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HYDROPONICS DOYOQU GROWYOUR OWN?
We havea full colour hydroponi

o
containing

S, enviromenta) control, light fittings.
WINDOWSSSC?)9 As supplied with Hewlet Packard PC sthese
CD's have all the window files on them and were intended 10 be used to
restore windows on a PC after a crash etc £15 REF SX06

SATELLITE MODULATOR MODULES pricesfrom

just 9p Surface mount modulators full of components Fitedwithan F
type connector and a uhf type connector Pack of 100 £9 95 ref SS20
PROJECTBOXES

Another bargain for you are these smarnt ABS project boxes smart two
piece screw together case measunng approx 6"x5"x2" compiete with
panel mounted LED inside you will find loads of free bds, tape heads,
motors chips resistors, transstors etc Pack of 20 £19 95 ref MD2
REMOTE HEATING CONTROLLERS wiTH 30A
MAINS RELAY from just 99p These unfts were designed to be
plugged into a telephone socket You then called the phone and some
how it tumed the heating on Each box contains lots of bits including a
mans 30A relay pack of 20 £20 ref SS34

.TALKING COINBOXES rrices trom just 95p These units
were made to convert standard telephones into pay phones, compiete
with coinslot assembiies and switches etc OFFERED TO YOU AT A
BARGAIN PRICE BECAUSE WE NEED THE SPACE! Pack of 10£19

ref 5529
AC MOTOR BONANZA! prices from just 58pagain we
have piles and piles of these brand new mixed motors which we need
to clear in butk at ndiculous pnces! Pack of 50 for £30 ref SS13
PIR CAMERABuit in CCTV camera (compostte output) IR
strobe ight, PIR detector and battery backup Designed to ‘squit’
pictures down the ‘phone Ine but works weil as a standalone unt
Bargam pnce £49 95 ref SS81, 3 or more £44 95 ref SS80 These unts
arebrand new signedtotake | of intruders and then
the pi aown the hne The PIR detects the
mtruder, fires the strobe hght this ensures a perfect picture evenintotal
darkness The picture s stored in memory inside the module and then
sent by modem (not inciuded) down the teiephone line The units also
have anicad battery pack n
the event of mains power fallure Output from the camera 1s standard
t/w compostte 320x240 pixels with a 90x65 degree field of view, the
picture quality rs excellent Each PIR also contains a wdeo capture and
compression unit The infra red strobe has a range of 15m The pir has
arange of 12m Power requirements are 12v dc 400mA Power supplies
avarabie at £5 ref SS80The units are supphed with connection detais
etc but we do not have any nformation on using the P and

COLOUR CCTV VIDEO
CAMERAS From £99

Works with mostmodem video's, TV's, Composite monitors,
video grabber cards. Pal, 1v P-P, composite, 7650hm, 13"
CCD, 4mm F2 8, 500x582, 12vdc, mounting bracket, auto
shutter, 100x50x180mm, 3 months warranty,1 off price
£119 ref XEF150, 10 or more £99 ea 100+ £89

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

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

SMOKE ALARMS mains powered made by the famous
Gentcompany easy fit next tolightfittings power point Pack ofS£15
ref SS23, pack of 12 £24 ref 5524

4AH D SIZE NICADS pack of 4£10 ref4AHPK
ELECTRIC FENCE KIT Everything you need to buiid a
12vac electnc fence, complete with 200m of fence wire £49 ref AR2
SENDER KIT contansal idaAN

with case £35 ref VSXX2

capture unit of interfacing to modems etc The unrts do have operationat
PIR's, strobes and camera's (Camera i1s 12vdc and gives out standard
compostte 1v p-pwdeo) how you adapt these to work together ts entirely
up to you'Retail pnce for the unts was 1n excess of £200 each sale
pnce £39 95ref SS81JPower supplies £5 ref SS80
TELEPHONES Justinthis week s ahuge deivery oftelephones,
all brand new and boxed Two piece construction with the following
features- llurinated keypad, tone of pulse (switchable), reacall, redial
and pause, highflow and off nnger switch and quaity construction
finished n a smart off white colour and 16 supplied with a standard
international lead (same as US or modems) if you wish to have a BT
lead supphed to convert the phones these are also avalable at £1 55
each ret BTLX Phones £4.99 each ref PH2 10 off £30 ref $S2
3HP MAINS MOTORS Single phase 240v brand new, 2
pole, 340x180mm, 2850 rpm, buihin automatice reset overioad pro-
tector, keyed shaft (40x16mm)Made by Leeson £99 each ref LEE1
BUILD YOU OWN WINDFARM FROM SCRAP

gives step by ste: Ao to and

propellots Armed wvth m-s pubkztnon and a good Incal scrap yard
could make you seif sufficient in electncity! £12 ref LOTS1

CHIEFTAN TANK DOUBLE LASERS9WATT+3

WATT+LASER OPTICS cCouldbeadaptedfor laser hstener
long range communications etc Double beam units designed tofit nthe
gunbarrel of a tank, each unit has two sem: conductor iasers and motor
drive units for akgnement 7 mile range, no circutt diagrams due to
MOD. new pnce £50,0007 us? £199 Each unt has two galum
Arsenide injection lasers, 1 x 9 watt. 1 x 3 watt, 900nm waveiength
28vdc. 500hz pulse frequency The units aiso contain an electronic
recetver {0 detect reflected signals from targets £199 Ref LOT4
MAGNETIC CREDIT CARD READERS AND
ENCODING MANUAL £9.95 Cased with flyleads designed to
read standard credt cards! with control > PCB and
manual covenng everything you could want to know about whats hidden
In that magnetic stnp on your card! just £9 95 ref BAR31
HIPOWERZENON VARIABLE STROBES usetul
12v PCB fitted with ht power strobe tube and control electronics and
speed control pol Perfect for ] iy etc
70x55mm 12vdc operation £6 ea ref FLS1, pack of 10 £49 ref FLS2
CENTRAL POINT PC TOOLSAwamwmmng

33 KILO LIFT MAGNE Theodynum 32mm£15ref MAG33
10 WATT SOLAR PANEL Amorphous siicon panei fitted

In a anodized aluminium frame Panei measures 3 by 1' with screw
terminals for easy connection  3°x 1 solar panel £55 ref MAG4S
Unframed 4 pack (3'x1') £58.99 ref SOLX
12V SOLAR POWERED WATER PUMP rertect
for many 12v DC uses ranging from solar fountains to hydroponicst
Smal. and compact yet powerful works direct from our 10 watt solar
panet in bnght sun Max hd 17 ft Max flow = 8 Lpm 1 5A Ref AC8
£1899
SOLAR ENERGY BANK KIT 50x 6"x12" 6v solar
par phous)+50 diodes £99 ref EF112
PINHOLE CAMERA MODULE WITH AUDIO!
Superb board camera with on board sound! extra smail just 28mm
square (Including microphone) kleal for covert survesliance Can be
hidden inside anything even @ matchbox! Compiete with 15 metre
cable, psu and tviver connnectors £49 95 ref CC6J
SOLAR MOTORS Tiny motors which run quite happily on
voltages from3-12vdc Works on our 6v amorphous 6" paneis and
yOu can run them from the sun! 32mm dia 20mm thick £1 50 each
WALKIE TALKIES 1 MILE RANGE £37/PAIR REF MAG30
LIQUID CRYSTAL DISPLAYS Bargain prices,
20 character 2 line, 83x19mm £3.99 ref SMC2024A
16 character 4 line, 62x25mm £5.99 ref SMC1640A
40 character 1 line 154x16mm £6.00 ref SMC4011A
LM255X HITACH! LAPTOP SCREENS 240x100mm,
640x200 dots. New with data £15 ref LM2

SEALED LEAD ACID BATTERIES
12V 7AH, S/HAND

PACK OF 4 £10 REF XX1
YOUR HOME COULD BE SELF SUFFICENT

IN ELECTRICITY Comprehensve plans with toads of info
on designing systems, panets, controt electronics etc £7 ref PV1

1,300 wus nemory

bwlevelformamm backup scheduler disk defragmenter, undelete, 4
caiculators, D base, disc edttor, over 40 viewers, remote computing,
p P encryption, compx manual hed etc
£8 ref lot 97 3 5° disks £10 ref LOTS7

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/
24V 8A TX Not too sure what the function of these untts ts but they
certainly make good stnppers! Measufes 390X320X120mm, on the
front are controls for scan speed, scan delay, scan mode, loads of
connections on the rear inskie 2 x 6v 10AH sealed lead acd batts
pcb's and a 8A? 24vtorrosdial transformer (mains in) sold as seen, may
nave one of two broken knobs etc due to poorstorage £15 99 ref VP2
DIFFERENTIAL THERMOSTAT KIT Perfect for
heatrecovery, solar systems, boder efficiency etc Two sensors will
operate a retay when a temp ) 18 Al
components and pcb £29 ref LOTI3
SOLAR WATER HEATING PLANS £6 REF SOLP

PC POWER SUPPLIES PACK OF 8 £9.95
Thats right! 8 power supplies for £9.95! These are all fan
cooled (usually 12v) our choice of specs etc, and are sold
as seen. But worth it for the fans alone! ref XX17

REGISTER FOR OUR
ELECTRONIC NEWSLETTERS

BULL-ELECTRICAL.COM

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

{MAIL ORDER TERMS: CASH, PO OR CHEQUE|

WITH ORDER PLUS £4.00 P&P PLUS VAT.

24 HOUR SERVICE £6.50 PLUS VAT.
OVERSEAS ORDERS AT COST PLLUS €3.80

FAX 01273 323077

Sales@bull-electrical.com

BULL ELECTRICAL

(ACCESS.VISA, SWITCH, AMERICAN EXPRESS)

'phone orders : 01273 203500

J

200 WATT INVERTERS plugs straght into your car
cigarette hghter socket and 18 fitted with a 13A socket 0 you can run
your mains operated devices from your car battery £49 95 ref SS66
THE TRUTH MACHINE Teis f someone s ying by micro
tremors ntheirvoice battery operated works in general conversation
and on the ‘phone and TV as welli £42 49 ref TD3
INFRA RED FILM " square prece of flexibie infra red film that
waill only ailow IR Iight through Perfect for converting ordinary tofches
ights headgrits etc toinfra red output only using stangard light bulbs
Easily cut to shape 6" square £15 ref IRF2
HYDROGEN FUELCELL PLANS Loads of mformation
onh At Jans to build a Hydrogen
fuel cell (good wotkshop faciities requued) £8 set ref FCP1
STIRLING ENGINE PLANS interesting information pack
covenng all of Suring eng of home made
engines made from an aerosol can running on acandle! £12ref STIR2
ENERGY SAVER PLUGS saves up to 15% electncity
when used with fndges motors upto 2A iight bulbs solderingirons etc
£9 ea ref LOT71 12 pack £69 ref LOT72
12V OPERATED SMOKE BOMBS Type 352 12v
tngger and 3 smoke cannisters each cannister wilt fill aroom:n a very
short space of timei £14 99 ref SB3 Type 215 20 smaller cannisters
for pment fires etc) and 1 tngger module for
£29 ref SB2 Type 115 @ 12v trigger and 20 large cannisters £49 ref

$B1

HIPOWER ZENON VARIABLE STROBES useu!
12v PCB fitted with hy power strobe tube and controt electronics and
speed controt pote Perfect for g projects  etc
70x55mm 12vdc operaton £6 ea ref FLS1 pack of 10 £49 ref FLS2

NEW LASER POINTERS 4 5mw 75 metre range hand
heid unit runs on two AA battenes (suppiied) 670nm £29 ref DEC49)
HOWTO PRODUCE 35BOTTLES OF WHISKY

FROM A SACK OF POTATOES comprenensive 270
page book covers ali aspects of spinit production from everyday
matenals Includes construction details of simple stills £12 ref MS3
NEW HIGH POWER MINI BUG with arange ot upto
800 metres and a 3 days use from a PP3 this 15 ouf top seling bug!
tess than 1" square and a 10m voice pickup range  £28 Ref LOT102
IR LAMP KIT sutable for cctv cameras enables the camera
to be used Intotal darkness! £6 ref EF138

INFRA RED POWERBEAM Randheid battery powered
amp 4mch refiector gives out powerful pure infrared hgnt! perfect for
CCTV use nightsights etc £29 ref PB1
SUPERWIDEBAND RADAR DETECTOR Detects
bothradarand laser XK and KA bands, speed cameras, and all known
speed detection systems 360 degree coverage front&r
earwaveguides, 1 1"x2 7*x4 6" fits on wisor or dash £149

LOPTX Made by Samsung for colout TV £3 each ref SS52
LAPTOP LCD SCREENS 240x175mm, £12 ref S851
WANT TO MAKE SOME MONEY? STUCK

FOR AN IDEA? we have collated 140 business manuals that
grve you information on setting up dfferent businesses, you peruse
these at your leisure using the text editor on your PC Atso included 15
the certificate enabling you to reproduce (and sell) the manuals as
much as you iket £14 ref EP74

HIGH POWER DC MOTORS, PERMANENT

MAGNET 12 - 24v operation, probably about 1/4 horse power
body measures 100m x 75mm with a 60mm x Smm output shaft with a
machined flat on it Fung 1s simple using the two threaded boits pro-
trucing from the front £22 ref MOT4

INFRA RED REMOTE CONTROLS made for Tvs
wma.haveotherusesmrndmoESSreﬂREM

Online

“web catalogue
bull-electrical.com

ELECTRONIC SPEED CONTROLLER KIT ror
the above motor 1s £19 ref MAG17 Save £5 # you buy them both
together, 1 mokor plus speed controller rmp 15 £41, offer price £36 ref
MOTSA

SONY STEREO TV CHASSIS assemblies compnsing
complete TV PCB excluding tube and scancoils Nicam stereo mains
Input Appear to be unused but sokd as seen’ Wouid probably be good
for spares or as a nicam stereo TV sound recerver and amplifier
For KV29F 1U and KV25F 1U(BE3D) PCB no's 1-659-827-12
1-659-826-14 1-711-800-11 £20 ref STVA

RCB UNITS tnline IEC lead with fitted RC
breaker. Instafled in seconds.

Pack of 3 £9.98 ref LOTSA

RADIO CONTROLLED CARS etc no remotes but
good sinppers for servo's motors and recenvers Soldasis noretums
mixed types £3 each ref RCC2

VOICE CHANGERS Hok one of these units over your
phone mouth prece an you can adjust your voice using the controis on

1 U 15 ¢

'C WE"BQ&" E’éﬁﬁfs“ég:?msamm 90- 105mhz
11Sg 193 x 26 x 39mm, 9v PP3 battery required £17 ref MAG15P1
AUTO SUNCHARGER 155x300mm solar pane: with diode
and 3 metre lead fited with a cigar plug 12v 2watt  £12.99 REF
AUG10P3

SOLAR POWER LAB SPECIAL 2«66 6v 130maA
cells, 4LED's, wwe buzzer. switch + 1relay ormotor £7.99 REF SA27
SOLAR NICAD CHARGERS 4 x aa size £999 ref
6P476 2 x C size £9 99 ref 6P477

5.25" FLOPPY DISKS. pack of 500 disks £25 ref FDj
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"Projects and Civcuits

MIDI HANDBELLS by Robert Penfold
Ring out thy bells with merry tolling — plus a MIDI PIC-up, of course!

A.M./FM. RADIO REMOTE CONTROL by Max Horsey

Coded radio remote control has become straightforward and requires

no UK licence

PhizzyB COMPUTERS - 7 by Clive "Max’ Maxfield, Alvin Brown
and Alan Winstanley

Ma, it's making eyes at me! The PhizzyBot now has vision - here’s how ...

PIC TOOLKIT MK2 by John Becker
Expanding Toolkit Mk1 to include the new PIC 16F87x devices as
well as the famitiar 'x84s, plus many more features!

INGENUITY UNLIMITED hosted by Alan Winstanley
Photo Slave Flash Unit; Siren Sounder; Space Case Alarm;
Electronic Rotary Switch; Pico Prize Winners

Sevies and Features

NEW TECHNOLOGY UPDATE by lan Poole
New bonding techniques enhance power handling for IGBT devices

CIRCUIT SURGERY by Alan Winstanley
Current Sources - a close-up explanation

PC ENGINES - FROM 4004 TO PENTIUM Ill by Ernest Flint
A brief history of time as Intel’s microprocessors see it

PRACTICALLY SPEAKING by Robert Penfold
The nuts and bolts of casing your projects more easily

PhizzyB COMPUTERS - 7 by Clive "Max’’ Maxfield and Alvin Brown

Giving PhizzyBility to PhizzyBot needs a bit of.software, but not much

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley
The worms have turned; Under attack; Don't panic; Update

Regulays and Sevvices

EDITORIAL

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

SHOPTALK with David Barrington
The essential guide to component buying for EPE projects

PLEASE TAKE NOTE PC Capacitance Meter (Oct '98)

CD-ROMS FOR ELECTRONICS
Parts Gallery + Electronic Circuits and Components; Digital Electronics;
Analogue Electronics; plus PICtutor, pfus Modular Circuit Design

READOUT John Becker addresses general points arising

DIRECT BOOK SERVICE
A wide range of technical books available by mail order

BACK ISSUES Did you miss these?
ELECTRONICS VIDEOS Our range of educational videos

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE
PCBs for EPE projects — some at “knockdown’ prices! Plus EPE software

ADVERTISERS INDEX
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GIANT PULL OUT DATA CHART -
7400-SERIES LOGIC GATE PINOUTS
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tw
wanted for cash!

THE AMAZING TELEBOX IC's -TRANSISTORS - DIODES
Converts your colour monitor into 8 QUALITY COLOUR TVH! OBSOLETE - SHORT SUPPLY - BULK
TV SOUND & 6,000,000 items EX STOCK

wogo TUNER For MAJOR 8AVINGS - CALL OR SEE OUR WEBSITE

VIDEO MONITOR SPECIALS

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

Mitsublehl FAM1SETKL 14 SVGA

i ety ol o
1BM PC's in CGA EGA, VGA &
& modes,
ARCHIMEDES and APPLE.
PRI ¢ sachry s LOW RACTION P
TH & Swivel Bese £4.75 Only £119 @ oy
TE Extsmal cabise for other types of computers CALL
For ' versions state 5.5 or 8 MHZ sound ) As New - Ex Demo
‘Fovmeubb/ signal reception Telebox MB shouid be con- |  77° 028 SVGA Mitsublshi Diamond Pro monitors
necied 1o a cable type service. Shipping on all Teleboxe's, code (B) | Fuil muitisync etc. Full 90 day gusrantee. £325.00 (E)

smoﬂhomPAL(UKtpoc UHF TV tuner
with composite 1V pp video & AM hi fi stereo sound
Micro electronics all on one small PCB only 73 x

Just In - Microvitec 20° VGA (800 x 800 res.) colour monitors.
g 3 Good SH condition - from £299 - CALL for info
x 52 mm

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

1200}  Overall dimensions are: 77%* H x 32%°

urplus always
wanted for cash!

19" RACK CABINETS
Superb quality 6 foot 40U

Virtually New, Ultra Smart
Less han Half Price!

19° rack cabinets made in UK by
Optlm nclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
'ndiuubb intemal ﬁxhg struts, ruay punched
for any configuratk
plus ready mountod lmogrnl 12 my 13 amp
socket strip make

g

these racks some of the most versatile we
have ever soid. Racks may be stacked side by side and therefore
roqunonlymddopmduomndmgryovhmulbbbuyl

OPT Rack 1 Complete with removable side panels. £345.00 (G)
OPT Rack 2 Rack, Less side panels £245.00 (G
Over 1000 racks, shelves, accessories
19" 22" & 24" wide 3 to 46 U high.
Available from stock !!.

32U - High Quality - All steel RakCab

Made by Eul Mmmmuﬂmmhwwmm
rack loaluvu all steel with
t and back doors. Front and back doonmm

5
is constructed of double walled steel with
‘designer style’ smoked acrylic front panel t
enable status indicators to be seen through the
|, yot remain unobtrusive. Intemally the rack
eaturos fully siotted reinforced vertical fixin
members to uko the hnvlul of 19" uc

;onru lvuilabh) are d;.wo gunehod lor lmndlrd

;lgonuts Amdnt inloér(\:ak
phEurosoduunnd1x13:mpSpthnd

uﬂlny socket. Overall ventilation Is provided by
ful d back

bwlwwm'ﬂm"wmﬂh;; "'""n": PHILIPS HCS35 (same ncusaaa).mctmnyugs-
and documentation. m+12V!45V%mM mmm“ mmw,dq,.m‘.l m‘&
IRAND NEW - Order as MY00.  Only £49.95 (8) nmmwmmmgdlm“wwn
dicect to n computers. al
FLOPPY DISK DRIVES 212" - 14" RSN nw?!zy-whﬁo;:hw Grect connection
present m'dm'u;';mi:‘ W&"m"mun“ front concealed flap eonlrols R correction button etc. Good
sialed) are om often brand new Dimensions: w-l'ulz:"g;d.-‘ 15%° D“d Only £99 ©
Mlndln'ultytmd ll\dshlppodtoyoum:
day guarantee. Call for over mmddﬂm'or:pumovnpnh PHILIPS HCS31 ?mazomvmmma_\r wnh'ml
%" Panasonic JU3B3/4 720K uivalent RFE dard composite input via SCART socket.
i v ,f{',.‘gump. iy for all monitoring / security appiications. High quality, e
3%" Mitsubishl MF3550-D 1.4 fully tested & guaranteed minor screen bums) In lttrlt.\

tive square black plastic case measuring W10* x H10" x 13®%" D.
240 V AC mains powered.

KME 10" 15M10008 high

5%* Teac FD-55GFR 1.2 (lorl Mpcl) Fl
5%° Teac FD-55F-03-U (beBC‘lm) RFE £29.
5%" BRAND NEW Mitsubishi MF5018 360K

Table euawlth IPSUbeH.'m'FloppovHDm

Only £79.00 (o)
definition colour monitors with 028' dot

v bished & pltch. Superb cllrlty nnd modern styling. .
: mu Brand New go w'sﬁ“neg log dmcRG?
v : source, IM and composite sync
=.M“g.wmm“““ g E such as Atari, Commodore Am g. Aczr:n
. shi M2896-83-02U DS shmbine NEW 00(E| Archimedes & BEC. Measures only 13 x 12° x
Dusl 8° cased drives power 2Mb  £4 1. Good used condition. Oy £125 ()
20" 22" and 26" AV SPECIALS

Suporb'y mldo UK manufacture. PiL all solid state colour monitors,
video & sound . Aftractive

tukl cuo PorioeﬂotSehooh Shops, Disco, Clubt stc.in
EXCELLENT fittie used condition with full S0 day guarantee.

2%'b3%‘gonvomon Pc’s,
3%" FUJI FK-308-26 20mb MFM UF Rl
3%* CONNER CP3024 20 mb IDE UF (or equiv.,

20"...£135 22°...£155 26"...£185(@/

Vlrlually every l,vpo of power
pl* you can Imagine.Over
10 coo ower Supplies Ex Stock

all or see our web site.

Always over 1000 PC's from stock.
1000's of spares and accessorles.
Call or see our web site for Info.

RFE
8 FUJITSU M2392K 2 Gb SMD IIF RFE tested £345,
Many other drives in stock - Shilpping on ali drives le code (D)

TEST EQUIPMENT & SPECIAL INTEREST ITEMS
MITS. AAFASMSETKL 14" Indusiral spec SVGA monlors €248 msacummsnnmmm(mwnsw £14s0

% DC POWER SUPPLIES M ot
00

'LOW COST PC's

door and double skinned top section

op and side louvres. Thctoppmdmnybumovodfor
Imdhmtolhoubphtom Other features include:

castors and floor levelers, prepunched utility panel at iower rear for
cable / connector access etc. in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
mm-1825H1635016m . (64° H x25" D x 23%" W)

Soid st LESS than a third of makers price Il

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

BATTERY SCOOP - 50% off !!

A special bulk purchase from a cancelied e order brings you
mou.n-zs\'g on these ultra high spec 12v DC 14 Ah
Hawhker Lid, 88818

sguaran—

77
Fully gt
each 'Our Price £35 each © or 4 £99 m

RELAYS - 200,000 FROM STOCK

Save £££€°s b{ choosing your next relay from our Massive
stocks covu ng types such as - Mllitary, Ocnl, c"dlo,

MHermetically Sealed, Contactors, Time Delay, W%
Wetted, d State, Printed Circult llouml CALL uUs
YOUR NEEDS. Auny obsolets types from Save £££5°8

LOW COST RAM & CPU'S

INTEL 'ABOVE’ Memory Expension Board. Full length PC-XT

and PC-AT compatible ummzubyt&ofm on board.
KW 90 400 kW - 400 Hz 3 POWEr SOUFCES - 6X 3220-08 A0 4 pen HPGL fast drum plott 50 o {
BM 8230 Type 1, Token rhg base unit driver £760 leon HFX-" PW" control un 1450
mm Keorr frequency responss analyser £2500 Uu SAE / CALL £POA
W1Tokonﬂhglcszoponlobomodulu £750 Trloo-lavdclnou mﬂorodao.mpbonehPSU.Nw
1BM MAU Token ring distribution panel 8228-23-5050N £95 itou M3041R 600 LPM band £1950
AM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE €550  Fujitsu M3041D 800 LPM printer with network interface £1250
ALLGON 8380.11805- 1880 MHz hybrid combiners £250 Perkin Eimer 2998 Infrared spectrophotometer A
Trend DSA 274 Deta Anal .Izw MM Vo £POA  Perkin Eimer 597 infrared
Marconi 63 le 2 to 22 GHz sweep generator £6500 VG Electronics 1035 TE Mcvh Meter £3750
Marcon| zonc Hz-1GHz RF generator £1550 80 output Im spec 2u rack mount Video VDA's £495
IteonlmooptoaloKHz-IZQG signal generator,New £5150 onic SO 150H 18 channel digital Hybrid chart recorder £1995 pin S| parlty-
6508 Logic £3750  Taylor Hobson M / recorder £750 INTEL 406-DX33 CPU £19.95 INTEL 406-DX08
HPS?MAPnnomwdov & HP3782A Emor Detector A ADC 8B200 Carbon dioxide qudmov/mormov £1450 RANGE OF CO-PROCESSOR'S EX STOCK
HP8821A Dual Programmabile GPIB PSU 0-7 V 180 watts  £1800 8 Video 1152 PAL waveform monitor £
HP8284 Rack m vlr\lblo0-20V020AmmodPSU £678 RITSU 9654A | DC-2.5G/> waveform monitor £5,650
wumA DC lo 22 GHz four channe! test £POA  ANRITSU MS9001B1 0.8-1.7 uM opﬁcal spectrum analyser EPOA shipping charges for RAM / CPU upgrades is code B
HPB130A opt 020 300 MHz ;:upl:dpum-tov GPIB otc £8500 ANRITSU MLS3A power meter £990 FT
"PM aro ”""w B: 2650 ISOONEm RING TS3 Dymn:o‘;k‘:.v'nbvowopo g?s% SO WARE SPECIALS
Mod 1200 €POA  RaS FTDZ Dual sound t650 NT4 WorkStation, complete with service pack 3
A High qualty OCD colour TV camera €1100 R&S SBUF-E1 Vision modulator £775 licence -
CVclp.cnov/ unl'yw EPOA  WILTRON 66308 12.4 / 20G3Hz RF sweep generator £5750
£3750 TEK 2445 150 MHz 4 trace £1250
£9500 15&300'”300":": % 4 £1955 o 3y° disks docum
TEK ortable TOR (time domain reflectometer’ £600 oossomawmmmbomwoem
£2200 PHILWPS PW1730/10 Y generator with accessories EPOA  wordperfect 6 for DOS supplied on 3%" disks with manual £24.95
:us CLAUDE LYONS 12A 240Vlirw;:huc auto. voR. regs £328 shipping cha for software is code B
CLAUDE LYONS 100A 240415V 3 phase auto. vok. regs.  £2900 ng charges fo

Open Mon - Fri 9.00 - 5:30
Dept PE , 32 Biggin Way
Norwood

Upper
LONDON SE19 3XF

and Local Authorties
mmmzmmmmwnm
muﬁumw 80 days. g;mbumuumb

Visit our web site
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NEXT MONTH

MUSICAL SUNDIAL

TRAVESTY - that's the word, it's an absolute and utter travesty — this Sundial
thingy, it's a gross and total misuse of sophisticated electronics. Well, think about
it = In the Beginning was the Big Shout that echoed throughout the Multiverse:
“Let there be Light", and so it was, and so came about shadow 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 plants and trees around him, and thus the sundial was there for his
enlightenment from the beginning.

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

Nonetheless, it's been done and we feel 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 already achieved without even thinking about it.

So what does this Musical Sundial contraption actually do? It monitors the motion of the sun of course - a pointer casts a shadow
which 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, you get a tune played! And what tune might it be — what else but something that might perhaps remind you of the old classic
“You are my Sunshine” (although a real musician wouldn't think so)!

But that's not all ~ 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 next month, build our Sundial (never mind what the neighbours might say about your sanity!). We provide
the info, where you find the sun is up to you!

Next month we commence publishing a serles
of “Starter Projects "’ designed with the novice
in mind. They are all easy to build and

STARTER ALAN DOWER

inexpensive, the first one is a

CLIPPING VIDEO
FADER.

Many camcorders include a video fader facility, but this is often in the
form of a pushbutton control with a fixed rate of fade. A fader of this type is
certainly usable, but offers no creative control to the user. This extremely
simple video fader project has a conventional control knob that offers
precise control over the fade characteristic. It provides what is virtually a
conventional fade to 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 a different manner to a conventional
fader, and it produces a different effect on-screen when the picture is
faded. 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. This project offers an interesting
alternative to a conventional video fade effect, and it costs very little to
build.

PROJECT

BLUMLEIN -
A TOUCH OF MAGIC

Many readers will have never heard of Alan Dower
Blumlein, we hope we can put that right next month.
He either originated or made profound contributions
to Telephony, Monaural and Stereo Recording,

.Television, Radar, Amplifier Technology, and Signal

Processing circuits.

Few will ever match A. D. Blumlein in his insight,
breadth of knowledge or ability to solve problems in
electronics and electrical engineering. If one defines
genius as “original thought” then Blumlein had
genius in abundance. In a life that was cut short
during the second world war, he created more in a
career lasting only 17 years than the vast majority
do collectively in a lifetime. In all, Blumlein held 128
patents — on average one for every six weeks of his
working life.

PLUS e ALL THE REGULARS
NO ONE DOES IT BETTER
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ORDER NOW!

Demand is bound to be high
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VARIABLE VOLTAGE | § KVA ISOLATION TRANSFORMER
Computer Controlled Robotics TRANSFORMERS

INPUT 2207240V AC 50'60 OUTPUT 0V-260V

Price

PANEL MOUNTING Ex-warenouse Carriage on reques

05KVA25ampmas  £33.00 £6.00 24V DC SIEMENS CONTACTOR

1KVA § amp m £45.25 cts Screw of D Rad fong Sze H 120 x W 45

)

SHROUDED 240V AC WESTOOL SOLENIODS
£46.25 SERIES 400 Mod 1 Rat 2 Max em;(e
£65.00 £8.50 e pip & VAT T8 £5.88, 116 £8.81,

SERIES 400 £7.64
! 850 AXIAL COOLING FAN

30V AC e 10 walt

SO00VA ISOLATION TRANSFORMER

LA~ INSTRUMENT CASE
. Aarut y Imnot L 8 x
! P 3 J
. oy i TOROIDAL L.T. TRANSFORMER
Bl DIE CAST ALUMINIUM BOX
. 2 . quides ernal sze 265 x X
e A?mm Mobile Arm COMPREHENSIVE RANGE OF TRANSFORMERS-LT- 230V AC SYNCHRONOUS GEARED MOTORS
e 2 ‘ 1SOLA Brand new Ovond Gearte v
> - o e W A0mm X i -
ULTRA VIOLET BLACK LIGHT BLUE SOLID STATE EHT UNIT
FLUORESCENT TUBES J utpL KV
10 sec
30 sec
hon
and
e g ¢ .
tubes etc Pnce less case £8.50 + £2.40 p&p \
230V AC BALLAST KIT NMS
EPROM ERASURE KIT

own EPROM ERASURE for a fraction of

paw
y
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VisA |

‘ Sers 1 Crcun £ B e

" Telephone for our catalogue or (— el _ WASHING MACHINE WATER PUMP
\ visit our web site for further details @ !:.:Q’ anety ot o G Prcs
§ 40 Wellington Road, Orpington, Kent BRS 4AQ W% only £3 I p8p8 VAT I I —
gl e o SERVICETRADINGCQ it

Web Site - http://www.technologyindex.com : " 0 FAX: 4 :

Prices exclude VAT and £5.00 next day carriage Mossap sy ACCOUNT CUSTOMERS MIN GRUER E10 - Aaeag souc

. 32 PAGES EUINGE

STOCK AND ALL AT
THE LOWEST PRICES!

GREENWELD PHONE FAX OR
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27D Park Road - Soumampron sots 3ua IWRITE TODAY FOR

cist oreomatitsoronn . 2 miemer wrmnsssaoos. YOUR FREE COPY!
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T E L N E T

8 CAVANS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF

Tel: 01203 650702

Fax: 01203 650773

Mobile: 0860 400683

(Premises situated close to Eastern-by-pass in Coventry with easy access
to M1, M6, M40, M42, M45 and M69)

Beckman 9020 - 20MHz - Dual Channel.
Cossor 3102 - 60MHz Dual Channel .......
Gould 0S 245A/250/255/300/3000/3351 14000 .
Hewlett Packard 180A/180C/181A/182C .
Hewlett Packard 17404, 1741A, 1744A, 100M
Hewlett Packard 541000 - 1GMz Di

Hewilett Packard 54. - 50MHz zlng
Hewlett Packard 54201A 300MHz
Hitachi V152FN3028N302FN353FN
Hitachi V850F - 60MHz Dual Channel

Hitachi V1100A — 100MHz 4 Channel . . .
Intron 2020 - ZOMHz%gMI Stornge (NEW)
twatsu SS 5710/SS 5

Meguro — MSO 1270A - ZOMHz tal St
Nicolet 310 - LFDSO with twin Drive ..
Nicolet 3091 - LF. D S.0.

