s difficult a3 you might
thil
This book vAll heip you leam the basics of cqmputing,
running zpplications programs, wiring up a MOl system
and using the syster to good effect, in faet just about
sverything you nesd to know zbeut hardwara and the
_programs, with no previous knowledge of computing
necged er assumed. This book will hsip you B chaass
the rght componenis for 2 system to suit your parsonal
neads, snd equip you 10 expleil that system fully
174 pagss Temporatily out of print

ELECTRONIC PROJECTS FOR GUITAR

R. A. Penfold

This book coptains & coliectfon of guitar effects and
scme general purpose affects units, maoy of which era
suitable for beaginners to project building. An intreduc-
tory chapter gives guidance con construction.

Each project has an introduction. =n explanation of
how it works, 2 cirgust disgram, complere instructions
on stripteard |zyoul and sssembly, 25 well 23 notes
on seiting up ard using the units. Coments include:
Guitar tupes; Guitar preamplifier; Guitar headphans
ampiifies; Ssft distorion unit: Comprassor; Envelop

‘wai waa: Phaser; Buzl tracking effects unit; Noise

gate‘expander; Trebiz booster: Dynamic treble baosier;
‘Envelepe maodifiar; Tremels unit: DI box.
110 pages Temporarily out of print

HI!GH POWER AUDIO AMPLIFIER CONSTRUCTION
'R. A Peanfold

Przclical construction datails of hovr 1o build 2 num-
ber of audic powvier amplifiers ranging from about &5
1o 3060800 waalts rms includes MOSFET and bipolar
transistor desigrs.

Bf pages = L]
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SCROGCIE'S FOUNDATIONS OF WIRELESS

AND ELECTRONICS - ELEVENTH EDITION

5. Y. Amas 2nd Roger Amos

Scrongie’s Foundations Is 3 classic text for znyone work:
ing vth electronica, who needs to know ths art and craft
of the sublect b covers both the thecry and practical
aspects of 8 huge range ef topics frem valve snd tube
technotogy, and the application of cathode ray tubes
to radar. to digital 1ape &ysi=ms and optical recording.
techniques.

Since Foundations of Wirslass veas first publishad over
60 years 5go, it has helped many thousands of rasders 1o
become -familiar with the-prnciples of radio and slec-
tronics, The original author Sawerby wes succesdad by
Scroggie in the 1340s. whose nzme became synonymous
with Utis classic primes for peaclitioners and studepts
alike. Stzn Amos, ona of the fathers of madern slactronics

and the author cf many wall-known Gooks In the arsa.

ook over the fevision of this book in the 15205 and it s
he, with his son, wha have preduced s latest version.

400 psgeas Oides cotie' NE2T £19.99
ELECTRONICS MADE SINPLE

Ien Sinclzir

Assuming no girior kncviedge, Electronics Made Simpls

presents an ouiling of madem electron’cs with an em-
phasis on undesstanding how systems work rathes than
on details of circut diagrams and cakculations. ht is ideal
for students on a rangs of courses in glactronics, includ-
ing GCSE, C&G and GNVD. and for students of other
subjects who will ba using electronic instrumenz and
methods. 3

Contents: waves and pulses, passive components,
active components and ICs, linear circuits, block znd
circuit disgrams, how radio woris, disc and 2 record-
Ing, elemments of TV and tadar, digisl signa's,
togic circuits, counting and cotrecting, mMicropfoSESTOTS,
caleulators and computars, miscellzreous sysiems.
Page 158 Harge foma) ci250
TRANSISTOR DATA TABLES
Hans-Giinthsr Steidis

The tables in this book contain iformation about tha

age shape, pin connections and basic elscirical data

or each of the miany thousands of transistors listed. The
data includes maximum reverss voltags, forward currant
ard power dissipation, cument pzin and forward transad:
mitlance and resistance; an-off frequency end details of
applications.

A book of this size is of necessity testictzd in its scope, .
antt the indhidual trznsisicr iypes cannol thersfos= ba.

descnbed in the sort of detail that maybe found in some
largar and considerably mere expensive data books. How-
e, the st of manufacturers’ sddresses will make A
easier for the prospsctive user o obizin further informa.
tan, if b

Lists gver 8, diffarant tranestors, includmg fats.
208 pagee Temporarily out of print

MORE ADVANCED USES'
OF THE MULTIMETER
R. A. Penlold
Thia book I8 pamarly
intended s a follow-up 1o
BP239, [see befow), and
should siso bz of value
to smyone who alresdy
uraferstands  the  Dbasics
of p\g:tage tzsting and
SHNED com ent testing.
By wing ug:c:n tochmiques
descnbed in Chapter 1
you can test snd analyss
the pedormzance of @
tangs of components with
fust a multimeser {plus a
very foue inexpensive com-
porznts [n coma cases).
Socma wuszhal quick chack
are glsa covered. .
Whila s mujtimetzr &8 supremery versalile, it Soes have
its limitaions. The simpls add-ons described in Chapter 2
#xiend2d the capzhiliies of 3 multimstsr 10 make it even

move vseful.

88 pages
ELECTRONIC TEST EQUIPMENT HANDBOOK
Steve Money

he prineiples of operation of the various types of t=st
instrumént are explained in simple terms with & mEnimum
of mathematical analysis. Th2 book covers analogus and
digital meters, bridges, cscillescopes. sianal generators,
‘counters, Umers and frequancy mazsurcment. The pracl-
ezl uzas of the instruments are also sxamined.

Everything frem Cscillators, through R, C & L maasure-

mants [and much more} to Wawslorm Gensrawars and

testing Zeness.
£8.95

206 pag=s

GETTING THE MOST FROM YOUR MULTIMETER

R.A. Penfold - e
This book is pnmanrlv aimed a1 inners ardd thoss'of
limited expenence of electronizs. cter 1 covers the
basics of analogue and digital mudtimatars, drecussing the
relative merits and the kmitations of the two types. in
Chapter 2 vaticus methads of component checlung &ra
described, including tests for transistors, thytistors, resis-
1675, capacitors snd dgdes. Circult testing 18 coversd in
Chapter 3, with subjecis sueh s vollags, cument and eon-
tinuity checks being discussed.

In the main Gnle o "OLE’“M kngedadges or &x-
periencs is assumed. Using thess simpla eomporant and
circuit testing techaiques the readsr should be able to
‘confidently tackie servicing of most alectronic projects.

5 rmges Ovder code BPZ33 €255
NEV/NES ELECTRONICS TOOLKIT- SECOND EDITION
Geafl Phillips

The authos has used his 30 yasrs experience in industry 10
draw togeiher the basiz informstion that is constantly
damended. facts, formulse, deta and charts are presentes

466

ting and-

1o help the engineer when designing, daveloping, evatuat-
ing, fault finding and repairing slecronic circuits. The
resuli is this handy workmste volume: a memory &d,
‘tutor and reference source which is racommendsd ta all
electronizs snginesrs, studenis and tecinicians,

Have you ever wished for a concise 3nd comprahen-
sive guida to elgolroniks conceptls ard rules of thumb?
Hava you aver been unzble to source 3 coimpenent, of
choose betwesan o alternatives for a particulsr applica-
Eon? How much time do you spend searching for basic
iacts or manufaciurer's specifications? This book is the

it cavers resist capacitors, induciors, cemicon-
dusters, logiz circuits, EMC, audia, electronics end music,
t2igphones, electrunics in ighting, thermz! cansiderations.

connections. refarance dats, »
£129%

153 pagas Order code NE2D

PRACTICAL ELECTRONIC FAULT ANDING AND
TROUBLESHOOTING
Robin Pain
“This is noi a book of theary. k is 3 bock of prectical
tips, hints, and rules of thumb, ail of which will equin the
‘reader to tackie ag}r ioh. You may be an enginesr cr tech-
nician in ssarch of information and guidanca, a collage
studant, a hoboyist bullding & project from = magazine, or
simply a ksan seﬁ-rsug:tx amateur who B kverested in
electronic fault finding finds books on the subjact too
mathematical or speciaiired.

The book covers: Basics — Voltage, current snd resis-
tance; Capacitsnce, inductanie and impedanse; Diodes
and transstors; Op-amps and negative feedback; Fault

Mamory, Binary and hexadacimat; Addreesing: Discrete
logie: Microprocessor action; VO contrel; CAT control;
Bynamie R.Ag;l; Fault feding digital systems: - Dusl trace
‘ossillossope; K replazement. S

274 pages [Order code NEZ2)

AR INTRODUCTION T8 LIGHT iy ELECTRONICS
£ A Wilson
This book is not for the expert but naither &5 it for
the completely uninitisted. H 15 assumad the readsr has
sam= basic knowledge of elzctronics. Ahar dealing with
subjects like Fundamentals, Waves and Panicles and Tne
Nsture of Light such things =5 Emitters, Datectsrs and
Displays are-discussed. Chaprer 7 details four differam
types of Lasers bafore concluding with 2 chzptar on Fibra
tes.