Lacroy 8450A - 300MH2/400 Ms/s D.S.0. 2 ¢h ..
Panosonic VP5741A - 100MHz — Dual Channel
Philips PM 3055 — 50 MHz DUAL Timebase £450
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/PM 3244/PM 3261/

PM 3262/PM 3263/PM 3540.

from £125

Phlllpl PM 3295A — 400MHz Dual Channel ...
Philips PM 3335 - 50 MHz/20Ms/s D.S.0. 2¢h.
Tektronix 434 — 25MHz - 2 Channel Analogue Slonqe
Tektronix 454 — 150MHz - 2 Channel
Tektronix 455 — SOMMHz Dual Channel ...
Tektronix 464/466 — 100MHz An storage .
Tektronix 465/4658 - 100MHz dual ch
Tektronix 488 — 100MHz D.S.0.
Tektronix TAS 475 - 100 MMz -
Tektronix 475/475A — 200MHz/250MHz Dua
Tektronix 485 — 350MMHz — 2 channel.
Tektronix 2213 - 60MHz Dual Channal
Tektronix 2215 - 60MHz Dual trace ..
Tektronix 2220 - 60MHz Dual Channel
Tektronix 2221 - 60MHz Drgrlal Storage 2 Channel.
Tektronix 2225 - SOMHz dual
Tektronix 2235 - 100MHz Dual trace
Tektronix 2335 - Dual trace 100MHz (portable) .
Tektronix 2440 — 300 MH2/500 Ms/s D.S.0. 2 Ch.
Tektronix 2445 — 150 MHz — 4 Channel + DMM.
Tektronix 2445A — 100 MHz — 4 Channel.
Tektronix 2445A - 150 MHz - 4 Channel.
Tektronix 5403 — 60MHz - 2 or 4 Channel ..
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch.
Tektronix 7704 — 250MHz 4 ch
Tektronix 7904 ~ S00MHz
Trio CS-1022 - 20MHz - Dual Channel ...

Other lcop.l available too

SPECIAL OFFER
HITACHI V212 - 20MHZ DUAL TRACE
MITACHI V222 - 20 MHZ DUAL TRACE + ALTERNATE MAGNIFY .

SPECTRUM ANALYSERS
Ando AC8211 - Spectrum Al 1 7GHz

Anritsu MS82B - 10KHz - 171
Anritsu MS341A + MS34010 - (1 OHz 3())MH1)

Anritsu MS6108 — 10KHz - 2GHz - (Mint) £4750
Anritsu MS710F — 100KHz — 23GHz Spectrum £5950
avcom PSAB5 S - 1000MHz - 53 o Ow . i_;l:&")l:l
ameg 8028/8038 - rum Analyser/ rackif en +100MHz HOSCOPO ... 1250
Hewiett Packard 1 with 8559A (10MHz "% .....£3750
Hewilett Packard 1827 + 85588 - 0.1 to 1500MHz .. £1750
Hewiett Packard 853A + 85588 - 0.1 to 1500MHz. .£2500
Hewlett Packard 8591A — 9KHz - 1. BGszm'rOptron 10 Traolong Generator..... .£6500
Hewiett Packard 8594E - 9KHz - 2.9GHz..... -...£7000
Hewiett Packard 35601A - lyser IOUOABCE . oooorr oo ....£1000
l;nclurd :;seu -Dgy;némcnsd i .28750

Hewilett Packard 3562A han Dynnmrc nalyser ..£6500
Hewlett Packard 3580A — 5Hz-50KMz ........................ ..£995
Hewlett Packard 3582A - 0.02Mz - 25.6KHz (dual ch.) ... .£2000
Hewlett Packard 3585A — 20Hz — 40MHz ... - ..£4500
Hewlett Packard 8753A - Network Ar\alyser .£4995
Hewlett Packard B753B - Network Analyw &S .£6500
IFR 7750 10KHz - 1GHz ..£2500
MBFCONE 2370 — 1TOMMZ ..o ...£500
Marcon! 2371 — 30KHz — 2000MMz . .£750
Meguro MSA 4901 ~ 1-300GHz (AS SNEW) .o ..£850
uro MSA 4912 — 1-1GH2z (AS NEW) ... ....£1250

Rol & Schwarz - SWOB 5 Polyskop 0.1 — 1300MHz... ..£1500
Takede leen 4132 - 1.0GHz Spectrum Analyser . ....£2500
7L18 with f {1.5-60GHz with external rmrers) .£2000
Tektronix 485P — 100Hz - 1.8GHz programmable ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, £4950
Tektronix 496P — 1KHz - 1.8GHz S Y £4500

ELLANEOU

Adret T40A - 100KHZ - 1120MHz S) SlonelGenomor ..£800
Anritsu MG 380A Generator 0.1-1040MHz ... ! .£1500
Anritsu ME 462B DF/3 Transmission Anaryso — FE .£2500
Anritsu MG 6458 Generator 005-1040MH1 oo £850
[ RF meter..... ...£250
Boonton 93A True RMS voltmeter....... ... ... ...£250

AC/DC - Multifunction Analyser ..£600

B 0 e
counter

fr e s s 10

= counter -

Eltek SMPS A 60v-30V................ £400
ENI 550L - Power 1. HZ) 50W ... £1500
Farnell TSV-70 MK Power {70V - 5A or 35V - 104) ..

Farnell DSG-1 Synthesi: £125
Famell ESG-1 Ger\enlor 1GHz (as new)

?na Fl-eofder
Guildiine 9152 - T12 Ba rySlmoemCell

Packard 186300 - L% 5A)
-W;gsoouA— mﬁrcsromesr 165304/18531A - Logic Analyser
mA-c jon Analy N
d 3325A - 21MHz Synmemrffuncbw
3336C - S-qn

34384 mulimeter
3455A 6 MMeter {Autocal) .
VOMOOr...... .....co....o i e

ik %.e:r
kard 3488A - HP - 1B Switch control unit (various Plug-ins available).

(10Hl 21MHZ)

z§§s§§§§§25§g§§s R E

Hewilett Packard 3478A — Mummelar (5%4 Digit) + HP - 1B . £550
Hewlett Packard 35600A Dual Ch Dynamic Signal Analyser .£3750
Hewlett Packard 3586A - Selectrve Level Meter . .£1000
Hewlett Packard 3711A/3712A/37918/3793B Microwave Link Analyser .£2250
Hewiett Packard 3746A - Selective Measul _£750
Hewlett ¢ A - PCM Termnal Test Set ..£1500
Hewlett Packard 3779A/3779C - Pnmary Mux Anal from £600
Hewlett Packard 3784A - Digrtal Transmission A -£5000
Hewlett Packard 3785A - Jitter Generalor + Recenv: .£1250
Hewlett Packard 379000 - Signafiing Test Set (No 7 and ISDN) £4250
Hewlett Packard P382A Vanable Attenuator ..£250
Hewiett Packard 4192A - LF lmfledance Analyser .£7000
Hewlett 4262A - Digita! LCR Meter £1250
Hewlett Packard 42 79A- 1 Hzc V Meter £4500
Hewlett kard 4342A *Q’ Met £800
Hewlett kard 435A or B Power Meter (with 8481A/8484A) from £750
Hewlett QMA (TIMS) Transmission impairment M/Set £1500
Hewiett Packar 72A -Lan Protocol Analyser £1750
Hewlett Packar 03 lecorder £1750
Hewlett Coun or 100MH2Z . £250
Hewiett Packa 5314A OOMHz Unrversal Counter £250
Hewlett Packard 5316A - nrversal Counter (IEE .£500
Hewlett Packard S335A - 200MHz Trgh Perlormance Systems Counter ... £600
Hewiett Packard $370B - Unwversal .£2000
Hewlett Packard 5384A - 225 MHz Frequency Cou .£650
Hewlett Packard 5385A Frequency Oouﬂter -1GHz - (HPI B) with OPTS 001/003/004/005 £995
Hewlett Packard 5420A le Signal Analyser €350
Hewlett Packard 6033A Power Supply Autoranugmg (20V - 304) £750
Hewlett Packard 6253A Power Supply 20 £200
Hewlett Packerd 6255A Power supply 40V - 1 5A Twin £200
WLETT PACKARD 62618
Power Supply 20V-50A £450 Discount for Quantities
Hewlett kard 62648 - Power Supply (\9 20V.0-254) £400
Hewlett Packard 62668 Power Supply 40 £220
Hewlett Packard 62718 Power srgply 3A £225
Hewlett 6832A - Power ugply {20V - 5A) . .£800
Hewlett Packard 7475A - 6 Pen Plo . £250
Mhll -Declurd 7550A - 8 Pen Plotter AJ/A4. £450
Packard 8015A — S50MHz Pulss Generator _£750
Hewleﬂ Packard 8152A - Ophical Average Power Meter . . £1250
Hewlett Packard 01583 tical Attenuator (OPTS 002 + 011) £1100
Hewlett Pac IHz Programmable Signal Sou .£1650
Hewlett Pac 8100‘ Data Generator .£1500
Hewlett !1!2A Data Anatyser .£1500
Hewlett - Sweep Oscillator Mainframe {vanous plug-in options avullble) .£2500
Hewlett Packard BJSS‘A Wave Source Module 26 5 to 40GHz .£3500
Hewlett Packard 83555A - Millimeter - Wave source Module 33-SOGHZ .£4250
Hewlett 8405A — Vector Voltmeter . £350
Hewiett Packard 8620C Sweep oscillator mainframe from £250
Hewlett euo - Srgnal Generator (512MHz + 1024MHz) from £850
Hewlett Packal (10 1T ) e crveeeren ety et ey rorerereerred £1
Hewlett 06568 Sy ynthesised Signal Generator £1750
Hewiett Packard 8657A - Srgnal Generator {(100KHz- |O4OMH2)
Hewlett Packard 8660D - Synthesised Signal Generator (10KHz-2600MHz) 250
Hewlett Packard 8750A Stora normaiiser £375
Hewlett Packard 8756A - Scalar Network Analysar £1500
Packard 8757A - Scalar Network Analyser £2250
Hewilett Packard 8901A - Modulation Analyser .£2750
Hewiett Packard 89018 - £3750
e e (Bovie - 166K £1600
Hewilett rd 89038 — ...£2500
Hewlett Packard 8903E - T‘ (Mint} .£2000
Hewlett Packard 8920A - RF Cornms st Set . .£4985
Hewiett Packar mzn GSM Radwo Comms Test Set £8500
Hewlett - Cellular Radro Interace .£2000
Knyuk uZ-lSIEC Mrmznp 15Kv Hand Held ESD Simulator £1750
Hite 2200 Li oaaSweep Generator £995
rohn-Hite 4024A Osci £250
rohn-Hite 5200 Sweep, Function Generator £350
6500 Phase Meter £250
Leader LDM-170 - Distortion Mett -£350
Leader 3216 - Signal Generator (100KH2 — 140KH 2) AM/FM/CW with built-in FM stereo
modulator (mint)... £995
2019 - BOKHz - 1040MHz Synthesised Sig.Gen . 5 . £950
Maroonl 2019A - B0KHz - 1040MHz - Synmeslseg Signai Generator £1250
Marconi 2305 - Modulation Meter . . .. £1995
Marconi 2337A - Automatic Drstortion Mater £150
2610 - True RMS Voltmeter £850
2871 Data Comms Analyser £1000
2955 - Radio Comms TestSet . ... .. . .. L L L £2250
6960 Power Meter & Sensor from £950
Phillps PM 5167MMz tunction %e £400
Philips 5190 .F Synmesser( PiB) . £800
Philips 5193 sised Function Generator £1500
Philips 5518 S nthasised Function Generator . £1500
Philips PM5519 - TV Pattem Generator - £350
Philips PM5716 - 50MHz Pulse Generator ... £525
Prema 4000 - 6 ' Digit Muttimeter (NEW £450
Quartziock 2A - 0" t quuenc&?‘l .£200
Racal 1992 - 1 3GHz F% nler ..£800
Racal 61118151 - GSM ms Test Set. .. £POA
ana 9081/9082 Syrmr srg n. 520MHz .from £500
Racal Dana 9084 Synth. MMz £450
Racal 9301A - True RMS Mumvollmeter
Racal Dana 9302A RF multivottmeter (new versron) €375
Racal Dana 9303 A/F Level Meter & Head ... £650
acal Dana 9917 UHF lrequencl'meter €175
ohde & Schwarz z Group Delay Sweep ‘Gen .£1600
ohde & § »chwan Scud Radio Code Test Set £300
ohde & Schwarz CMTA 94 GSM Fladro Comms Analyser ..£7500
NSG 203A Line Vollage Vanation Simuiator £950
NSG 222A £850
223 intert .£850
2720 1250MHz Frequency Counter £500
4031 - IG z Radio Comms Test Set £4995
h lock 4040 Radwo Comms Test Set . . . £2995
7000/7065/7075 Mulimeters _from £350
Solartron 1250 - Freq. Response An. r . ...£2500
> Research DS 340 - 15MHz ynmesesed Function lNEW) and arbnrary
aveform generator .£1200
Sys ner 6030 - Microwave Frequency Counter (26 SGHz) ..£2500
elequlrmm CT71 Curve Tracer £250
AM503 + TMS501 + P6302 - Current Probe Ampl ........ .£995
PGS506 + TG501 + SG503 + TM503 - Oscitioscope Calrbrntor £1995
577 - Curve Tracer £1150
1240 URC oo £500
1414 PAL Test égml Generator . €250
AAS001 & MF - s, ion Analy £1995
Tusooa + AFG 5101 Arbman{ / Function Gen £1500
DAS9100 - Senes Logic Analyser ... .. .. ... ... .£500
Plug; vailable such as SC504. SW503. $G502.
G508, FG504, FG503. TG§01 TRS503 + many more EPOA
Time gll ProgmmC:ble Flescslance .£400
orator e .. .£550
Velhelle Sc m £P.0.A.
Wandel & ( -omnnann PF.H ErrordJitter Test Sat £12500
Wandel & Goltermann PCM4 (+ * £9950
& ( -omrrnum MU30 Test Point Scanner £2000

Wandel

Wayne Kerr 4225 - LCR Bndge

Wavetek 171 — Synthetised Functron ‘Generat

Wavetek 172B Programmable Sig Source {0.! 000le =13MHz)
Wavetek 184 - S Generator — SMHz

Wavetek 3010 - 1-1GHz Signal Gener-lor

wi ltron

- FlF Anelysers MMz -
le Sw Generalor (3 6-6. SGMl{
ymhesrsor (lOMHz 20GHZ

Wiitron
Vlltron 6747 20 Amm:%

MANY MORE ITEMS AVAILABLE -
SEND LARGE S.A.E. FOR LIST OF EQUIPMENT
ALL EQUIPMENT IS USED -
WITH 30 DAYS GUARANTEE.

PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING - CARRIAGE & VAT TO BE ADDED
TO ALL GOODS




£1.50 BARGAIN PACKS

NICAD BATTERY 3-6V p.c.b. mounting prongs. Order
Ref: 1.5P2.

6 DIGIT COUNTER 12V. Order Ref: 1.5P3

PAIR OF ULTRASOSNIC MODULES, one sender. one
receiver. Order Ref: 1.5P4.

100 CORE CABLE, any length. Order Ref: 1.5P6 per

metre.

KEY SWITCH, 2 position, complete with 2 Yale type
keys. Order Ref: 1.5P12.

CASSETTE MOTOR, 9V brushless. Order Ref: 1.5P14.
80 OHM COAX TV CABLE, extra thin, 10m. Order Ref:
1.5P17.

WATERPROOF SPEAKER, 3'%in. round, 8 ohm 11W.
Order Ref: 1.5P27.

6V 1A ENCASED POWER SUPPLY with leads. Order
Ref: 1.5P22.

FLUORESCENT CHOKE for 60 or 8B0W tube. Order Ref:
1.5P23.

3in. TWEETER 15W 8 ohms. Order Ref: 1.5P28.
RELAY, flash proof, 12V coil. SPCO. Order Ref: 1.5P31.
ENCASED PSU, twin outputs, 15V 850mA and SV
550mA, both AC. Order Ref: 1.5P32.

12V MOTOR, mini but quite powertul, 32mm diameter,
25mm long. Order Ref' 1.5P33.

v 3P4RE ISION CASSETTE MOTOR. Order Ref:
1.5P34.

12V 12A TRANSFORMER, frame mounted. Order Ref:
1.5P41.

12V 800mA DC PSU. Order Ref: 1.5P44.

BT PLUG WITH SOCKET for 2 flat plug phones. Order
Ref: 1.5P56.

TWIN 13A MAINS SOCKET, white for flush mounting
Order Ref: 1.5P61.

£2 BARGAIN PACKS

20W TWEETER, 4in. x 4in. 8 ohm by Goodmans. Order
Ref: 2P403.

BATTERY CHARGER METER 0-3A. Order Ref: 2P366
W-SHAPED 30W FLUORESCENT. Philips, ideal name
plate iluminator. Order Ref: 2P372.

DIMMER SWITCH, standard size flush plate, state colour
- red, yellow, green or blue. Order Ref: 2P380.
TELEPHONE EXTENSION LEAD, 12m with plug end,
socket ends. Order Ref: 2P338.

FIGURE 8 FLEX, mains voltage. 50m. Order Ref: 2P345.
INFRA-RED RECEIVER, as fitted TV receiver. Order
Ref: 2P304.

L.C.D. CLOCK MODULE with details of other uses
Order Ref: 2P307.

AM/FM RADIO RECEIVER with speaker but not cased.
Order Ref: 2P308.

12V 200mA PSU on 13A base. Order Ref: 2P313.

2A MAINS FILTER AND PEAK SUPPRESSOR. Order
Ref: 2P315.

45A DP 250V SWITCH on 6in. x 3in. gold plate. Order
Ref: 2P316.

SOLAR CELL 3V, 200mA, 5 of these in series would
mgk; you a 12V battery charger. £2 each. Order Ref:
2P374.

PERMAMENT MAGNET SOLENOID, opposite acton.
g%raez _}s released when voltage is applied. Order Ref:
HEATAER PAD, not waterprooof. Order Ref: 2P328.

15V 320mA AC POWER SUPPLY, in case with 13A
base, ideal for bell or chime controlier. Order Ref: 2P281
POWERFUL MAINS MOTOR with 4in. spindie. Order
Ref: 2P262.

20M 80 OHM TV COAX. Order Ref: 2P215.

6 DIGIT COUNTER, mains operated. Order Ref: 2P235.
13A ADAPTORS, take 2 13A plugs, pack of 5 - £2.
Order Ret: 2P187.

3-CORE 5A PVC FLEX, 15m. Order Ref: 2P189.

MAINS TRANSFORMER, 15V 1A. Order Retf: 2P198.
7-SEGMENT NEON DISPLAYS, pack of 8. Order Ref:
2P126.

MODERN TELEPHONE HANDSET, ideal office exten-
sion. Order Ref: 2P94.

500 STAPLES, hardened pin. suit burglar alarm or tele-
phone wire. 2P99.

PAD SWITCH for under carpets. Order Ref: 2P119

24V STEREO POWER SUPPLY, Mullard. Order Ref:

2P80.
g;g‘)ro 90 MIN 25A SWITCH, clockwork. Order Ref:

POWER SUPPLY FOR MODELS, 6-12V variable and
reversible. Order Ref: 2P3.

MAINS TIME AND SET SWITCH 25A. up to 9 hours
delay. Order Ret: 2P9.

MOTORISED 6 MICRO SWITCHES but motor 50V AC.
Order Ref: 2P19.

TWIN EXTENSION LEAD, ideal lead lamp, Black &
Decker tools, etc., 20m. Order Ref: 2P20.

MAINS COUNTER, resettable, 3 digit. Order Ref: 2P26.
20M 30 GAUGE COPPER WIRE, silver plated and PTFE
insulated. Order Ref: 2P415.

WIDE AIR SPACED 2 GANG TUNING CAP for transmit-
ter, etc. Order Ref: 2P425.

6 RPH MAINS DRIVEN 2W MOTOR. 2P430.

6-HOUR CLOCKWORK TIMESWITCH with scale. Order
Ref: 2P432. 5

G;LVAN!SED BOX, 6in. x 6in. x 1in. deep. Order Ref:
2P433.

FLUORESCENT CHOKE for 5tt. tube. Order Ref: 2P440.
BALANCE KIT for chemical experiments, with weights.
Order Ref: 2P444.

W 153 PSU, encased, plugs into 13A socket. Order Ref:
2P450.

END OF TRAVEL MICROSWITCH. Order Ref: 2P455.

LIGHT ALARM. A circuit for this appears in the
February issue. However, we have a rather less
complicated model alread‘ made up and In a nce
case. price only £3. Order Ref: 3P155.

TWIN 13A SWITCHED SOCKET. Standard in all
respects and compiete with fixing screws. White,
standard size and suitable for flush mounting or in a
surface box. Price £1.50. Order Ref: 1.5P61

VERY POWERFUL BATTERY MOTORS. Were
intended to operate portable screwdrivers. Approxi-
mately 2'%in. long, 1%4in. iameter, with a good length
of spindle. Will operate with considerable power off
any voltage between 6 and 12 D.C. Price £2. Order
Ref: 2P456. Quantity discount 25% for 100.
RECHARGEABLE BATTERIES. AAA size, pack of
4. £2.50. Order Ref: 2.5P32

BIG 12V TRANSFORMER. Over 4A normal work-
ing. Beautifully made and well insulated, terminals
are in a plastic frame so can't be accidentally
touched. Price £3.50. Order Ref: 3.5P20

SPECIAL YUASA BATTERY OFFER. You can have
5 x 12V Yuasa batteries, the one we normally sell for
£3.50, for £15. These batteries have a capacity of
2:3AH. This may be a bit low for some jobs, but
remember you can join them in paraliel to give you a
higher amperage. Order Ref: 15P77

BUY ONE GET ONE FREE ——

CASED POWER SUPPLIES which. with a few small
extra components and a bit of modifying. would give
12V at 10A. Originally £9.50 each, now 2 for £8.50
Order Ref: 9.5P4.

3 OCTAVE KEYBOARD with piano size keys, brand
new, previous price £9.50. now 2 for the price of one.
Use the same Order Ref: 9.5P5

SOUND SWITCH. Can be operated by clapping
hands, shouting or almost any other noise. Comes
complete with instructions, assembled and ready to
work but needs casing. Price only £3. Order Ref:
3P246.
1MA PANEL METER. Approximately 80mm x 55mm,
lromnengraved 0-100. Price £1.50 each. Order Ref:
1/16R2.
VERY THIN DRILLS. 12 assorted sizes vary betwen
0-6mm and 1-6mm. Price £1. Order Ref: 128.
EVEN THINNER DRILLS. 12 that vary betwen
0-1mm and 0-5mm. Price £1. Order Ref: 128.
BT PLUG WITH TWIN SOCKET. Enables you to
plug 2 telephones into the one socket for all normal
BT plugs. Price £1.50. Order Ref: 1.5P50.
D.C. MOTOR WITH GEARBOX. Size 60mm long,
30mm diameter. Very powerful, operates off any
voltage btween 6 and 24 D.C. Speed at 6V is 200
rpm, speed controlier available. Special price £3
each. Order Ref: 3P108.
FLASHING BEACON. Idea! for putting on a’van, a
tractor or any vehicle that should always be seen.
Uses an Xenon tube and has an amber coloured
dome. Separate fixing base is included so unit can be
put away if desirable. Price £5. Order Ref: 5P267.
MOST USEFUL POWER SUPPLY. Rated at 9V 1A
this plugs into a 13A socket. Is really nicely boxed.
£2. Order Ref: 2P733.
MOTOR SPEED CONTROLLER. These are suitable
for D.C. motors for voltage up to 12 and any power
up to 1/6 h.p. They reduce the speed by intermittent
full voltage pulses so there should be no loss of
power. In kit form these are £12. Order Ref: 12P34.
Or made up and tested, £20. Order Ref: 20P39.
VARTA BATTERIES. A big purchase enables us to
offer you 8 Varta AA batteries for only £1. These are
Beglly good batteries, give you long life. Order Ref:
11.
BT TELEPHONE EXTENSION WIRE. This is proper
heavy duty cable for running around the skirting
board when you want 1o make a permanent exten-
sion. 4 cores properly colour coded, 25m length. Only
€1. Order Ref: 1067.
A MUCH LARGER PROJECT BOX. Size 216mm x
130mm x 85mm with lid and 4 screws. This is an
ABS box with normally retails at around £6. All brand
new, price £2.50. Order Ref: 2.5P28.
LARGE TYPE MICROSWITCH with 2in. lever,
changeover contacts rated at 15A at 250V, 2 for £1.
Order Ref: 1/21R7.
BALANCE ASSEMBLY KITS. Japanese made,
when assembled ideal for chemical experiments,
complete with tweezers and 6 weights 05 to §
rams. Price £2. Order Ref: 2P444.

YCLE LAMP BARGAIN. You can have 100 6V
0-5A MES bulbs for just £2.50 or 1,000 for £20. They
aare beautifully made. shghtly larger than the stan-
dard 6-3V pilot bulb so they would be ideal for making
di laas for night lights and similar applications.
osgo BELL PSU. This has AC voltage output so is
ideal for operating most doorbells. The unit is tolallx
enclosed so perfectly safe and it plugs into a 13
socket. Price only £1. Order Ref: 1/30R1

£3 BARGAIN PACKS

MAINS SUPPRESSOR/FILTER, 15a. Order Ref
3P13

MAINS TRANSFORMER, 36V 3A. Order Ref: 3P14.
SIGNAL BOX, 3 pilot lamps In white metal case.
Order Ref. 3P16

120W CHOKE, 8tt. tube. Order Ref: 3P17.

0-5A PANEL METER, ex-W.D. equipment. Order
Ref: 3P20.

KEYBOARD intended for OPD computer. Order Ref:
3pP27

SOLAR CELL, 750mA. Order Ref: 3P42.

PROJECT BOX with lid, 165mm x 119mm x 75mm.
Order Ref: 3P49.

INSTRUMENT TYPE MAINS INPUT SOCKET with
built-in filter. Order Ref: 3P50.

6-CORE 3A FLEX, 15m. Order Ref: 3P54

20V 3A MAINS TRANSFORMER. Order Ref: 3P59
2 RPM 2W MOTOR. Order Ref: 3P64

METAL PROJECT BOX, size 8in. x 4'%in. x 4in.,
made for GPO. Order Ref: 3P74.

THIN CONNECTING WIRE, 2 cores twisted together,
fult length 500m. Order Ref: 3P78.

12V 1A PSU, filtered and regulated on p.c.b. with
relays and Piezo sounder. Order Ref: 3P80.

HORN SPEAKER, 8 ohm, size 4vin. Order Ref:
3Ps2.

20A TIME SWITCH, ex-electricity board. Order Ref:
3P84.

ABS PROJECT BOX, 145mmx95mmx58mm. Order
Ref: 3P85.

HEAT AND LIGHT LAMP [BC 250W. Order Ref:
3P86.

BT INSULATION TESTER, faulty but should be
repairable. Supplied with circuit diagram. Order Ref:
3P103.

MODERN TELEPHONE HANDSET without dial,
cream. Order Ref: 3P104.

20V 3A MAINS TRANSFORMER. Order Ref: 3P106.
40V 2A MAINS TRANSFORMER. Order Ref: 3P107.
3-CORE 20A FLEX, 10m. Order Ref: 3P109.
CUPBOARD DOOR ALARM. Order Ref: 3P155.
WATER LEVEL ALARM, fully adjustable. Order Ref:
3P156

HEAVY DUTY MAINS MOTOR with 2'zin. spindle
each side. Order Ref: 3P157.

RESETTABLE 6-DIGIT 12V COUNTER. Order Ref:
3P158.

6FT MINERAL FILLED METAL CLAD 1000W ELE-
MENT. Order Ref: 3P161.

TIME AND SET SWITCH for mains aat 30A. Order
Ref: 3P164.

AMSTRAD 8in. 15W WOOFER. Order Ref: 3P167.
12V BRUSHLESS FAN mounted in frame with its
own drive circuit. Order Ref: 3P168.

SOLENOID AIR VALVE, 110V. Order Ref: 3P178.
TRANSFORMER AND RECTIFIER for 12V charger.
Order Red: 3P188.

12-0-12V 25VA MAINS TRANSFORMER. Order Ref:
3P181A.

5in. 8 OHM SPEAKER IN WOODEN CABINET.
Order Ref: 3P183.

15UF 440V AC CAPACITOR. Order Ref: 3P190.
25UF 370V AC CAPACITOR. Order Ref: 3P202.
MAINS OPERATED WATER VALVE, suit high or
low pressure. Order Ref: 3P192. Order Ref: 3P194.
AMSTRAD AMPLIFIER, ref. no. not known, is stereo
and has 10 LEDs on front panel. Order Ref: 3P195.
HALOGEN LAMP, 12V 20W. Order Ref: 3P200.
18in. ROD THERMOSTAT, calibrated for water tem-
perature. Order Ref: 3P211.

120W FLUORESCENT CHOKE, badly stored so
cases need repainting, pack of 2. Order Ref: 3P213.
MICROPHONE, hand held, dynamic, 500 ohm. Order
Ref: 3P220.

HEAVY DUTY SOLDERING IRON, mains 40W
Order Ref: 3P221

12V BATTERY MOTOR WITH GEARBOX. Order
Ref: 3P108.

TWIN 13A SOCKET, panel sockets are switched
Order Ref: 3P241.

SOUND OPERATED SWITCH, made up but not
boxed. Order Ref: 3P346.

Sin. UV BLACK LIGHT TUBE. Order Ref: 3P247.
FM FRONT END. Order Ref: 3P248.

TERMS
Send cash, PO, cheque or quote credit card number
— orders under £25 add £3.50 service charge.

J & N FACTORS

Pilgrim Works (Dept. E.E.)

Stairbridge Lane, Boiney,
Sussex RH17 5PA

Telephone: 01444 881965
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#1For Broadcasting Kits Since 1980

8 - 108 MHz

© FM transmitter Kits From just £13.95.

@ Powerful kits: up to 35-Watts power!

@ Professional systems up to 220-Watts power!
® Range of Aerials and Accessories available
® Professional Link systems available.

FM Radio Transmitter Kits

@ Professionally buitt FM transmitters from only £19.95.

P

1-Watt PLL Pro |l
88-108MHz FM
Radio ransmitter

ermrmancel
PRICE FREHE'

Get in touch
now for more
‘information
and claim your
FREE

Brochure

- » -
¥ ’ e coe coerweas ]
!

STILL ONLY 67 .95

,n\ 24 hour

phone / fax

01274 816200

Or contact us
by post @:

18 Victoria Street,
Queensbury,
Bradford,
W YORKS.

BD13 1AR.



GENT

ELECTRONI

C S

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

LT D

EE201 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST

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

EUROCAQD

VISA

c

S\V» oM

MAIL ORDER ONLY e CALLERS BY APPOINTMENT

EPE MICROCONTROLLER1

PI. TREASURE HUNTER!

! The latest MAGENTA DESIGN - highly
stable & sensitive - with I.C. control |
I of all timing functions and advanced §

1 pulse separation techniques. 1
1 ® New circuit design 1994 1
1 e High stability 1
1  drift cancelling ]
1 e Easy to build ]
1 &use 1
1 ® Noground 1
| effect, works 1
| inseawater 1
1 ® Detectsgold,
1 silver, ferrous & |
I non-ferrous 1
1 metals 1
§ ® Efficient quartz controlled 1
I microcontroller pulse generation. i
1° Full kit with headphones & all 1
I hardware i
LKIT847.. ... £6395)

PORTABLE ULTRASONIC
PEsT SCARER

A powerful 23kHz ultrasound generator in
a compact hand-held case. MOSFET output
drives a special sealed transducer with in-
tense pulses via a special tuned transformer.
Sweeping frequency output is designed to
give maximum output without any special
setting up.

KIT842..........coonnii £22.56

SUPER ACOUSTIC PROBE

Our very popular project with probe
components and diecast box. Picks up
vibrations amplifies, and drives headphones.
Sounds from engines, watches, and speech
through walls can be heard clearly. Useful for
mechanics, instrument engineers and nosey
parkers! A very useful piece of kit.

KIT 865 ........................ £29.95

DC Motor/Gearboxes

QOur Popular and Versatile DC
motor/Gearbox sets.
Ideal for Models, Robots,
Buggies etc. 1'5 to 4-5V
Multi ratio gearbox
gives wide range of speeds.

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

Stepping Motors

MD38...Mini 48 step..£8.65 °
MD35...5td 48 step..£9.99
MD200...200 step...£12.99

MD24...Large 200 step...£22.95

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

Based on our Mk1 design
and preserving all the
features, but now with
switching pre-regulator for
much higher efficiency. Panel
meters indicate Volts and
Amps. Fully variable down to
zero. Toroidal mains trans-
former. Kit includes punched
and printed case and all
parts. As featured in April
1994 EPE. An essential piece
of equipment.
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PIC PIPE DESCALER

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

An affordable circuit which sweeps
the incoming water supply with
variable frequency electromagnetic
signals. May reduce scale formation,
dissolve existing scale and improve
lathering ability by altering the way
salts in the water behave.

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

High coil current ensures maximum
effect. L.E.D. monitor

KIT 868

I SPACEWRITER  «

Aninnovative and exciting
project. Wave the wand through & l.,))’
the air and your message appears
Programmable to hold any message ‘ﬁ}
1 up to 16 digits long. Comes pre-loaded %‘
with “MERRY XMAS". Kit inctudes B
] PCB. all components & tube plus
I instructions for message loading

KIT 849

12V EPROM ERASER

A safe low cost eraser for up 1o 4 EPROMS at a time
in less than 20 minutes Operates from a 12V supply

{400mA). Used extensively for mobile work - up-
dating equipment in the field etc Also n educa-
tional situations where mains supphes are not al-
lowed. Safety interiock prevents contact with UV

KIT 790....ooccoeisrrrnne. £28.51

MICRO PEsT
SCARER

Qur latest design - The ultimate
scarer for the garden. Uses

special microchip to give random
delay and pulse time. Easy to

build rehable circuit. Keeps pets
pests away from newly sown areas.
play areas, elc. Uses power source
from 9 to 24 volts.

¢ RANDOM PULSES

o HIGH POWER

e DUAL OPTION

KIT 867 ..ivnieneireinennnenenannnn. £19.99
KIT+ SLAVE UNIT.......ueonn...... £32.50
WINDICATOR

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

KIT 856....cccuvmurrmnnnnnnniniiiiiiiiiincnnnnnn. £28.00

DUAL OUTPUT TENS UNIT 7 Set ol
As featured in March ‘97 issue. {'e;;cs‘fgg;s)

Magenta have prepared a FULL KIT for this\ £6.50
excellent new project. All components, PCB, ~
hardware and electrodes are included.

Designed for simple assembly and testing and
providing high level dual output drive.

KIT 866.... Full kit including four electrodes £32.90

 _~ 1000V & 500V INSULATION
< TESTER

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

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

KIT 848..........0000000.0 £32.95

EPE

NOW 25 90 intense pulses

Programmed PICs for |

all* EPE Projects
Now one price

£5.90 each
("some projects are TO HUMANS
Kit No. 845................ £64.95 copyright) KIT 812........

‘ ULTRASONIC PEsT SCARER

Keep pets/pests away from

PROJECT | newly sown areas, fruit,
vegetable and flower beds,
children’s play areas, patios

PICS etc. This project produces

which deter visiting animals.

e KIT INCLUDES ALL
COMPONENTS, PCB & CASE

; e EFFICIENT 100V
TRANSDUCER QUTPUT e UP TO 4 METRES

e COMPLETELY INAUDIBLE

SUPER BAT
DETECTOR

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

A new circuit using a ‘full bridge’ audio
amplifier i.c., internal g

speaker, and head-
phone/tape socket. The
latest sensitive transducer,
and 'double balanced mixer’ ‘e
give a stable, high peformance
superheterodyne design.

KIT 861
ALSO AVAILABLE Built & Tested ....£

E.E. TREASURE HUNTER
PI. METAL DETECTOR
MKI

Magenta’s highly
developed &
acclaimed design
Quartz crystal
controlled circuit
MOSFET coil drive

..£39.99

D.C. coupled
amplification
Full kit includes
PCB, handle
§ i e KITINC
&
search coil HEADPHONES
e EFFICIENT
CMOS DESIGN
e POWERFUL COIL
DRIVE

e DETECTS FERROUS AND
NON-FERROUS METAL - GOLD,
SILVER, COPPER ETC.

® 190mm SEARCH COIL
® NO ‘GROUND EFFECT’

of ultrasound

RANGE
e LOW CURRENT DRAIN
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SV (ROl WINISIEM [ EPE PIC Tutorial

INCIFHEOHEIE 2 LM Kit 857 £1299 At Last! A Real, Practical, Hands-On Series

PRICE! - : o
INCLUDES 1-PIC16F84 CHIP Power Supply £3.99 | | 3-Part Series - Starting Rigrch.Jg
SOFTWARE DISK, LEAD i e Learn Programming from scratch
CONNECTOR, PROFESSIONAL EXTRA CHIPS: 9 Y ,
PC BOARD & INSTRUCTIONS PIC 16F84 £4.84 | | @ Uses Re-Programmable PIC16F84 Chip
Based on the design in February ‘96 EPE article, Magenta e Start by lighting an l.e.d. and work up through
have made a proper PCB and kit for this project. PCB has over 30 tutorials to Sound Generation, Data
‘reset’ switch, Program switch, 5V regulator and test L.E.D.s. Display, and a Security System
There are also extra connection points for access to all A and ! .
B port pins. e PIC TUTOR Board has Input Switches, Output

l.e.d.s, and on board programmer

PIC16C84 LCD DISPLAY DRIVER
INCLUDES 1-PIC16F84 Kit 860 £19.99 PIC TUTOR BOARD KIT

WITH DEMO PROGRAM — Includes: PIC16F84 Chip, TOP Quality PCB printed with
SOFTWARE DISK, PCB, Power Supply £3.99 Component Layout and all components* (*not ZIF
INSTRUCTIONS AND FULL PROGRAM SOURCE Socket or Displays). Included with the Magenta Kit is a
24-CHARACTER 2-LINE | CODE SUPPLIED - DEVELOP disk with Test and Demonstration routines.

LCD DISPLAY YOUR OWN APPL ICATION! KIT 870 ...... £27.95, Built & Tested ...... £42.95
Another super PIC project from Magenta. Supplied with PCB, Optional: Power Supply - £3.99, ZIF Socket — £9.99
industry standard 2-LINE x 16-character display, data, all . . . .
components, and software to include in your own programs. LCD D-lsplay - With Software and Connection details .....£7.99
Ideal develpment base for meters, terminals, calculators, LED Display - Including Software........... ooo00000 ™o £6.99
counters, timers - Just waiting for your application!

% Chip is pre-programmed with demo display — J—— ﬁ
swessmsmeness PIC TOOLKIT

e PROGRAMS PIC16C84 and 16F84

e ACCEPTS TASM AND MPASM CODE

Full kit includes PIC16F84 chip, top quality p.c.b. printed with com
ponent layout, turned pin PIC socket, all components and software*

PIC16C84 MAINS POWER 4-CHANNEL
CONTROLLER & LIGHT CHASER

e WITH PROGRAMMED 16F84 AND DISK WITH

SOURCE CODE IN MPASM *Needs QBASIC or QUICKBASIC
e ZERO VOLT SWITCHING - Q;;;;fgggjvﬁ:'gﬁ-coqggne' \ KIT 871...£13.99. Built and tested £21.99
> SR e e || 0
chip. Easily
R F L R el SUPER PIC PROGRAMMER
° ] ications.
® HARD FIRED TRIACS source code s Y weon || | ® READS, PROGRAMS, AND VERIFIES
® 4 CHANNELS @5 AMPS be followed easily. e WINDOWS ™ SOFTWARE
Klt 855 £39 95 LOTS OF OTHER APPLICATIONS ¢ P|C16C6x' 7x' AND 8X
e USES ANY PC PARALLEL PORT
Phi B ALLPATIS FORSERIES INCLUDING | | @ USES STANDARD MICROCHIP ® HEX FILES
FNIZZYD  rcss PROGRAVIMED CHIP CO-ROM | | ¢ OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
e PCB, LEAD, ALL COMPONENTS, TURNED PIN

MAIN BOARD - FULLKIT ... £131.95 BulLT .. £149.95
VO PORT .. KT£16.99 BULT.. . .. £24.99 SOCKETS FOR 18, 28, AND 40 PIN [Cs.

LCD. ... £12.49  POWER SUPPLY .............. £3.99 | | [0 SEND FOR DETAILED Kit 862 £29.99
8-BIT SWITCH/LATCH ....£7.95 INT. MODULE ....£10.45 INFORMATION - A E Suonv £3.99
ower Supply .

e VELOPMENT ARD SUPERB PRODUCT AT AN
68000 tRaminG KiT KIT 621 UNBEATABLE LOW PRICE. | DISASSEMBLER
8 MHz 68000 16-BIT BUS

£99.95 SOFTWARE £11.75
MANUAL AND SOFTWARE

PIC STEPPING MOTOR DRIVER

NG opoRTe R0%"  SERIALLEAD £3.99
! INCLUDES: PCB, d
Aot Wit Kit 863 £18.99
g g 9 DEMO PROGRAM,
Mini-Lab & Micro Lab SOFTWARE DISK, | b tr S R O S e Oy HIER
WISt TS POWER DEVICES e.g. SOLENOIDS
Electronics Teach In7 AND MOTOR. 9. ~

Another NEW Magenta PIC project. Drives any 4-phase unipolar motor - up
to 24V and 1A. Kit includes all components and 48 step motor Chip is
pre-programmed with demo software, then write your own, and re-program
the same chip! Circuit accepts inputs from switches etc and drives motor in
response. Also runs standard demo sequence from menmory.

GENT

All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk

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

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

Full Mini Lab Kit - £119.95 -
Power supply extra - £22.55
Full Micro Lab Kit - £155.95
Built Micro Lab - £189.95
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COVER CHANGES

Whilst we have had a number of important changes to our front cover over the last 23 years
(from Evervday Electronics o Evervday Electronics and Computer Projects to Evervday Elec-
tronics and Electronics Monthly back 10 Evervday Electronics. then to Evervdav Practical
Electronics/ETI) our back cover has only carried one name — Maplin (they first took the EE back
cover in the Jan 1976 issue). So another era comes to a close, as you will notice. this month,

A number of readers have speculated over the last year or so that Maplin arc moving away
from the hobby market and, with the cancellation of their regular advertising after so many years
on our back cover, we wondered if there was in fact something behind this speculation. With this
in mind we wrote to David O’Reilly. Marketing Manager at Maplin Electronics, to ask if Maplin
had decided to reduce its support to the hobbyist in the UK. David's reply is reassuring, the
relevant part of his letter reads:

*‘Maplin Electronics is categorically supporting the electronics hobbyist in the UK. We are
doing this in a number of ways. most importantly we are developing our e-commerce site to
assist retail consumers.

*‘Both myself and Maplin totally understand the benefits of your magazine, and your com-
pany, like ours, is one of the few organisations to continue to support this very important
market.

‘*As with all things, budgets and time constraints mean that all communications to customers
have to be constantly reviewed. We have to find the most cost effective method to provide our
customers with information on special offers. Sometimes it is more appropriate to invest the time
and money in providing good products at good prices, than provide promotional material
specifically relating to a catalogue launch.

**1 hope you find the points that I have raised in this letter cover your concerns. I cannot stress
how important the hobbyist market is to Maplin, it is our heritage. our customer and it is what
pays our wages,”’

HARD TIME

Maplin Electronics have not had an easy time over the last couple of years, the Saltire
company of which they are part lost £5-34 million (pre-tax loss) in 1997 and the interim report
for the half-year to July '98 shows a further pre-tax loss of £2:01 million. Their shares were
trading at just 4p each at the time of writing, up from a low of 3-5p.

Maplin now have a new MD and hopefully their fortunes will soon change. They are by far the
largest supplier of electronic components to hobbyists, but in recent years have been stepping
up their services to industry in competition to the likes of Famell (the largest distributar of
electronic components) and RS. It is, however, clear from David’s letter that the hobbyist still
*‘pays our wages'".

We expect that Maplin will continue to advertise in our pages from time to time. but their

regular back page advert has come to an end. ZQ

AVAILABILITY SUBSCRIPTIONS

Copies of EPE/ET! are available on subscription any-
where in the world (see right), from all UK new-
sagents (distributed by Seymour) and from the follow-
ing UK electronic component retailers: Maplin - all
stores throughout the UK (and in S. Africa); Green-
weld Electronics; Omni Electronics. EPE can also be
purchased from retail magazine outlets around the
world. An on-ine version can be purchased from
wWww.epemag.com

Annual subscriptions for delivery direct to any ad-
dress in the UK: £26.50. Overseas: £32.50 standard
air service, £60 express airmail. Cheques or bank
drafts {in £ sterling only) payable to Everyday Practi-
cal Electronics and sent to EPE Subscriptions Dept.,
Allen House, East Borough, Wimborne, Dorset BH21
1PF. Tel: 01202 881749. Fax: 01202 841692. E-mail:
subs@epemag.wimborne.co.uk. Subscriptions start
with the next available issue. We accept MasterCard
or Visa. (For past issues see the Back Issues page.)

BINDERS

Binders to hold one volume (12 issues) are avail-
able from the above address. These are finished in
blue p.v.c., printed with the magazine logo in gold
on the spine. Price £5.95 plus £3.50 post and pack-
ing {for overseas readers the postage is £6.00 to
everywhere except Australia and Papua New Guinea
which cost £10.50). Normally sent within seven days
but please allow 28 days for delivery - more for
overseas orders.

Payment in £ sterling only please. Visa and Master-
Card accepted, minimum credit card order £5. Send,
fax or phone your card number and card expiry date
with your name, address etc. Or order on our secure
server via our web site. Overseas customers - your
credit card will be charged by the card provider in
your local currency at the existing exchange rate.

Evervyday Practical Electronics/ETI, May 1999

Editor: MIKE KENWARD

Secretary: PAM BROWN

Deputy Editor: DAVID BARRINGTON
Technical Editor: JOHN BECKER
On-Line Editor: ALAN WINSTANLEY
Business Manager: DAVID J. LEAVER
Subscriptions: MARILYN GOLDBERG
Editorial: Wimborne (01202) 881749

Advertisement Manager:
PETER J. MEW, Frinton (01255) 861161

Advertisement Copy Controller:
PETER SHERIDAN, Wimborne (01202) 882299

READERS’' ENQUIRIES
E-mail: techdept@epemag.wimborne.co.uk
We are unable to offer any advice on the use,
purchase, repair or modification of com-
mercial equipment or the incorporation or
modification of designs published in the
magazine. We regret that we cannot provide
data or answer queries on articles or projects
that are more than five years old. Letters
requiring a personal reply must be accom-
panied by a stamped self-addressed en-
velope or a self-addressed envelope and
international reply coupons. Due to the cost
we cannot reply to overseas queries by Fax.
All reasonable precautions are taken to
ensure that the advice and data given to
readers is reliable. We cannot, however,
guarantee it and we cannot accept legal
responsibility for it.

COMPONENT SUPPLIES

We do pot supply electronic components or

kits for building the projects featured, these

can be supplied by advertisers (see Shoptalk).
We advise readers to check that all parts are

still available before commencing any project

in a back-dated issue.

ADVERTISEMENTS

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

The Publishers regret that under no cir-
cumstances will the magazine accept liability
for non-receipt of goods ordered, or for late
delivery, or for faults in manufacture. Legal
remedies are available in respect of some of
these circumstances, and readers who have
complaints should first address them to the
advertiser.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

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

MIDI

HANDBELLS

ROBERT PENFOLD

I

|

Hing out thy bells with merry tolling
— plus a MID! PIC-up, of course!

with children in mind, and was

actually produced in response to a
request trom a reader who required the
gadget for a group of handicapped chil-
dren. However. it is capable of providing
hours of fun for “children™ of all ages! It
could be regarded as a modern equivalent
to a set of handbelis.

It is really a form of MIDI interface.
and is incapable of making any sound
without the aid of a MIDI equipped syn-
thesiser, sound sampler. or other MIDI
instrument. The output of the interface
connects to the MIDI input of the instru-
ment, which is set to produce a bell
sound or any other sound you like. Up to
11 pushbutton switches can be connected
to the inputs of the interface.

The general idea is for each player to
control one or two pushbutton switches.
By operating the switches in the correct
sequence and with the correct timing the
desired tune can be produced. In other
words, the melody is played in much the
same way that it would be produced by
traditional handbell players.

THIS project was primarily designed

This simple MIDI method has the
advantage of not restricting the players to
a single instrument sound. but it also has
the drawback of not permitting any con-
trol over the dynamics of the instrument.
Most MIDI instruments are capable of
responding to velocity information, but it
is not possible to derive this information
from a simple on/oft pushbutton switch.
All notes, theretore. have the same mid-
range velocity value of 64.

A unit of this type is potentially very
complex. but the use of a PIC processor
in this design minimises the amount of
hardware required. In fact, only a hand-
ful of components plus the pushbutton
switches are required. The circuit is
powered from a 4-5V battery which has
an extremely long operating life due to
the low current consumption of the
interface.

The unit should be usable with any
MIDI equipped musical instrument, and
it connects to the instrument via a stan-
dard MIDI cable. Any modern MIDI
equipped instrument should be poly-
phonic, and so is this interface. It should

'ﬁf§@@@§§§§§%
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Fig.1. Example waveforms for a “note-on” message.
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“bells” are required.

therefore be possible to play several
notes at once it desired.

MIDI BASIC

MIDI is a form of serial interface
which operates in conjunction with a
standard set of message codes that con-
trol the actions of the slave devices. The
basic action of this intertace is to moni-
tor the 11 pushbutton switches. and to
generate the appropriate pulse train each
time a switch is pressed or released.

In this case only two types of MIDI
message are involved. and these are the
note-on and note-off varieties. These
both involve the transmission of three
bytes of data, and both types of message
follow the same general format.

The first byte is the status byte. and
this breaks down into two four-bit nib-
bles. The four most significant bits indi-
cate the type of message involved, and in
this case binary values of 1000 (note-off)
or 1001 (note-on) are used. Where appro-
priate. the four least significant bits carry
the MIDI channel number. In this case
both types of message are of the channel
variety, and must include a channel
number.

It will not normally matter which
channel is used, and the slave device
could actually be set to Omni mode so

7"

Completed unit with one “handbell” in the foreground. Eleven such
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that it responds to messages on any chan-
nel. The convention is for devices to
default to channel one, which actually
requires a binary value of 0000 in the sta-
tus byte. This anomaly is due to the fact
that MIDI channels are, as one would
expect, in the range one to 16, whereas
the values used in the status bytes are
from O to 15.

NOTE VALUE

The status byte is followed by the note
value, and like all MIDI data values this
is in the range 0 to 127. Middle C is at a
value of 60, and the system has a resolu-
tion of one semitone. The third byte car-
ries the velocity value, which in a note-
on message is a measure of how hard the
key of a keyboard instrument has been
played, how hard a drum pad has been
struck, or whatever. In the current con-
text there is no way of detecting how
hard the pushbutton switch has been
operated, and the convention is for a
dummy value of 64 to be used in these
circumstances.

Note-off messages also have a third
byte containing velocity information, but
this feature is not implemented in many
MIDI devices. The third byte must
always be included though, and the con-
vention is to use a dummy value of zero
where this feature is not implemented.

NOTE-ON

The illustration in Fig.1 shows the out-
put waveforms needed to produce each
byte in a message that will switch on
middle C. MIDI is actually a current loop
system that operates by switching a SmA
current on and off. This current is used to
control the l.e.d. in an opto-isolator at the
input of the receiving device. The opto-
isolation helps to avoid problems with
“hum ™ loops, and with digital noise leak-
ing into the audio circuits.

Logic 0 and 1 are respectively repre-
sented by the current being switched on
and off, which respectively require the
output of the PIC processor to go high
and low. For this reason the waveforms
of Fig.l1 do not have the expected
polarity, and logic 1 is represented by a
low voltage.

Under standby conditions the output
current is switched off, and the output of
the PIC processor is low. At the beginning
of a new byte of data the current is
switched on for one bit in duration, and

Circuit alteration
for including a
jack socket to
separate the
handbell switches
from the main
circuit

Evervday Practical Electronics/ETI, May 1999

o “_
512
o+
8
45V

4

2
-
+
. T - (:); ‘ : '; "
= Zé:é*ﬁ-*“
=]~ rlelal2iz]alo
nl R 5 H”"_
) Ol WA Wo—
B & —54,{}'—
—'e 3] :
= & 13- __,ﬂl_
-~ A ¥ ol
8 28 g
a g PR
LE
—o-o_.L_o-C AWA ‘\./V‘
=3 g8 ———-{EN b
* e
_O-OT'O-C AWg‘ =2 ;
@ 3 -
m| 3 -——,ﬂl‘_‘
5=
| AAA VV
—o-o_-:_o-c \Al

Il

c
104+

Fig.2. Complete circuit diagram for the Midi Handbells.
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Front panel showing the output 5-pin DIN socket for the MIDI lead.

with the baud rate of 32150 used for
MIDI this works out at 32ps. This bit is
the start bit, and it indicates to the receiv-
ing device that it must test the state of the
input line 48ps after the beginning of the
start bit, and at 32ps intervals thereafter
until the full byte of data has been read in.

The least significant data bit is sent
first, working in sequence through to the
most significant bit. Then the output cur-
rent is switched off for 32us, and this is
the stop bit. This really just places a
small gap between one byte and the next
so that the receiving device has time to
digest one byte before another one
commences.

The status byte in Fig.l has 1001 as
the most significant nibble, and 0000 as
the least significant nibble. It is therefore
the status byte in a note-on message on
channel one. The note value byte has a
value of 00111100 in binary, which is
equivalent to 60 in decimal, and the mes-
sage therefore switches on middle C. The
velocity byte has a binary value of
01000000, which is 64 in decimal terms.
and this is the usual half maximum
velocity dummy value.

C/IRCUIT OPERATION

Refer to Fig.2 for the full circuit dia-
gram of the MIDI Handbells project. The
circuit is based on a PICI6F84 (or
PIC16C84) microcontroller which has a
4-bit port and an 8-bit port. These are
Port A and Port B respectively.

Bit 0 of Port A (pin 17) is set as an out-
put and used to control the output current
via common emitter switching transistor
TR1. Resistors R24 and R25 limit the
output current to the required figure of
SmA. The other eleven lines of the ports
are used as inputs, with each one moni-
toring a pushbutton switch (S1 to S11).

Inexpensive pushbutton switches do
not provide “clean” switching, and are
often prone to severe contact bounce.
Unless debouncing is provided it is like-
ly that the switch will be misread, caus-
ing the wrong type of message to be sent.
This could leave notes switched on.

Both hardware and software debounc-
ing are used in this unit, and the hard-
ware variety is provided by a simple C-R
network. Operating a switch pulls its
input high, and the charge on the
debouncing capacitor prevents any rapid
return to the low state.
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In the software there is a brief delay
between a change in one of the switches
being detected and the switch actually
being read. This gives the input signal
time to stabilise at the correct level
before the input is read.

CLOCKING ON

Although MIDI operates at what might
seem to be an unusual baud rate, it is one
that can be generated accurately from
clock oscillators that use inexpensive
crystals operating at IMHz, or multiples
of 1MHz. In this circuit the PIC micro-
controller’s clock oscillator is used in the
XT (crystal oscillator) mode at an oper-
ating frequency of 4MHz.

Each bit must have a duration of 128
clock cycles. but it has to be borne in
mind that the internal operation of the
processor is on a 4-clock pulse cycle.
The system clock therefore operates at
one quarter of the external clock fre-
quency, and each bit must therefore last
32 system clock cycles.

The circuit requires a supply potential
of about 4-5V to 5V. and this can be pro-
vided by three 1-5V cells wired in series.

COMPONENTS

Resistors
R1to R11  100Q (11 off) See
R12 to R22 4k7 (11 off)

R23 3k9
R24, R25 2200 (2 off) TALK
All 0-25W 5% carbon film. page

Capacitors
C1 10u radial elect, 25V
C2to C12 1y radial elect., 63V
(11 off)
C13, C14  22p ceramic plate (2 off)
Semiconductors
TR1 BC549 npn transistor
IC1 PIC16F84 or PIC16C84
microcontroller.
preprogrammed
(see text)
Miscellaneous
S11t0 S11  Push-to-make switch
(11 off)
S12 s.p.s.t. min. toggle switch
SKi1 5-way (180 degree) DIN
socket, chassis
mounting
B1 AA size 1-5V cell (3 off),
plus holder
X1 4MHz wire-ended crystal

Plastic case, medium size (see text);
plastic case, small (see text) (11 off);
0-1in matrix stripboard, size 40 holes x 27
strips; battery connector, PP3 type;
screened connecting cables; connector
block or 3-5mm jack plugs and sockets
(see text); 18-pin d.i.l. socket; connecting

wire; solder pins; solder, etc

The current consumption is only two or
three milliamps under standby condi-
tions, but it increases slightly when the
unit is-active. Each set of AA size cells
should provide several hundred hours of

Approx. Cost

Guidance Only

Interior layout of components and the “handbell” jack sockets mounted on the

metal rear panel of the case.
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use, and “bog-standard” batteries are
perfectly adequate.

CONSTRUCTION

The circuit is assembled on a strip-
board panel that measures 40 holes by 27
strips. The component layout, inter-

wiring and details of breaks required in
the underside copper strips are provided
in Fig.3. Construction of the board fol-
lows along the normal lines, with the
board being trimmed to size, the two
mounting holes being drilled, and the
breaks being made in the copper strips.

Next the components are added, start-
ing with the small components and link-
wires, working through to the larger
components such as crystal X1 and the
PIC processor (IC1). There are only a
few link-wires, but some of them are
quite long and it might be worthwhile

10

TO BATTERY B1

© -+

A

S2E S1D snc S108 )

1 5 10 15 20 25 30 35 40
AA OO 006 BOBO0OBO0BO00OO0BO0OGO6O6060000000000000 X
Z|0O0OO0OOO0O0O0000000D000DG00O®D0DO0000O0O 00000 X

Y O 00000000 O’:IO: 0 0000000 0o00O0C®Se 0 0O
X O 000000C00080000000 00000 000000 o o
w O 000000000080 O @ O 00O (] ® 09000 O O
v 0000 O 0 00000000 0000000000000 O

uloc O 000 C0OOC®e®o000 QO ® 0 0000000000000

T|oO 000000000000 O O O 0 0 C0CO0O@®@000000 v
S|loe0 000000000080 O O ®$ 00000000000

R|0 OO e 00000000CO [ 00000000 00C0O0O00 o
Q ® O O®e8e00O08CHe (<) 0000000000 0 O 0 00
PlO O 00000000CO00O (<) 000000008000 O * O
oloo 00000000000 O 00000000000 O O
N[O O ® 0000080080 O 00000000000 =] o
M|O ® 000000008000 O 0000 =) OO0 @000 O O O
L |0 O 000000000000 0000000O O 2] 000000 O O O
K |0 O C O 00000 CO0O0O®0SO0 0 0@ O 0 0 0 000000 O 00O
J O COo 000000000000 00000 ) 0 00000000000
[} IDDLO':CODODOCC!OCOOC:C.) 0 0 00 @ 000000CHS®
H 00000C0000000000000€00D0O0O0O 0000 00000000
G 0 0000000000000 0000D0000CO0 000000000000
F 0080000000000 0DO0OW00D0DGCOGWCOO0O0ODODO0DO0OCODOODODOOO
E|0O0000000000000000000000000000000000C0DODODOO
D |O 0000000000000 00000D0D00C00D0D0OD00O000DODODOD0OD0OO
Clo0000{()000C00O0OCO0D0C00O00OD0O00000OD0O0O00O0O0 0 o0o{Joooo
B0 OO 0000000 CO0D0000UO0 0000000 =] 00000000
Al000000000000000000 000000000000000000000

Fig.3. Stripboard component layout, wiring and details of breaks

underside copper strips.

required in the
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insulating these with pieces of PVC
sleeving. Do not overlook the short link
just above CS5 and C6.

The crystal must be a miniature wire-
ended type having Smm (0-2 inch) lead
spacing if it is to fit into this layout prop-
erly. This case style is often referred to as
the HC-49/U type in component cata-
logues. Crystals are slightly less tolerant
of heat than most other components, and
the two soldered joints must therefore be
completed reasonably swiftly.

The PIC processor is a CMOS device,
and it is therefore vulnerable to damage
from static charges. The usual anti-static
handling precautions should therefore be
observed, the most important of which is
to fit the device in a holder. Do not plug
it into the holder until the circuit board
and all the wiring have been completed.

Any medium size instrument case or
one of the larger plastic boxes will
accommodate this project. On/off switch
S1 and output socket SK1 are mounted
on the front panel. SK1 must be a 5-way
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(180 degree) DIN socket connected in
the manner shown in wiring diagram
Fig.3. The unit can then be connected to
the MIDI input socket of the synthesiser
via a standard MIDI lead.

SWITCHES

The main problem with a project of
this type is getting the pushbutton
switches connected to the circuit board.
One solution is to drill eleven small holes
in the rear panel for the leads to the
switches, and to then connect the leads
direct to the circuit board.

This is not a good way of handling
things, since anyone tripping over the
leads is likely to damage both the inter-
face and themselves. There could also be
major problems with the leads getting
tangled.

It is much better to connect each
switch to the main unit by way of a
3-5mm jack plug at the end of its lead,
and matching socket on the rear panel.
The only problem with this approach is
that the cost of eleven 3-5mm jack plugs
and sockets will significantly boost the
cost of the system.

However. it is likely to be money well
spent as it makes it must easier to sort out
tangled leads, and to store the equipment
neatly. Also, if anyone should trip over
one of the leads the plug will simply pull
free from its socket and no harm should
be done.

INTERWIRING

The interwiring shown in Fig.3
assumes that the connections to the push-
button switches are via 3-Smm open style
jack sockets. These have a built-in switch
that connects to a third tag, but this extra
tag is left unused in this application. The
lead connecting all the earth tags (which
connect to the positive supply rail in this
case) is not needed if the switches are
mounted on a metal panel. This connec-
tion will then be provided via the panel.

JACK PLUG CO{!E SCREENED LEAD

Fig.4. Connecting a screened lead to a
3-5mm jack plug.

If you require a cheap alternative to
jack sockets, make the connections to the
leads by way of a 22-way connector
block. It is definitely not advisable to
connect the leads direct to the stripboard.

For the system to be usable, the leads
will need to be at least two metres long,
and something closer to three metres is
better. Around 30 metres of cable will
therefore be required. Any thin twin
cable should be suitable, but an inexpen-
sive audio screened lead is probably the
best choice. The screen connects to the
positive supply rail, and the inner con-
ductors connect to the inputs of the cir-
cuit board (see Fig.4).

In order to make things neater and
easier to use, the pushbutton switches
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should be mounted in small plastic
boxes. The cheapest of plastic boxes are
adequate, and “potting”’ boxes (which
only have five sides) are a good choice. A
type measuring about 48mm X 48mm
X 29mm is about right.

TESTING

Output socket SK1 connects to the
MIDI IN socket of the instrument using a
standard MIDI lead. At least one lead of
this type is normally supplied with a
MIDI equipped instrument. and ready-
made MIDI leads are readily available.

The interface transmits on MIDI
channel one, and the instrument must
therefore be set to receive on this chan-
nel, or set to Omni mode so that it
responds to messages on all MIDI
channels.

With everything connected up and
switched on, pressing any of the push-
buttons should result in the appropriate
notes being played on the instrument. If
there are any signs of a problem, switch
off at once and recheck the circuit board
and all the wiring, etc.

As pointed out previously, the inter-
face is polyphonic, and the maximum
number of notes that can be played
simultaneously is eleven, or the number
supported by the instrument if this is less
than eleven. There should be no problem
in playing an accompaniment on the key-
board while the instrument is being
played via the MIDI interface, provided
the instrument can handle all the notes.

SOFTWARE

For details on obtaining the software
and pre-programmed PICs, see Shop Talk
page.

The PIC's program requires the fuses
to be set for crystal clock (XT) operation
with the watchdog timer switched off
and the power-up timer switched on. The
initial part of the program sets RAO as an
output and leaves the other lines of both
ports as inputs. Next, the values used in
the transmitted bytes of data are stored in
file registers. At this stage the file regis-
ter used to store the note values is left
empty, because this cannot be filled until
a switch has been operated and the cor-
rect note value can be determined.

The program then goes into a loop that
checks Port B and then Port A to see if a
switch has been operated or released.
The same method is used for both ports,
which is to compare the previous value
read from the port with the new value.

This is done by exclusive ORing
(XORing) the two values, which will
return a value of zero and set the zero
flag if there has been no change. The
returned value will be other than zero if a
switch has been operated or released. Of
equal importance, the bit of the returned
value that is set to one indicates which
switch has produced the change.

Once a change in the switch settings
has been detected a short debouncing
delay is provided by an “empty™ loop.
Then the program branches to a routine
that checks each bit of the returned value,

one by one, until it finds the bit that has
been set to logic 1. The program then
branches to the appropriate subprogram
where the correct note value is written to
file register TRDATAZ2, which is the one
used to store note values.

The relevant bit of the appropriate port
is then checked to determine whether it is
low or high and. depending on the result,
the program branches to a subroutine that
produces either a note-on message or a
note-off message.

ROUTINE CALL

The two subroutines operate in the
same basic manner, so we will only con-
sider the note-on routine (NTON) here.

First RAO is set high and a timing loop
plus an NOP operation are used to keep
it in that state for 32us. This produces the
start bit. The program then moves into a
loop where it is looped eight times, as
controlled by the value placed in variable
CNTR2.

On each loop one of the data bits is
generated. First the value for the status
byte is complemented (inverted) and
loaded into the W register. Remember
that the serial data bits use high/on to
represent logic 0. and low/off to repre-
sent logic 1. making this inversion of the
data necessary. The value in the W regis-
ter is written to Port A, but as only RAO
is set to the output mode, it is only bit 0
that has any affect.

After a simple delaying routine, the
data byte is rotated one place to the right,
making what was previously bit one the
least significant bit. The program then
loops back to the beginning of the rou-
tine, with the data being complemented
and then written to Port A again. This
process continucs until all eight bits have
been output on RAO for 32us, and all the
data bits have been transmitted. Next
RAQ is set low. and a delay of 32us is
provided. This generates the stop bit.

Basically. the same 8-loop routine is
then performed again, but this time the
note value in TRDATA?2 is output on
RAO in serial form. Another loop rou-
tine then transmits the velocity data byte
stored in TRDATA3. Finally, any stored
values that have been altered are
restored to their normal values. and the
program returns to the main loop where
it resumes checking for a change in the
switch data.

The note values in the KEY subpro-
grams can be altered to provide any
desired notes. The sample values give a
C major scale from middle C to the F an
octave and a bit higher. A full set of
semitones would be a useful alternative.

The PIC16x84 has EEPROM program
memory that is easily reprogrammed.
making it casy to alter the note data if
you have access to a suitable program-
mer system.

Bear in mind that although MIDI can
handle note vales from 0 to 127. most
instruments have a more restricted com-
pass. The MIDI implementation chart
supplied with MIDI instruments should
give details of the note range covered. []
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Schematic Capture

l ® Produces attractive schematics like in the magazines
® Netlist, Parts List & ERC reports

® Hierarchical Design.

® Full support for buses including bus gins

® Extensive component/model libraries.

® Advanced Property Management

® Seamless integration with simulation and PCB design

PCB Design

“the
BEST all-round

PROGRAM”

EWW CAD Review Round Up September 1998

® Autornatic Component Placement

® Rip-Up & Relry Autorouter with tidy pass

® Pinswap/Galaswap Optinizer & Back-Annotation
® 32 bit gh resolution database.

® Full DRC and Conneclivity Checking

® Shape based gridiess power planes

® Gerber and DXF Impori capabihity

Available in 5 levels - prices from £295 to £1625 + VAT.
Call now for further information & upgrade prices.

labcenter
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Write, phone or fax for your free demo disk, or ask about our full evaluation kit.
Tel: 01756 753440. Fax: 01756 752857  gmAIL: info Yabcenter.co.uk
53-55 Main St, Grassington. BD23 5AA. ywww: hitp: ‘www.labcenter.co.uk

Fully interactive demo versions available for download from our WWW site.

Call for educational, multi-user and dealer pricing - new dealers always wanted.
Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged.
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"Electronics Principles is a well thought out and comprehensive By Clive W. Humphris.
program that is also easy to install and stable in operation. it can

be wholeheartedly recommended."” Currently used in hundreds of UK and

Robert Penfold. Everyday Practical Electronics magazine. October 1998. overseas schools and colleges 1o
support GCSE, A Level, City and Guilds,

And now upgraded to V6 a 32-bit package for BTEC. GNV&'s and University Courses.
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AND MATHEMATICS COURSE, where

Additions include:- Circuit theorems, Norton, Thevenin's & the colourful interactive graphics
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& Transformers..Three phase systems....More on complex personal study and a more
numbers......A beginners introduction to PIC's..... Statistics... enjoyable way of revising.

PLUS: all the Electronics Toolbox routines, along with an lllustrated
Components, Tools & Equipment Dictionary. A total of over 900 main
menu selections.

Windows 3.1, 3.11 users please enquire. Muiti-user site licence

additional £500*
Complete Package still only £99.95*

EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/lFax: 01376 514008. sales@eptsoft.demon.co.uk http://www.eptsoft.demon.co.uk
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Cheques & Postal Orders should be made payable to EPT Educational software.



News...

A roundup of the latest Everyday
News from the worid of

electronics

YOUR NUMBER'’S UP - YET AGAIN!