Order code BP359 455

Op!
161 pages

UNDERSTANDING DIGITAL TECHNOLOGY

F A Wilson C.GLA, C.Eng, FLEE, Fi. Mgt.

This book examines what digita! teshngiogy has wo oHer
and then considers its erthmstic snd how i can be ar-
rangad for makdng decisions in 5o many processes. it then
locaks =t the pan digital has to play In the ever expanding
Informetion Technology, espacially in modemn transmils.
sion systams and television. It avoids getting despiy in-
velved in mathematcs.

Various chapters cover: Digial Arithmaetie, Eisctronic
Login, Conversions betwesn Analogue and Dicitel Strue-
tures, Transfnission Systams, Several Appendices explgin
so;;ﬁ the concepts mote fully snd 5 glossary of tarms
is 2d.

finding ~ Analogus fault finding. Digital fault finding; 153 pages £495
Y 1845 r‘.:.*ﬂ'-—l‘m.:.;
p’f@ﬁ@@ﬁ Bl 1R

ELECTRONIC FROJECT BUILDING FOR BEGINNERS

R. A. Pantold

This book is for complete beginnars to electronic project
building. it provides a complete introduction (o the pre=ti-
¢zl side of this fascinating habby, inchuding:

Component Identification, and buying the right pans:
resisior colour codes, capacitor value markings, stc;
sdvice on buying the right tools for the job; seldering;
making easy work of the Kard winng, construction
mathods, including stipbosrd, custem printed circuit
boards, plain matnx boards, surface mount boards snd
wire-wrapping; finishing off, and sdding panel lzbels;
‘getting “problam” projects (o work, including simple
-methods of fault-finding

In fact e'-'Ef‘flhhr%'vDu resd to kmow in order to gat
started in this absarbing and craative hotby.

155 pagss Qhidét code BP392 £4.95

45 SIMPLE ELECTRONIC TERMINAL BLOCK

PROJECTS

R Babbington ) .

Contains 45 essy-to-build electronic projedts that-can ba
tonstrustad, by an zbsolure beginner, ¢n terminal biocks
uting only 3 screvwdriver and other simpls band tools, No
soidering s needed.

Most of the projects can be simply serewed togethar,
by foliowing the layout diagrams, in 3 maner of minutss
&nd readily unscrewed if desired to make new circuits.
A theoratical cirwit diagram is also included with each
profect to help broaden’the construcior’s knowladge.

19 profects included in this book cover 8 wids range
of interests ynder the chapter headings: Connactions and
Carmponents, Sound and Music, Emt=rizinment. Secarity
Daoces, Communication, Test and Measuring. E
183 pages Dster;oods BF378 £455

30 SPMPLE |C TERMINAL BLOCK PROJECTS
R.'Bebbington
Follow on from BS378 using

117 pages B399

HOW TO DESIGN AND MAKE YOUROWN P CBS

A, A. Penfold

Bea's with the simple msthods of copying printed air-
cun board degigns from magazines end books and cGvers
all zspects of simple p.e.b. construction including photo-
graphic methods and desighing your own pcbs.”™

£J pagss Order code BP121 £3.99

BOOK ORDERING DETAILS

Our postage price is the same no matter how many books you order, just zdd £1.50 to
your total order ior postage and packing (overseas readers add £3 for countries in the
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO,
cheque, international money order (E sterling only) made payable ta Direct Baok Saerv-
ice or credit card detalls, Visa or Mastercard - minimum credit card order is £5 ~ 10:
DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1AW
{mail order only).

Books are normally sent within seven days of receipt of order but please .allow &
maximum of 28 days for delivery — more for overseas orders. Please check price and
availability (see latest issue of Everyday Practical Electronics/ETI) before ordering -from
old lists.

For a further'selection of books see the next two-issues of EPE/ETL.
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Te! 01202 881749
Fax 01202 841692. Due to the cost wa cannot raply to averseas orders or queries by Fax.
E-mail:dbs@epemag.wimborne.co.uk
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VIDEOS ON
ELECTRONICS

A range of videos selected by EPE and designed to provide
instruction on electronics theory Each video gives a sound
introduction and grounding in a specialised area of the
subject. The tapes make learning both easier ond more
enjovable than pure textbook or magazine study They have
proved particularly usefu! in schools, colleges, training
departments and electronics clubs os well as to general
hobbyists and those following distance learning courses etc.

BASICS
VT201 to VT206 is a basic electromics
course and is designed to be vsed as a
complete serles, if required.

VT20% 54 minutes. Part One: D.C. Circuits. This
video is an absolute must for the beginner.
Series circuits, parallel circults, Ohms law,
how to use the digital muitimeter and much
more. Order Code VT201
V1202 62 minutes. Part Two; A.C, Circuiis. This
is your next step In understanding the basics of
electronics. You will learn about how coils.
transformers, capacitors, etc are used In com-
mon circults. Order Code VT202
VT203 57 minutes. Part Three: Semiconductors.
Gives you an exciling look into the world
of semiconductors. With basic semiconduc-
tor theory. Plus 15 different semiconductor
devices explained. Order Code VT203

=9
gsv
=

VT204 56 minutes. Parl Four; Power Supplies.
Guides you step-by-step through different sec-
tions of a power supply. = Order Code VT204
V1205 57 minutes. Part Five; Amplifiers. Shows
vou how amplifiers work as you have never
seen them before. Class A, class B, class C,
op.amps. eic. Order Code V1205
V1206 54 minutes. Part Six; Oscillators. Oscil-
lators are found In both linear and digita! cir-
cuits. Gives a good basic background in osclil-
lator clrcults. Order Code VT206

£34:95...

inc. VAT & postage

Order 8 or more get one extra FREE
Order 16 get two extra FREE

VCR MAINTENANCE

VT102 84 minutes: Introduction to VCR
Repair. Warning, no! for the beginner.
Through the use of block diagrams this
video will take vou thraugh the various
circuits, found in the NESC VHS system.
You will follow the signal from the input
to the audiovideo heads then from the
heads back ta the output.

Order Code VT102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belts in most VHS VCR's. The viewer
will also become familiar with the various
parts found in the tape path.

Order Cade VT103

!

DIGITAL
Now for the digital series of six videos.
This series is designed to provide a
good grounding in digital and computer
technology.

VT301 54 minutes. Digital One; Gates begins
with the basics as you learn about seven
of the most common gates which are used
In almost every digitai circuil. plus Binary
nolation. Order Code VI301
VT302 55 minutés. Digital Two; Flip Flops will
furiher enhance your knowledge of digi-
tal hasics, You wlll learn aboul Octal
and Hexadecimal notation groups. flip-flops,
counters, etc. Order Code VT302
VT303 54 minutes. Digital Three; Registers and
Displays Is your next step in obtaining a colid
undersianding of the basic circults 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 computcr Is able to com-
municate with the real world. You will leam
about digital-to-analogue and analogue-to-digi-
tal converter circuits. Order Cade VT304
VT305 56 minutes. Digital Five; Memory Devices
introduces you to the technology used in many
of loday's memory devices. You will leam ali
about ROM devices and then proceed inio
PROM, EPROM, EEPROM, SRAM, DRAM, and
MBM devices. Order Code VT303
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. 3

Order Code VT306

ORDERING: Price includes postage to anywhere in the world.
OVERSEAS ORDERS: We use the VAT portion of the price to pay for
airmail postage and packing, wherever you live in the world. Just send

£34.95 per tape: All payments in £ sterling only (send cheque or money
} order drawn on a UK bank). |
Visa and Mastercard orders accepted — please give card number, card expiry date and |

‘cardholder's address If different from the delivery address.
Orders are nermally sent within seven days but please allow a maximum of28 days -
longer for overseas orders.
Send your order to: Divect Book Service, 33 Gravel Hill, Merley, Wimbormne,
Dorset BH21 1RW (Mai! Order Only)
Direct Bock Service Is a division of Wimborne Publishing Ltd., Publishers of EPE
Tel: 01202 881749. Fax: 01202 841692

Diie to the cost we cannot reply fo overseas orders or queries by Fax.
| E-mail: editorial@epemag.wimborne.co.uk