Equal misery is the policy adopted for the forthcoming new
telephone number system. Barry Fox reports.

s a result of piecemeal planning,

Londoners must change their tele-
phone numbers and stationery for the
third time in ten vears. Other arcas
will suffer too. A cross-party Trade
and Industry Select Committee of MPs
blames the UK’s telecoms watchdog,
Oftel, for the inconvenience and cost to
users. Oftel admits it “did not do a
cost/benetit analvsis®™,

Oftel has adopted the principle of
equal misery. Dial codes will be radically
changed in cities as they run out of
numbers, with capacity for new sub-
scribers  created by forcing  existing
subscribers to use completely different
4-digit prefixes.

The proliferation of direct-dial exten-
sions, mobiles, faxes and modems has
created a world shortage of numbers,
especially in the UK where codes are
tied to geographical location and rural
arcas have spare capacity.

In May 1990 BT, which was then still
in charge of numbering, split London's
01 code into 071 for the centre and
081 the outer zone. In April 1994 Of-
tel took over and increased the number
pool tenfold by adding an extra digit to
every number in the country. So London
changed to 0171 and 0181,

On 22 April 2000, Oftel creates a
completely new 02 range. This re-unites
London as 020, with 0207 for the inner
city and 0208 for outer zones. Cardiff
gets 029, Southampton and Portsmouth
share 023, Coventry becomes 024 and
Northern Ireland changes to 028.

Oftel decided against the US svs-
tem of giving new subscribers new
range numbers and leaving  existing
subscribers alone, because some local
calls would then need full code dialling,

Says David Rogerson, Principal Con-
sultant at Ovum, the telecoms analyst
which in 1989 advised Oftel to introduce
10-digit numbers, “Oftel said that people
did not like number changes, or dialling
extra digits for local calls. This scemed
a perverse conclusion because there are
now to be widespread changes with more
to come. People don't mind dialling a
few extra digits as long as the call costs
the same and the digits are familiar™,

To smooth the change, the nerworks
will start accepting new 02 numbers as
well as old Ols, from 1 June 1999, But
the National Code and Number Change
steering group warns that this will create
problems if payphones, call loggers and
routers  throughout the UK are not
modified before June so that they recog-
nise both old and new codes. So far only
one in ten firms has taken any action.
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Oftel’s Director General David Ed-
munds argues “There has been full
consultation with consumers, business
users and telecom companies. If the
code changes do not take place Lon-
don will run out of capacity by
summer 2000, Customers need more
information.”™

Oftel is leaving this job to the tele-
coms operators and their Big Num-
ber campaign. A spokeswoman for Big
Number admits that there has been no
publicity for the June change since last
Qctober but the campaign will “soon™
run reminder adverts.

Other countries have adopted dif-
ferent approaches. As cities in the US,
like New York and Los Angeles, run out
of numbers, new subscribers get num-
bers with whatever new 3-digit prefx
is spare. But existing subscribers keep
their old numbers,

When French cities started 1o run
out, France Telecom split the country
into four zones and added an extra 2, 3,
i or .; 1o lh(‘ "“'“l‘”r.\ i” those ZONes., h
was all done at one fell swoop at 2300
hours on 18 October 1996, Calls dialled
to the old numbers simply failed to get
through.

BRUSH-UP YOUR TESTING!

NOW here’s a seemingly innovative idea — a p.c.b. test tool that uses a brush-
technigue to trace connections.

Circuit Trace are the manufacturers, who tell us that they are a start-up
company that intends to sell direct via the Web. Their new CT100 is a small
handheld connectivity tester that enables users to accurately locate all intercon-
nected points on a p.c.b. within seconds, simply by wiping a conductive brush
over the surface of the board and listening for an audible tone.

It seems obvious that this extremely simple approach can be used to sig-
nificantly reduce fault finding time on any type of p.c.b., regardless of com-
ponent technology or board complexity. The CT100 has a maximum output of
150mV, making it suitable for testing p.c.b.s containing all types of components,
including CMOS devices. A sliding collet enables the stiffness of the conductive
brush to be adjusted to suit the type of board being tested. It can also be set to
a very loose condition that is ideal for sweeping edge connectors

The tool is supplied complete with test probes, circuit marker, carrying case
and comprehensive user manual. It costs £93.50, including P&P, anywhere in
the world. It is available via http:/www.toneohm.com, or contact Circuit Trace,
Dept EPE, PO Box 70, Retford DN22 0SY. Tel/ffax: 01777 248993. E-mail:
mrbass@globalnet.co.uk.
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DIGITAL RADIO TUNER

—

_ -
-y -

ARCAM, the renowned British manufacturer of audio equipment, has an-
nounced the introduction of the world's first digital radio hi-fi tuner — the Alpha
10 DRT. It went on sale throughout the UK on 15 March.

Over 60 per cent of the UK is covered by BBC Digital Radio broadcasting
and rapid expansion of the network is planned, with Commercial Radio going
live in October '99. Digital Radio will eventually replace all current analogue
broadcasting.

The Alpha 10 DRT is, say Arcam, the first home DRT to be developed and
the first to go on retail sale. It is a standalone unit incorporating radical new
technology, and is easily added to any hi-fi system, much as one would add a
new CD player. It matches other units in Arcam's range.

The price is around £800 (but the music is free, say Arcam!), and the tuner is
on sale nationally through around 100 Arcam hi-fi dealers within range of a BBC
Digital transmitter.

For more information, contact your local Arcam dealer, or A&R Cambridge
Ltd., Dept EPE, Pembroke Avenue, Denny Industrial Centre, Waterbeach,
Cambs CB5 9PB. Tel: 01223 203200. Fax: 01223 863384. E-mail:
custserv@arcam.co.uk. Web: www.arcam.co.uk. (For more info on Digital
Radio, go to www.arcam.co.uk/news/digiguid.html.)

MARS EXPRESS

MATRA Marconi  Space has been
recommended as the Prime Contractor
for the Mars Express spacecraft.
Its development should now proceed
swiftly to meet the deadline of an
exceptionally favourable launch win-
dow in early June 2003, going into
Mars orbit by Christmas of the same
year.

Mars Express is the first tlexible mis-
sion of the revised ESA long-term scien-
tific programme, Horizons 2000. It is
designed to be a pivotal element of
an international multi-mission for the
exploration of Mars. Seven scientific
instruments on board will perform a
variety of tasks, one of which is to
search for sub-surface water. The craft
will also provide relay communication
services between Earth and the landers
and rovers to be deployed on Mars
between 2003 and 2007.

On board Mars Express will be the
Beagle 2 lander, a project led by the
UK's Open University and the Univer-
sity of Leicester, which will perform
exobiology and geochemistry research
on the planet’s surface, looking for
evidence of life.
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More information is on web site
http://www.matra-marconi-space.com.

Another press release informs us
thar Emkay's microphone technology
will be used to detect sound on
Mars. Emkay’s electret EK-3132 Mars
Microphone is onboard NASA’s Mars
Surveyor mission, launched on 3 Jan
*99, with its Mars Polar Lander reach-
ing the Martian surface at the end of
this year.

Any sounds which are caprured will
be sent back to Earth and made
freelv available  on  web  site
heep://sprg.ssl.berkeley.edu/marsmic.
Mark  Johnson, Emkay's sales and
marketing  manager, explains: “Our
microphgne  will pick up not only
sounds from the Lander iwself, e.g.
motors, robotic arm  and  other
mechanical parts, but also sand blown
against the Lander and the surrounding
terrain, other wind  sounds, and
possible  sounds  from  electrical
discharges in the dust clouds. We may
even pick up some unexpected sounds
as well!™

Emkayv's  web  site  is  ar
http://www.emkayproducts.com.

A Really
Smart Card!

By Barry Fox

TRAVELLERS can now carry a PC
database in an electronic credit card.
Rex Prois a PCMCIA memory card that
slots into a laptop, or connects to a
desktop PC through a docking station.
The card sucks address lists, diary
entries and to-do notes direct from the
PC and stores them in 512K of on-
board RAM.

Readout is by a built-in Le.d., with
six buttons to control scrolling and
searching. Two button-cells run it for
six months; if one cell at a nme s
changed no data is lost. Size is reduced
by forming the chips on the Le.d. glass.
Rex Pro was developed by Franklin
Electronic Publishers, Starfish Software
and Cirizen Watch, made in China and
costs £140.

Antex solders us
on web!

WE take it as a compliment that Antex
have included the EPE Basic Soldering
Guide as an active hyperlink within
their own Web site. Alan Winstanley's
authoring of this guide is increasingly
becoming a “standard source” on the
subject, referred to and accessed by
many in industry and education.

Antex” new web site has much 1o
offer in its own right as well and really
should be browsed by anyone who is
involved in soldering (and hands up
any of vou who are not - just as we
thought, nil!).

As a leading producer of solder-
ing equipment and accessories  for
schools and colleges, hobby electronics
and product servicing worldwide, they
have justifiably included on their site
many subjects other than caralogues of
equipment.

In addition to our link, the site
includes features on a wide range
of soldering topics, from sclecting
products and accessories to techniques,
problem solving and safety. There is
also a comprehensive list, with Internet
links, to the network of distributors
worldwide handling Antex products.

The site has been designed for use
by visitors of all ages and soldering
experience. Enticingly, Antex is offer-
ing all visitors the chance to win
frce, top of the range soldering
products.  Visit the site! It’s  at
http://www.antex.co.uk.

Once in, the route to the EPE Sol-
dering Guide is via Technical - Papers
- Introduction to Soldering, at the
end of which is the hyperlink to us.
(You can, of course, also access our
Guide through the normal EPE site
http://www.epemag.wimborne.co.uk.)
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New Technology

NSULATED Gate Bipolar Transistors

(IGBTs) are widely used for switching
applications in many areas of the elec-
tronics industry. One of the main areas
where development is focussed for these
devices is on improving their speed.

In the past few years a number of
improvements have been made in their
performance using a variety of new
techniques. Now manufacturers are
looking to address new market areas
where these devices may be used.

In particular, they anticipate that they
will achieve large degrees of acceptance
in a broad range of power supply appli-
cations including uninterruptable power
supplies where power MOSFETs and
bipolar devices are chiefly used today.

What Are 1GBTs?

The structure of an IGBT is shown in
Fig.1. It can be viewed as an SCR (sili-
con controlled rectifier) with a MOS-
FET connecting the cathode to the base
region. For traditional IGBTs there are
two main styles of structure, one vertical
and one lateral. In the lateral structure,
the anode is situated at the surface, and
the p-type material in between achieves
isolation from the substrate.

The electrodes for these devices are
often given different names. Cathode.
anode and gate are used by some manu-
facturers because of the similarity to an

METAL OR
POLYSILICON

CATHODE GATE /

METAL /

3 =TT e
o o'sissTRATE |
)

ANODE

A) VERTICAL STRUCTURE

POLYSILICON
OR METAL
CATHODE GATE
Q o

SR L
B) LATERAL STRUCTURE

Fig.1. Structure for an Insulated Gate
Bipolar Transistor (IGBT).
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A new bonding technigue promises to break the
barriers that have held up the progress of IGBTs

reports lan Poole

SCR. whilst emitter. collector and base
are used by others because of the simi-
larities with bipolar transistors. Even the
terms drain. source and gate are some-
times seen.

CATHODE
o

GATE

ANODE

Fig.2. Equivalent circuit of an IGBT.

The operation of the IGBT is fairly
complicated. although much of its oper-
ation can be understood from a view of
its equivalent circuit shown in Fig.2.
Here it can be seen to be a pnp bipolar
transistor driven by a MOSFET, in a
Darlington type configuration. In this
way it is able to switch large voltages
and currents by the action of a small
input signal.

In operation excess holes are injected
from the anode, they are not totally
absorbed by the middle p-type region
and they contribute to a pnp bipolar tran-
sistor current. In this way the MOSFET
current becomes the base current for the
bipolar transistor.

The devices are made from silicon
because of the high breakdown voltage
and good thermal conductivity of the
material. Both of these attributes are
required in view of the high current and
high voltage applications for which
these devices are used.

IGBTs have advantages over both
bipolar transistors

capacitance as might be expected from
the fact that it has an insulated gate
input.

However. the main disadvantage of the
existing types of IGBT is that they have
a relatively low switching speed. To
illustrate this. they may typically have a
fall time of around 200ns whereas a
power MOSFET may be only 50ns.

In recent years. a number of improve-
ments have been made to these devices.
In one case a company is developing a
device that can switch voltages at rates
of 50kHz. but the maximum voltage is
limited to 600V. The company hopes
that their technology will be able to
achieve switching rates of at least
100kHz with some further development.

Another company has released devices
where it has been possible to achieve
speeds of 150kHz. with currents
between SA and S0A. but again the voit-
age is limited to a maximum of 600V.

To break the barriers that have been hit
by other manufacturers. researchers at
Samsung have used a new process called
silicon direct bonding (SDB). The
process starts with p- and n- wafers. The
p wafer is implanted with p ions to cre-
ate a p+ wafer. and the n wafer is
implanted with n ions to create an n+
layer in the wafer, see Fig.3.

Implantation at this stage is very pre-
cise, and this is one of the keys to the
success of this method of fabrication.
Next. the two wafers are bonded to form
a single wafer and an n buffer layer is
optimised for minority carrier injection
into the IGBTs drift region.

This factor means that the switching
speed is greatly improved and switching

and power P IONS

MOSFETs. The o

IGBT has a much

better current e ot

density . for a WAFER ’ WAFER

given  voltage \ N
drop. Power SUBSTRATE
MOSFETs come ""i"? Lol N+
in second. and \AA -
bipolar transistors N+ BUFFER /

are a poor third. - TveE -

The device also wareR | T |sussTrate

has a very high

input impedance
and low input

Fig.3. Block diagram of the silicon direct bonding process.
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losses are reduced. In addition to this the
wafer has a very low defect rate and a
very uniform doping level, making it
ideal for these devices.

Apart from improving the switching
characteristics of the device, the short
circuit capability has been improved.
This has been achieved by including an
emitter ballast resistor in the device.

Although these devices cannot with-
stand indefinite short circuits, their
resilience to transient overloads of this
nature has been greatly improved.

Performance

Samsung is offering five devices in the
family with current ratings from 5A to
25A in steps of 5A. The devices are fast,
offering switching speeds up to 150kHz,
all with a saturation voltage of only

2-4V. The reduction in forward voltage
drop has resulted in a number of advan-
tages. First, the efficiency of the device
is high, and this will enable the systems
using these devices to improve their
levels of efficiency as well.

A second advantage is that the heat
generated in the device is reduced as a
result not only of the lower forward
voltage drop. but also the increase in
switching speed. This has meant that
heat-sinking requirements are much less.

In fact, the 1200V 10A version is
mounted in a TO3P package and
requires no special heat sinking. This
fact alone will enable the cost of any
units using these devices to be reduced
as a result of the simpler, and less costly
mounting arrangements.

The switching speed has shown a

significant improvement over previous
devices. For the 10A version the typical
turn on and turn off times for a resistive
load are 15ns and 80ns, and even with an
inductive load the turn off time is only
100ns.

Long Term

Plans for the future include a wider
variety of devices using the new SDB
process. These will include some to
operate at lower voltages, although it is
hoped to introduce some devices that are
able to operate with even higher volt-
ages of 1500V and more.

Other plans include offering the
devices in high current modules config-
ured as half and full bridge modules
for motor drives and other power
applications.

with David Barrington

MIDI Handbells

Thanks to the use of a microcontroller chip, the component count
for the MIDI Handbells project is fairly small, when you take away
the pushswitches and jack sockets/plugs, so we do not expect any
reat “clangers” when shopping for components. Made up MIDI leads
are sold by many of our advertisers.

As usual you will, of course, have to purchase a larger piece of
stripboard than you really need and cut it down to size. Also, the
open style, chassis mounting, 3:5mm switched jack socket is now
regarded as a “commonplace” component and most of our compo-
nent advertisers, such as ESR. Greenweld, Sherwood and many
others should carry stocks or be able to offer an alternative. With
eleven required, try for a discount, especially if you include the
miniature pushswitches in your order.

The 4MHz clock crystal for this project should be a miniature wire-
ended metal can type having Smm lead spacing. The package style
of this crystal is usually referred to as having an HC-49U can case
in catalogues and should be widely available.

The choice and size of metal-fronted case is left to the construc-
tor's personal preference, but make sure there is plenty of room for
the circuit board and battery holder within it. The small resin potting
boxes for the “handbells” are listed in numerous advertisers’ cata-
logues and should be available from local sources.

This just leaves us with the PIC chip. For those unable to program
their own PIC16F84, a ready-programmed PIC microcontroller is
available from Magenta Electronics (& 07283 565435 or
http://magenta2000.co.uk) for the all inclusive price of £5.90 (over-
seas readers add £1 for postage) — a strong case here for building
the PIC Toolkit Mk2!

For those who are able to "blow” their own PICs, the software is
obtainable from the Editorial Offices on a 3-5in. PC-compatible disk,
see EPE PCB Service page 389. There is a nominal admin charge
of £2.75 each (UK), the actual software is Free. For overseas read-
ers the charge is £3.35 surface mail and £4.35 airmail. If you are an
Internet user, it can be downloaded Free from our FTP site:
ftp:/ftp.epemag.wimborne.co.uk/pub/PICS/handbells.

PIC Toolkit Mk2

The only component listed in the PIC Toolkit Mk2 project that is
most likely to cause sourcing problems is the regulated +12V
charge-pump d.c. to d.c. converter i.c. Currently, the only listing we
have found for the Maxim MAX662A is from Electromail (= 01536
204555), code 299-575. It is the CPA (MAX662CPA) version and to
obtain a data sheet at the same time also quote code 13§-802.

All good PIC micro suppliers should be stocking up on the
PIC16F87x devices, including Farnell, RS (Electromail) and
Magenta, so supplies should be plentiful. Web users may be inter-
ested in checking out Microchip's site for further data (including
world-wide agents) on: http//www.microchip.com.

The Toolkit Mk2 software is available from the Editorial Offices on a
3-5in. PC-compatible disk, see EPE PCB Service page 389.There is a
small admin charge of £2.75 (overseas readers £3.35 surface mail and
£4.35 airmail). Internet users can download it Free from our FTP site:
ftp://ftp.epemag.wimborne.co.uk/pub/PICS/PICtoolkit2.

The printed circuit board is available from the EPE PCB Service,
code 227 (see page 389).
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A.M./F.M. Radio Remote Control

A number of parts for the A.M./F.M. Radio Remote Control project
may pose the question “where do | find that?” This applies particu-
larly to the radio modules, the 12-bit HT6014 encoder and HT6034
decoder i.c.s.

Well, starting with the radio modules, we understand that Maplin
(VY478B-pair) are presently out of stock of the “low cost” pair and
cannot give a delivery date for new supplies. Also, we have been
informed that the HHR1-418 a.m. receiver module is now
discontinued and unobtainable.

The good news is that RF Solutions are able to supply readers
with the HRR3 replacement a.m. receiver module. They will also
supply all the modules, including the f.m. versions, outlined in the
article. They can be contacted on = 07273 488880 or web site:
www.rfsolution.co.uk (there is a handling charge).

The only listing for the HT6014 encoder (JA35Q) and HT6034
decoder (JA37S) is Maplin. They also supplied the transmitter case,
with pushbuttons (CW26D).

If you elect to use relay outputs, the ones in the model are 12V
10A s.p.c.0. types stocked by Electromail (= 01536 204555), code
350-529. The two printed circuit boards are obtainable from the EPE
PCB Service, codes 228 (Trans) and 229 (Rec).

PLEASE TAKE NOTE
PC Capacitance Meter (Oct '98)
Page 756. Robert Penfold, the designer, has pointed out that
there seem to be slight differences to the Listing program pub-
lished and one on his current machine. The correct version is as
follows:

10 REM capacitance meter program 300 X=X ° R
20 PORT1=&H278 310 LOCATE 5,30
30 PORT2=&H279 320 PRINT

40 PORT3=&H27A

50 CLS

60 LOCATE 7,30

70 PRINT “RANGE 3"

330 LOCATE 10.30
340 PRINT X B$"
350 GOTO 100

360 LOCATE 5,30

80 B$= "n” 370 PRINT “OVERLOAD"
90 R=1 380 RETURN

100 OUT PORT3,35 390 R=10

110 OUT PORT3.33 400 B$= “p"

120 OUT PORT3.35
130 OUT PORT3.34

410 LOCATE 7,30
420 PRINT "RANGE 1"

140 OUT PORT3.35 430 RETURN
150 A$=INKEY$ 440 R=.1
160 IF A$= “1"THEN GOSUB 390 450 B$= “n"

170 IF A$= 2" THEN GOSUB 440
180 IF A$= 3" THEN GOSUB 490

460 LOCATE 7,30
470 PRINT “RANGE 2"

190 IF A$= "4" THEN GOSUB 540 480 RETURN
200 IF A$= "s" THEN END 490 R=1
210 FOR D=1 TO 4000 500 B$= “n"

220 OVER=INP(PORT2) AND 128
230 IF OVER=128 THEN GOSUB 360

510 LOCATE 7.30
520 PRINT "RANGE 3"

240 NEXT D 530 RETURN
250 X=INP(PORT1) 540 R=.01
260 Y=INP(PORT2) AND 16 550 B$= "u"

270 IF Y=16 THEN X=X+256
280 Z=INP(PORT2) AND 32
290 IF Z=32 THEN X=X+512

560 LOCATE 7,30
570 PRINT “RANGE 4"
580 RETURN
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Regular Clinic —

CIRCUIT

ALAN WINSTANLEY
and IAN BELL

More readers’ queries receive attention in our monthly round-up of
solutions offered by our team of surgeons.

RF.GULAR readers of Circuit Surgerv
will remember previous contributions
to this column (e.g. the thorny subject of
detecting the number of bats entering a
roost!) written by lan Bell of the School of
Engincering at the University of Hull. lan
was one of the co-authors of our tutorial
series Teach-In "98 — An Introduction to
Digital Electronics.

From this month. lan joins me as
co-writer of Circuit Surgerv. We believe
that our individual knowledge and ex-
perience of electronics complement one
another well and this will allow us to
provide a good coverage of topics in this
extremely popular column.

Current Sources

Let’s dip into the mailbag. From Harsh
Mehta in India comes this query by E-
mail: ““What are current sources and why
are they useful in circuits?"”

Current sources are very important in
electronic circuit design. Hobbyists prob-
ably do not meet them very often, but
they are to be found lurking inside almos
every analogue i.c.. such as operational
amplifiers or other linear circuits.

In order to understand the basic concept
of a current source, it will help if we first
describe voltage sources, so we can see

— - -

DC.VOLTAGE AC.VOLTAGE CURRENT
RCE SOURCE SOURCE

Fig.1. Voltage and current source sym-
bols.

OHMS LAW
V=IxR

Fig.2. Ohms Law applied to a fixed
resistor R.
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some fundamentals in a more familiar con-
text. Fig.l shows the symbols for voltage
and current sources. Most people are fam-
iliar with voltage sources (batteries, bench
power supplies and the mains are good ex-
amples). but unfortunately there is no simi-
lar everyday current source.

A voltage source produces a constant
voltage at its output irrespective of the
current you draw from it. Well that’s not
quite true in practice of course — a bat-
tery's voltage will drop if you connect a
heavy load (low resistance), a bench power
supply may cut out or limit the current,
and a mains supply should blow a fuse
before too much damage is done.

An ideal voltage source can output any
current without the voltage changing or
cutting out. Such things do not exist in the
real world: however, they can be useful in
simplitied calculations and simulations. In
fact. when analysing circuits we often as-
sume that the power supply is an **ideal™
voltage source for simplicity.

Ohms Law

To pursue this further we need to use
Ohms Law - the basic relationship be-
tween current, voltage and resistance. This
isV=IxR.

To find the voltage (V in Volts) across a
resistor. multiply the current through it (/
in Amps) by the resistance (R in Ohms). If
we connect a voltage source across a resis-
tor, as shown in Fig. 2, it must produce a
current given by /=V/R. If we connect a
very low value resistor across the voltage
source, then it must produce a very high
current in order to satisfy Ohms Law,

For example, a 9V battery with a (-5
ohm resistor across it (do NOT attempt this
in practice} would ideally produce 18A
but a small battery such as a 9V PP3 type
is just not up to the task! So what happens
if the voltage source is not capable of
producing the required current? Is Ohms
Law broken?

The answer, of course, is no; what hap-
pens is that the voltage source pushes out
as much current as it can and its out-
put voltage reduces to the point given by
Ohms Law for the resistance and current
involved. The PP3 battery is no longer a
9V voltage source with a (-5 ohm load.

Resistance to Change

We can understand what is going on by
using the concept of internal resistance.
Real voltage sources can be thought of
comprising an ideal voltage source (with
voltage V5) and a resistor (RnT), as shown
in Fig.3a.

So when we connect a resistor to
a voltage source the current (/) flows
through both resistors with a voltage
dropped across each one. The voltage at
the terminals of the real source (Vour)
therefore becomes smaller when R is
reduced and so a greater proportion of Vg
is dropped across Rint. Note that the
internal resistance limits the maximum
available output current to Vg/RinT. at
which point Vg1 is zero. In practice we
cannot  physically separate the voltage
source and internal resistance.

A battery’s internal resistance is notice-
able as a drop in its voltage when we
decrease load resistance, and because its
internal resistance increases when it be-
comes exhausted. this becomes worse
with older batteries. The effective internal
resistance of bench power supplies (and
regulator chips) can be made very small
using control circuits. These monitor Voyt
and effectively change Vg so that Vyyr
remains constant, compensating for the
drop across RinT.

R
a . .
: Tl
l.[n... Y
, B
b)

Fig.3a. Internal resistance Rt of a
real voltage source and (b) a real cur-
rent source.
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This cannot go on forever of course.
since at some point we reach the max-
imum current or voltage rating of one
or more of the power supply's internal
components. So bench power supplies can
sometimes deliver the same voltage (with
little **drooping’’) up to a maximum cur-
rent at which point they cut out. Due
to the active control circuitry, the maxi-
mum output current may be much less
than that implied by the internal resistance
(V/RiNT)-

By now you may have guessed that an
ideal current source outputs a particular
current irrespective of the voltage, and that
real current sources are limited in some
way. Real current sources also have in-
ternal resistance (see Fig.3b), but it ap-
pears in parallel with the source and is
usually large, unlike voltage sources which
have the (usually small) internal resistance
in series.

The internal resistance of a current
source limits its output voltage to IsRinT.
at which point loyt is zero. Real cur-
rent sources may also have a limited
range of voltages over which they can
operate (sometimes called compliance),
determined by factors other than the
internal resistance (like the current range
of a bench power supply).

SUPPLY VOLTAGE

GROUND
CURRENT
SINK

CURRENT
SOURCE

Fig.4. Current sources and current
sinks.

If we short-circuit a current source then,
unlike a voltage source, it has no problem
— its output current simply flows through
the wire. If we connect a large resistance
across a current source, then by Ohms Law
it must develop a large voltage across the
resistor. For example, if we connect a IM
(megohm) resistor across a ImA current

source it would have to produce 000V
across the resistor to maintain the required
current. 1f a current source is open cir-
cuit then it cannot operate (unless it can
produce arcing!). Note the opposites here:
voltage sources have an casy life with
open circuits and a hard time with shon
circuits, but for current sources it is the
other way round.

Current sources connected to ground
(OV), through which current flows to
ground, are sometimes called current
sinks (see Fig.4). However, the term
current source is used in both cases.

On Stream

Water is sometimes used as an analogy
for electricity. and can help us sec the
difference between a voltage source and a
current source. In the water analogy a
voltage source is a large tank of water
suspended above the ground. in which
the water is kept at a constant level by
some means. The higher the tank then the
greater the voltage.

A pipe at the base of the tank allows
water (current) to flow — any level of cur-
rent can flow, depending on the diameter
of the pipe. A short circuit would be like
the bottom falling off the tank causing a
massive flow!

A current source is like a pump
producing the same rate of flow (current),
irrespective of its height above ground
(voltage). If we block the pump’s output
then we get the equivalent of a current
source with an clectrical open circuit: the
pressure builds until something gives up.

The concepts of voltage and current
sources are very important in electronics.
All real sources of

CIRCUIT THERAPY

Circuit  Surgery is your column. It
you have any queries or comments,
please write to: Alan Winstanley, Circuit
Surgery. Wimborne Publishing Ltd., Alien
House, East Borough, Wimborne, Dorset,
BH21 1PF, United Kingdom. E-mail
alan@epemag.demon.co.uk. Please indi-
cate if your query is not for
publication. A personal reply
cannot be guaranteed but we -
will try to publish representative
answers in this column.

»

example, if we have a sensor producing an
output voltage. but with a large internal
resistance. we will need a very high input
impedance amplifier to process these
signals, to prevent all the source voltage
from being dropped across the internal
resistance. This can be achieved using a
unity gain buffer amplitier or a more
sophisticated  instrumentation  amplifier
circuit.

Current sources are important in biasing
and obtaining high gains in the analogue
circuits used on integrated circuits. They
provide very high impedances, which are
useful for developing large voltage gains.
However. they still allow relatively large
bias currents to flow without incurring a
large voltage drop.

Next month lan continues his inves-
tigation into current sources with some
practical suggestions.

power or signals
can be thought of
as either voltage
sources or current
sources  with  an
internal resistance.

We can use this
idea further to
understand the re-
quirements for cir-
cuit designs. For

!
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Special Feature —

PC ENGINES -
FROM 4004 TO PENTIUM IlI

ERNEST FLINT —

Tracking the Intel microprocessor to its lair!

|

I’ll see your PII and
raise you two
Celerons!

people had the faintest clue as to

which type of microprocessor was
ensconced in their personal computer
(PC). Instead. in the early days. con-
sumers purchased computers by type.
such as an IBM PC-AT or PC-XT. Even
for those who did know. the playing field
was fairly easy to understand as things
tended to progress in a fairly leisurely
and obvious manner. Each new genera-
tion was faster and better than the one
before and. more importantly, each new
generation quickly replaced the previous
one “on the store shelves™.

By comparison, it’s now hard to turn
on the television without being accosted
with yet another “Intel Inside™ advert. In
fact. those little rapscallions at Intel are
rolling out new types of microprocessors
so fast it makes one’s head spin. Even
worse, there are now multiple concurrent
architectures targeted at different
markets.

It was bad enough when all we had to
contend with was the choice between a
Pentium and a Pentium with MMX.
Suddenly. as if from nowhere, we were
being barraged with the additional
options of Celerons, Pentium IlIs, and
Pentium II Xeons. And now we are star-
ing Pentium Ills and Pentium 11 Xeons
in the face, desperately trying not to be
the tirst to blink.

In fact there are now so many flavors
of microprocessor on the loose (each of
which is available in a range of clock
frequencies). that even those of us who
are “in the trade” are beginning to lose
whatever tenuous grip we once had on
reality. So in this article we will rend the
veils asunder and expose the horrors
within.

THE EARLY
DAYS

Before we plunge
too deep into the
quagmire of
today’s micro-

IN THE not-so-distant past, very few

iooa, » )
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processor product offerings. it is
advantageous to consider the path by
which we arrived at where we are
(Fig.1).

The world’s first microprocessor —
the 4004 - was presented to the mar-
ket by Intel in 1971 (in fact the 4004
was originally called a microcomput-
er. and the term microprocessor was
not coined until sometime later). The
4004 contained only 2.300) transistors
and performed 60.000 operations per
second.

The "47s in the 4004’s name were
intended to reflcct the fact that it had a
4-bit data bus. The 4004 was followed
in 1972 by the 8008. which was pretty
much the same sort of thing. but with
an 8-bit data bus (and 3.300 transis-

tors). The 4004 was also enhanced to  Fig.2. The Pentium processor in a Socket 7
form the 404(0). which contained addi- configuration (Photo courtesy of Intel Corp.)

tional logical and compare instructions
and a small internal stack.

The 4004, 4040, and 8008 were all
interesting. but they were also all
designed with specific applications in
mind. and it wasn't until 1974 that the
4040 and 8008 evolved into the 8080,
which contained 4.500 transistors and
could perform 200.00¢) operations per
second. The 8080 was the first truly gen-
eral-purpose microprocessor. and was
destined to become the central processor
of many carly home computers.

By 1978. the 8080 had evolved into
the more sophisticated 8-bit 8088 and the
16-bit 8086. The 8088 was to become
pivotal in the history of microprocessors
as we know it. because IBM decided to
use this as the CPU in what is now
considered to be the first true
PC. which was presented
to the market in 1981.

THE MIDDLE
KINGDOM

In 1982, Intel released the 16-bit 286
microprocessor (also known as the
80286). With {34,000 transistors. the 286
sported approximately three times the per-
formance of other 16-bit processors of the
time. Amongst other things. the 286 pro-
vided “backwards compatibility™. which
meant it could run programs that had been
written for its predecessors. This was
considered to be a pretty revolutionary
concept at the time.

» Pentium lll Xeon
Pentium Il Xeon ) o
_w Pentiumiil )
v Pentium i )
Pentium Pro ) v
Celeron )
—» Pentium w MMX

Fig.1. The evolution of Intel processors.
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The 16-bit 286 was followed by the 32-
bit 386 in 1985. This device. which con-
tained 275.000 transistors, was designed
to support “multitasking™ (running multi-
ple programs at the same time). In turn,
the 386 was followed in 1989 by the 486,
which contained an amazing (tfor the time)
1.2 million transistors.

In the carly days, complex math func-
tions (multiplication and division) were
pertormed as a series of simple steps. such
as  “shift-and-add™  algorithms.  Later
schemes  employed  external  math
coprocessor devices, which were special
units dedicated to performing complex
math functions as quickly as possible. The
486°s 1.2 million transistors allowed it to
include an on-chip math coprocessor as
part of the main CPU (this was considered
10 be mega-cool by those ot us who cared).

The first 486s had system clocks (see
sidebar) running at 2SMHz. These were
soon followed by 33MHz and 66MHz
versions (and various “clock doublers™
appeared later in the market).

THE GOLDEN AGE

The start of the current golden age of
microprocessors (insofar as this article
is concerned) occurred in 1993, when
Intel first introduced the Pentium
processor (Fig.2). With 3.1 million
transistors, the Pentium was approxi-
mately five times faster than its 486
ancestor. The Pentium sported a 16
kilobyte L1 cache (see sidebar) and up
to S12KB L2 cache (this L2 cache was
mounted on the main motherboard).

The first Pentiums started with clock
speeds of 7SMHz. and over time addi-
tional options were added to 233MHz
(note that the host bus speed remained
at 66MHz - sce sidebar). Also, the
Pentium was presented in a pin grid
array (PGA) package. which plugged
into an Intel-defined pinout format
called "Socket 7.7

The next major development occurred
in 1995 with the Pentium Pro. which
sported a number of innovations and
improvements (and a whopping 55
million transistors).

Quite apart from anything clse. the
Pentium Pro was presented as a multichip

L2 L2 Cache bus
Cache (112 system clock)
e l' Host/processor bus
A / (66 MHz)

CPU J
_

Lo
]

Fig.3. The Pentium Pro architecture
(two chips in a multichip module).

module package containing two silicon
chips: the Pentium Pro processor itselfl
(with a 16-kilobvte on-chip L1 cache) and
an L2 cache chip. The original Pentium
Pros came equipped with 256KB L2
caches, and 512KB versions became
available later. One really cunning innova-
tion associated with the Pentium Pro was
that it had two busses (an external proces-
sor-to-main-memory  (host) bus and an
internal processor-to-L2-cache bus) and
the processor could access both busses
simultaneously (Fig.3).

The original Pentium Pros supported a
1SOMHz system clock. and this was
quickly followed by 200MHz versions.
The multichip module of the Pentium
Pro allowed the processor core and the
L2 cache to be located very close to cach
other. which in turn facilitated the cache
bus running at half the main system
clock trequency. (This was much faster
than the Pentium’s L2 cache, which was
located on the motherboard. and which
was therefore obliged to run at the
66MHz host bus trequency.)

The end result of this dual-bus archi-
tecture (plus other cunning stuft that’s
oo complex to go into here) made the
Pentium Pro go “like a bat out of hell.”
The Pentium Pro module plugged into an
Intel-defined  pinout  format  called
“Socket 87

The pace really started to pick up in
1997. when Intel introduced two new
developments. The tirst was the concept
of MMX instructions (see sidebar).
which first appeared in the “Pentium
with MMX." The second was the
Pentium II processor (with a mind-bog-
gling 7.5 million transistors), which also
included MMX instructions (Fig 4).

Ata first glance. the Pentium I appeared

Corp.).

Fig.4. The Pentium Il shown in slot 1 configuration (Photo courtesy of Intel
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TECHNICAL TERMS
- A BRIEF OVERVIEW

During the course of this article,
one or two terms are mentioned such
as “cache”, “host bus,” MMX, and so
forth. For those amongst us who
aren't too familiar with these (and
certain other) terms, a brief overview
is presented here.

SRAM vs DRAM

Semiconductor memory comes in a
variety of flavors. The two main cate-
gories are read-only memory (ROM)
and random-access memory (RAM).
(The purists amongst us would prefer
to replace the term RAM with read-
write memory (RWM), but realistically
this is never going to happen).

ROM devices contain instructions
and/or data that is “hard-wired” into
them during their construction. By
comparison, RAM devices only con-
tain whatever data and instructions the
computer last wrote into them {and
they “forget” their contents when
power is removed from the system).

Furthermore, RAM is itself split into
two core technologies, which are
known as Static RAM (SRAM) and
Dynamic RAM (DRAM). Each memory
cell in an SRAM device requires
between four and six transistors, while
each cell in a DRAM device requires
only one transistor (so you can get
more memory in a8 DRAM device)

SRAMs are faster than DRAMS, but
they use more power, run a lot hotter,
and are much more expensive. Thus,
the bulk of 8 computer's main memory
is formed from DRAM devices, and
SRAMs are only used where extreme
speed is required,

SIMMs vs DIMMS

Multiple memory devices are typi-
cally mounted on small p.c.b.s (known
affectionately as “sticks” of memory).
These are referred to as SIMMs (single
inline memory modules) if they only
have chips on one side, or DIMMS
(dual inline memory modules) if they
have chips on both sides.

FDO vs EDO vs SDRAM

VSias

As was previously noted, the bulk of
a computer’'s RAM is composed of
DRAM devices, but these can be pre-
sented in different ways. When you
purchased a computer in the not-so-
distant past, it came with FDO (fast
data out) memory. This was subse-
quently replaced in later systems by
EDO (extended data out) memory,
which was in turn superceded by
SDRAM (synchronous DRAM)
memaory.

This is a bit confusing at first, but
underneath it's really quite simple.
These memory schemes are all basi-
cally formed around a core of standard
DRAM chips, but each uses a different
way of controlling and accessing the
devices to squeeze more “throughput”
out of them.

Also, note that the term ECC (error
correcting and control) memory used
in higher-end machines refers to the
fact that these memory devices con-
tain additional bits that can be used to
detect (and correct) errors in the data.

continued . . .
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SR

L2 Cache bus

(1/2 system cioc

frequencies  of  233MHz  and
266MHz. These were quickly fol-
lowed by 300MHz. 333MHz. and
350MHz sersions. which were in

cPU turn superceded by J00MHz and
o 430MHz versions. This obviously
L Hosvprocessorbus  huas @ huge impact on processor
. T BeMHz (ater 100 M2 gperations, and also cache-intensive

Fig.5. The Pentium Il architecture.

10 be radically different to the Pentium Pro.
because it was presented in a relatively

operations (because the Pentium 11
cache is running at half of the main
clock frecuency). Furthermore, the first
Pentium 1ls supported a host/processor bus

386, which was in trn followed by the
468, The 486 begot the Pentium. which
led 1o the Pentium Pro. which in turn
paved the way tor the Pentium 1L
And then things began to get more
complicated . ..

In 1998, Intel introduced the Celeron
processor. which was based on the
Pentium 1. The first Celerons didn't

have anv 1.2 cache at all. which caused

large package called a single-edge-connect
(SEC) cartridge. which plugged into a new
Intel-proprietary  socket  configuration
called Slot 1 on the motherboard.

Internally. the Pentium 11 is construct-
ed as a hybrid using a printed circuit
board substrate. This circuit board con-
tains the processor chip. which is essen-
tially a Pentium Pro with a 32KB LI
cache and MMX instruction support.
This board also contains four industry-
standard burst-static cache RAM devices
and a tag RAM chip. which together
form the 512KB L2 cache (Fig.5).

(Note that Fig.5 is only an illustration.
In reality the processor core and two of
the cache RAM devices are mounted on
one side of the board. while the remain-
ing cache RAMs and the Tag RAM are
mounted on the other side.)

The first Pentium [Is supported clock

frequency of 66MHz. but this was boosted
up to 100MHz in later versions, which dra-
matically improved access to the main
memory.

Last but not least. the Pentium I support-
ed Intel's AGP (advanced graphics port).
Actually. to be more precise. it's the Pentium
II's supporting chipset that provides AGP
capability, but supporting chipsets are part of
a completely different discussion. so we'll
ignore them in this article (for which you can
be truly thankfub). The AGP is also outside
the scope of this discussion. exceept 1o say
that it is designed to streamline the transfer of
data from the CPU to AGP-compatible
graphics accelerator cards.

For a long time things had appeared tat
least on the surface) to be relatively well
ordered. The 208 was tollowed by the

Table 1: Intel microprocessor development

Bare (unpackaged) silicon (die) for
the 4004 processor.

1971 | 4004 2,300 transistors. 4-bit. 60.000 operations per second
1972 | 8008 3,300 transistors. 8-bit
1972 | 4040 4-bit (like a 4004 but with additional instructions)
1974 8080 4,500 transistors, 8-bit. 200,000 operations per second
1978 | 8088/8086 8-bit/16-bit (the 8088 was used in the first IBM PC)
1982 286 134,000 transistors, 16-bit
1985 | 386 275,000 transistors. 32-bit {muttitasking)
1989 486 1.2 million transistors, 32-bit (first math coprocessor)
25MHz system clock (-> to 66MHz over time)
. 3.1 million transistors, 32-bit. 16KB L1. 512KB L2 (external)
e 75MHz system clock (-> 233MHz), 66MHz host bus, Socket 7
5.5 million transistors, 32-bit, 16KB L1. 256KB L2 (internal)
1995  Pentium Pro 150MHz system clock (-> 200MHZz), 66MHz host bus
L2 Cache bus runs at 1/2 main system clock, Socket 8
7.5 million transistors, 32-bit, 32KB L1, 512KB L2, MMX
1997  Pentium |l 233MHZ system clock (-> 500MHz), 66MHz host bus (-> 100MH2)
L2 Cache bus runs at 1/2 main system clock
[ 7.5 million transistors. 32-bit. 32KB L1, OKB L2 (later 128KB L2). MMX
1998 | Celeron 266MHZz system clock (-> 400MHz), 66MHz host bus
L2 Cache (when provided) bus runs at 1/2 main system clock
7.5 million transistors, 32-bit, 32KB L1, 512KB / 1MB / 2MB L2, MMX
1998 | Pentium Il Xeon 400MHz system clock (-> 500MHz). 100MHz host bus
L2 Cache bus runs at FULL main system clock
7.5 miillion transistors, 32-bit. 32KB L1, 512KB L2. MMX [I
1999  Pentium Ili 500MHz system clock (-> 550MHz). 100MHz host bus
L2 Cache bus runs at 1/2 main system clock
7.5 million transistors, 32-bit, 32KB L1, 512KB / 1MB / 2MB L2 MMX || The Pentium Il die.
1999  Pentium lIf Xeon 500MHz system clock (-> 550MHz). 100MHz host bus Th h b p
L2 Cache bus runs at FULL main system clock {The photos el i el A
Intel Corporation).
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some observers to refer to them as “brain
dead Pentium IIs.”” Subsequent imple-
mentations had 128KB L2 caches. and
versions with larger cache configura-
tions wouldn't be too surprising.

Later on in 1998, just to make life
interesting. Intel Introduced the Pentium
I1 Xeon. This little rascal arrived in a yet
bigger package. which plugged into a
new Intel-proprictary socket config-
uration called Slot 2 on the motherboard.

The Pentium Il Xeon contains two
devices: the main processor and a honk-
ing big new L2 cache device. One key
point about the Xeon (apart from its high
price) is that its L2 cache, which is avail-
able in 512KB. I1MB. and 2MB options,
runs at the same frequency as the main
processor clock. (Remember that the
cache bus on the standard Pentium 11
runs at halt’ the main clock frequency.)
This high-speed cache can have a signif-
icant effect for certain high-end applica-
tions such as database hosting and other
server-bested applications.

And last but not least (as we pen these
words). Intel have just announced the
Pentium 11l and the Pentium 11 Xcon
processors. These are essentially the same
as their Pentium 11 forebears. but with
higher clock frequencies (commencing at
S0OMHz and 550MHz as they launched).
including a special CPU ID. and support-
ing MMX 11 instructions (sce sidebar).

Each Pentium III has a unique ID num-
ber hardwired into it, which is intended to
allow querying software to positively
identify the CPU (note that the CPU does
not “broadcast” the ID. but instead pro-
grams have to actively read it). Intel’s
main (stated) goal was to provide
increased security for electronic transac-
tions (E-commerce) over the Internet.
There are a number of other possible uses
for such an ID. ranging from identifying
stolen processors, to locking (licencing)
applications to a specific machine.

An unexpected result (for Intel) is that a
variety of civil liberties groups are cur-
rently “up in arms” campaigning about
possible invasion of privacy issues. In
response. Intel is providing a utility that
will allow users to enable and disable the
CPUID at will. and the majority of
machines will be shipped with the 1D dis-
abled by detault (which sort of makes you
wonder if it was worth it in the first place).

WHICH SIZE FITS
You?

So which processor is right for you?
This is a tricky one. because it can be
difficult to separate the “hype™ from the
reality. Let’s start with the Celeron,
which is essentially a Pentium 11 with a
smaller L2 cache (vhatever vou do.
don’t buy one of the earlier Celerons
without any L2 cache at all).

Intel’'s marketing position is that the
Celeron is intended for home use (games,
entertainment. simple word  processor-
type applications) by the more cost-
conscious buyer. in reality. Intel would
probably have preferred not to have
introduced the Celeron at all — they main-

L1 vs L2 CACHE

Modern semiconductor memories
are extremely fast, but computer pro-
grams typically perform a humongous
amount of memory accesses (reads
and writes), so anything that can be
done to speed things up is generally
considered to be very desirable.

If we analyse programs, we tend to
find that they are often composed of
blocks of instructions, where each
block may be performed multiple
times before moving on to the next
block. A key point is that these blocks
of instructions tend to be relatively
small compared to the size of the total
program.

Computer designers can take
advantage of this knowledge by creat-
ing a special “chunk” of high-speed
memory called the cache. When the
CPU starts running a program and it
reads an instruction (or data) for the
first time, in addition to processing
that instruction it also stores it in the
cache. The next time the CPU attempts
to read that instruction, it first checks
to see if it's already in the cache - if so
it can read it from the cache much
faster than it could from the main
memory.

The cache is formed from the fastest
SRAM devices available, so the
designer (who would ideally prefer as
large a cache as possible) has to keep
it smaller than he or she would like to
balance cost and performance.

In fact computer designers use a
hierarchy of memaory. The L1 (“Level
1”) cache is very small, but very, very
fast, because it is constructed as an
integral part of the CPU itself (on the
same silicon chip). The L2 (“Leve! 2")
cache is significantly bigger than the
L1 cache, but it's father away from
the CPU and thus not as fast. In fact
some computers have L1, L2, and L3
caches between the CPU and the
main memory!

SYSTEM CLOCK vs
HOST BUS

The main system clock is used to
synchronize the internal actions of
the CPU and also the rest of the sys-
tem. The CPU communicates with
the rest of the system by means of
the main system bus, which may
also be referred to as the “host bus”,
the “processor bus”, or the “front
bus."”

Increasing the frequency of the sys-
tem clock increases the rate by which
the CPU performs its internal actions.
However, the frequency of the host
bus is not directly related to the fre-
quency of the main system clock.

OVERCLOCKING

In order to understand the concept
of overclocking, we first need to
know that computer motherboards
are designed to support a range of
system clock frequencies. This
allaws a Pentium Il motherboard, for
example, to support say 350MHz,
400MHz, and 450MHz versions of the
processor. Theoretically, this allows
end-users to upgrade their main
processor (although this rarely hap-
pens in practice).

Most Intel processors are reason-
ably robust. One by-product of this is
that it is possible to take a processor
rated for one clock frequency, say
350MHz, and “tweak the jumpers” or
otherwise modify the motherboard to

clock the processor at a higher
frequency.

There are a number of sites on the
web with instructions on how to tweak
different motherboards to overclock
different processors, One downside of
this is that the processor will run hotter
than it's rated for (and than the com-
puter's cooling system is expecting),
which may cause problems. Another
thing to bear in mind is that if you do
this you've just waved goodbye to any
warranty that came with your system
{assuming they find out what you did).

MMX vs MMX I

In 1997, Intel introduced the
Pentium Il and a new version of the
Pentium, both of which boasted
something called MMX. After wad-
ing through the “razzmatazz”, we
find that MMX Stands for
“MultiMedia eXtensions”, which are
actually a group of 57 special SIMD
(single instruction multiple data)
instructions.

To understand what this means, we
first need to understand that many
applications like to use data in small
“chunks.” For example, multimedia
and image processing programs large-
ly view the world as a series of picture
elements (pixels), where each pixel
consists of red, green, blue, and alpha
(transparency) values (abbreviated to
RGBA). Furthermore, many applica-
tions use 8-bits to represent each of
these values, which makes it easy to
pack all four values into a single 32-bit
word (the sizé currently used by the
Pentium, Pentium Pro, Pentium Il, and
so forth),

The interesting point is that these
applications often want to perform
operations on pairs of 32-bit RGBA val-
ues, such as adding two of them
together. However, the application
doesn't simply want to add these two
values as 32-bit quantities. Instead, it
wishes to add the two 8-bit R values
together, and likewise for the two 8-bit
G values (and the B values and the A
values).

The old way of doing this required
multiple operations to separate out
each of the 8-bit values, perform the
requisite function, and then “munge”
the results back together. Hence the
introduction of MMX instructions,
which direct the CPU to treat the data
as four 8-bit chunks (but to still per-
form all four additions in a single clock
beat!).

Of course these instructions are
only of value if you have applica-
tions that make use of them. But
once they became available, appli-
cation developers began to take
advantage of them, and MMX ver-
sions of certain programs do go sub-
stantially faster than their non-MMX
counterparts.

The original MMX instructions only
worked on integer data representa-
tions. However, the new Pentium Il
and Pentium Il Xeon processors have
been enhanced to support MMX Il
Also known as SSE (for “Streaming
SIMD Extensions”), MMX Il comprises
around 70 additional instructions that
allow operations to be performed on
four floating point numbers simultane-
ously. Future applications that take
advantage of these instructions (such
as analytical programs, graphics appli-
cations, and 3D games) will see a
major speed increase.
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ly did so in response to other processors
from manufacturers like AMD, which
were starting to “eat Intel’s lunch™ at the
home consumer end of the market.

Pentium 1ls (and now Pentium Ills)
are primarily targeted towards the high-
end consumer and professional desktop
(although television adverts often posi-
tion them for home entertainment
machines also). By comparison, Pentium
Il Xeons (and now Pentium Il Xeons)
are typically presented as being the
processors of choice for high-end techni-
cal and professional applications.

In reality. Xcons typically only deliver
approximately five percent performance
boost for many applications at a very sig-
nificant cost premium over their non-
Xceon counterparts. Where the Xeons real-
ly score (especially with the larger cache
versions) is in server-type applications.

BOILING IT DOWN

Thus. for the majority of home users,
the choice really boils down to one
between a Celeron, a Pentium Il. and a
Pentium [II. Let's see if we can reduce
this choice a little further. In reality. the
vast majority of home users won't be
able to spot any difference in perfor-
mance between a Celeron (with 128KB
L2 cache) and a Pentium II (with 512KB
L2 cache) running at the same frequen-
¢y. However. the Celeron will be several
hundred pounds cheaper, and you can
invest some of this money on additional
RAM. which can provide a HUGE speed
increase for memory-intensive applica-
tions. In fact some savvy users purchase
a Celeron-based machine and then over-
clock it (see sidebar). which provides the
increased performance associated with
higher clock frequencies.

Of course for those users who want
(nay NEED) 1o live on the cutting edge
of technology. only a Pentium HI proces-
sor will suffice (and there aren’t any
Pentium Ill-based versions of the
Celeron to play with). Sad 1o relate.
however, the Pentium I won't actually
perform any faster than a Pentium Il run-
ning at the same clock frequency (at
least not today). This is because the only
real difference between the two proces-
sors (apart from the fact that the Pentium
Il has a CPU ID) is the presence of
MMX I streaming SIMD instructions in
the Pentium HI.

The problem is that it will take time
for mainstream applications 1o be
upgraded to take advantage of these
instructions (and then you'll have to pur-
chase these upgraded versions). Another
consideration is that, in the same time-
frame. you'll be able to get even faster
processors for less money (see the next
section). But it was always thus, and at
the end of the day it's a case of “you
pays your money and you takes vour
choice™ as the old saying goes. -

AS FOR TOMORROW

“And what about tomorrow?”” - you
ask — “"What new wonders are heading
our way?” Well there are a whole host of
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exciting developments racing towards us.

First. processor clock frequencies are
going to rise yet higher. Internet news-
groups are confidently predicting
600MHz clocks by the end of 1999,
700MHz clocks by mid-2000. and 1GHz
clocks soon thereafter.

Next, Intel are working furiously on a
64-bit processor (the current genceration

all work with 32-bit wide chunks of

data). which should give another huge
performance boost (when applications
are rewritten and/or recompiled to take
advantage of this feature).

Also. new integrated circuit produc-
tion technologies are allowing increas-
ing numbers of transistors 10 be
squeezed onto cach chip. In the foresce-
able future it will be possible 1o cram
100 million transistors onto a single
device. What will all of these transistors
be used for? Well in addition to making
the processors more powerful. it will be
possible to dramatically increase the
sizes of the local memory caches and
locate the caches on the core CPU
device. which will significantly improve
the processor’s performance.

Meanwhile. processors will be able o
handle cver larger amounts of memory
(which shall hopefully continue its trend to
become even cheaper). Some  high-end
Intel-based professional workstations can
already access 3GB of RAM or more
(which makes the author’s 64MB look pos-
itively measly by comparison). Also. Intel
are working on bringing a next-generation
memory system calied Direct RAMBUS 1o
the market. which will dramatically speed
Up processor-lo-memory aceesses.

It's also worth noting that. despite the
Intel-centric focus of this article. Intel
aren’t the only game in town. There are
a number of other players developing
processors that look set to give Intel a
run for their money.

Last but not least. there are a whole
host of technologies that are outside the
scope of this article. including optical
fiber-based disk drives, and ..... but that
would be telling. wouldnt it? Suffice it
to say that. for those of us who love com-
puters. the future promises nothing less
than faster. better. and cheaper. and who
amongst us can find fault with that?

FURTHER READING
The hybrid and multichip module

packaging technologics mentioned in
this article are described in detail in an

amazingly usetul book calted Bebop 1o
the Boolean Boogie (An Unconventional
Guide 10 Electronics). For those who
want to understand more about how
microprocessors work, Bebop BYTES
Back (An Unconventional Guide 1o
Compuiers) is jolly good. By some
strange quirk of fate. both of these tomes
are available from the EPE Direct Book
Service.

For those who want the inside scoop
on the latest breaking news in the
processor wars. an excellent place to
start is Tom Pabst’s web site at
www.tomshardware.com

INTEL WHO?

There are many fine microproces-
sors around, including those from
Motorola (as found in Apple’s
Macintosh machines), AMD, Cirrus,
and others. So why has this article
concentrated on those from Intel (you
may ask)?

Strange to relate, Intel never really
intended to manufacturer micro-
processors — their original goal was to
supply the world with semiconductor
memory devices. So it rather took
them by surprise when one of their
design teams created the world's first
microprocessor — the 4004, In fact the
fate of the 4004 was precarious at best,
and one of the main reasons that per-
suaded Intel's management to invest
in continued development was the
argument that the availability of micro-
processors would help them to sell
more memory devices.

In the mid-1970s, Intel considered
adding a keyboard and a monitor to a
board containing their 8080 micro-
processor to sell it to the home user, but
no one could think of a use for it (apart
from something for housewives to keep
recipes on} so they dropped the idea.

Some time later IBM decided that
there was a market for computers for
the small business user, so they set
about creating the world’s first PC, At
that time, the two main contenders to
supply the CPU for this PC were Intel's
8088 and Motorola's 6800. Had IBM
opted for the Motorola device, we
would all now doubtless have
“Motorola Inside” logos tattooed on
our foreheads.

Why did IBM choose Intel over
Motorola? Who knows? Who Cares?
The decision was made, with the result
that Intel Corporation are now
arguably the best known manufacturer
of microprpcessprs on the face of the
planet.

The Pentium Ill is home to 7-5 million transistors! (Courtesy Intel Corp.)
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GCSE and BTEC Mathematics

Courses to suit beginners
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Courses are delivered

as self-contained kits
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Learning is at your own pace
Courses may have

BTEC Certification and Tutoring

For information contact:

NCT Ltd., P.O. Box 11

Wendover, Bucks HP22 6XA

Telephone 01296 624270; Fax 01296 625299
Web: http://www.nct.Itd.uk
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PCB 32x102mm 3063 KT £8 95

PELTIER JUNCTION HEAT PUMP Bod & freese
r regulated ¢ ooling of temperature

amponents § much more Heatsink re-

£1850

LED DICE Classic miro 1o electronics & circurt

anatysis 7 LEDs simulate dice roll, slow down &

lang on a number at random 555 IC circuit 3003-KT

£795

STAIRWAY TO HEAVEN Tests hand eye co ordina:
t Press swith when green segment of LED ixghts
10 chmb the stairway  miss & start again' Good intro
cuits 3005-KT £7.95
ROULETTE LED Ball spins round the wheel slows
joan & droge nto a slot 10 LEDs CMOS decade
counter & Op Amp  Edicational & fun) 3006-KT
£995
DUAL LED DICE PIC 16C54 circuit performs sinilar
function to 3003 KT above but two dice Goud in
1r0 1o micro-controllers Software code supphed or
sk 3071 KT £17 95
AUDIO TO LIGHT MODULATOR Contols intensity
of one or more hghts 1n respanse 10 an autho N
it Safe, modern apto coupler design Mans volt-
age expenience required 3012 KT £6 95
9V XENON TUBE FLASHER Trunsformer circurt
steps up 9V battery supply 1o flash the 25nm long
Xenon tube Adjustable fash rate {0252 Secs)
3022 KT £10 95
LED FLASHER 5 uttra bright red LED's fiash in se
quence o randomly ideal for mode! raitways 3052
KT f450
16CB4 PIC PROGRAMMER Reads programs &
verhes Uses any PC parallel port All hardware,
software & documentation needed 1o learn & test this
uC provided 3081-KT £21 95
SERtAL PIC PROGRAMMER for all 8 18
28 and 40 pin DIP senal programmed
@P!Cs Thurd party software supphed ex
pires atter 21 days and costs US$25 to
reqister 3096-KT £9
12-8{T PC DATA ACOUISITION SVSTEM Use v‘)ur PC
to momior and cantrol external events and devices
thr.ssgh its parallel poit 3118-KT £34 95
3V 15V TO 9v BATTERY CONVERTER Replace ex
pensive 9V battertes with economic 1 5V battenes IC
based circut stepy up 1 2 AA batteries 10 give
9V 18mA 3035-KT £4 75
LIGHT ALARM Protect your valuables Alarn sounds it
circurt detects smallest amount of ight Place in cash
box etc 3008 KT £4 50
PIEZO SCREAMER 1100b of ear prercing nowse PCB
fits 1n box with has 2 x 35mm piezo elements butt into
they own resonant cavity Use as an alarm
siren or just for fun! 6-9VDC
3015-KT €8 75
COMBINATION LOCK Versatle
electronic lock Compnsing main
creuit & separate keypad tor remote
opening of lock Relay supphed
28 KT £895
ULTRASONIC MOVEMENT
DETECTOR Crystal locked detector
trequenty for maximum stat
and reliabity PCB 75 x 40mm
houses all components 4-7m
range Adjustable sensitvity
Output will drive externat
relay crcuns 9VDC 3049-KT £1295
OR MODULE 3-lead assembled unit just
25x35mm s used ommerCial burglar alarm sys
tems 3076 KT £8 25
TRAIN SOUNDS 4 sefectatie saunds  whestle 3
weag, el crossng el chiggng &
sietyCeck AP compone s

ANIMAL SOUNDS Cat dog. chicken and cow ideal for kids

farmvard toys and schooks All components mc speaket Sup-

pred SG10 £3.95

MUSIC BOX Actvated by kght Plays eght Chnstmas songs

unq‘goma tunes All components in. speaker suppued 3104-
95

FUNCTION GENERATOR Quad Op Amp osi lator b wave

shaper atcurt generaies audio range SQuare war ey 1I6H7 KM

trangle & pseudo sine outputs VDL 023K £425

LOGIC PROBE tests “MOS & TTL circuits & detects fast putses

Vel & aud v meeatr W state FUR structions sup-
[17-]

urf on down {o our
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with electret

m:uonhones & battery holders chips Al

» transmutrers can be recerved on an ordinary
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MTX - MINIATURI
3V TRANSMITTER
Easy to buld & guaranteed to
© ransmit 500 metres {over 1000m possnble wath
gher voltage & better oena 3.9V operation,
Only 45x18mm 3007 KT £4.95
MRTX - MINIATURE 9v ROOM TRANSMITTER
st selling Super sensitive high power
1000m range Uy 2 miles with 18V supply &
er aerral') 9V operation 45x19mm  3018-KT

HFTX HIGH POWER ROOM TRANSMITTER
Hgh performance. 2 stage transmitter grves greater
bility & high quality reception
000m range with 9V
battery 612V
4 operation Ou oft
ST H0x150m 3032 KT £6 95
MMTX - MICRO-MINIATURE 9V TRANSMITTER
v best selling micro minature room Iransmitter
15mm x 25mm 1t has a range of up 10 500m 9V
ouem.\, 3051 KT £795
VTX VO'CE ACTIVATED TRANSMITTER
2 stage 0 activated  transmiter
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ra Low stardby current  conserves battery
wer Adjustable sensmvnw & turn-oft delay Only

E

v
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63x38mm 3028 KT £7

E A TELEPHONE RECORDING INTERFACE
:

>

E

Condect hetween phone hne & cassette recorder
Automatic ally switches on tape when phone s
uSed Records ali conversations Powered from hine
48x32mm 3033 KT £5.95
TRVS - TAPE RECORDER VOX SWITCH
Very sensitive voxe actvated switch  automat-
cally turns on cassefie recorder when sounds are
detected Adjustab'e sens. nvnrv & turn-off delay
19mminc mec 3013KT £6.95
MTTX - MINIATURE TELEPNONE TRANSMITTER
ftaches anywhere to phone hne Transmits only
. when phone s used! Uses phone
hine as aenal & power source
500m range 45x15mm

M386) Turn 1010 a horg wwed bug by using 4 stand
wl:!e SUDnhv'd 10 send power from the recemng
% g unt 9V 3021 KT EN 75
TELEPHONE AMPLIFIER KT
Pick up coil & sensitive amphfier let you hear con-
sersations without even holding the phone! Can
be used for surveillance purposes 3055-KT. £9 25
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THE EXPERTS IN RARE &
UNUSUAL INFORMATION!

Full detads of alf X\ | AC TOR PLRIICATIONS
can be found in our catalogue N8 Minimum
order charge for reports and plans 1s £5 00
PLUS normal P&P
SUPER-EAR LISTENING DEVICE Compete
plans to buidd your own parabolic dish
microphone  Listen 1o distant voices and
sounds through open windows and even walls'

Made from readily available parts R002 £3.50
TELEPHONE BUG PLANS Build you own micrc
beetle telephone bug Sunable for any phone
Transmuts over 250 metres more with good
recewver Made from easy to obtain cheap com-
ponents ROO6 €2 50
LOCKS = How they wotk and how to pick
them Thys fact filled report will teach you more
about locks and the art of lock picking than
many books we have seen at 4 imes
the price Packed with information
and diustrations R008 £3.50
RADIO & TV JOKER PLANS
We show you how to build
three different circuits for
disrupting TV picture and sound
plus FM radio! May upset yc u
neighbours & the authorities!
DISCRETION REQUIRED R077£3.50
INFINITY  TRANSMITTER PLANS Complete
plans for buitding the tamous Infinity Transmit
1er Once nstalled on the target phone, device
acts Iike a room bug Just call the target phone
b activate the uni to hear all room sounds
Great for home office secunity' R019 £3.50
THE ETHER BOX CALL INTERCEPTOR PLANS
Grabs telephone calls out of thin air' No need to
wire 1n a phone bug Simply place this device
near the phone hnes 1o hear the conversations
taking place' R025 €3 00

20 MHz FUNCTION GENERATOR Coarse and
@ e 9 TTL output 2V pp Uses MAX038

C asse and operating instructons
and box proy ued 3107 KT £49 95

POCKET SAMPLER DATA LOGGER Sample
@ angogue npuls fram 02V and 020V Unit

fts nto Dshell case supphed PC poaered
Software supiited 3*12 KT £18 95
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Constructional Project —

AM./F.M. RADI

REMOTE CONTR

MAX HORSEY

Coded radio remote control/ has
becorme straightforward and

requires no licence.

EMOTE control systems are
Rincrcasingly popular, and the

introduction of pre-tuned radio
modules. and their steadily falling prices
has made radio a viable alternative 10
infra-red control. The advantage of radio
is the ability of the signal to pass through
objects and walls. Its range is also
impressive. 100 metres or more (in free
space) being typical.

No licence is required in the UK.
providing the radio modules operate on
the 418MHz waveband. and there are a
number of conditions. one of which is
that setting up and tuning is carried out
by a DTI (Department of Trade and
Industry) approved company. Hence if
the module is purchased from such a
company the home constructor can
enjoy the benefits of radio remote
control.

The DTI regulations also include limi-
tations regarding the antenna (aerial)
dimensions and mandatory labelling
This 1s to ensure
that interfer-
ence is not
caused

to  other radio users. The basic
requirments under these regulations are
given at the end of the article. Leaflets
giving further information are available
from the DTI.

This article describes how to use the
radio modules in a similar way to those
in the Reliable Infra-red Remote Control
system which was published in EPE
Oct/Nov '98. We will examine both a.m.
and f.m. (amplitude modulated and fre-
quency modulated) systems. and begin
with a briet outline of the difterence
between these.

A.M./F.M. PRINCIPLES

In order to carry useful information.
radio waves must be modulated. in other
words the required signal must be super-
imposed on the radio wave (known as the
carrier wave).

With Amplitude Modulation transnis-
sions. it is the wmplitude of the carrier wave
that is made to change in accordance
with the required signal. It is
reasonably easy to gen-
erate. but can
sufter from
interfer-
ence.

With
Frequency
Modulation
transmis

sions, itis the
Jrequency  of
the carrier
wave that is
made to
change in
accordance
with  the  re-
quired  signal.

The f.m. modules

described here
tend to be more
expensive  than  the
a.m. modules, but they are
almost immune to interfer-
ence. can carry a higher data
rate and have a longer range.

DRIVE
CURRENT \/
SIGNAL R
oo < LWL
ENCODER O — A\
CIRCUIT |
2200
. o AM TX1-418
VE MODULE
VOLTAGE
A © .
RF GROUND
R F GROUND
O ¢ 1
T AM TX1 418
DRivi MODULE
VOLTAGE 220p
SIGNAL | R
RO JuUe
ENCODER
B) CURREN
MARK DENOTES

] AM TXx1-418
+ —

—>| 035IN IQ—

Fig.1. AM-TX1-418 transmitter driven
from (a) +ve supply and (b) -ve
supply.

Both types operate at 418MHz and
have been tested for the purpose of this
article. and the a.m. system proved very
reliable  with an impressive range.
However, we will describe how to use
both systems.

A number of am. 418MHz modules
are available. but we have chosen two
transmitters and one receiver. The cost of
these modules has fallen in recent
months and a transmitter/receiver pair
can be obtained for less than £8.

TRANSMITTER
AM-TX1-418

The RF Solutions a.m. transmitter
module type AM-TXI-418 is a 2-pin
device. and looks like a capacitor. It is
very simple to use — the basic arrange-
ment is shown in Fig.1.

There are two circuits shown: (a)
allows the encoder signal (i.c. the mes-
sage being sent) to drive the positive side
of the radio module: (b) allows the
encoder signal to drive the negative side
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Table 1. Resistor selection for
AM-TX-418 module

Resistor value

Supply voltage

12V 2k2
9V 1k8
6V 1k
4-5V or 5V 470Q
3v 100Q2

Current consumption: 2-5mA (typical)
CMOS/TTL compatible input
Data throughput: 1200 baud

of the radio module. The only additional
components required are a capacitor and
resistor. The value of the resistor (R) is
chosen according to the supply voltage
employed in the circuit (between 3V and
12V), as shown in Table 1.

MAX 700mm2

~, 2p Sp

R F GROUND

TUNED LOOP ANTENNA

90mm MAX

AU ] ) B s—.
s

2p 59.—

RF GROUND
——

SHORT WHIP ANTENNA

Note that an RF Solutions type AM-
RT35-418 is also available. The only dit-
ference is that itis supplied in a s.i.1. (sin-
ele-in-line) package. i.c. its pins are
arranged in a straight line.