S |
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RADIO
UT40t 61 minutes. AM. Radio Theory. The most
complete video ever produced on a.m?» radio.
Begins with the basics of a.m. transmission and
proceeds to the five major stages of a.m. recep-
tion. Learn how the signal is detecied, converted
and reproduced. Also covers the Motorola C-
QUAM a.m. stereo system. Order Code VT401
VI402 58 minutes. FM. Radio Part 1. EM. basics
including the functional blocks of a receiver.
Plus r.£ amplifier, mixer oscillator, i.f. amplifier,
limiter and f.m. decoder slages of a typical f.m.
‘Teceiver. Order Code VT4102

[}ar.ﬂ»etifml Region

\T403 5B minutes. FM. Radio Part 2. A con-
tinuation of fm. techrology fom Part 1.
Begins with the detector stage output, proceeds
to the 19kHz amplifier, frequency doubler,
sterea demultiptexer and audio amplifier stages.
Also covers RDS digital data encoding and
decoding. Order Code VI403

MISCELLANEOUS

VI501 58 minutes. Fiwe Optics. From the fun-
damentals of fibre optic technology through
cable manufacture to connecters, transmitters
and recelvers. Order Code VT501
VT502 57 minuies. Laser Technology A basic in-
troduction covering some &f the common uses of
laser devices, plus the operation of the Ruby
Rod laser, HeNe laser, CO; gas laser and semi-
conductor laser devices. Also covers the basics
of CD and bar cede scanning.

Order Code VI502

Each video uses a mixture of animated
curent flow in circuits plus text, plus
cartoon instruction ete., and a very full
commentary to get the points across, The
tapes are imported by us and originate
from VCR Educational Products Co, an
American suppliez, (All videos are to the
UK PAL standard on. VHS tapes)
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SURFING THE INTERNET =

NET WORK

ALAN WINSTANLEY -

NET WORK is our monthly column written for Intemet users.
Our web site continues 10 attract plenty of interest from the
surfing community all around the world - don’t forget that our web
site at www.epemag.wimborne.co.uk enables you 1o take out or
renew a subscription to the printed magazire, paying by VISA or
Mastercard using a secure on-line-order form. You can also buy
Back Issues of both EPE and ETI. as well as purchase printed cir-
cuit boards. using the simpte secure on-ling form. On-line versions
of the constructional project indexes for 1996-1998 are available.
and also we publish the “Please Take Note™ updates and corrections
related 10 those years, on the same Index pages.

If you're loaking for PIC source eodes for our constructional pro-
Jects then our FTP site is accessible by following the “Download”
link from the EPE Home Page, or you can type the following in' its
entirely into your browser: [ip://ftp.epemag.wimborne.co.uk.
Then double click on the */pub® link (publicly accessible area) 10
open up a selection of folders, including access 10 the PICS source
code directory. Surprisingly. many users still attempt to find the
“/pub/PICS” directory by browsing our web site instead! The
entire URL of the FTP site must be entered. If you have any views,
comments of suggestions related 1o our Internet presence, please E-
mail to webmaster.

MELISSA’'S MAYHEM

Last month, Ner Work highlichted some of the penils posed 10
users by Internet virii, Trojan Horses and “worms". At the end of
March 1999, and with immaculaie timing, the entire world awoke
to a new threat posed by a virus which was eventually christened
Melissa by Symantec. who produce the Norton Anti Virus software
meniioned last month. Credil is cenainly due to Symantec for effi-
ciently distributing the latest anti-virus software upgrades swifilv
and efficiently. Their “Smart Update™ modem lines were busy on
Monday 5th April when everyone — including the writer — sought 10
‘download the fatest upgrade to make their software Melissa-proof.

Some IT managers aciually welconied the facl that such a virus
had captured peoples’ imagination and received wide press cover-
age, because it managed 1o focus the minds of managers on the
threats posed by such electronic attacks: as if Y2K problems aren’t
enough, budgets to counter virus attacks are being strenathened in
light of the Melissa virus. !

This panicular virus arrives in the form of an attached Word file
called List.doc. The subject header is along the lines of “Importani
message from x"_Because “x” will be a fantiliar name. the message
appears 1o be genuine. As explained in last month's article, opening
and reading an “infected” E-mail message will not in itself cause
any harm. However, running an anachment — which includes open:
ing a word processor or a spreadsheel program to read an altached
file — may introduce a virus onto the host system.

Melissa is acually a Microsoft Word 97 macro virus which uses
the Microsoft Outlook address book to circulate copies of itself 1o
other Internet users. In Word 97, a macro virus protection checkbox
is available in Tools/Options/General/Macro which might give a
warning thai a macro might be infected but this can't be relied on 16
provide protection against the Eikes of Melissa.

Microsoft says thar Office 2000 will introduce digital signatures
to help users distinguish a genuine code from damaging code,
adding that if you open an Office documient and see digital signa-
ture against a macro warning, then you can feel more confident
thai.the pany which has “signed’’ the macros also originaled them,
A White Paper on this subject is available from
officeupdate.microsoft.com.

For most users the golden rule continue to be: ensure that your
software set-up does not run attached executables or documents
automatically —only do this manually after you have assessed the
genuineness of the files,
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COOL TALK

There is a saying that the Internct was cool until everyone dis-
covered it. Well, many thousands of enthusiastic users enjoy simul-
tancous on-line “Chat” in rooms hosted by Excile
(www.excite.com). Excile offers each user a free web-based E-niil
address with @ 3MB mailbox. and they can also parsonalise a start-
up web page 10 contain anything from share prices 10 horoscopes,
news and more. Regisiered users can also participate in Excite's
Virueal Places (VP) chat communities after downloading Windows,
Mac or Java-based sofiware. Check out Excite Chat at
www.excite.com/info to sign on.

After registering a name (it is not a bad idea to adopr an off-beat
pseudonym) you can join a forum to experience reai-time Internet
Chat. Forums are centred on age. interest or locality. Each user
identity is masked behind an “av™ {avatar) graphic symbol, and a
wide variely of ready-made avatars are available off the net. or vou
can make your own from a scanned photo. There are plenty of
avaifable at  www.excite.com/guide/people_and
_chat/chat_reoms/virtual_pinces.

Users can send instant messages or "1™ 1o each other. as well as

‘assembling into “tours”, with the entourage of avatars dropping in

on a chosen web page. In facl. Vinual Places uses its own form of
web browser with every user represented on-screen by their avatar.
Typed messages appear in the chat window. and also in a speech

‘bubble next 10 the corresponding avatar, Thus, avatars can be seen

to be “1alking™ to each other. You can right-click on others’ avatars
1o [earn a linte about their owners. and vou should ensure that vour
own avalars. preferences and details are set so that you don't givé
too much away! Definitely do not reveal any private details, regular
E-mail addresses or phone numbers in your own identity informa-
tion, and you may wish 1o disable the “‘Accept IM* options to avoid
unwarramed messages.

To stan with. it is best to check in 10 a room as an observer just
10 see what's happening. It must be said that 10 a mature outsider. d
lot of the Virtual Places banter will seem pretty bizarre or mediocre
10 say the least. Other forums are quite aggressive and anarchie, but
Excite Chat seems to be enjoved by many users who clearly find the
on-line expericnce rewarding. If nothing else. it offers the" Internes
user a window on the world.

_ You will need 10 be very broad-minded 10 enter some of the
Excite chat forums, and these arcas are clearly identified before-
hand. Intemet chat has a slang all of its own, but all you nced 10
Kknow to get started is: K - O.K.: BRB - be right back; LOL — laugh
out loud: lastly LMAQO is shorthand for “laughing my ass ofi*' and
is used ad ncuseum. This probably gives you a clue as o the wpe
of content that commonly prevails.

One final word of warning. The use of a real-time ¢hat link opens
your sysiem 1o attack by a tiny minority of malevolent users who
muy try 10 bounce you out of Excite Chat by sending ICMP
(Imemer Control Message Protocol) data aimed at your IP address:
Put simply. this fools your Iniemel connection into thinking that
your server has been disconnected. The uitimate defence is to use
a PC Iniemet firewall. such as that at Sienal 9 Solutions
(www.signal9.com) which is worth browsing.

UPDATES

Finally this month, a couple of upgrade alerts: Adobe Acrobat
4.0 has been released (www.adobe.com) - it's a SMB download
and you should deinstall previous versions first. Microsofi Internai
Explorer 5.0 is now available and should be on cover disks when
you read this. or check the MS web site.