Apart from the fact that the RT4 oper-
ates at 418MHz. the other main opera-
tional factors are:

Operating voltage: 2V to 14V

Current consumption: +mA

Maximum data rate: 4kHz.

The antenna used with this module
could be a “whip™ type or a helical coil.
The latter consists of a coil made of 34
turns of enamelled copper wire (diameter
(-3mm). close wound on a 2-5mm diam-
eter former. The helical coil consumes
much less space than a whip antenna. but
its performance may be a little lower, and
small adjustments may be needed to its
length for best results.

A whip is the simplest antenna for use
with the RT4 transmitter. It can simply
be a straight piece of rigid wire (or p.c.b.

ANTENNA
R3
TOC1 T
PIN1Z {SEE TEXT)
+ IC2 -
AM TX?t 418

c3

T
ov
O— &

Fig.5. Insertion circuit of alternative
AM-TX1-418.

12V. and it does not produce a modulated
output. In other words. the i.c. encodes the
signal but modulation is performed inside
the radio module.

The circuit diagram for the encoded
Radio Remote Control A.M. Transmitter
module is shown in Fig.4. [t uses the AM-
RT4-418 a.m. radio module (1C2) and the
HT60O14 encoder (IC1). The module can
send up to tour encoded signals, or

Fig.2. Two possible alternative antenna
arrangements.

The module requires an antenna which
is a little more complicated to set up than
the transmitter module described later.
Two possible arrangements are shown in
Fig.2. A variable capacitor having a 2pF
to SpF range is also required. and must
be adjusted to provide the strongest sig-
nal. In practice, this is not casy to check.,
and the practical project described now
employs a transmitter module which
requires no such adjustment.

AM-RT4-418
TRANSMITTER

An alternative 418MHz a.m. transmit-
ter module is the RF Solutions type AM-
RT4-418. It is a d.i.l. device and its
mechanical dimensions and pin descrip-
tions are given in Fig.3.

17 78mm
| ' |

AM-RT4-418 T
TOP VIEW

4 1016mm

PIN NO FUNCTION
! Vee

GND .

DATAIN

ANTENNA

alwln

Fig.3. Pinouts of the d.i.l. version of the
AM-RT4-418 transmitter.
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Fig.4. Circuit diagram for the encoded Radio Remote Control A.M. Transmitter

module.

track) 17¢m tong. 1t works very well in
practice, though it should not be close to
metal objects. The wire should be as
straight as possible.

The simplicity and reliability of this
arrangement is the reason for the choice of
this particular radio module in the con-
structional project about to he described.

In tests. this transmitter was able to
cover a range of 100m in open space.
Note that unlike the previous radio mod-
ule (AM-TX1-418). the AM-RT4-418 is
permanently connected to the power sup-
ply. but if no switch is pressed the current
consumption is virtually zero.

CODED TRANSMITTER

All remote control systems are more
reliable it a coded message is sent. and the
use of an encoder integrated cireuit (i.c.) 1s
suggested, such as the Holtek HTOO14.
This is similar to the type HT12B used in
the Reliable Infra-red Remote Conirol
system, except that it can operate at up to
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combinations of signals. Whenever one

of the switches, ST to S4. is pressed the

¢ircuit becomes active. It no switch is

pressed. the circuit virtually shuts down
hence saving battery power.

The optional light emitting diode
(Le.d) D1 lights when any switch is
pressed. The value of its ballast resistor
(R2) depends on the power supply used,
typical values being 680Q for a 9V or
12V supply. 130Q tor 3V. If the Led. is
not required. R2 can be omitted.

An AM-TXI-418 tansmitter module
can be substituted for the AM-RT4-413
as shown in Fig.5.

CODING SWITCH

The transmitter is encoded by means
of the multiple switch S5. which com-
prises cight independent on-off switches
in a d.i.l. (dual-in-line) package. The pur-
pose is 1o allow any or all of 1C2’s pins
labelled A0 1o A7 to be connected to OV,
the pattern of connection setting the code

‘o
i
h




. 1
) 1 A0 Voo L:'
— A1 DATAOUT %
—’l A2 OSC 1
s W 15
—. A3 0sc2 -1:-
%17 wreors LEO =
_’ AS on ‘—3
— A D10 [
8 1"
— D9 l—o.
9 1
— VSS D8
BCIML
CONTROL 47 O

O

Fig.6. Transistor coupling a control
input.

to be transmitted. The transmitted signal
will only be decoded by a receiver’s
decoder which has a similar combination
of pins connected to OV.

This technique is useful if you wish to
control a door lock (for example) — it
would be difficult for an intruder to
match the particular combination you
may have chosen.

The d.i.l. switches allow you to
change the combination whenever you
wish. However, in practice you may
never need to change the combination,
and it is easier and cheaper to perma-
nently connect one or more of A0-A7
pins to OV, using link wires. /1 is essen-
tial to have the same combination of
pins connected to OV on both the
transmitter and receiver.

Capacitors C1 and C2 are included for
decoupling purposes; C1 removes any
voltage spikes on the supply rails, and C2
removes slower voltage fluctuations.

If you wish to interface the circuit to
an input module, Fig.6 shows how a tran-
sistor may be employed (no provision for
this has been made on the p.c.b., howev-
er). When the control input is at about
0V, the npn transistor is turned off and
the effect is similar to the equivalent
hardware switch in Fig.4 (S| in this case)
not being pressed.

:‘— 38 1mm :¢: |-
' o

AM-HRRAX412 137mm

L

? 1
A PC B HOLES ON O 1 INCH PITCH
—»ie— 1 27mm

PIN NO FUNCTION
1 RF Vee
2 RF GNO
3 ANTENNA
7 RF GNO
10 AFVee
" AF GND
12 AF Voo
13 TEST POINT
14 OouTPUT
15 AF Voo

Fig.7. Pinouts for the AM-HRR1-418
receivers.

346

When the control input is made posi-
tive (i.e. more than about 0-7V) the
transistor turns on and data input D8 is
connected to OV — like pressing SI in
Fig.4. Each of the four data inputs may
be treated in the same way if required.

A.M. RECEIVER

Only one type of receiver is described,
although three versions are available.

They have the same pin layouts and
can be interchanged with each other in
your circuit. The three versions are:

@® AM-HRRI1-418: This is inexpensive
(e.g. less than £3) and although super-
seded by the next type, it works very
well.

® AM-HRR3-418: As above, but laser
trimmed for accuracy

@® AM-HRR5-418: As above, but very
low current consumption (0-5mA)

The receiver modules have the follow-
ing specifications:

Supply voltage: 4-5V to 5-5V

Supply current: 2-5mA (HRRS version:
0-8mA)

Output is compatible with CMOS/TTL
Maximum data rate: 2kHz.

The pin layout is shown in Fig.7. Note
the slightly odd numbering used, and the
way in which the r.f. (radio frequency)
ground is separate from the a.f. (audio
frequency) ground. Although both
grounds should be connected to OV in the
circuit, it is best to use separate tracks on
the p.c.b.. with separate decoupling
capacitors. A look at the receiver p.c.b.
will illustrate this (Fig.12 later).

DECODING A.M.
RECEIVER CIRCUIT

Details of how the receiver module
may be used with an HT6034 decoder to
make up the A.M. Receiver circuit are
shown in Fig.8.

Signals detected by the receiver mod-
ule IC1 are output to the decoding
device, IC2. The signal is only decoded if
the settings on the d.i.l. switch S1 match
those of the transmitter.

When a correctly coded signal is
received. the pin labelled VT on IC2
switches to positive. The VT pin only
remains positive for the duration of the
decoded signal (i.e. for as long as the
appropriate switch is pressed on the
transmitter).

During this period, the data outputs
(D8 to DI11) copy the logic level at the
data inputs of the transmitter. They will
normally be positive. but if (for example)
the switch (S1) connected to data pin D8
on the transmitter is pressed, this pin will
be pulled to OV and will make data pin
D8 on the receiver switch to OV.

The same applies to the other data
switches (S2 to S4) and associated pins
(D9 to D11). Note that this is different to
the encoder/decoder system used previ-
ously on the infra-red modules.

The data outputs can be used to drive
logic gate inputs (TTL or CMOS), or can be
connected to transistors as described later.

As with the transmitter module, the
purpose of the d.il. switch (S1) is to
allow any or all of IC2’s pins labelled AOQ
to A7 to be connected to 0V, allowing
you to change the combination whenever
you wish. As before, you may use link
wires instead of a switch if you prefer.
Again note that it is essential to have the
same combination of pins connected to
OV on both the transmitter and receiver.

INTERFACE CIRCUIT

Most of the rest of the circuit in Fig.8
(to the right of the dotted line) shows
how IC2’s VT and data outputs can be
interfaced in order to allow the module to
control l.e.d.s, buzzers, relays, motors,
solenoids etc. If all the output options are
not required many components can be
omitted.

The VT pin is connected via resistor R10
to the base of TRI1. This can be a TIP122
(or TIP121) npn Darlington transistor,
enabling higher-current devices (such as
those above) to be controlled. A small-sig-
nal transistor (such as a BC184L) could be
substituted for the TIP122 if only a small
buzzer or l.e.d. is required.

A relay coil (RLA1) is shown as the .
driven load for TR1. A motor or solenoid
could be connected here if preferred.
Diode DI removes any back e.m.f.
spikes produced by the relay/motor etc
(which could damage the transistor). An
l.e.d. D2 serves as an indicator whenever
a signal is received. Any or all of these
components may be omitted if not
required.

DATA OoUTPUT
INTERFACING

The fact that each data output switches
to OV when the appropriate transmitter
button is pressed causes a slight compli-
cation dt this stage. It is possible to
switch on a pnp transistor with a OV sig-
nal. but if the transistor is also being used
as an interface between two voltage lev-
els then this option is difficult. Hence
additional transistors TR2 to TRS are
used to invert the logic level.

For example, if data output pin DI1 is
positive (no signal received), TR2 will be
switched on, and its collector will be at
OV. This will switch off TR6. If output
D11 switches to OV, then TR2 will be
switched off, and its collector will
be pulled to 5V via resistor R6.
Consequently, Darlington transistor TR6
will switch on, causing l.e.d. D4 to light.

As with TR1. a relay (RLA2) is the
driven load for TR6. Other higher current
devices may be driven instead. Diode D3
removes any back e.m.f. If only an l.e.d.
or small buzzer is required, a low-power
npn transistor such as a BC184L can be
substituted for the TIP122.

The other three data outputs are inter-
faced in the same way.

POWER SUPPLY

As shown in Fig.8, the power supply
for the receiver is a 12V battery, since
many applications will require the circuit
to drive 12V relays/solenoids etc.
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32 omm

12 0mm FM-TX2-418 12 5mm

n PIN SPACING IS 2 54mm

12 345
{——— 20 32mm ——!

PIN NO FUNCTION
1 RF GND
2 RAF OUT
3 vce
4 ov
5 DATA IN

Fig.9. Pinouts for the FM-TX2-418
transmitter.

ANTENNA \/
+3V Om
(SEE TEXT)
IC2
FM TX2.418 3v
34 vee
: RF OUT
IC1PIN 17
o T ——
[DATAGUD) = oxTa
AF GND
4
l— ov
OV O

Fig.10. Circuit connection for the FM-
TX2-418 transmitter.

However. whereas the HT6034
decoder chip IC2 will operate on a
supply of 3V to 12V, the radio receiver
module IC1 must only be used on a 5V
supply. Hence the inclusion of the 5V
voltage regulator IC3. If the entire circuit
is to be powered by a 4.5V battery, IC3
may be omitted.

Capacitor C1 decouples the r.f. section
of the radio module, while C2 and C3
decouple the main part of the circuit.
Note that on the printed circuit board the
r.f. OV supply linc is kept separate from
the OV power supply to the rest of the
circuit. The two are only connected to
cach other at the power supply input
point. This helps reduce the chance of
interference being induced into the sensi-
tive parts of the radio module.

i15mm
48 0mm v; »> e

1 5mm FM-RX2-418-x5V 13 0mm

ﬂ PIN SPACING IS 2 54mm
12 3456
4 30 48mm ——!

PIN NO FUNCTION

1 ANTENNA
AF GND
CARRIER DETECT
ov
vee .
AF OUT |
DATA OUT |

~Nlo|le|a|w|ns

Fig.11. Pinouts for the FM-RX2-418-
ASV/F5V receiver.
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F.M. MODULES

For readers wishing to employ an f.m.
transmitter/receiver combination (instead
of an a.m. combination). the following
will be helpful.

F.M. TRANSMITTER

The f.m. transmitter module suggested
is type FM-TX2-418-3V, since it is able
to operate on a 3V supply (as its refer-
ence code implies). This can be provided
by two AAA cells. which fit neatly inside
the recommended transmitter case.

A 5V module is also available, code
FM-TX2-418-5V. Note that the f.m.
transmitter module is designed for a
particular voltage. unlike the a.m. ver-
sion which can operate on a range of
voltages. Apart from that, the module is
similar to use, and its specification is as
follows:

Supply Voltage  2:2V to 4V
(3V version)
4V to 6V (5V version)
Supply Current  6mA
Data Rate up to 40k bits/s
Range 300m in open ground

Pinouts for the module are shown in
Fig.9 and circuit connection details are
shown in Fig.10. It is similar to the 4-pin
a.m. transmitter module described earli-
er. except that a fifth pin is included so
that the r.f. ground and the OV supply to
the rest of the module can be separated.
This reduces the problem of interference.

The transmitter p.c.b. layout has been
designed to accept either the a.m. or the
f.m. module.

The f.m. module costs about twice that
of the a.m. module. but it has a higher
specification and greater range. If it is
chosen in preference to the a.m. module,
then the receiver must be an f.m. type as
well.

F.M. RECEIVER

The t.m. recciver moduie is much
more expensive than the a.m. version. It
is available in 3V and 5V versions, both
of which ar¢ available as two Data Rate
versions, standard and fast. The specifi-
cations are as follows:

Supply Voltage 3V to 4V (3V version)
4V to 6V (5V version)

Supply Current 13mA

Data Rate JOK bits/s (fast version)
14K bits/s (standard
version)

The 5V version of the module is the
most convenient in this application, and
the standard version is denoted FM-
RX2-418-A5V while the fast version is
coded FM-RX2-418-F5V.

The pin layout of the module is shown
in Fig.11. 1t features a similar arrange-
ment to the a.m. module. but note that pin
6 provides an analogue output. while pin 7
provides a digital output. In this applica-
tion we use the digital output which is a
squared version of the signal at pin 6.

The application circuit for the f.m.
receiver is virtually identical to the a.m.
circuit shown in Fig.8. As with the trans-

COMPONENTS

. TRANSMITTER

esistors

R1 M See
R2 see text

R3 ee text |
All 0-25W 5% czrbon film TALK
or better. page

Capacitors
C1 100n ceramic disc
Cc2 100u radial elect., 25V
C3 100n ceramic disc
(see text)
Semiconductors
D1 red f.e.d. (see text)
IC1 HT6014 encoder
IC2 AM-RT4-418 or
AM-TX1-418 or
FM-TX2-418 (see text)
Miscellaneous
S1to S4 min push-to-make switch,
p.c.b. mounting (4 off)
S5 8-way d.i.l. s.p.s.t. switch

(see text)

Printed circuit board, available from
the EPE PCB Service, code 228; anten-
na, 17cm wire (see text); AAA-size 1-5V
cell (2 off); plastic case, 105mm x 60mm
X 25mm with four integral push buttons;
connecting wire; solder, etc

RECEIVER
Resistors
R1 100k
R2to R9  4k7 (8 off)
R10 10k

R11 to R15 680Q (5 off)
All 0-5W 5% carbon film or better.

Capacitors
C1,C2 100n ceramic disc (2 off)
Cc3 470y radial elect., 16V
Semiconductors

D1, D3. D5 1N4001 rectifier diode
D7. D9 (5 off)
D2, D4, D6, red l.e.d. (5 off)

08, D10

TR1, TR6 TiP122 or TIP121 npn

to TR9 Darlington (see text)
(5 off)

TR2 to TR5 BC184L npn transistor
(4 off)

IC1 AM-HRR1-418 or
FM-RX2-418 transmitter
module (see text)

IC2 HT6034 decoder

IC3 78L05 +5V 100mA
voltage regulator

Miscellaneous

S1 8-way d.i.l. s.p.s.t. switch
(see text)

RLA1 to 12V relay, contacts to suit

RLAS application (5 off)

(see text)

Printed circuit board. available from
the EPE PCB Service, code 229; anten-
na, 17cm wire (see text); 12V mains
adaptor plus socket to suit; plastic case,
148mm x 90mm X 54mm; connecting
wire: solder, etc

Approx. Cost
Guidance Only

£54

excl. batt & p.s.u.
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Fig.12. Component layout and master track foil pattern for the Transmitter p.c.b.

mitter, the receiver p.c.b. has provision
for either the a.m. or f.m. modules.

PRACTICAL SYSTEM

Emphasis has been placed on a trans-
mitter circuit designed around the AM-
RT4-418 a.m. module, and in tests it per-
formed extremely well, and the antenna
arrangement is straighttorward. with no
adjustable components.

It is this circuit for which the transmit-
ter p.c.b. has been designed. However.
provision has been made on the p.c.b. for
the AM-TX1-418 module plus its extra
resistor (R3) and capacitor (C3). The
same board will also accept the f.m.
transmitter module as an alternative.

The radio modules can be used in all
sorts of ways, and so as much flexibility
as possible has been allowed for. The
remote control system can be a single
momentary signal, i.e. when any switch
is pressed on the transmitter. a single
action occurs at the receiver; when the
switch is released the action stops.

In this context the word action means
that (a) an lL.e.d. can light. (b) a buzzer can
sound, (¢) a relay can be activated etc.

1+

Sews v r,l = P —

)

e et
ey ey
By !

- v

There is provision for any or all of these
options on the p.c.b. It a single way
momentary system is required. it is neces-
sary to fit only one switch — ideally one
near the centre of the p.c.b.. say S2 or S3.

There is provision for up to four latch-

ing ways. Pressing another switch
unlatches the previous one. For example.
il two switches are fitted on the transmit-
ter p.c.b.. say S1 and S4. then S1 can be
used to latch the appropriate output.
When S+ is pressed. the output unlatch-
es. Note that it is possible to latch two or
more outputs at the same time it the
appropriate buttons are pressed at the
same moment.

It is possible to include all options. i.c.

one momentary and four latching ways if

required. The momentary way cun be
used to indicate “message received .

Power Darlington transistors have
been chosen at the receiver in case
motors or solenoids are required. It you
only wish to drive small buzzers or
l.e.d.s. then the Darlingtons may be
replaced by BCI84L transistors.

The led. DI on the transmitter
is optional: it indicates that a switch is
being pressed. and that the circuit
is active (e.g. battery is OK). If the Le.d.
is omitted. then you can also omit R2 on
the transmitter.

CONSTRUCTION

We will begin construction with the
coded transmitter. Ensure that you are
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clear about the options available (see
above). particularly  whether you are
using the a.m. or t.m. modules.

The p.c.b. component and track layout
details are shown in Fig.12. This board is
available from the EPE PCB Service.
code 228,

Begin assembly by fitting sockets for
IC1 and I1C2. (Do not fit the i.c.s (espe-
cially the delicate/fexpensive radio mod-
ule) at this stage.) Whereas [C1 requires
a normal d.i.l. socket, 1C2 (as an a.m.
module. position marked as [C2(A))
requires four single pin sockets. The best
way to accommodate this is to buy a strip
of s.i.l. sockets and cut two strips of 3-
ways each. Next cut oft the pin of the
middle socket of each strip. The strips
can now be soldered into the p.c.b. — one
strip at each end of 1C2.

This is much ecasier and stronger than
soldering in single sockets. The f.m. ver-
sion of 1C2 (position marked as 1C2(B))
requires one 2-way and one 3-way s.i.l.
strip.

The alternative 2-pin a.m. transmitter
has its position marked as IC2(C). It
requires the addition of capacitor C3 and
resistor R3 (which are only required for
this transmitter version). The value for
R3 should be chosen from Table |
(earlier) to suit the power supply.

Solder in the resistors and capacitors
taking care to fit C2 the correct way
round and with its leads long enough to
allow it to be bent over tlat against the
p.c.b.. This enables the p.c.b. to be
housed in the rather thin case specified.

The optional Le.d. occupies a central
position on the p.c.b. so that it can be
aligned with a hole drilled in the case.
Note that the l.e.d. should be fitted on the
copper side of the p.c.b.. with its leads
long cnough to allow the lLe.d. to rest
againsl the hole. Similarly. switches S1
to S4 must be mounted on the copper
side of the p.c.b. assuming that the
recommended case is employed.

CODING SWITCHES

As discussed earlier, the set of eight
switches within the d.il. switch mod-
ules allow the system to be encoded to
prevent a signal from another transmit-
ter from activating the receiver. The
switches cnable the code to be changed
casily if necessary. It is essential to set
the same code at both the transmitter
and receiver.

Many people will have little cause to
change the code. and so one or two wire
links can be fitted in place of the d.i.l.
switches to set a permanent code. It is
essential to insert the same wire links in
both the transmitter and receiver. It secu-
rity is NOt an issue. it is not necessary to
titany wire links (or d.i.l. switches) — the
associated pins on the coder/decoder
chips can remain unconnected.

Solder in the d.i.l. switch it required.
or any wire links to set the code as
necessary.

Connect power leads as shown. Note
that the f.m. version requires a 3V sup-
ply: the a.m. version can cope with a
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WHEN FITTING RADIO MODULES

AM MODULE SHOULD HAVE TOP

PIN ALIGNED WITH TOP HOLE

FM MODULE SHOULD HAVE BOTTOM
PIN ALIGNED WITH BOTTOM HOLE

TIP122 MAY BE SUBSTITUTED BY
BC184L WHERE ONLY ANLE D OR
ABUZZER IS TO BE USED

THE BC184L SHOULD BE FITTED
WITH THE CURVED SIDE TO THE
LEFT

MPT 1340
W.T. LICENCE

EXEMPT

Fig.13. Component layout and full size master foil track pattern for the Receiver p.c.b.

wider voltage range. but 3V is also
convenient. A battery holder housing
two AAA cells fits necatly into the
recommended case.

The antenna in the a.m. version must
be connected to the pad as shown in
Fig.12. If using the f.m. module, the
antenna must be connected to the pad
intended for pin 4 of IC2 (the top left
hand corner of 1C2 as in Fig.12). This
arrangement allows cither module to be
employed without compromising the
requirements of the antenna. i.¢. a single
conductor. The antenna can be an ordi-
nary wire of total length 17¢m.

Finally. insert IC1 and the radio module.
The a.m. version fits parallel with the p.c.b.:
note that the “overhang side ™" is towards the
edge of the p.c.b. Treat both IC1 and IC2 as
static sensitive devices, i.c. briefly earth
yourself betore handling them.

The alternative f.m. radio module fits
upright. but it may be necessary to hend
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it parallel with the p.c.b. in order to fit the
case. If so. use pointed-nose pliers 1o
carefully bend the pins of the device.

TRANSMITTER CASE
The transmitter is housed in a case

which has one. two or four pushswitch

buttons built in. These align with the

switches mounted on the copper side of

the transmitter p.c.b. Drill a hole on the
front of the case (buttons side) as shown
to allow the l.e.d. to show through.

The p.c.b. may be fixed with selt-adhe-
sive p.c.b. supports. It may be necessary
to cut the base of two of the supports to
allow them to fit inside the case. Three
points have been marked on the p.c.b. to
indicate positions for the supports.

It is important that the buttons make
contact with the switches on the p.c.b.

and spacers cut from smail pieces of

plastic or rubber feet may be needed to
lift the p.c.b. slightly. Double-sided selt-

adhesive pads are also very helpful at this
stage.

Ensure that the switches are aligned
properly when fitting the p.c.b.. so that
they click when cach button is pressed. If
the p.c.b. tlexes too much, a pad of non-
conductive material can be fixed to the
back of the case to push against the p.c.b.
above the positions of the switches.

RECEIVER
CONSTRUCTION

Details of the p.c.b. for the Recciver
module are shown in Fig.13. This board
is available trom the EPE PCB Service.
code 229.

The receiver p.c.b. is constructed in a
similar way to the transmitter. again not-
ing carefully which options are required.
The a.m. and f.m. receiver modules are
both “in-line™ types. and care must be
taken to fit the chosen one in the correct
place.

Evervday Practical Electronics/ETI. May 1999



The a.m. module requires three s.al
sockhets. one cach of 3-way. T-way and 6-
way. The .. module requires a 2-way
and a S-way sl socket. Alternatively. fit
s.iLostrips to occupy all the pads for both
modules. Do not fitany i.c. or radio mod-
ule at this stage.

Fit the d.i.l. sacket tor IC2, the optional
diid. switch or wire links, followed by
resistors and - capacitors. noting that C3
must be connected the correct way round.
Leave out the Le.dos for the moment.

The power Darlington transistors can
be replaced with BCIS4E transistors if
yvou only wish to control small buzzers or
lLe.ds, The insert in Fig.13 shows how
the flat side of the BCIS4L is equivalent
to the metal tab of the TIP122.

The Le.ds may be joined to the pe.b.
via wires or. more comeniently. soldered
on the copper side of the p.c.b. so that they
align with a set of holes drilled in the case.

Fit leads for the power supply and sol-
der on a rigid wire of length 17¢m for the
antenna.

It is wise at this stage totest the cireuit
without 1CH or 1C2 fitted. With a 9V or
12V power supply applied. use a volt-
meter to cheek that the positive (Vee)
and ground (OV) pads of both devices
correctly receive SV (see the circuit

diagram in Fig.7 for the pin numbers). If
this is not the case. check that the regula-
tor 1C3 has been fitted correctly.

Note that Le.d.s D4, Do, DS and D10
should light up when power is applied.
assuming that 1C2 is not fitted. If they do
not. then check resistors R6 to RY and
transistors TR6 1o TRY 1o locate the fault
before proceeding.

Finally. insert IC2 and the appropriate
radio module. The a.m. module is fitted
with its top end (pin 1) at the top of the
row of pads. with the component side of
the module facing the edge of the p.c.b.

The f.m. module is fitted with its bot-
tom end (pin 7} at the bottom end of the
row of pads. Note that the antenna pin of
cither module is correctly aligned by the
pad labelled "ANTENNA™. It should not
be necessary 1o bend the module parallel
with the p.c.b. since the case suggested is
reasonably large. It bending is necessary
tahe great care and use pointed-nose
pliers to avoid straining the delicate
material housing the module.

TESTING

As with infra-red remote control, test-
ing is a classic chicken and egg situation.
Failure of the system to work could be
duc 1o the transmilter or [receiver.
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Conneet suitable power supplies and
check that the lLed. (it fitted) on the
transmitter lights when any switch s
pressed. See if the receiver responds
led. D2 is very useful for detecting a
signal.

It the system tails. an oscilloscope will
show whether data is present at the data
pin of the transmitter and. if o, a similar
test will show if the same data is present
at the receiver. Use a voltmeter to check
the power pins on the radio modules and
encoder/decoder i.c.s. Check the value of
resistor R1 on both the transmitter
(IMQ) and the receiver (100kQ).

More detailed tests can be made by
attaching the negative lead of a voltmeter
or oscilloscope to the OV rail on cither
circuit, and measuring voltages or sig
nals around the circuit as detailed carlier.

RECEIVER CASE

The receiver may be mains powered
via a suitable mains adaptor. in which
case begin by drilling the necessary hole
for its connection socket.

The Le.d.s require holes drilled in the
front of the case. If the Le.d.s have been
fitted to the copper side of the p.e.b.itis
only necessary o drill appropriate holes
which allow the lLe.d.s to show through
when the p.c.b. is located into the case.

If the receiver is to be used to control
mains devices via relays, the relays
should be in an arca away trom the p.c.b.
{see photo), or in another case. (Only
constructors who are competent at
mains wiring should connect up this
circuit for mains control switching.)

USING THE SYSTEM

The range offered by the system (even
with the a.m. version) is likely to be
much greater than required. and a poor
antenna (c.g. where the wire is bent to fit
the cdse) is of little consequence.

However. if range is important then the
antenna should be as straight as possible.
and away from metal objects. Note that
the use of a super high gain antenna 15
prohibited under MPT 1340 regulations.

LICENCE EXEMPTION

The transmitter modules referred to in
this article have been approved by the
Department of Trade and Industry for use
in the UK under specification MPT1340
and require no radio operating licence.
However. to comply with MPT1340. the
tollowing requirements must be observed:

. Al transmitters shall use integral
antennas only. Receivers may use an
external or integral antenna. An integral
antenna is defined as one which s
designed to be connected permanently to
the transmitter or receiver without the
use of an external feeder.

2. The equipment in which the module
is used must carry an inspection mark
located on the outside of the equipment
which is clearly visible. It shall state
“MPT1340 W.T. Exempt™. The mini-
mum dimensions of the mark shall be
1Ommx 1 3mm and the figure height shall
be not less than 2mm.



Free Additional Transmitter
with every order !

Transmltters & Transceivers
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Order the FM TXM-418-A/F and SILRX-418-A/F
pair (as shown above) for only £25.00 +« VAT and
get an additional trangmitter freef P & P £ 1.50

Please call for a free catalogue, wall chart or a
competitive volume quotation on anr any
Radiometrix Ltd module, Simply just e-malt
sates@radtec.demon.co.uk. alternatively Fax or
Telephone quoting ref; EPE-RM1

Telephone +44(0)1992 576107
Fax +44(0)1992 561994
hitp://www.radio-tech.co.uk

Radio- Tech Radio-Tech Limited

Your official Radiometrix Distributor

PLASTIC BOXES
&
ENCLOSURES

Contact us for your free catalogue

S.LL..M. (Model) anmeers Ltd
Chiltern Road

Prestbury
Cheltenham Telephone 01242 525488
| GL525JQ Fax 01242 226288
L -
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OUR
LATEST
IRONS
WILL SAVE
YOU SOME

BRASS

Our quality range of thermally balanced irons is

now even better than ever. Easier to handle, cooler
to use, each iron is manufactured in the UK and
meets CE conformity. There’s an ‘In Handle’
adjustable temperature model and burn proof
lead option and a wide selection of soldering bits.
That's the good news. The even better news is
that all our irons are still very competitively priced
Tel: 01822 613565 Fax: 01822 617598

www.antex.co.uk

NOT JUST ANY OLD IRON
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PRACTICALLY SPEAKING

Robert Penfold looks at the Techniques of Actually Doing It!

ELECTRONIC project construction is
not just soldering irons, electronic
components, and test meters, there is
also a “nuts and boits” side to things.
Having successfully completed a circuit
board you usually have a fair amount of
work left to do before you are ready to
show off your new masterpiece.

if you have a good selection of tools
and are familiar with DIY jobs around
the house you should not find things
too difficult, but project construction
and general DIY tasks are certainly dif-
ferent. It is certainly worth making the
point to anyone experienced in putting
up shelves or dealing with car servicing
that electronic project construction
requires a tender-handed approach.

You will often be dealing with plastic
or aluminium cases that will not take
kindly to the “bull in a china shop”
approach. Some of the plastic cases
are actually quite tough, but others are
prone to cracking, and it is easy to
buckle aluminium cases. Also, most
cases have finishes that are easily
damaged. When dealing with the “nuts
and bolts” side of construction it is nor-
mally necessary to proceed carefully
and use the minimum amount of force.

Planning

Project articles normally give precise
instructions for building the circuit
boards and undertaking the wiring but
tend to be a bit “sketchy” when it comes
to the mechanical side of construction.
This is simply because most construc-
tors prefer to “do their own thing” with
this aspect of construction, rather than
producing a clone of the original pro-
ject. You normally have great freedom
to do things the way you want to, but
this also creates a golden opportunity
to make a complete mess of things!

When building anything it is important
to carefully plan things rather than just
pressing on hoping that you can muddle
through successfully. With the muddling
through approach you are likely to pro-
duce the perfect project, apart from the
fact there is nowhere to put the battery,
you cannot adjust the volume control
when the headphones are plugged in,
or something of this nature.

Box Clever

There are numerous types of case
availabie at present, but they break down
into two general categories. These are
simple boxes and instrument cases.

The cases of all-plastic construction
are mostly simple plastic boxes consist-
ing of a five-sided main moulding plus a
removable lid or front panel. You can
also obtain diecast aluminium and fold-
ed aluminium construction boxes, both
of which take the sarne general form as
the plastic variety.

Boxes are fine for projects that
require a small to medium size enclo-
sure, but they are often a bit awkward

when applied to larger projects. For the
bigger projects, and some smaller
types, an instrument case is usually the
more practical option. These vary con-
siderably in design, but consist of
something like a base section com-
bined with front and rear panels, plus
the lid and sides in another section.

Some cases of this type have remov-
able front and rear panels which makes
working on the panels very much easi-
er. Instrument cases are mostly of all-
metal construction. but there are a few
plastic types, and plenty that have plas-
tic outer casings plus metal front and
rear panels.

Take Note

It pays to read the notes on con-
struction very carefully before selecting
a case. While it is normally possible to
use any type of case you like provided
it is big enough, there are sometimes
other considerations. This is mainly
where it is necessary to use a metal
case for some particular reason.

Metal cases are sometimes required
because the project uses power
devices and a metal case helps to con-
duct heat away from them. More usual-
ly a metal case is needed to provide
screening. This can be needed to pre-
vent a sensitive project from picking up
electrical interference such as mains
“hum”, or to prevent a circuit from radi-
ating interference.

If the article specifies a certain type
of case, such as a diecast aluminium
type for its good screening properties,
you should definitely follow the advice.
Otherwise it is a matter of choosing one
that is within your budget and is farge
enough to accommodate the project.

Simple boxes are much cheaper than
instrument cases, and are perfectly
adequate for most small projects. They
tend to be awkward to use with larger
projects that have numerous controls,
sockets, etc., and for these it is proba-
bly worthwhile pay-
ing the extra for an
instrument case.

Size Is Important

In theory it should !
be quite easy to work -d
out whether or not a
likely looking case
will fit your latest pro-
ject. Some measure-
ments taken from the
bits and' pieces that
will go into the case
will give you a good
idea of the minimum
requirements,  but
even at this early
stage you will have to
give some thought to

the catalogue entry for the case will
give internal dimensions and not just
the external size. If not. deducting
about eight millimetres from the exter-
nal dimensions usually provides figures
that are quite close to the internal ones.

The real problem is that modern
cases often have various internal
obstructions, which effectively reduce
the internal dimensions. These include
mounting pillars and guide-rails for
printed circuit boards (p.c.b.s), thread-
ed pillars for the lid's mounting screws.
and various mouldings that have no
obvious purpose at all.