The on-line version of Ner Work contains pleéaly of URLs which
I have selecied as being of interest. 1 welcome your suggestions by
E-rmail to alan@epemag.demon.co.uk.
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PCB SERVICE

Priried circuit boards for cenaln £PE constructonal projscts are avalable from the
PCB Service, sce-lst, These are iabricatsd in glass fite, and are fully drilled and
oller finnad. AN prices include VAT and postage end packing. Add €1 per board
for aymnall outsde of Eurcps. Pemtances shoukd oe senl 1o The PCB Service,
Everyday Praclical Electronics, Altlen House, East Borough, Vimborne, Dorset
BH21 1PF. Te): 01202 881749; Fax 01202 841692 (HOTE, we cannot reply to
orders or queries by Fax); E-mall; orders@epemag.wimbome.co.uk . Cheques
should be crossed and made payable to Everyday Practics/ Electronics (Payment
In € stariing only).
HOTE: While 95% of our boards are he'd In stock and ‘are dispatched within
seven days of recelpl of order, please altow a maximum of 28 days for
dellvety — overseas readers allow exira il ordered by surface mail.
Back numbers or photostats of artictes are available if required — see the
Back Issuzs page for details.
Please check price and availability in the latest issue.

Boards can only be supplied on a payment with order basis.

PROJECT TITLE L Ortar Code Cost
J Ezrth Resistiviy Metar [T JANDST .|
Current Gen. —yAmp=Rect. 1317132 (pr) £12.70
Treremin MIDUCY intariace (double-sided p.il) 130 (set) £40.00
Mains Fallure Warning 126 £6.77
Pacmec Waves [ FEBS7. | 136 o {0
PsiCom Exgerimentzl Controlier 137 £6.78
Ol Check Heminder | MAR'S7 | 185 t7.10
Vid=o Negalve Viawer 135 £6.75
Tri-Colour N:Cad Checker 138 £5.45
Dual-Ouipat TENS Unif (plus Freg TENS info.) 138 £7.20
* PIC-Agoras — wheate Nater APRIL'ST 141 £6.90
418NH2 Remate Gantro! — Transmitter 142 £536
Recaiver 143 £6.04
Puppy Puddie Probs 145 £6.10
MIDI Matnix — PSU 147 £5.42
Intarface 148 £5.91
Quasi-Bell Door Alent (MITYETE | 133 £6.59
2K F.M. Receivar 144 £7.69
*PIC-A-Tunar 149 £7.83
Windovw: Closar — Tngger 150 £4.91
= Closer 151 £4.47
Chid Lender Protecton Zone L JUNST
— Transmitter 153 £5.58
_— Receiver 154 £6.42
Pyratechnic Coatraller 155 £6.93
*PIC Diglogue Clock 155 £7.39
Marrow Range Thammameter 158 £6.37
$itcropavess PIA Datecior — 1 | JULY’S7. B REH £6.69
Infra-Red R=mote Control Repaaler i
(Multi-praject P.C.B.) 932 £3.00
Karaoxe Echo Uit ~ Echo Beard 159 £6.40
- Mixar Baard 160 £6.75
Computer Dual User Interface 161 £6.70
*PEST Scarer 162 £6.60
Vanarie Bench PoNer Supply | AUG'S7 | 33z £3.00
Univarsal Input Amghilier 146 £6.55
Micropower PIR Detector — 2 Gontroller 163 £6.72
#*PIC-OLO =i 164 £7.02
Active Retaving Anlenna | L SEPT 97 | 130 £6.59
Soldering Iron Controller 157 £6.63
* PIC Noughis & Crosses Game 165 £7.82
Micropoveer PIR Detector— 3
Alarm DisamyBeset Swilch 166 £5.72
|_ironing Safety Davice o 167 £5.12
Remote Conirel Findsr [TOGT97 | 168 £6.32
Rechargeable Handlamp . 169 £6.23
*PIC YWater Descaler 170 £6.50
*EPC 1ime Machine LINOVET 171 £8.34
Auto-Dim Bedlight 172 €6.63
Fortable 12V PSUIChargar - 173 £6.61
1 Carimmebilsar [ DEC'97 | 175 €7.00
Safe and Scund (Security Bleeper) 179 £7.32
Suriace Thermomeler JAN'98 174 £7.64
Disco Lights Flzsher ) 178 £8.30
Waa-Waza Pedal [Multi-project PLE 932 £3.00
*Vinual Scope — Digital Bcard 176 £14.49
Anzlogue Board {per board) 177 £7.34
*ivater Wizard 180 £7.69
Kissomater 181 £7.67
*EPE PIC Tulofial MAR 98 182 £7.99
Tha Handy Thing {Double-Sided) 183 £6.58
Lighting-Up Rermndar 184 £5.90
*Audio System Remote Controller— PSU ) 185 £7.05
1ain Board 186 £8.239
{ Simple Vetai Delecior APR'98
{Muiti-project PCB) 932 £3.60
Single or Dual-Tracking Pawer Supply 187 £7.90
*RC-Mater 188 £7.66
Security Auto-Lighi MAY 88 189 £8.10
Stereo Tona Conlral plus 20W Sterse Amplitier
Tone Control 180 £7.78
20W Amgpiifier 9 £8.58
*Dice Lott 152 £8.05
EPE Mood Ghangsr | JUNE'SE | 193 €775
*ATBSC2051/1051 Programmer
Mamn Board 184 €8.50
Test Board 185 £8.69
*Reaction Timar___Software anly - -
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PRINTED CIRCUIT

PRCJECT TITLE Order Code Cosl
A PIC16x83 Toomd Bl JULY93 | 196 £6.95
*Greenhouse Computer
Caontrot Board 197 £9.08
PSU Boarg 198 £5.10
Flgat Charger 198 £6.59
Lightbulb Savar z02 £3.00
Persanal Stereo Amgifier . SEPTIS8 | 932 £300
{Muiti-praject PCB) .
*Creenhouse Radio Link 200 £8.32
*PIC Altimzter 201 €815
Voice Processor DCT 94 203 £7.18
*Digiserv A'C Expardier 204 £7.69
IR Remate Cortro!
Transmitier 205 £3.00
Recaiver 206 £3.50
*PIC Tape Measlire L NOV'88 207 £5.82
Elzctronic Thermiostat
T-Stal 208 £4.00
PhizzyB £14.95
A-PCE B-CD-EOM ' C-Prog. Microcontiolier | Bee (A}B)(C) each
15-Way IR Remats Conirol
Switch Matrix 211 £3.460
15-Way Rec/Dacoder 212 5 £4.00
Damp Stat 200 £A5h
Handheld Functien Generalor 213 £4.00
*Fading Christmas Lights 2 215 £5.1%
| Phizzy8 /O Board (4-s&clion) e 216 £3.85
Twinkle Twinkle Reacbon Game 210 £7.55
*EPE Mind PICkier 214 £6.30
PhizzyB 'O Board {(4-secticn) 216 £3.95
Altlemative Courntesy Light Controllar % 217 £5.72
Tight Alarm 718 T5 78
*Wirz'ess Monitoring System — Transmutter 218942 €592
Receiver 2202 £8.55
*PIC MIDI Sustain Peda! Soltware only - -
*Wirztass Monttoning System—2 AR'Q See
F.M. Trans/Rac Adaptors 21622203 | Feb'&d
*Times =nd Dzte Gereralor 221 £7.37
Auto Cupboard Hight 222 £5.36
Smoke Absorer 223 £5.94
Troning Board Saver 224 £5.15
Voice Record/Playbeck Module 225 £5.12
Mechanical Rada (pair} 226A%B £7.40 pr.
*Versalile Everit Counler 207 £6.82
*PIC Tooldt 17k 2 227 £835
AMIFAM. Redio Rémote Control
Transmitter 228 €3.00
Receiver 229 €320
*Husical Sundial _JUNE89 231 £95;
PC Audio-Freguency Meter 232 £8.79
1 s) = > ] 1y B
Softwara programs lor £PE projects marked v an aslerisk & are avaiiable cn
35 inch PC-compatibls disks or frez from our intemes sie. Four disks are
availabie: PIC Tutorial (Mar-)Mlay ‘8 Igsuss); PIC Toolkil Mk2 {May-lune '09
issues); PIC Disk 1 (all ather sefiware Apr '95-Dec 83 issues); EPE Disk 2 (Jan
89 issua o curenl cover date). The dizks are obtzinabde from the EPE PCB
Service at £2.75 each (UK) 1o cover our admin costs (the sofiware itsell 15 fes)
Overseas (2ach): £3.35 surfacs mal. £4.35 each lmmail. Al filzs can be down-
‘Yozdad fre2 from ow intemst FTP site: fipy/ifip.epemag.wimberna.co.uk.

1

I '

. BOARD SERVICE

: Order Code  Project Quantity Price

l ...................... wiredenapenansiaeatditie S laT o iR oS emin, P A A

i

B NGO, capiiiomstnnsasenermmsnse e smsst e o 0

|

P ADAraS S s i 5 e Fandadas A ity T

l »?

' .................. Tassa=se P T - P S FeresssasacsamecaneanaTas

: 1 enciose payment-af & ... ooeeeeers. [ChEque/PO i € Sterling only) o
! Everyday

: Practical Electronics funocano
i Access (MasterCard) ot VisaNo. (=l
i Minimum order for credit cards'£5

] =

! |
1 ‘ :

i Sipaaluresi b e cslndn, adesrs N i0s Gard ExpiDetel sl el
: Piaase supply name and address of cargholder i giifarent from tha address shown

§ NOTE: You can order p.c.b.s via our Intemnel sile on a secure server:
L . hitpiiwwv.epemag.wimborme.couk
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(EVERVDAY [
[PRAGTICAL |

ELEGTRONICS

Everyday Practical Electronics/ETl reaches twice
as many UK readers as any other independent
monthly hobby electronics magazine, our audited
sales figures prove it. We have been the leading
independent monthly magazine in this market for
the last fourteen years.

>

if you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display

pages offer the best value. The prepaid rate for semi-display space is £8 {

The prepaid rate for classiiied adverts is 30p (+VAT)} per word [minimum 12 words).

All cheques, postal orders, etc., io be mad

with remittance, should be sent to Everyday Practical Electronics/ETI Advertisements,

CO16 OED. Phone/Fax (01255) 861161.

+ VAT) per single column centimetre (minimunt 2-5cm).

& payable 1o Everyday Practical Electronics: VAT must be added. Advertisements, together
Mill Lodge, Mill Lane, Thorpe-la-Soken, Essex

For rates and information on display and.classified advertising please contact our Advertisement-Maniager, Péter Mew as above.

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY
Up to 20 volts dc. at | amp confirous, 15 amps paek,
r;ey'.m'_'sﬁum'mzﬂvam inc
Camm;zrmrs = j£45 VAT
isc casy read: r = Post €4
ol 240voltas
np. Fuly smoothed, size 23cmu demaBom

RADIO COMPONENT SPECIALISTS

San 337 WHITEHOASE ROAD, CROYDON  EHNsiEmm

g@ SURREY, CRO 2HS. Tel: 0181-684 1665

Lot of sieiormaemy, bigh volt 0N, wBhve, SuTpet TS N, et i Bk,
P e pand e warcs Bt ke oot

ELECTRONIC KITS|
| § 88-108MHz FM transmitters from under €5

| 4 Many educational and hobby clectronic

| kits covering all technical abiiities. from

| beginners' circults to MCUMPU designs
4 Low cost PCB services and equipment

¢ Send 4x1st class stamps lor catalogue

§ DTE MICROSYSTEMS, 112 SHOBNALL ROAD,
~ BURTOMN -ON-THENT.ESTAFFS/DE14 288
PHONE or FAX: 01283 542229
hilp:www blinternel.com!-diemicrosystems

. — o e

BRAND NEW SINCLAIR SPECTAUM
QL PARTS
ZX MCADDRVES F15, INTERFACE ONE £20
‘CARTAIDGES 10 FCA £15, 50 FOR £50.

.- CLBOAADS S5, 6 k7, POPULATED WITH
IS ROMS, £30; 1 TED, £12. LCAOCANES
E10EACH, TOP & BOGTTCM CASES £15,
MEMBAANES £15

THE P.C., MAC and QL's "'Little Friend"”
MAC LINK £10 - P.C. LINK £25 - OL LINK £92

CAMBRIDGE 288 A4 NOTEBOOK
COMPUTER AVAILAELE AGAIN £99.
RECONDITIONED £60
ONLY 17 THICK, 22AA BATTS. 20 HOURS WORK,
LCO SCREEN, 72 Crs, £ LINES, 37K BAM, EXTAA
RANMS B EPROMS, § pia D SERIAL POAT, AGYH HAS
E3C BASIC, WIPROCESSOR, SFAEADSHEET, DATA
BASE, IMFEXPORT TO PC &c, V52 TERMINAL
W.N. RICHARDSON & CO.
PHONE/FAX 01234 871319
6 RAVENSMEAD, CHALFONT STPETER,
BL/CKS, SL9 (VB

BTEC ELECTRONICS

0z4

MOW AVAILADLE WITH
120K AND 512X

TECHNICIAN TRAINING

CGNVQ ADVANCED ENGINEECRING
(ELECTRONIC}— PART-TIME
HND ELECTRONICS - FULL-TIME
B.Eng FOUNDATION - FULL-TIME
Next course commences
Monday 13th September 1999
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 RENYWERN ROAD
EARLS COURT, LONDON SW59s5U
TEL: 0171-373 8721

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help eiectronics enthus:asts tiysf:sonal
comtact and through a quaderly News!stter.
For membership delails, wnts to the Secretany:
Mr. M, P. Moses, 5 Park View, Cwmaman,
Aberdare CF44 6PP

Space donaled by Everyday Practlcal Elsclronics

Miscellaneous

CCTV Board Cameras
“only £19.95 eaiinc VAT
P&P £2.75
38mm x 32mm, aulo irs, low lux B&W

CCIR with 6 IR LED's Requires 12V DC
connect to SCART Plug or Modulator

Calf 0113:250 3603 quoting V4000

Major Credit Cards accepted
Pnosnix §P, Unit 128 Leads Bradiord Apor Ind B¢t
Harrogate Road, Yecdon, Lesds LS19 TWP

F=. T AQ - 7 ing™
ﬁl'sm}_ A7 ASTRA Des} 7:op Acconnting
£ Are jou worried that your
— customETs will fnsist on using the
o € Euro and so lesve you off their list
of suppliers?

yuww, AstraAccounts.co.uk for 2 Pan-Enropean
solution {0 help you with this looming problem
S&S Systems Lid., Bretton Court, $26 5PS. UK

G.CS.E. ELECTRONIC KITS, at pocket
money prices. S.A.E. for FREE catalogue.
SIR-KTT Electronics, 52 Sevem Road, Clacton,
CO15 3RB.

VALVE ENTHUSIASTS: Capacitors and
other parts in stock. For free adviceflists please
ring, GeofT Davics (Radio). Tel. 01788 374774,

R )
PRINTED CIRCUIT BOARDS - QUICK
SERVICE, Prototype and Production. Artwork
raised from magarzines or draft designs at low
cost. PCBs also designed from schematics.
Production assembly also undertaken. For
datails send to P. Agar, Unit 5, East Belfast
Enterprise Park. 308 Albentbridge Road. Belfas
BT5 4GX, or phene/fax 01232 738897,

PROTOTYPE PRINTED CIRCUIT
BOARDS one offs and quontities, for details
send s, te B. M. Anstro, 38 Poynings
Drive, Hove, Sussex BN3 8GR, or phons
Brighton 883871, fax 01273 706670.

NEW AND USED COMPUTERS, spares;
ew. at Keenest prices. e.g.. 386 min 2MB
RAM, 20MB HDD, deskiop case. keyboard
and cables, [2in. VGA mone monitor, £55.
486 DX33 min. 8MB RAM. 120MB HDD,
desk top case, keyboard and cables, [4in. VGA
colour monitor, £165. Many other systems
-available. Whatever vou need, Phone/Fax 0181
853 3374 for prices.

FREE CATALOGUE: Morston  Alarm
Supplies/CCTV 2000, unbeatable prices! Board
cameras from £29.00. Telephonz 0151 630 0000,

PIC PROTOTYPING KIT. Eurocard size.
Cn-board R5232, voltage regulation and protec-
tion, in-circuit programming. Large proiotyping
arca. Kit includes serial and programming
cables. For detalls send an A5 sae to:
Frank Cembrola, 93/8 St. Johns Read, Bid-
dulph. Staffs, ST8 6LL, UK. hitp:/fwww.a-f,u-
net.com/main him. Tel. 01782 518356.

PIC-project source code files: /pub/PICS
EPE text files: /pub/docs

Basic Soldering Guide: solder.ix\

UK Sources FAQ: uksource.zip
Writing for EPE advice: writedus.txt

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 sstting up-an FTP
session using appropnate FTP software, then go into quoted sub-directories:

PiC projects each have their own folder; navigate to the correct folder and open il, then
fetch &ll the fites contalned within. Do not Iry to download the foider itself!