Plastic cases are the worst offend-
ers, and | have encountered one or two
that have so many internal lumps that it
is difficult to fit anything into them. Even
with simple two-part metal cases you
have to allow for the fact that the fixing
screws for the cover will each penetrate
several millimetres into the case. It is
easy to come up with a plausible look-
ing layout that results in one of the fix-
ing screws going straight into the bat-
tery or a circuit board.

Unless a project really does need to
be as small as possible it is best to err
on the side of caution and choose a
case that seems to be slightly too large.
Making projects small just for the sake
of it makes construction difficult and
may make the finished project awkward
to use. Anyway, a case that initially
seems to be slightly too large will prob-
ably turn out to be just about right when
you start installing the components.

Before starting any drilling it is cer-
tainly a good idea to place the circuit
board, battery, and any other large
components inside the case to make
sure that everything fits, and that noth-
ing prevents the lid from fitting into
place properly. Make careful measure-
ments to ensure that you do not have
controls and the circuit board vying for
the same space.

the general layout of A hand-drill is adequate for electronic project work. but a

the unit.

cordless power drill is probably the best option. Remember

If you are lucky, to keep it well charged!
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Measured Approach

Before starting work on a case you
have to finalise the overall layout for the
unit and make any adjustments if nec-
essary. With most projects there are
few restrictions on the placement of the
controls, etc. and it is just a matter of
coming up with something that looks
reasonably good and is ergonomic.

However, read the article carefully to
see if there are any pitfalls to avoid. For
example, with some projects it is impor-
tant to keep input and output sockets
well separated. Ignore this sort of
advice and you can reasonably expect
the finished unit to be erratic in opera-
tion, if it works at all.

Otherwise, it is just a matter of trying
to keep things reasonably neat and
avoiding the classic mistake of crowd-
ing the controls so close together that
they are difficult to adjust. If necessary,
relegate sockets to the rear of the unit
to give more space for the controls or
use smaller control knobs.

Things will be neater if the spacing
between control knobs of the same size
is kept constant, but it does not usually
pay to be too mathematical when
designing front pane! layouts. The neat-
est layout is the one that looks the neat-
est in real life, and not the one that
looks the best “on paper”.

My favoured method is to place the
control knobs onto the front panel,
together with fixing nuts to represent
things like toggle switches or panel
l.e.d.s, so that you can see almost
exactly what the finished project will
look like. When everything looks right it
is a matter of making some careful
measurements so that a plan of the lay-
out can be sketched out.

Making Your Mark

Having finalised and checked the lay-
out it is then a matter of transferring it to
the case. You will mainly be dealing with
plastic and aluminium cases, both of
which are relatively soft materials.
There are actually some steet cases
available, but these are best avoided
unless you have proper facilities and
the know-how to deal with them.

The softness of plastic and alumini-
um means that you have to be careful

An automatic centre punch (top) is ideal for use with
aluminium but should not be used with plastic. Instead use a
sharp bradawl! or stiletto (bottom) with no more than moder-

ate pressure.

(Right) It is dangerous to work on a case or panel that is not
firmly fixed in place. Clamp the workpiece and a backing

board to the workbench.
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not to scar the case for life when mark-
ing the centres of holes and cutouts.
Indelible marks inside the case will not
matter too much, but you have to be
careful with the exposed sides of front
and rear panels.

The softest of pencils (about 5B or
6B) will do the job quite well, as will
some fibre-tipped pens. It is best not to
use fibre-tipped pens having spirit-
based inks on plastic cases as they can
etch into them slightly.

The safest method is to cover the
panel with paper held in place using
double-sided tape or a water-based
adhesive such as Pritt-Stick. It is then
easy to make the marks with great pre-
cision, and they should be very clear.
You can even use a computer drawing
program to produce the design, and
then fix the printout onto the panel.

Either way, the paper will give a
degree of protection to the panel while
you are working on it. The paper can be
peeled away once the work has been
completed, and any adhesive or bits of
paper that remain are simply washed
off. This method clearly involves a lot
more work than marking straight onto
the panels, but it is the one recom-
mended for soft plastic cases which
can otherwise be difficult to deal with.

With aluminium cases use a centre
punch to mark the centres of all holes
prior to drilling them. The indentation
acts as a guide for the drill and makes
accurate drilling much easier. An auto-
matic punch is the best type to use, but
a conventional punch and small ham-
mer will do, provided you do not get car-
ried away. Remember that aluminium
panels buckle and distort quite easily.

Neither type of centre punch is a safe
option when dealing with plastic cases,
which could be shattered by the punch.
It is still necessary to make an indenta-
tion to stop the drill bit from wandering,
and this is best done using a hand
bradawl or similar tool, using a mini-
mum amount of pressure.

You are now ready to start the drilling
and cutting. Several ways of dealing
with large cutouts were covered in the
previous “Techniques” (March ‘99
issue) article and this subject is some-
thing we will not consider here.

Most panel mounting components
require round mounting holes of up to
about 10mm in diameter. and do not
require the use of any unusual tools.
Plastics and aluminium are quite soft.
which means that you do not need a
powerful electric drill. In fact, a powerful
electric drilt is a bit "over the top” for
project construction and can be rather
unmanageable at times.

Plastic cases can actually start to
melt if the drill bit rotates too fast, pro-
ducing some very rough results. A
hand-drill is perfectly adequate and
much more controllable. Recently |
have changed over to a cordless power
drill, and these seem to be ideal for pro-
ject construction.

Due to the softness of the materials
you will be working on it is not essential
to use top quality drill bits. As an emer-
gency fill-in measure | bought a set of
inexpensive drills from the local
"Woollies” store a while back. and sev-
eral dozen projects later they are still
perfectly usable.

A Firm Hand

It is important to have the case or
panel firmly fixed in place before you
start drilling. and to have a piece of
scrap timber, MDF. etc. under the work
piece. You may be able to clamp every-
thing into some form of vice, but it is
usually a matter of using G-clamps to
fix everything to the worktop.

Some clamps are kinder to panels and
cases than are others, but if necessary
use pads of kitchen towel to prevent the
clamps from scratching the work piece.
The backing piece will stop the drill from
crashing through the completed holes
and will also help to give "clean” holes.

However, drilling hardly ever gives
perfect results and a certain amount of
de-burring will usually be required.
There are tools specifically for this
purpose. but a miniature round fite
(“needle” file) will do the job quite well.

With soft materials such as plastic
and aluminium the small blade of a
penknife is also very effective. but
always proceed carefully when using a
sharp tool. With the holes and cutouts
completed it is time to fit everything into
the case and complete the wiring.

Everxday Practical Electronics/ETI, May 1999



CONTROL & =

Milford
RO B O T | C S instruments
BASIC Stamps- Scenix
@ Re-Programmable @ Fastest 8-bit micro
@ BASIC language ® 50MIPS -
@ RS232 Serial ports @ Flash Eprom 7~
® 8 or 16 1/O lines @ 18/28 pins *
® SP/DTMF ® PIC16C5%

@ Fast development pin replacement

Serial LCDs

® RS232 Serial interface ——

® 2x16 10 4x40 m

@ Simple 3-pin connection

@ Integral Keypad option 3

[ ] La::e Numel:l(s option RObOt'cs_

® Driver chips available for OEM use ® Humanoid
@ 5-Axis Arm

@® Walking Insect

Servo Controller ‘

3-Axis Machine
@ Stamp 2 based

® Drills PCBs

@ 3-Axis movement
@ Stepper drive

@ 4 thou resolution

@ Win 3.1
software @ Control up °
to 8 servos -
M IR Decoder
Commands

@ Uses any remote
@ 7 digital outputs
@ Toggle/momentary
@ Re-Programmable

Milford Instruments 01977 683665 www.milinst.demon.co.uk

100 VA to 100 kVA and beyond &j:i'::::“ T::‘ni‘::“"‘
. =3
Single Phase & 3 Phase 0-115V,0-115V  Secondanes
ms Tms!;sfomm 0-380-400-415V 06 V, 06 V
-transformers 0-9V, 09V
Inverter Transformers ﬁ;ont: ;;om& 0-12V,0-12V
Single to 3 Phase Converters 250 VA, 500 VA, g}; z g':g x
Standard or Custom Wound 750 VA1 kVA, 024V, 0:24 Y
Next day delivery normally LSKVA,22KVA, - 5y .55 v
available - even on custom wound! I 0-115V,0-115 V
* | SKVA, 6 kVA, 2
75 kVA, 10 kVA,
Call us with your custam transformer 15 kVA, 20 kVA
requiremnents ar fill out the Custom
Transformer Design Form on owr Web Site for a quotation.

5-15 V Regulated
30 A D.C. Power Supply

230 V mans input

Digital Volt and Ammeters
Full Overload Protection
Variable Qutput

Current miting

The CCD Camera Cookbook

Build this amazing cooled CCD camera
tor deemace imaging. A complete
design full constructional details is
prowded in this American book. Full
support is offered by a group of British
companies for UK constructors,

including a completely va-vanped PSU
design for European mains supphies
Visit our Web Site for crcult ideas, data,
components, high energy xenon tash
tubes and lots more:

Only £299.99

inc VAT and delivery

(UK maintand only) www.third-millennium.demon.co.uk

/[M Electronics

0870 787 1708

Everyday Practical Electronics/ETI, Mayl999

Bell College of Technology
Almada Street

Hamilton ML3 0JB

Tel: 01698 283100

Fax: 01698 459790

BELL dCollege

Make your

expertise pay!

National Certificate.

FAX and the Internet

to HNC Electronics

In today's world you need qualifications to obtain and keep
employment. Our open learning courses make obtaining those
qualifications as convenient as possible.

Choose from our dozens of SQA accredited units, either
singly to update your skills or as a group to obtain a Higher

* Learn at your own pace in your own home
« Support from professional engineers via phone,

*  Courses from introductory Bridging Modules

e Units from Programmable Logic Controllers
to Engineering Computing
DON'T DELAY - we are waiting to hear from you.
Contact: Laura Murdoch, Open Learning Co-ordinator
Tel: 01698 283100 Extension 214.

E-mail: .murdoch@bell.ac.uk
Web: http://floti.bell.ac.uk/openlearning

Member of the British Association for Open Learning
Preview Centre for Financial Times Management

STRATHCLYDE §

PARTNERS HIl

Boll Colage of Jocheslogy
o2 ogpsiored chasty e, S 21179
oviding queity Highes Educaten nd 2t

-

)

INVESTOR IN PROPLE smmvome e

NEW SPECIAL OFFERS

Amiga geniock pcb (uncased) for titling videcs i has
lzgﬁ plug nto the ter and pch
ping for compostte vdeo i and out no Video
nput s novmalcomomerd-phyn
wideo out when the video
eas on the screen are
ge. The pcb 18 powered
from the ter........ .£19.98
mfv lutomaﬂc

§
2
3

shown on the composite video

n hugh hg
camera, composite vtdoo oumu‘
veryooodmmmhlnlar;oluu . 00
Board cameras all with 512x! pixels 4. 4:(3 3mm

housed i your own enciosure and have fragfe ex-
posed surtace mount parts and require 10 to 12vdc

8 60x36x27mm with 6 infra red leds
(geves the same Mumination as a small torch woukf)

.£50.00+vat = £58.7540
MP sze 39x38x23mm camera with a fixed
focus p.n ho'e lens for 4
hole

40MC size I9x38x28mim camera for 'C' mount lens.
this grves a much Clearer picture than wath the smak
lenses. .£68.79
Standard 'C' mount lens F1.6 16mm for 40MC

£26.43+val = £31 06
Waterprool  camera  with  styhsh it &
swivel case £92 76 +vat=£108.00 or
10 +£89.32 + vat= £104 95

¥ h s NPN or PNP or 'auny
MOSFET analyser dentf gale drain and source
and I P or N channel DTA30 & HMA20

£38 34 each

DCAS0 component analyser with lod readout «Kisn-
tifies transstors mostets diodes & LEDs lead
connections. .. £69.95

Speaker cabmets 2 way speaker lyslof;ts with
motorola tweeters

oaker da 15

{power rating ZﬁOWRMS |75W'M |00WRMS
pecance Bohm Bohm
treq. range mmmmm
sty (1 W/1I) 9788 9408

26 N mm 5002 720x34045016400345 3154601230
woQht 21 188g Teg
pnoe each for biack

vyl cosng £13995 €999 £54 94

fot costng 15097 L1997 (8499
F-nolnorma'ynﬂockalow 1 week for dewvery)
ower iers 19" rack mount with gain controts
STA150 160Wms (4ohm 14kg  £202.11
STA300 2x190Wrms (4ohm load) 11kg  £339 00
STA900 2x490Wrms {4ohm load) 15kg  £585.00
LEDs 3mm or Smm red or green .. 7p each yelow
11p each cable ties 1p each £5.95 per 1000 £49.50
10,000
lecha Battenes
MM’Y)%

moousoowmwnnss
AX 950MAH nn cumnw\u £220
C 2AH with soider tage £3 28;92 £2600
D 4AH with solder tages £4.96 A 110mAN £495
172AA wlh soide tags €155 Sub C wih soide tags  £2.50 AAA
HP16) 10MAH £1.75 113 AA with tags TVE1 95

kel for avastabilty '%’6
Sgc»ll check avi SUCK 4
l&mri&r;:ﬂs:rm”'m!&mﬂ \ﬁhggg
S ton ook svmwmhmmm’ (Varia
5x25006 — 245
Octtel 866 battery pack 12v 1.60AH contans 10 sub C
memnmwom|wvmuudn
rowdnvers and Onils 22 chax42mm (alf) R i

oasy t0 Crack 0pen and was in 1994
£8.77 sach or 110 50 per box of 14
BC! box 190x106x50mm wih siots 1o house a peb the Id
edge connector (12 way 8mm pitch) and
screw lerminals o connect n Sﬂd-l\mcm
e £29
7 common anode ied 1 £045

with data sheet

converior Rekabiity model V12PS 12v m 5
200ma out 300y NPt 10 output with £495
each or pack of 10 £39 50

Airpax ABZQOGC lu%tmm motor 14v 75 step

£8.95 umwv.mo‘w

Polyester capacftors box type 22 Smm
250vdc|Bp each 14p 100+ 9p 1000+ 1ut Vdc?m
ul 400vac M&WP!O' 27 S5mm pach

each,150 1 oo« 10p 1000 +
E mmﬁmummma
40v 40p each, 25p 100 +
mmmmwmmmwm
cwrcurts 27ohm 2W. 68chm 2W sach 15p each 100+
mmamdomos; w and 2w solid carbon
9

~

ressions please send SAE for

MX180 mulmeter 17 1000vdc  750vec
2Mohm A tranestor Hfe ad 1\ bal!g
test ' . .£9
Hand held ukrasonic remote £395

..20p sach o £8 50 per 100
Varbabm RI0ONH Streamer tape used on nc
machines and prinbng presses eic. Rt I00ks a nomal
cassette with a siot cut out of the top . £4.95 sach (£3.75

100+

Homu}'* ube. £0 95
MV3-2405-E5 5-24v S0mA reguiator ¢ 18-264vac nput 8
pin DL package £349uch(|00¢ 225)

Al products advertisad are new and Unused
wise stated, mmdwosmmccwuu

achysl\
Please add £1.95 towards PAP (orders from the Scottish
wanimnsuovnan isie of Wight
may be sutyect to twgher P&P for heavy
tems). VAT included in all pnces

JPG ELECTRONICS

276-278 Chatsworlh Road
Chesterfield S30 2BH

Access Visa Orders
Tel (01246) 211202 Fax: (01246)550959
Callers ael Y 5 30gm
Monday to Saturday i

355




Understanding Computers

PhizzyB COMPUTERS

Part 7: Equipping the PhizzyBot with

Optical Sensors

1 THERE! Last month, as you no doubt recall, we created a rather
cunning program to detect when the PhizzyBot collided with
something and to respond in an appropriate manner. This program
was designed to be user-friendly, such that it was relatively easy to

specify, read, and modify the sequences of actions performed by the
PhizzyBot, thereby facilitating our ability to experiment with differ-
ent sequences. This month we get PhizzyBot involved in measured
space travel, and add to its senses by giving it eyes — six of them.

Tm-: ACTIONS and movements discussed last
month were specified using constant dec-
larations like STOP, FORWARD, TURN_L
(tum left), and SPIN_CW (spin clockwise).
However, the “units” associated with these
actions were always those of time (measured
in tenths of seconds).

wairs AND
MEASURES

Associating actions with units of time made
sense in the context of the way we developed
our program. But when you come to think
about it, a command like “Go forward for
three seconds” isn’t perhaps quite as useful as
being able to present an instruction in the
form: “Go forward for fifteen centimetres”.

Similarly, the command *“Spin clockwise
for two seconds” doesn’t convey the same
intent as “Spin clockwise for ninety degrees™.
Well, perhaps it does convey the same intent
(if you want to be pedantic), but it is certainly
less people-friendly when it comes to working
out exactly what’s going to happen.

So what we need is a technique that will
allow us to replace delay values with units like
centimeters and degrees. In order to do this,
we first need to ascertain the relationship
between time and distance travelled. One way
10 do this would be to mark out a specific dis-
tance (say three metres) and time how long the
PhizzyBot takes to travel this distance.

Altematively, you could easily modify last
month’s program such that clicking Switch |
will cause the PhizzyBot to travel forwards for
some specified time (say ten seconds) and
measure the distance travelled.

Whichever technique you choose to use,
you should repeat the process a number of
times and average the results to compensate
for experimental errors. In the case of our
PhizzyBot, it took approximately fifteen sec-
onds to travel three metres. This equates to
five seconds per metre, or 0-5 seconds to
travel ten centimetres, or 0-1 seconds to travel
two centimetres.

As 0-1 seconds is the smallest interval we
can measure with our current program, this
means that the smallest distance we can
instruct the PhizzyBot to travel is two cen-
timetres. (In order to achieve finer control, we
could modify the program, or change the gear-
ing on the motors to make them slower, or
reduce the diameter of the PhizzyBot's
wheels, or . . )

But let’s stick with what we've got. One
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thing we could do would be to create a whole
host of constant declarations as follows:

_2cm: EQU1
_4cm: EQU 2
_b6cm: .EQU 3
_8cm: EQU 4
;lc.

Remember that label names cannot com-
mence with a number, so we can't use 2cm,
4cm, 6¢cm, and so forth, but labels can start
with an underscore as shown above. So this
would allow us to specify action sequences in
the form:

FORWARD, _4cm
BACKWARD, _8cm
.elc.

(We've omitted the labels and .BYTE state-
ments associated with these action sequences
for clarity and space considerations.) One
problem with this technique is that it requires
us to create one heck of a lot of constant dec-
larations to cover every time value from 1 to
255. One altemative would be to just create
one constant declaration (say _2cm .EQU 1)
and to then use expressions to modify this in
the action sequences, for example:

FORWARD, 10 * 2cm

That's right, we can use expressions in
these statements, as you doubtless recall from
reading Appendix D from The Official Bebop-
uter Microprocessor Databook.

In reality we might create a small number
of constant declarations to cover any “stan-
dard” values like _10cm, _20cm, and so forth,
and to then modify these with expressions as
required.

IN A SPIN

Now set the PhizzyBot to spinning clock-
wise, and time how long it takes to make ten
complete revolutions. As before, repeat the
process a number of times and average the
results to compensate for experimental errors.

In our case, it took our PhizzyBot approxi-
mately 25 seconds to complete ten revolu-
tions, which equates to 2-5 seconds per
revolution (360 degrees). Remembering that
the smallest interval we can measure with our

current program is 1/10 of a second, this
means that the smallest rotation we can
instruct the PhizzyBot to perform is 14-4
degrees (which we can “round up” to 15
degrees for the sake of this discussion).

So once again we could create some con-
stant declarations along the lines of:

_15deg: EQUI
~30deg: EQU2
_45deg: EQU 3
~60deg: EQU 4
etc.

In fact, in this case we really only have
twelve labels to declare to cover 15, 30, 45,
60, 75. 90, 105, 120, 135, 150, 165, and 180
degree increments, because we can use these
declarations as assignments to both clockwise
and anticlockwise spin commands. (And we
can always use expressions to modify these
constants if we wish; for example, 4 *
_180deg will instruct the PhizzyBot to per-
form two full revolutions.)

NO HISTORY

There is an old saying that those who fail to
leam the lessons of history are doomed to
repeat them (this is particularly true in the -
case of history courses at high school}! One of
the limitations of last month’s program is that
it had no sense of history, which means that
the PhizzyBot has no knowledge of anything
that’s happened before the current time.

The end result is that the PhizzyBot could
easily get itself stuck in a repetitive “loop™,
such as endlessly bouncing back and forth
between two closely spaced objects. If the
program were modified to maintain some
record of what had gone before, then we
might be able to circumvent this sort of
thing.

As a simple example, if the program had
some method of checking its last few moves,
it could essentially say, “Hmmm, I seem to be
cycling between the same two action
sequences, perhaps 1 should try something
else and see if that gets me out of this jolly
awkward predicament”.

Not that we're going to tell you how to do
this, you understand - we’ve got 100 much
new stuff to be getting on with. The only rea-
son we're mentioning this here is that we
thought that you might be desperately looking
for something to do this coming weekend . . .
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Listing 1

### Start of Constant Declarations

LSENSORS: .EQU $FO011 # Light Sensors

MGRAPH : .EQU $F030 # Motor bargraph display
TGRAPH: .EQU $F031 # Timer bargraph display
MCONTROL: .EQU $F032 # Motor controller board
DELCONST: .EQU $0C # Delay constant value
STOP: .EQU 800000000 # Stop motors

FORWARD: .EQU %00001010 # Go forward

SPIN_CW: .EQU 800000110 # Spin clockwise
SPIN_ACW: .EQU 200001001 # Spin anticlockwise
_lsec: .EQU 10 # Delay = 1 second
_locm: .EQU S # Delay = 10 centimeters
_30deg: .EQU 2 # Delay = 30 degrees
_60deg: .EQU 4 # Delay = 60 degrees
_90deg: .EQU 6 # Delay = 90 degrees
_120deg: .EQU 8 # Delay = 120 degrees
_150deg: .EQU 10 # Delay = 150 degrees
_180deg: .EQU 12 # Delay = 180 degrees

### End of Constant Declarations

### Start of main program initialization
# Start of program
# Load stack pointer

-ORG $4000
BLDSP $4FFF

### End of main program initialization

### Start of Main Program Body

### End of Main Program Body

### Start of Subroutines

### End of Subroutines

### Start of Temp Locations and Data Values
GOFLAG: .BYTE $01 # Flag (O=stop,
TVALUE : .BYTE

TEMPX: .2BYTE $0000

-END

# Main timer temp value
# Temp index register
### End of Temp Locations and Data Values

1=go)

COMING INTO THE
LIGHT

But we digress . . . In Alan Winstanley's
construction article in this issue, he describes
how to use a set of six light-dependent resis-
tors (1.d.r.s) as the basis for a rudimentary
optical sensor for the PhizzyBot.

For our part, we are going to create a sim-
ple program that utilizes this optical sensor to
make the PhizzyBot act the role of a “Moth-
Bot™. That is, a Bot that’s attracted to the light
from a torch (or a flashlight as they would
have it in the vernacular of the good old US-
of-A. which is where we Phizzy authors hap-
pen to find ourselves at this moment in time).

SKELETON PROGRAM

As for last month. the first thing we're
going 10 do is to create a skeleton (framework)
program. which we’ll develop as we go along.
Invoke your PhizzyB Simulator. activate the
assembler, and enter the program shown in
Listing 1.

Note that the values you assign to the
_10cm, _30deg. _60deg, and so forth labels to
control your PhizzyBot may be different to the
ones shown here, because the gearing of your
motors and the size of your wheels may differ
from ours (bounce back to the In a Spin sec-
tion earlier for more details).

Before you do anything else. save this
skeleton program as ffxpl.asm. Now consid-
er the Constant Declarations section at the
beginning of the program. The LSENSORS
label will be used to associate our new light
sensor device with the input port at address
$FO11 (so make sure you connect the little
rascal to this port).

Next we're going to use the PhizzyB’s on-

board 8-bit l.e.d. bargraph display to indicate
the value we're driving to the motors. Thus,
we equate the MIGRAPH label to the address
of this output port, which is $F030.

As for last month, we’re also going to con-
nect the 8-bit l.e.d. bargraph display we creat-
ed in Part 2 (Dec "98) to the output port at
address $F031. and then use this to reflect the
current value in the timer. Thus. we equate the
TGRAPH label to the address of this output
port.

Also, we're going 1o connect our motor
controller board from Part 5 (Mar '99) to the
output port at address $F032. Hence the
MCONTROL declaration.

The DELCONST label. which is used to
persuade our timing subroutine to loop around

for 1/10 of a second. is assigned a value of
SOC (12 in decimal). (We determined the
value of DELCONST by trial and error as
discussed in Part 5).

The STOP, FORWARD. SPIN_CW, and
SPIN_ACW labels are assigned values that
can be used to control the PhizzyBot's motors
s0 as to stop the Bot, drive it forward. spin it
clockwise, or spin it anticlockwise, respec-
tively. Ideally we would use the multi-label
approach we introduced last month: assigning
these values directly is a “quick and dirty”
solution, but it serves our purposes here.

The remaining constant declarations (_lsec.
_10cm, _30deg. _60deg. and so forth) have
been discussed in excruciating detail above.
The rest of the skeleton program consists of
two initialization statements, the reserving of
some lemporary locations. and some com-
ments. all of which have been discussed into
the ground earlier in this series. So. without
turther ado. let’s leap into the fray!

TIMER SUBROUTINES

In a moment we're going to leap into the
really interesting stuff, but before we do we
need to add the timer routines shown in List-
ing 2 (add these between the “Start and End of
subroutines™ comments in the skeleton
program).

These routines are exactly the same as last
month, so we won't spend any time discussing
them here. The only point to note is the test of
the GOFLAG label at the beginning of the
TIMER routine. We really aren’t going to
have any use for the GOFLAG label this
month, but we will leave it (and the test)
where it is. because we don’t want to do any-
thing to affect the delays in the TIMER rou-
tine. Note that we pre-assigned a value of 301
(the “go™ value) to the GOFLAG location
when we declared it at the bottom of Listing 1.
so we won't have 1o concern ourselves with
this flag anymore.

SIMPLE TEST PROGRAM

Before you do anything else. make sure that
the new light sensor device is plugged into the
PhizzyB's input port at address $FO11. Also
ensure that this device is oriented on top of the
PhizzyBot such that the l.d.r. driving bit 1P0 of
the input port is pointing towards the front of
the Bot (Fig.1).

Now. add the following statements between
the two comments saying Start and End of
main program body in your skeleton program:

#== Start of "Main Timer"

ONETENTH: LDA DELCONST
OTLOOPA: DECA

JNZ [OTLOOPA]
OTRETURN: RTS

TIMER: STA [TVALUE]

TLOOPA: JSR [ONETENTH]
LDA [GOFLAG]
JZ [TRETURN]
LDA [TVALUE]
DECA
STA [TVALUE]
STA [TGRAPH]

5 JINZ [TLOOPA]
TRETURN: RTS
#== End of "Main Timer" Routine

Listing 2

Routine

# Store original count
# Call 1/10 Sec loop
# Load flag

# Jump if flag=0
# Load count value
# Decrement it
# Store it

# Store it to LEDs
# Loop again if !=0
# Exit subroutine

#== Start of "1/10 Second" Routine

# Load count value
# Decrement it

# Loop again if !=0
# Exit subroutine

#== End of "1/10 Second" Routine
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Bit0
Bit 1
oo |\
®o)(o
Bit 2
Bit3

Fig.1. Ensure that the l.d.r. driving port bit IPO is pointing towards the front.

LOOP: LDA [LSENSORS]
AND %00111111
STA [MGRAPH]
JMP [LOOP]

All this program does is to loop around
reading from the port connected to the light
sensors and writing to the 8-bit l.e.d. bargraph
display connected to output port $F030 (label
MGRAPH) on the PhizzyB. However, it is
worth taking special note of the AND instruc-
tion, which is used to "mask out” the top two
(unused) input port bits and force them to zero
values.

The way the sensor circuits work is that if
an Ld.r. is not illuminated it will have a high
resistance. so the tap (connection) point
between the 22k resistor and 10kS2 poten-
tiometer will be pulled up towards a logic |
(+5V) value. This will be inverted by ICI to
present a logic 0 to the input port.

Similarly. if an Ld.r. is illuminated. its resis-
tance will fall and the tap point will be pulled
down towards a logic 0. This. in tum, will be
inverted by ICI to present a logic | to the
input port. The end result is that any of the
ld.r.s that are illuminated will be “'seen™ as
logic | values by the PhizzyB.

In order to test this, assemble your pro-
gram, download the resulting fTexpl.ram file
to the PhizzyB, and set the program running.
Assuming that you've calibrated the sensors
as described in Alan’s constructional article,
then all of the l.e.d.s on the bargraph display
should initially be off. Now shine a light at
each of the l.d.r.s in turn, and ensure that the
corresponding l.e.d. lights up.

(Note that even if you don’t have a real
PhizzyB and PhizzyBot, you can still perform
all of the experiments described in this article
on the PhizzyB Simulator by presenting the
appropriate values to input port $FO11 and
observing the results.)

When you've satisfied yourself that
everything is working as it should, reset the
PhizzyB (and/or the PhizzyB Simulator)
and proceed to the next section.

BLINDED BY THE LIGHT

Although you may not have fully appreciat-
ed this. the way in which we implemented last
month's "Collision Detection™ program was
based on the assumption that only one
microswitch would be triggered at a time.
However, in the case of our new light sensor
device. it is more than possible for multiple
l.d.r.s to be activated simultaneously (Fig.2).

This article is based on the assumption that
either one sensor will be activated as shown in
Fig.2a. or two adjacent sensors as shown in
Fig.2b. However. depending on how you con-
struct your sensor housing (including the posi-
tioning of the sensors and the lengths of the
internal dividing “spokes™). it might be possi-
ble for your torch (flashlight) beam to activate
one, two, or even three adjacent sensors.

In fact, we also have to consider the fact
that stray light beams from external sources
may activate one or more sensors (e.g. the sun
shining through a window). And it’s not
beyond the bounds of possibility that a
prankster may be sabotaging your experi-
ments by surreptitiously shining their own
light source at the PhizzyBot from behind the
sofa. ..

So although we're only going to focus on

BYTE statement and associated values as
shown in Listing 3 (we'll discover the purpose
of these values in the not-so-distant future).

As we see from this listing, the binary
codes associated with these labels follow a
standard binary count sequence. This should
be easy enough. but just in case you're a little
unsure, here’s a simple trick you can use to
create these entries.

Start off by entering the first line for label
LS000000 (including the .BYTE STOP.
_Isec portion). then copy this line 64 times.
In order to edit these 64 lines such that they
reflect a binary count, commence by mak-
ing the least-significant (bit 0) column alter-
nate between 0 and 1. for example:

LSxxxxx0: etc

LSxxxxxl: etc

LSxxxxx0: etc

LSxxxxx1: ete

LSxxxxx0: etc

LSxxxxx1: etc

etc

Now make the bit-1 column alternate
between two (s and two 1s, for example:

LSxxxx00: etc

LSxxxx01: etc

LSxxxx10: etc

LSxxxxl11: etc

LSxxxx00: etc

LSxxxa01: ete

etc

-

¥
DYQ AV \ NYe BHva AV / le
D) K D D \ L)
Bit0 _/ e -
Bt5 ° Bt 1 (2) 000001 (b) 000010 (¢) 000100 (d) 001000 (e) 010000 {H 100000
e (Y Forward Clockwise Clockwise Clockwise Antclockwise
60 degrees 120 degrees 180 degrees 120 degrees 60 degrees
Bit4 Bt 2 . . /
Bit3 D N )% v AV v 3
L) L) D)
<
/ S~y
() 000011 (h) 000110 (1001100 ) 011000 {k) 110000 (f) 100001
Clockwise Clockwise Clockwise
30 degrees 90 degrees 150 degrees 150 degrees 90 degrees 30 degrees

Fig.3. All 12 of the one and two (adjacent) active sensor cases.

the cases involving one or two (adjacent) sen-
sors. our program has 10 accommodate the
fact that any combination of l.d.r.s may be
illuminated. As we have six sensors, and each
may be in one of two states (On or Off), we
actually have 2° = 64 different patterns of Os
and 1s to deal with. (This is one reason why
we didn 't use eight sensors. because we didnt
want to have to contend with 2% = 256 differ-
ent patterns). But fear not. because this isn’t
going to be as tricky as you might suspect . . .

2¢ = 64 EEEKKK!

The first thing we need to do is to create 64
labels just before the “End of Temp Locations
and Data Values™ comment in Listing 1. Each
of these labels will commence with the char-
acters "LS" (standing for “light sensors™) fol-
lowed by a 6-bit binary

Continue with the bit-2 column alternating
between four Os and four Is; the bit-3 column
alternating between eight Os and eight Is; the
bit-4 column alternating between sixteen Os
and sixteen 1s; and finally the bit-5 column
starting with thirty-two Os and ending with
thirty-two 1s (phew!).

In reality our program only needs the first
of these labels as we'll see. The other labels
are intended for us so that we can see what
we're doing.

WHICH WAY TO TURN?

As we previously noted. we're only going
to focus on the cases where one or two (adja-
cent) sensors are activated (Fig.3.)

As there are 360 degrees in a circle, each of
our six sensors is responsible for a 60-degree

code. Each label will
also be followed by a

##543210 # Bit numbers

LS000000: .BYTE

3 3 LS000001: .BYTE
s ® : A LS000010: .BYTE
: : LS000011: .BYTE
: : LS111101: .BYTE
LS111110: .BYTE

(a) One sensor activated (b) Two sensors activated LS111111: .BYTE

Fig.2. Multiple 1.d.r.s may be activated simultangously.
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##4 End of Temp

Listing 3
STOP, _lsec # Stop & wait
STOP, _lsec # Stop & wait
STOP, _lsec # Stop & wait
STOP, _lsec # Stop & wait
STOP, _lsec # Stop & wait
STOP, _lsec # Stop & wait
STOP, _lsec # Stop & wait
Locations and Data Values
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Listing 4 Listing 5
LS000001: .BYTE FORWARD, _locm LOOP: LDA [LSENSORS) # Load ACC from sensors
LS000010: .BYTE SPIN_CW, _60deg AND %00111111 # AND to mask unused bits
LS000011: .BYTE SPIN_CW, _30deg SHL # shift ACC left 1 bit
LS000100: .BYTE SPIN_CW, _120deg STA [TEMPX+1] # Store to LS byte of X
LS000110: .BYTE SPIN_CW, _90deg BLDX ([TEMPX]
LS001000: .BYTE SPIN_CW, _180deg LDAR [LS000000,X) # Get action
LS001100: .BYTE SPIN_CW, _150deg STA [MGRAPH) # Store to LEDs
LS010000: .BYTE SPIN_ACW, _120deg STA [MCONTROL] # Store to motor control
LS011000: .BYTE SPIN_ACW, _150deg INCX # Increment index reg
LS100000: .BYTE SPIN_ACW, _60deg LDA [LS000000,X) # Get delay
LS100001: .BYTE SPIN_ACW, _30deg JSR [TIMER]) # Call timer subroutine
LS110000: .BYTE SPIN_ACW, _90deg JMP [LOOP] # Do it all again

arc. If only the forward (bit 0) sensor is active,
we want the PhizzyBot to trundle forwards
(Fig.3a). If only the bit | sensor is active
(Fig.3b), we want the PhizzyBot to spin
clockwise for 60 degrees, which should suf-
fice to align the bit O sensor with the light
source again. And so forth for the remaining
one-sensor cases.