EPE TENS Unit user advice: tens.dog¢ and tens.ixt
Ingenuity Unlimited submission guidance: ing_unit.txt
New readers and subscribers info: epe_Info.txt
Newsgroups or Usenet users advice: usenet.txt
Ni-Cad discussion: nicadfaq.zlp and nicad2.zip

Ensure you set your FTP
software to ASCH transfer
when fetching text files, or]
3 they may be unrzadable. |

On-line readers! Try the new EPE Chat Zone

—~ a virtually real-time Internet “discussion

board” in a simpie to use web-based forum!

‘htip:/Avwrw.epemag.wimborne.co.uk/wwwhoard
Or buy EPE Online: wwwvi.epemag.com

Note that any file which ends
in .2ip ne=ds unzipping before
use. Unzip wlilitizs can be
downloaded from :
htip/www.winzlp.com or
hitpiiweny.pkware.com
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TRAIN TODAY FOR A BETTER FUTURE
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Professnonai 88-108MHz FM Broadcastmg Kits |

DatsHlod instructions with Schematics
High Quality Screeh Printed PCBs
High Quaity Components

[ Pyt H e incudes
Tranzmiters from 005V to 35w
FM Stereo Coders
Audlo Compreseor Limiters
Antennas
| RF Powsr Amps:
(s Bils Mw Risc Avalphie

(B Ltiy 5 emnbirent ArdTested |
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C.C.T.V. BOARD CAMERAS FROM £19.95

AMINIATURE C.CT.V. CAMERAS FROM TGP USA
MAKER. IDEAL OR COVERT SURVEILLANCE CR
SECURITY. USE IN SHOPS, QFFICES AND FAIVATE
HOMES. CONNECTS TO ANY TV OR VIDEO
SECONDS - OPTIONAL CABLE ETU. AVAILABLE
OUR 1983 PRICE FOR THIS CAMERA WAS £3351
HUGE RECESSION N ELEGTRONIC INDUSTRY HAS
SLASHED THESE PRCES TO RIDICULOUS LEVELS
THESE ARE USA MADE — NOT CHEAP CHINESE
VIODELS. READY BUILY WITH LEKS ETC. SHAND
NEW/ 1992 STOCK — FULL 12 MONTH GUARANTEE.
VAJRKS FROM OV.PP3 BATTERY OR OUR CAMERA
PSU AND CAELE KIT SHOWN BELOW.

ONLY 29mm x 23mm 3
FEiE e g Autio Model add £5.00  APPLICATIONS
o t 1/3in. imags sansor =S
(Each) £1 9 -95 vath 288 x 352 pixels. SURVELLANCE,
LGTSGF 5 £21.50 | | Aulo iris. 270 fnzs. BY ,ﬂ‘ﬁ; ::g;‘g_mﬁ
LOTS OF 2 £23.95 fo 12V D.C. 30MA, STAFF THEFT,
SAMPLE £25.95 '”d""‘;;?;ﬁ“‘"’ W30 D ORSERVATION,
/ 2 - ETC:
At voea T | | PinholeLans 30122, pmiss Aar SYSTEM
SECRET SPY CAMERAS

MICRO SIZE 16mm x 16mm

JAPANESE CCTY TECHNCLOGY REDUCES THE
SIZE FCA EASY CONCEALMENT,

PLEASE ADD 22 TOABOVE 28 x28mm PRICES

3-GMM

NIGHT
VISION
CCTV
CAMERA
- Ytk B
HiGH SFECIFICATION
SHARF JAPANESE CAMERA e 2
MODULES FITTEC WITH S{X & mm :;d;

IWFRA-RED LEDS TO SZE | prorw s s rao s ph s < De St i Toa
TOTAL DARKKESS UP TO AR ARt 8 Pupged i B OC oot aﬁ:ei?-‘a"
13FT. 400 LINE tha START pug or s 2 vite phond pLgs T8 pLages BES

yoer TV, maissr o2 VCOR
RESCLUTION VATH
FANTASTICUJ-Q LUX LEVEL I MAPLINS PRICE £24,99. OUR PRICE £12.50
SENT INSIDZ CLEAR N0 EXTRA PAP & QRDSARD WITH CAMERA SCARD

Camera PSU and Cable Kit

@ @ =

OPFERATING & SERVICE MANUGIE

® am =

SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

CONTACT
Cooke International

Cooke Inmmallonll
Bariem

unuu Lu-‘-ah.#“..swm Unit Focx Fordghmidne St
oo Begr, Wit Taiks, P02 04D UR Sy Rage W Sums, PO22 340, UL
h-l i-—u}'!!-u 1453212 TA (p2ZAII24D STILST 23ak (20012243 54511 U2 Faac {4007 243 542557
Webr fittn Avrorm roche-rt 2ot mm_mmm
bR kot | l nt

o ETSTECUBE. SMART CAMERA CASINGS

B TO ACCEPT ANY OF OUR

ey BOARD CAMERAS £3.50
LASER POINTERS

Professional model firess a small red
laser dot over 250 metres. Built
into  luxury executive presentation
balipoint pen with case and batis.

LisTeaees Now £10.00
Gold-plated Keyicb mods!
usTeeo0s £9.00

‘Add £3 p&p any quantity.
{Only sold to schools or tradesmen — no
s undar 21)

e O &% BACKTOBASICS %% = &8

RES. DICOES
CZEWER CARSON Sl vibed IO 1M sy THeL la.’*aﬂum':tflrmsus:(mhfq
Mo £12 3RF o tOM 18 0o 100, 100 & 250t INDOTRBLRT L5, SNHOTZHES,
02BN 1M UETA FEMERni=z IZ8n 1M exh 3 TENERS 2T © I3V AW, TR, TRIW,

GRATED CIRCUITS

wc?zrm A7 1 dor Yo, 100 Jor B 2 2,500,

7] - 3 2 5
CENI1%NMETAE 212 vELM BRI IM e o ;u.:# gmsn 250, 74157 3';4
e pis vaks, 10 33 100 fow oy £1.55 mzmwsam.w.ﬂ. [E)
Devsopraey Peoi reakei, 0 SAE B B TMERS B 2o S8 Gor OMJESE Mo AT,

¥ain. COLOUR CCD
CAMERAS :
Japanese Twinboard “in. CCD and
DSP (digial signal processor) colour
CCTV boards with popular 3-6mm
wide angle lens. High speacification
290,000 pixels, electronic iris, 330
TV linzs and LUX level 2. 12 voit DC.
Use with our camera PSU and cable
kit {(s=e.abave).

g™ 050,00 fusue

VISONIC RADIO TRANSMITTER/
RECEIVER SETS

Comprises smart remote control normally used as & panic butten or

CAPACITORS CPAPS: & S5 £ W‘—’*&“LZ‘:‘ medical alzn for the elderly. Causes receiver 1o open or close a clrquit
Aeya e CROKE oo L4311 XS, 8 CAIRE. 18 CARKE | = > % e . s
P e & i o e e TS B i e thereby triggering a slren, autemalic garage door or other device unti
2»%533;%:_"37%’:7; s | e e e bution is released. Range 35m indoors, 100m outdoors. 9V PR3 batl,
4T, 20 8, 33070 0, 470110 B | wRes b :g; i i inciuded. DTi approved 1340 licence exempl. MRP £47.85 se!
10583, 1oy, 22263, 150, 4TOBY. 255 & Tz or s, Fza Yekow, Getsn A, et 10 SAMPLE SET 21 5.90
ot A L I T s . rs2£14.9
apes o EmsmEEAY B LoTs 10 £12.90 set. Lots 5 £13.90. Lots2 £14.90.
BE167.8%. 170, 018282 4BV 165, ingdor LE Bl s o S A Ty
ECISAMELLs mﬂmw,wsez.agg B T e at 2oty qUantYY
355553 20 BEYTO7172 150 T SAE 1 S el 1095009 £RE KITS
Eleed D At B35 5 N5 VAT Cem SAT (A COES ENT L ALL GOODS ASE BRAND NEW s A.S.A Order Hotline
THIAGICIIAGLIALZA - VAR GRS AP, St 70 KEE S N PEARECT BULK BUYERS @i i =1'c l;rsﬁ:n‘g? 01642 850912
TZI'P)-:Iifmsgp% iz ‘mj“o? o FAL ELECTROHICS, THE EUSINESS CENTRE FLEASE ASH FOR JOHN - E et o Fax
B a3 - 3 3 T ST B r g 3 uug-h
WANT MGRET? FLEASE SEND SAS FOH e Sm%‘ﬁeﬂwmw PRICES WCLUTE VAT, — 183 3HL 01642 823‘173
- = T
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'COVERT VIDEO CAMERAS

A _ i Millions of quality components
Black and White Pin Hole Board Cameras

at lowest ever prices!

with Audio. Cameras in P.|.R., Radios; Plus anything from bankruptcy ~ theft recovery
Clocks, Briefcases etc. Transmitting — frustrated orders — over production etc.
Cameras with Receivers (Wireless). Send 45p stamped self addressed label or
Cameras as above with colour envelope for cle:rance lists.
- : ; ‘B Brian J Reed
Audio Surveillance Kits and Ready Built 6 Queensmead Avenus, East Ewell
Units, Bug Detector etc. Epsom, Surrey KT17 3EQ
Tel: 07775 945386
A.L.. ELECTRONICS Mail order UK only.
Please phone 0181 203 0161 for free catalogue. r';g‘;a?{; lpcalgoINalE v Sonam, STl DU oD e ‘;;?;‘Sa L
Fax 0181 201 5359 thousand of an item is ava_#ab'e {Payment is remTifd |Ls?!d misl 1do
New DTl approved Video Transmitters and Receivers (Wireless) ‘.3.'3;,’3?232;“’;’3&?,’5 ?ﬂcg’i \.‘:i‘ﬂ g%rqugﬁstﬁgtwaﬁ! St 2

" N. R. BARDWELL LTD (EPE)
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3K ELECTRONICS

10008
SOLD
TO PRO
USERS

THE RENOWED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 ( 100 + 100W ) MXF400 (200W 1 200W)
MXF600 (300V/ + 300V/) MXFS00 (450W = 450V)
ALL POWER RATINGS ARE RM.S_INTO 4 OHMS, WITH BOTIH{ CHANNELS DRIVEN

FEATURES » Independent power suppies with twa taroxal transfoimars « Twin LE D Vu Malers
wLavel czolrols » blwmanataa onfofl switch «+ JackiXLR nputs » Speaken cutputs « Siandsrg 775mv
mputs » Open and shoit ircud proot = Lalest Mos-Fels 1 siress fizs power gelivery inlo vittually any
1ozd v Hgh Siaw 1212 » Yery 0w GSin 100 » Alumlinium cases » MXFEDE & MXFSCT lancesed nai D
towdsps2ber snd tharmal pratecticn

USED THE WORLD QVER IN CLUAS, PUBS, CINEMAS, DISCOS ETG

MXF200 W13~ Dit H3!~ (2U)
SizEs.  MXF400 wie' Dz Hsl-(al)
HEEST O MXFE00 W1gT D13° H5IT 3U)
MXF900 W1g° Did2" H54° (3U)

PRICES:-MXF200 £175.00 MXF400 £233.85
MXF800 £329.00 MXFI00 £449.15
SPECIALIST CAARIER'DEL. £12.50 EACH

BASSIMID '\TOP N

2 WAY BASSIMID COMBINED

‘/é.\ss/‘\ WIDSTOP ™,

2 WAY MID/ TOP COMBINED

Saass i <FoP N,

CONFIGURED 3 WAY

FEATURES:

Agizmosd Wy Stefed Actve Cross-Over (sailchial’s jwo wiy), Roused i 2 1971 2 gase Eazfrihafingl

Fas tvex lovet coatrols. Eass Mid A lop The rom 2 {ront |asciaaitns Accéss to the :‘1&;""‘“5 = DL

swrighes 13 33psi the Coss-over frequency: Basz ) 0 RSE50505H,. Mit-Top 15 345He. 37 at 2298 per

cit3ve The 203 wity s2lcctor witchas 2°c aiso accessed by 'smanng tha tronl tasc 5. Each slerco channgl

can te confgured separarely Bass Iavedt Swilchiss are nco/pacated-on.gach channg:  Hemina! T75my
T with GMP Rack Armpiites ard Modules

PRICE:- £117.44 + £5.00 PAP

tput Py

Tha new CDJI700 now offars a tough build quality boasting an alt new shockprdol
iransport mechanism, Irame accwrale cueing ang wide range pitch control  The
C0JI700 Iocks alter tha CD's while the operator looks after the sound.

FEATURES:

=13 XZURACK MOUNTING +FULLY VARIASLE PITCH CONTROL PLUS IANUS 8% » PITCHBLERD « 3
BEAM LASCH FICKUP 1 BT 8 X OVEASAMELING BAC +CUE AND LOOP FACILITY +TRACK SKIP
VATH FFREY « DiGITAL AN ANALOGUE OUTPUTS » COH LRUCUSISING E TRACK PLAY =CLEAR
BACKUT MUTIFUNCTION DISPLAY »:0 TRACK PROGARAL PLAY »THACK ELAPSED, THRAGK
REMAINING <KD DISC REMARING THAE ENSPLAYS, R

SPECIFICATION:- Frequespense 20Mz-ZOKH: S/Nrame >804p THD <D 09%(1Hz) Channe!
s=osraton »E003(MHz] Mar culpul witags_2Vnmns Power_220-240Vse 50,6010z Sice W 28ZHE8
D25emm Weight_% 12K PRICE:-£225.00 + £5.00 P&P

'STEREO DISCO MIXER MPX-7700

+ 4 STEREQ | INFUT
CHANNELS

* 2DJMIC iNPUT |
CHANNELS

+ 2X7 BAND GRAPHIC
EQUALISERS

= HEADPHONE
MONITOR WITHFFL
& ASSIGNABLE
CROSSFADE
« DIGITAL ECHO
STEAED DISCO MIXER WITH:- +2X7 GRAPHIC EQUALISERS +2 MONOD MG INPUTS + D4 MiC
VTH FADER, TALKOVER AND VOICE CHANGER =~ STEAEO CHANNELS WITH  INDIVIDUAL
FADERS AND AGSIGNABLE CROSSFADE «CHANNELS SWITCHASLE. TURHTASLE (MAT
CARTHIDCEI CO. UNE. TAFE. ETC. -ECHO WITH BALANCE. REFEAT aKD DELAY
+HE ADSHONRE MONITOR WITH PREFADE LISTEN »CHOICE OF 6 sour.:; EFFECTS «STERE0
MOKO SWITCH =2 X LED VU METERS +MASTER FADER «QUTPUT 77
+ SIZE- LRZX2400 yiEmm « POWER - 230Y AC 80/60H2.PRICE:- £169 00 + £5.00 P&P

*PRICES INGLUDE V.A.T »PROMPT DELIVERIES
*L ARGE [A4} S.AE. 60p STAMPED FOR CATALOGUE

A new tange of qualily loudspoakers, designed 1o take
advanlage of the lalest loudspeaker technolagy and
enclosure dasigns. All madeis uiilize high quality stedio

=1

RS
It

cast - aluminium loudspaakers with lactory littad grillas. widpe dispersion cansfant
directivity horns, extruded aluminium carner protection and sisel ball cciners,
‘complimented with heavy duty black covaering. The anclosures aro litlad as slandard
with top-hals for optional loudspeaker stands. The FC15-300 incorporates a large
16 X & inch horn. All cabinets ara litted with the latest Speakon"conneclors
Five models to chooss lrom.

for your convenience and safety.

METINE

ADH-IOE

PLEASE NOTE:- POWER RATINGS
QUOTED ARE IR WATTS B.M.S. FOR
EACH| INDIVIDUAL CABINET.
ALL ENCLOSURES ARE 8 OHM.
15=15 inch spaaker
G_Cm 121inch spaakar
ibIFC19-300 WATTS Freq Rangs 35Hz-2DKHz, Stns 101dB, Size HE95 W502 D~.|5mm
PRICE:~ £299.00 par pair
ibl FC12-300 WATTS Fizg Aang2 45Hz-20KHz Sens SSuB Suo H640 W405 D300mm
E:- £249.00 Ser pair
ibl FC12-200 WATTS Frea Range 40H2-20KHz, SensQTaB sze Haal v/$05 D300mm
PRICE:- £1399.00 per pait
ial FG12-100 WATTS Freg Range £5Hz-20KtHz, Sens 10048, Size H546 ¥/ 380 D300mm
PRICE:- £179.00 par pair
FBVAIZ-200 WATTS Fizq Asnga A0HzZ- ZDKHI. Sens 9743, Size H418 WE00 DI&STm
PRICE:- £125.00 EACH
SPECIALIST -CARRIER DEL:: £12.50 psr pair, Wadge Moniler £7.00 oach
Optional Metal Stdnds PRICE:- £49.00 per pgir Dallvary:- £6.00
3 R AUDIO B2 BO D100 REDIB
The new ibl In:Car Audio Bass Box has baen
designad wilh a sloping frent 1o reduce intarnal
standing waves. The bass box incorporates a
10 inch 4 ohm loudspeaker with a genuinge
100 watts RM.S. ocutpul resulting in powsrlul and
accurats bass rapreduction.
FEATURES:- = Cabnst manulaciued fram MDF and
sprayed in a durabla black shiny HAMMERITE finish. =
Fitited with a 10 mch loudspeake: wilh folled rubber
sdge and coaled cone assembly » The top ol 1k
cabing! in¢corporates 2id  plated  conneclion
terminzts. SPECIFICATION:- 100Walis HM.S. 200
Vaiis Peak {husic) Parled reflex.criveally tuned.
Siza.- H405 W455 B305mm
979 00 + £6. DOP&P

PRICE:-

Thase modans now enjiy = aptich wide sspeiapan foe Q,ahy u—ial‘.ilyardpc-ffnr‘nan,;. Haesisepoes fou
masE 3 avasabie to sut the nesds ol the profe: grahohiy markatie sy, Lasurs esiramental and
HFiate Wheneomparng prces WOTE thatalmadels nchde torokial pawer supply milegra! ket sk, glass five
PLB and e orouits 1o poner 2 compatibio Vumeter Al modss are cpen and short eroul

poat

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Moa-Fel Quipui pawer HD walls
AME, into 4 ghyns, tequeney response Hz - 1B0KHZ
34i. Damping Factor »300. Siew Rate 45V/uS; THD
tygical 0002%. Input Sensitwity 500mV, SNA
1ACB. Size 300 x 123 x 60mm

PRICE:- £42.85 + £4.0D PAP
OMP/MF 200 Mos-Fat Cuipul power 200 walis
AL S inta 4 ohms, fraquency respansa Hz - WOKHz
-3dB. Damgping Factor »300, Slew Rale SOVIUS, THD.
typical 0.001% . Input Sensitivity 5¢0mY, SNR -1i0d8¢
Size 300 x 155 x 100mm

PRICE:- £66.35 + £4.00 P&P

~ OMP/MF 308 Mos-Fet Outputl power 300 walls
RS inte ¢ ohms, requency respanse B4z - HOKHz
-2aB. Damping Facicr >300. Stew Rate 60v/uS. THD.
typical 0.001%. Input S=ositivity 500mV. S NR. 11048,
Size 330 x 175 x H10mm.

PRICE:- £83.75 + £5.00 P&P

OMP/MF 450 Mos-Fa1 Culpul power 450 wall:
RAM.S inla £ ohms, br=guency msponsa Hz - WOKHZ
-3g8 Damping Fzactor »300, Slew Rate 75V/u8,
THD. typical 0.001%, Input Sensitivity 500mV. SHR
41068, Fan Coclac, D.C Laudspeaker Protacilon, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.

. PRICE:- £135.85 +£6.00 P&P

OMP/MF 1000 Mos-Fet Outpui power 1000 watts
RS imtc 2 chms, 725 watts AMS into 4 ohms,
‘frequency response ™z - W00KHz -3dB, Damping
Faclor >300, Slew RAate 73ViuS, THOD. typical
0.002%. Inpui Sensitivity 500mV, SNR -10¢B, Fan
Cooled, D.C. Loudspeaker Protectwon 2 Second
_Anti-Thump Delay. Size 422 x 300 x 125mm.
PRICE:- £261.00 + £12.00 PAP

NO;E. WOS-FET MODULES AAS AVAILABLE LN TWO VEASHING:

STANDARD - INPUT SENS S09nv. EAND WIDTH 103XHz oA
FEC (FROFESSIONAL EQUIPMENT CONPATISLE) - INFUT SINS

= IDEAL FOR USE IN DISCO'S 7 RAVES.

SQOUNDLAB MINI STROBE « EDUCATIONAL EXPERIMENTS ETC.
A top Qualfity mim strobe wath Wigh ight intensity for its size and vanabie
ftash rate adjustment Houseo in a silveriblacs siecl case with adjustable
mounhi~g brackel -+ Flash Raie:- Adjustable from zers io ten Tlashes per
szgord » Mains Powered compialz witn pluggediz2a + 230V AC 30/60H:

~Size- 125X 82 X 52mm  pRIGE:- £19.98 + £2.20 P&P

f ELW‘?R\’ CHARGEES ?LEASE IhCLUBE AS OYE TD A I.leIHI.l'.I e A
ANMQUNT £30.00. DFF RS P u cHOO! EGES
GOV T BODIES FLGs E'rc pruozs etusiv zo; v,w snEs
COUNTZACREDIT CARD ODERS ASCEPTED 37 POST PHDNE DA FAX

7iImy. BAND WIOTH 58XHz, ~ QRDER STAKDARD OR FEC

UNIT. 1 COMET WAY, SOUTHEND:ON-SEA,
ESSEX, $52 6TA.
TEL.: 01702 527572 FAX.: 01702420243

Web:- hiip.//www.bkelec.com E-mailiz Saiesebkelfc.com_



Elecﬁbﬁics, Electrical &

Mathematics Principles Vé

If you are looking for an easy and enjoyable way of studying or improving
your knowledge of elecfronics and maths then this is the software for you.

B Flectioncs, Eleciiical and Mathemalic: Principles V6

FPCS ARCHITELTURE 7

DC AL Electocd Semiiond - Opfmp: Math: Dipial Measre Mizo PIC® Tookax ndm Hian

Ty | S luﬁ.a. - 8 -
SMOSCILLATORS. Fhas Shill Oscilaior

f =

= = 1
2xpxRxCx

a= ian’ri

| Fopa Mierks j

* = 25989891z

- 67792

Pasitive leedhack B = yvﬁil =29

Potive

2!pi=IXE::ﬁ
b

I

-

) ke
BSCI/CLKIN ¥n A1
OSC2ALROUT | 25

Y
o

100

|

T — 7 TR —e— ET T —

DRC
- I

——
o/

 Cakcudafors. ] Topic Hatex [_ Faring 1‘{%:»:5!-3\0::33177

=& _B)

s [| Peig | asw | Ba

TTAS T IERER S
DeMcegan's Thecsem

v i‘_

B0—__F

|'3!s.h;s-j~;;u:’rgne.tmgx:: Theorsm' ¥

Muti-usef site licence
ddditional £500*
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[ Elextorics 1 Electriad]] falissasaios | Components| Took Eg mort | i3]

gipicsiange from @hmisTEW and simple:BE through AG theory to
ihe lalest PIGT6F84 and PIC16G71 fiicroconirollers where the
architecture and completadist

‘ Catagory
ACTIVE FILTERS

Fepe

AT Low Pas: Bulies Activo Flict

architectur ompleta-iisiruction setzan be explored through ol D5LILLATORS
dhe interactive-graphics. Mathematics are developed ffom simple

Astable Mullivibralos
number systems to salving IREdfEGuations:

anl | 1 |
Feod W'={7x ‘i x-10000 = 7oz

Additions fo V6 Inolude:-@ircuit (eoreris, Norton, Thévenin's'& e i

3 X " Inguctce '-i"El . 1 3
Stperpositioie.. Magnetism & Elettromagnetism... Mofors, i ‘byd | Frecueney - - NI =
Generators & Transformers... Three phase systems... More Gy

complex numbers,. A begifiners introductiony lo PIGS . ol

X g BIE 3 iy
Statistics, . Single page coloufififinting. . Faster grabhies:. | ;;ﬁ] = AN . |
PLUS: all the Electronics Toalbox foutines. along Willgnilfusirated | I ivtbiorh BRI , o ,
Gempanents, Tools &EquipméntDictionary. oy iy
total ofiover 900 main menlsalesliofs. posions of Al and

Please ielephorie or visit our webisite for imore iaformatidit

'‘GOMRLETE PC BASED ELECTRONICS, ELECTRICAL AND' MATHEMATICS COURSE
iereTtiie colonrful interaciive graphics makei ideatly suited Tor bath personal study amd
‘ . a2 mare enjoyakble way of revisiiig.
Gurrently used [n hundreds of UK and averseas scljoals and colleges 1o stipport
BGSE, AlLevel, Clty an@ Glillds, BTEC, GNVQ's and Uiiversify colirses.

EPT Educational Software. Puifip Hous~, Loekram Lane, Witham, Essax, UK. GM8:2B1.
Tel/Fax: 01376 514008. sales@episoft demon:comk www.eptsoft.demon.co.uk
‘UK and EC cotintries add £2 pefiorder for pest & packing. VAT should be added fe the total.

Prssace <V .
Rorres Fryamcy | RSy Bmieio § 36 - B8y

Olitside E@irope £3.50 forair mail postage by return s
Switch, Belta, Visa and Mastercard orders accepted =please give card number and expiry dile
‘Cheques & Postal Orders should be.made payable (o EPT Edutational software,
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