Similarly, if both the bit 0 and bit 1 sen-
sors are active (Fig.3g), and if we assume
that the light source is located exactly
between them, then we want the PhizzyBot
to spin clockwise for 30 degreés, which
should serve to bring the bit 0 sensor in line
with the light source once more. And so
forth for the remaining two-sensor cases.

Fortunately, we've already got everything
in place to easily accommodate these require-
ments. All we have to do is to modify the
assignments to the twelve labels associated
with these cases as shown in Listing 4.

MAIN PROGRAM BODY

Delete our earlier test program statements
from between the two comments saying ““Start
and End of main program body™, and replace
them with the code shown in Listing 5. Unlike
last month, this program is going to be “easy-
peasy!”

As we see, the main loop for this program
is really small. First of all we read the value on
the sensors and store it in the accumulator.
Next we use an AND instruction to mask out
the two MS bits, which aren’t connected to
any sensors (this masking operation ensures
that these two bits don 't confuse us with unex-
pected values).

We know that each of our LSxxxxxx labels
has two bytes associated with it, so we shift
the value in the accumulator left one bit,
which is the same as multiplying it by two
(this technique was discussed in the bonus
article accompanying Part 3).

Now this is the cunning part, because we
save this “Sensor x 2” product in the LS byte
of our 2-byte TEMPX value, then we use a
BLDX instruction to load this value into our
index register. Next we use an indexed
addressing mode  instruction  LDA
[LS000000,X]. This loads the accumulator
with the data byte it finds at the address cal-
culated by adding the address of label
LS000000 with the contents of the index
register.

As an example, let’s assume that the pattem
read from the sensors was 000110 (6 in deci-
mal). Shifting this left resultssin 001100 (12 in
decimal). Remember that each of our
LSxxxxxx labels has two bytes associated
with it, so adding a value of 001100 to the
address of label LS000000 will give us the
address of label LS000110, which is what we
wanted in the first place. (We know that this

seems a bit convoluted at first, but once
you've wrapped your brain around it. you will
come to realize that this is actually rather ele-
gant . . . or not as the case might be.)

We know that this first data byte is a “motor
control action™, so we store it to the le.d.s
displaying the state of the motors and also to
the output port driving the motor controller
device.

We now increment the index register, load
the next data byte (which is the “delay™), and
jump to the TIMER subroutine to wait for
this delay to time out. Finally we jump back to
the beginning of the loop and do it all again.

If you return to the LSxxxxxx labels. you
can now see that whenever no sensors are
active (or if an unexpected combination is
active), the program will simply stop the
motors and wait for a second. After this short
delay, it will recheck the sensors to see if any-
thing has changed.

Thus, when left to “roam wild and free”,
the PhizzyBot should hunker down and wait
for you to shine a light at it. As soon as it
“sees” the light, it should spin around to orient
itself towards the light and race towards it. If
the light should be extinguished, the Phizzy-
Bot will stop where it is and wait for the light
to reappear.

Save this new program as ffexp2.asm,
assemble it, download the resulting
ffexp2.ram file to your PhizzyBot (or load it
into your PhizzyB Simulator) and experiment
away with gusto and abandon!

MORE PRECISION

One thing that may have struck you is that
the “visual resolution™ of the PhizzyBot
leaves something to be desired. This is
because we only have six sensors, each of
which handles a 60-degree field of view
(Fig.4).

This means that our program as described
above can’t guarantee that the PhizzyBot will
trundle directly towards a light source.
Instead, the PhizzyBot may initially head off
at a slight tangent until the light hits a second
sensor, at which point the PhizzyBot will
detect its error and attempt to correct it
(Fig.5).

Suppose we wanted to make the PhizzyBot
more accurate using just these six sensors —

how could we do this? Well first of all we'd
have to modify our TIMER subroutine to
measure smaller units of time. For example,
we know that 1/10 of a second equates to the
PhizzyBot spinning approximately 15
degrees. Thus, if we could time delays in
1/100 of a second increments, then the
PhizzyBot could be instructed to spin in incre-
ments of 1-5 degrees.

Of course our current subroutine has a
maximum delay of 255 x 1/10 of a second,
which equals 25-5 seconds. If we started
counting in 1/100 of a second, our maximum
delay would only be 2:55 seconds, which
would be somewhat limiting. One way around
this would be to use two bytes to specify the
delay. Two bytes can represent O through
65,535 in decimal, which gives us a maximum
delay of 65,535 x 0.01 seconds = approxi-
mately 655 seconds (almost 11 minutes).
which should be more than enough for our
purposes.

Assuming that we had the ability to time
in 1/100 second intervals, then we could use
this to improve the “visual resolution™ of the
PhizzyBot. When a light was first detected,
we could spin the PhizzyBot until its bit 0
sensor was activated. Next we could spin the
PhizzyBot clockwise in 1-5 degree incre-
ments until the bit 0 sensor went inactive
and/for thebit 5 sensor became active. This
gives us one “end” of the bit O sensor’s field
of view.

Next we could spin the PhizzyBot anti-
clockwise in 1-5 degree increments using the
bit 0 and bit | sensors to detect the other end
of the bit 0 sensor’s field of view. Our pro-
gram could count how many 1.5 degree

60°

»

Fig.4. Each sensor covers a 60-degree
arc.
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(a) Not quite right

(b) Detect & correct
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Fig.5. The program may “hunt and seek” a little.
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increments it took to go from one end to the
other. Now all we would have to do would be
to spin the PhizzyBot clockwise for half of
this number. which should leave it pointing
almost directly at the light source.

MOTHBOT VERSUS
ROACHBOT

Our program has so far focused on making
the PhizzyBot act the role of a MothBot that’s
attracted to the light. Another simple experi-
ment you could perform would be to modify
this program such that it now acts like a
RoachBot that scurries away from the light and

Understanding Computers

furtively tries to hide itself away in dark places.

Now what we'd like vou to do is to com-
bine the program we've just discussed here
with the program from last month (Part 6).
Your mission (should you decide to accept it)
s to create a program that allows the Phizzy-
Bot to meander around the room bumping into
things and responding appropriately. But as
soon as it 'sees” a light source. it should stop
whatever it was doing and hurl itself towards
the light at full pelt.

NEXT MONTH

Sad to relate. next month is the final issue

in this PhizzyB series (little tears are rolling
down our cheeks as we pen these words and
our lower lips are all aquiver). But turn that
frown upside down into a smile, because in
the final issue we’ll be discussing all sorts
of exciting experiments you can perform
with your PhizzyB Simulator. PhizzyB. and
PhizzyBot. plus we'll be inviting you to
contribute your own input/output device
suggestions to the [Ingenuity Unlimited
column.

So “keep on trucking” with your Phizzy-
Bot. and we’ll be with you again next
month.

PhizzyB COMPUTERS

Construction - PhizzyBot Eyes

Alan Winstaniey

Six eyes give PhizzyBot a whole new view of the
world and open up a range of possibilities.

method of adding ““feelers™ to the

PhizzyBot computer-controlled
motorised platform. By using a series of
microswitches around the periphery of the
PhizzyBot, it can detect the presence of an
obstacle and, under the control of a com-
puter program, the PhizzyBot can avoid it
by spinning, turning or reversing.

As usual, the control program was fully
detailed in the Tutorial, and it could be
developed and refined on a Windows-com-
patible PC using the PhizzyB Simulator
software on CD-ROM: the PhizzyB is pro-
grammable via the PC’s serial port and
programs can be uploaded to the PhizzyB
in a trice. Many of the demonstrations
could also be followed on-screen without
the use of the hardware PhizzyB, although
you'll be missing a heck of a lot of good
fun in the process!

PRACTICALLY FINAL

This month sees the final practical pro-
ject related to the unique PhizzyB Com-
puters series. In the accompanying tutorial
article, Max and Alvin describe further
techniques related to controlling the direc-
tion and travel of the PhizzyBot buggy. We
show how the computer program used by
the PhizzyBot can be refined to offer a
greater degree of control of the Phizzy-
Bot’s motorised movements.

One further tutorial will be presented
next month to “wrap” the series and then it
is hoped that readers will develop further
applications, circuitry and programs for
the powerful PhizzyB computer.

Apart from “doing your own thing”,
readers may rest assured that help will con-
tinue to be available to those picking up
this series for the first time, even when the
published series has drawn to a close. You

I AST month we described a simple
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can write to the authors c/o the Editorial
address or by E-mail - see the details at the
end of this article.

MULTIPLE EYES

The constructional details which follow
describe the addition of an array of light-
dependent resistors (.d.r.s) which are used
to provide the PhizzyBot with “eyes . This
addition can be used to demonstrate how
the PhizzyBot. with the aid of a suitable
computer program. can be made to react
when it detects a source of light.

It also demonstrates the principles of
how the PhizzyBot can in general be made
to respond to externally-generated control
signals — whether by being attracted to a

I it I

stimulus or, indeed, by recoiling away
from it! This opens up new possibilities for
applying a PhizzyBot in a number of com-
puterised control systems — perhaps as a
white line follower. or a buggy armed with
magnetic detectors (or Hall Effect switch-
es) which follows an “invisible™ metal
stripe buried in the carpet undemeath.

All it requires is a simple input device,
such as the light-sensitive type described
next. and an appropriate computer pro-
gram 1o help the PhizzyB make sense of it
all.

ALL-ROUND VIEW

The light-dependent resistor array
described in the main feature consists of
T TV = SNy,

r

e
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six photo-conductive cells coupled to a
series of electronic switches. A common
NORP12-type l.d.r. is used which has a
resistance of several megohms in darkness,
this falls to a few hundred ohms under
bright conditions.

The tutorial article describes the very
cunning way in which the six devices are
arranged around a hexagon, and by separat-
ing each l.d.r. from its neighbour using a
divider, a 360 degree field of view can be
created. The hexagon arrangement is sand-
wiched between two discs to make the unit
“directional .

It is designed such that either one or two
l.d.r.s can be illuminated at any one time by
a source of light, and this can be decoded
by the computer program to enable the
PhizzyB to “know™ the direction from
which the light is being emitted.

The assembly of the ld.r. sensor falls
into two parts: an interface board which
connects to a PhizzyB input port. plus the
construction of the hexagonal array itself.
Now here’s an opportunity to have some
fun and practise one’s model engineering
skills once again!

The building of the optical sensor and
circuit is straightforward and somewhat
easier than some of the more ambitious 1/O
circuits presented in earlier parts of the
series.

SENSOR CIRCUIT

Circuit diagram details for of the lLd.r.
sensor are shown in Fig.1. All six sensors
use an identical circuit based on a Schmitt
inverter. A Schmiu-triggered device is one
which converts a slowly-moving signal to a
rapid “snap action” on-off voltage, whilst
an inverter merely outputs a logic state
opposite to that of the input signal so a
“low " voltage is inverted to a logic “high™.

In the circuit diagram, an lLd.r. and a
variable trimmer resistor (potentiometer)
are used with a fixed “pull up™ resistor to
produce a potential divider. In the case of
the first digital bit, based around LDRO and
ICla, when light falls upon the lLd.r., its
resistance will fall, which may take a short
time because an l.d.r. has a relatively slow
response.

In order to generate a clean on-off signal
(i.e. a fast pulse edge) this is converted by
the Schmitt inverter ICla. The voltage at
pin 1 of IC1 is sent by the l.d.r. towards OV.
A point will be reached where the inverter
will suddenly detect a low input signal.
Consequently, a logic | is sent from pin 2
to IPO of the PhizzyB input port at pin 19.
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Fig.2. The presets and hex inverter are mounted on the board, but the sensors are

wired off-board.

This arrangement is repeated for the five
remaining l.d.r.s. each having its own trim-
mer resistor and outputting via a Schmitt
inverter gate to the PhizzyB input port. The
trimmer resistor (preset) is used to enable
some adjustment of the triggering point for
each l.d.r.. also allowing the user to com-
pensate for ambient light conditions.

EYES OFF THE BOARD!

In Fig.2 is shown the layout of all the
“eyesight™ components. mounted on one
half of a PhizzyB 1/O board, with the
exception of the six L.d.r.s which are mount-
ed externally. Commence construction by
soldering the trimmer resistors and i.c.
socket into place to act as a reference, then
complete all interwiring as shown. On the
prototype. extension spindles were used for
the trimmer resistors to make adjustment
and setting up more convenient.

The component layout should be’fol-
lowed closely. noting that three resistors
(R3 to R5) should be insulated with PVC
sleeving or similar to prevent shorting to
nearby flying leads. A single link wire is.
soldered on the underside of the board as
indicated. and both tinned copper wire and
general-purpose hook-up wire can be used
for the jumper wires.

The wiring doesn’t need to be very ncat
but it should be effective. It will prove very
useful to use six different colours for the
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Fig.1.Circuit diagram for the optical sensors.
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jumper leads which connect to ICI and
CONI. in order to identify the six connec-
tions IPO-IP5. The same colours should be
used in relation to the l.d.r. assembly.
described next. Hence. use six colours to
identify the wiring of each “channel”.

COMPONENTS

Resistors

RO to RS 22k (6 off)
All 0.25W 5% carbon film

Potentiometers
VRO to VR5 10k min. horiz.
preset (6 off)
with extension
spindles (see
text)

Semiconductors
LDRO to LDRS NORP12 (or

ORP12) light-
dependent
resistor (6 off)
IC1 74LS14 hex
Schmitt trigger
inverter

Miscellaneous
CONt 20-way IDC box
header
One half PhizzyB /O board; 14-pin

d.i.l. socket; hook-up wire (assorted

colours); materials for i.d.r. assembly,

including two CDs (see text); 20-way

IDC connector cable.

Approx.cost
guidance only

£15
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PHIZZYBOT ?

FRONT

HEXAGON DIVIDER
(6 OFF) (6 OFF)
|4 25mm —» :‘_ 30mm —’:
19mm
- Puiu
10mm  LD.R FIXED
WITH HOT-MELT
GLUE

7 FLYING LEADS
PASS THROUGH
CENTRE HOLE

AND ARE SOLDERED
DIRECTLY TO THE
CIRCUIT BOARD

ultimately be
wired to OV on

OPTICAL DISCS

Two discs are used to sandwich the
hexagonal arrangement of six light-depen-
dent resistors. Rather than attempting to
produce the discs from, say, plastic card, it
was found that a pair of unwanted compact
discs (e.g. outdated catalogue CDs - at last,
a practical use for them!) proved admirable
for this purpose.

The hexagonal centre and the six divid-
ing pieces can be cut from plastic available
from model shops, and the approximate
dimensions are shown in Fig.3. Note that
two holes (10mm apart and approximately
Imm diameter) are required in each hexa-
gon face to carry an l.d.r., so drill these next.
File all edges so that they are reasonably
square and level.

Use a felt tip pen to mark out the layout
on the lower CD. The six centre pieces can
then be glued to the shiny side (glue may
not adhere to the printed side) of the CD to
form the hexagon. Hot-melt glue is perfect
for this, but any general-purpose plastic
cement or super glue could be used (CDs
being made of polycarbonate which glues
readily).

When the glue has set, the surface of the
resulting assembly should be spray-painted
black (preferably matt) using cycle or car
aerosol touch-up paint. The paint will help
prevent unwanted reflections and stray light
from “confusing™* the PhizzyBot light sen-
sor array, which might otherwise generate
erroneous signals. The other CD which will
fit on top should also be spray painted on
both sides.

The six light-dependent resistors should
then be glued to the faces of the hexagon by
feeding their leads through the plastic.
scraping off any paint prior to gluing.

FLYING LEADS

Manipulate one wire of each 1.d.r. to join
them all together within the hexagon, and
solder these together as one large joint, to
create a common rail for all the l.d.rs. A
single flying lead (approximately 230mm)
should then be soldered to this common rail
and fed out through the centre hole in the
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the circuit board.

Solder six

more flying leads, one to each remaining

l.d.r. leadout. It is very important that you

are able to identify the l.d.r. used for Bit 0

because this must face forwards when fitted

to the PhizzyBot. Perhaps mark the under-

side of the disc with a felt-tip pen or label,
to indicate which l.d.r. is Bit 0.

Six 230mm flying leads should then be
soldered to the remaining leads of each
l.d.r., using a coloured wire to correspond
with the wiring scheme used on the circuit
board: this is necessary to identify each dig-
ital bit once the 1.d.r. assembly is complete
(refer also to the diagrams in the main tuto-
rial article at this point).

Feed each wire out through the centre
hole in the disc. The second disc can then be
glued on top, using hot melt glue which
hides a multitude of sins as far as accuracy
and alignment is concerned! Obviously.
once the L.d.r.s are sealed into position like
this, the only way of identifying which l.d.r.
signal is which, will be to refer to the
colour-coded wires.

HOT WIRED

The final aspect is to mount the complet-
ed Ld.r. array on a form of “pillar” which
will raise it above the PhizzyBot platform.
Some resourcefulness may be needed! The
prototype used a plastic plunger from a
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Fig.4. Sideways view of the I.d.r. sand-
wich assembly.

Above: The l.d.r.s on their hexagonal disc.

Left: Fig.3. Showing how the l.d.r.s are arranged, plus the

PILLAR
o
' extra bits that are needed
1250 1 25 disc. This will

small empty silicone sealant “syringe™
which proved ideal at about 130mm high
and 25mm diameter. On the prototype, the
seven wires were fed through the middle
and the tube was then glued to the underside
of the discs using more hot-melt glue.

The seven flying leads can then be sol-
dered directly to the circuit board. and the
sequence of coloured wires should then be
seen to follow all the way through from the
l.d.r. directly to the PhizzyB input port con-
nector. At this point, the final positioning of
the circuit board and l.d.r. array should be
determined. noting that a 20-way IDC lead
is needed to connect CONI1 to $FO011, so
locate the circuit board on the chassis so
that the lead will reach: you can use one of
the cables made in the earlier parts of the
series.

Lastly, the round pillar can be glued
down onto the PhizzyBot chassis with hot-
melt adhesive: remember that Bit 0 must
point towards the front of the PhizzyBot. As
a finishing touch. a decorative CD-ROM
label was created and applied to the top
disc. (Enterprising readers can fetch the
Flying Bee logo from the Maxmon web
site!) With the l.d.r.s now installed, the cir-
cuit board can be connected to $F011 and
assembly is then complete.

SIGHT TEST

In order to test the photo-sensors, the on-
board l.e.d. bargraph $F030 can be used
along with the following test program to
adjust the six trimmer resistors (VRO to
VRS5) for ambient light and sensitivity. This
is best carried out away from windows or
any sources of direct light. Load the Phizzy-
Bot with the following program:

LSENSORS:
LEDS:

.EQU $Fo11
.EQU $F030

.ORG $4000

LDA [LSENSORS)]
AND %00111111
STA [LEDS)

JMP [LOOP]
.END

LOOP:

This just loops around reading from the
sensors plugged into input port $FO11 and
writes that value to the on-board bargraph.
Shine a torch (flashlight) at the sensor array
from across the room and “tweak" each
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trimmer resistor until the sensor responds to
it. The idea is to trim each variable resistor
associated with each sensor to get an appro-
priate triggering point, such that the associ-
ated l.e.d. isn’t always on or off, nor is it
always on with “standard” ambient light,
but it is only on when a torch is shone at the
corresponding opto-resistor. Move the torch
around the l.d.r. array and watch each light-
emitting diode respond in sequence.

GREAT PhizzyBILITY!

With construction and set-up finally
complete, the control program can now be
uploaded from the PhizzyB Simulator link
software, the motors can be switched on
and the PhizzyBot can be set loose.

It will be recalled that the motors use a
6V rechargeable power pack and the
PhizzyBot itself can run in a completely
independent mode by powering it from a
9V Ni-Cad rechargeable battery instead of a
mains power supply: this permits the plat-
form to roam around the floor and gradual-
ly move towards the source of light.

It may well prove necessary to adjust the
computer program to compensate for differ-
ent motor speeds and wheel diameters. so
you must be prepared to experiment in order
to improve the response of the PhizzyBot.

FAR-SIGHTED

This concludes the practical construc-
tional articles which have accompanied our

exclusive PhizzyB Computer Tutorial. One
objective of the series is to stimulate further
thought, and we hope you will be moved
sufficiently to develop other forms of sim-
ple input sensors so that the PhizzyBot plat-
form can be adapted to respond to other
sources of stimuli.

For example, two ld.r.s or infra-red
opto-switches could be fixed to the front of
the PhizzyBot to produce a simple white-
line following buggy. Thermistors (ther-
mally-sensitive resistors) could be used in
place of NORPI12s so that a PhizzyBot
could respond to sources of heat. Hall-
effect devices generate an electrical signal
in response to magnetic fields and this
could form the basis of a metallic stripe
follower.

The PhizzyB single-board computer can
also be embedded into other systems, and
the CD-ROM software will be of great
assistance in developing routines in a vir-
tual environment prior to uploading them
onto a real hardware PhizzyB.

NEXT MONTH

Next month, Max and Alvin conclude the
series by suggesting other applications fer
the PhizzyB. Readers who wish to develop
their programming skills further will find
The Official Beboputer Microprocessor
Data Book a “must” remembering that
PhizzyB actually stands for Physical Bebo-
puter and it provides a unique way of

developing programs on-screen using the
PhizzyB Computer Simulator software
before uploading programs onto the real
PhizzyB hardware.

The Data Book can be purchased on-line
for a very modest cost. The Maxfield &
Montrose web site (www.maxmon.com)
contains ongoing information, updates and
links.

Lastly, remember that Max loves to hear
from you by E-mail and you can contact
him via the Maxmon web site. Readers with
queries concerning the constructional
aspects can write to Alan Winstanley. ¢/o
the Editorial address. or via E-mail to
alan@epemag.demon.co.uk. We hope you
have enjoyed constructing and using your
Physical Beboputer.
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Everyday Practical Electronics are pleased to be able to offer all readers these

ELECTRONICS CD-ROMS

ANALOGUE ELECTRONICS
by Mike Tooley

Analogue Electronics is a complete learning resource for
this most difficult branch of electronics. The CD-ROM
includes a host of virtual laboratories, animations.
diagrams, photographs and text as well as a SPICE
electronic circuit simulator with over 50 pre-designed

circuits.
FUNCTIONS

The component values on all
circuits can be edited and the user
can use the simulation engine to
see how the value of each
component affects circuit
performance. You can, for instance,
alter frequency and phase angle
and plot outputs on a virtual
oscilloscope or show load line
graphs etc.

COVERAGE

Sections on the CD-ROM include:
Fundamentals — Analogue
Signals (5 sections), Transistors (4
sections), Waveshaping Circuits (6
sections); Op.Amps — 17 sections
covering everything from Symbols
and Signal Connections to
Differentiators; Amplifiers — Single
Stage Amplifiers (8 sections),
Multi-stage Amplifiers (3 sections);
Filters — Passive Filters (10
sections), Phase Shifting Networks
(4 sections), Active Filters (6
sections); Oscillators — 6 sections
from Positive Feedback to Crystal
Oscillators; Systems — 12 sections
from Audio Pre-Amplifiers to 8-Bit
ADC plus a gallery showing
representative p.c.b. photos.

@ Includes SPICE circuit
simulator with over 50
circuits

@ Unique virtual laboratories
@ Editable assignments

@ Design parameters for circuits
included

@ Complete hi-ti amplifier case
study

Prices for each of the two CD-ROMs above are:

TWO
APPLICATIONS

ON ONE

Virtual laboratory - sinusoids

by Mike Tooley

screen.

i 1[I Digiad Sratems

Virtual laboratory — Traffic Lights

oo
CIE D R

T e T TR
Gallery — Wideband Amplifier

DIGITAL ELECTRONICS

Digital Electronics builds on the knowledge of logic gates
covered in Electronic Circuits & Components (below), and
takes users through the subject of digital electronics up to
the operation and architecture of microprocessors. The
virtual laboratories allow users to operate many circuits on

FUNDAMENTALS

Fundamentals introduces the basics
of digital electronics including binary
and hexadecimal numbering
systems. ASCII. basic logic gates
and their operation, monostable
action and circuits, and bistables —
including JK and D-type flip-flops

COMBINATIONAL
LOGIC

Multiple gate circuits. equivalent logic
functions and specialised logic
functions such as majority

vote. parity checker. scrambler.

half and full adders. Includes

fully interactive virtual

laboratories for all

circuits.

SEQUENTIAL LOGIC

Introduces sequential logic
including clocks and clock circuitry.
counters, binary coded decimal
and shift registers.

DIGITAL SYSTEMS

A'D and D/A converters and
their parameters. tratfic ight
controllers. memories and
microprocessors — architecture.
bus systems and their anthmetic
logic units.

GALLERY

A catalogue of commonly used
IC schematics taken from the
74xx and 40xx series. Also
includes photographs of
common digital integrated
circuits and circuit technology.

Hobbyist/Student ..., £45 inc VAT
Institutional (Schools/HE/FE/Industry).............. £99 pius VAT
Institutional 10 user (Network Licence).......... £199 plus VAT

ELECTRONIC CIRCUITS & COMPONENTS
+ THE PARTS GALLERY by Mike Tooley

circuits. Passive Components: resistors. capacitors, inductors. transformers
Semiconductors: diodes, transistors, op.amps. logic gates. Passive Circuits . Active
Circuits

The Parts Gallery — many students have a good understanding of electronic theory but
still have difficulty in recognising the vast number of different types of electronic
components and symbols

The Parts Gallery helps overcome this problem: it will help students to recognise
common electronic components and their corresponding symbols in circuit diagrams
Selections on the disk include; Components ,Componeits Quiz, Symbols, Symbols
Quiz, Circuit Technology

Hobbyist/Student . . ........... ..o £34 inc VAT
Institutional (Schools/HE/FE/ndustry) ............... £89 plus VAT
Institutional 10 user (Network Licence) ........ ..... £169 plus VAT

Electronic Circuits & Components provides an introduction to the principles and application of the most common types of
electronic components and shows how they are used to form complete circuits The virtual laboratories, worked examples and
pre-designed circuits allow students to learn. experiment and check their understanding as they proceed through the sections on

the CD-ROM. Sections on the disk include: Fundamentals: units & multiples. electricity. electric circurts. aiternating
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Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker

Developed from John's EPE series. this highly acclaimed CD-ROM, together with the PICtutor experimental
and development board. will 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 future projects as
your programming skills develop. This interactive presentation uses the specially developed Virtual PIC
Simulator to show exactly what is happening as you run. or step through, a program. In this way the CD
provides the easiest and best ever introduction to the subject.

Nearly 40 Tutorials cover virtually every aspect of PIC programming in an easy to follow logical sequence.

HARDWARE

Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PICtutor
Development Kit, plus the ability to program and test your own PIC16x84s. really reinforces the lessons
learned. The hardware will also be an invaluable development and programming tool for future work once you
have mastered PIC software writing.

Two levels of PICtutor hardware are available — Standard and Deluxe. The Standard unit comes with a battery
holder. a reduced number of switches and no displays. This version will allow users to complete 25 of the 39
Tutorials.

The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery
holder), all switches for both PIC ports plus I.c.d. and 4-digit 7-segment l.e.d. displays. It allows users to
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM.

All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable
microcontroller.

PICtutor CD-ROM
Hobbyist/Student.............ccovmrieiiennrinienesistisecnenirennnns £45 inc. VAT
Institutional (Schools/HE/FE Industry) ............. ....£99 plus VAT
Institutional 10 user (Network Licence).................... £199 plus VAT
HARDWARE

Standard PICtutor Devetopment Kit ..ol £47 inc. VAT
Deluxe PICtutor Development Kit .... ....£99 plus VAT
Detuxe EXport Version ...........ceeeeeeieceecicenccninninnanes £96 plus VAT

Deluxe PICtutor Hardware (UK and EU customers add VAT at 17.5% to “plus VAT" prices)

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton | designing your circuit s

simply select your modules from the wide choice available.

Developed from Max Horsey's Teach-in series A Guide to Modular Circuit Design (EPE Nov read how they work and join them up to make your circuit
'95 to Aug '96). This highly acclaimed series presented a range of tried and tested analogue

and digital circuit modules, together with the knowledge to use and interface them. Thus 31T l ’

allowing anyone with a basic understanding of circuit symbols to design and build their own “u g fJ— N

projects. Lo:\ L u
Essential information for anyone undertaking GCSE or "A” level electronics or technology and M

for hobbyists who want to get to grips with project design. Over seventy different Input. o [ =
Processor and Qutput modules are illustrated and fully described, together with detailed ‘ "__. e | N
information on construction, fault finding and components, including circuit symbols, pinouts, inpat processor output
power supplies, decoupling etc. '
Single User Version £19.95 inc. VAT ": '30"(’ 1";’3(’, fg“’d, 1:5'9" Z C‘:CU"" Wg"_"‘:v'h"’; 'G:IC"G’"S ’;e’ﬁ
Multiple User Version £34 p lus VAT a:d :/l‘:r’:; pins dTg v{ma":g - :ndf:w Prestlgn ::GgSSEos‘:u:enl)

—_

A Web Browser is required for Modular Circuit Design — one 1s provided on the EPE CD-ROM No. 1 (see below) but most modern computers are supplied with one.

Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM,
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for PICtutor or Modular Circuit Design).

et Lt ittt el st el tgeoiiuisgysihduhyingbt e i a
: CD-ROM ORDER FORM | ORDERING
i Please send me: | ALL PRICES INCLUDE UK
: [0 Etectronic Circuits & Components +The Parts Gallery O Hobbyist/Student : POSTAGE
1 ] Analogue Electronics O Institutional l
E [] Digital Electronics [ Institutional 10 user ' Student/Single User/Standard Version
1 O PiCtutor ' price includes postage to most
i - . countries in the world
1 [J PiCtutor Development Kit — Standard t EU residents outside the UK add £5 for
i O PICtutor Development Kit — Deluxe [0 Deluxe Export ! airmail postage per order
| |
| ] Modular Circuit Design - Single User | OVERSEAS ORDERS: Institutional, Multiple
| O Modular Circuit Design - Multiple User i User and Deluxe Versions — overseas readers
! | add £5 to the basic price of each order for airmail
' FUl MaME: . . oo e ] postage (do not add VAT unless you live in an
1 . ) H EU country, then add 17':% VAT or provide your
: Yo Lo [ =73 : othc;l VAT registration number)
R 1 Send your order to:

. Direct Book Service
] .
P Ftost code: ................ Tel.No: ... ... ... ' 33 Gravel Hill, Merley, Wimborne
L SIGNAIUIE: . . . ] Dorset BH21 1RW
) . . | (Mail Order Only)
' ! enclose cheque/PQO in £ sterling payable to WIMBORNE PUBLISHING LTD for € . .............. ! Diredl Book Barvics e 3 division ot Wiiiiboms
| [0 Please charge my Visa/Mastercard: £ .. ............. Card expirydate: .................... ] Publishing Ltd. To order by phone ring
FCAM NO: .. i e e e ] 01202 881749. Fax: 01202 841692
1 . . | We cannot reply to overseas orders by Fax
) Please supply name and address of cardholder if different to the delivery address. 1 Goods are normally sent within seven doys
e e e o e o o o e - - - - - - - - - - - - - - - - - - - - - - - - - - -

Demos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Fiee with the November ‘98 issue) — send £2 for this CD-ROM if you require the demos.

For Modular Circuit Design demo send £6.95 for cut down version (£5 refunded if you buy full version). Minimum order for credit card payment is £5.
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' SPECIAL OFFERS
> .
New equipment
DT830B AG2601 MX800 Kenwood power supplies

Multimeter £12:86 £8.00 1MHz Audio gen £16158 £99.00 Multimeter £68:33 £39.00

from £95.00 .

AC and DC voltage

® AC & DC volts @ 10Hz-1MHz In 5 ranges ® PA18-1-2  0-18V 1-2A digital display £346-63 £95.00
® DC current to 10A @ Sine and square outputs ® AC and DC current to 20A PR18-3  0-18V 3A analogue display ~ £29963 £99 00
® Transistor test ® 6000hm output impedance ® Resistance to 2000Mohm PAC20-3  0-20V 3A digital display £217-38  £11900
® Diode test @ 240Vac mains operation @ Capacitance to 20.000uF PD18-10A 0-18V 10A analogue display £9+063  £32500
® Basic accuracy 0:5% ® Sync nput ® Complete with holster

® Twin analogue or digial displays

® Constant voltage & constant current modes

Ex-demonstration equipment
MO30 Grundig FG100 Grundi RLC100 Grundig RF1000 Grundig

20MHz Function gen £58+:63 £399.00 RLC meter £386:58 £275.00 RF millivoltmeter £476:88 £339.00

30MHz scope £466:83 £329.00

e

s

| . \. . ‘.";

® 30MHz bandwidth ® 0-5Hz to 20MHz range ® 0-5% accuracy ® 10kHz 1o 1GHz range

@® 2 channels ® 2 x 16 digit alphanumenc display ® 2x 16 digit alpha display ® 1MV to 10V ranges

® 8x 10cm screen ® Microprocessor self test ® Muicroprocessor self test @ Analogue recorder output

@ X andY modes ® RS232 interface ® RS232 interface ® -47dBm to +33dBm

® 5mV o 20V /div ® Frequency & output level display ® Resistance 1m ohm to 2M @ Average accuracy 3%

® 0-5us to 200ms ® Backitlcd @ Inductance 0-1uH to 200H @ Includes RF probe & insertion head
® Tiltcarrying handle @ Sine. square. tnangle & sawtooth ® Capacitance 0-1pF to 2mF complete with N-plug socket

Others including: UZ2400 2-4GHz Freq counter £386-58 £275.00 DM100 4-5 digit 0-05% bench multimeter £4+6-08 £295.00

Data sheets available as hard copies or on our web site and all equipment (new or ex-demo) is supplied with manuals, all accessories in original
manufacturers’ packaging and include a 1year guarantee. Ex-demo units are unmarked, in virtually new condition and and have generally only been
used once for exhibitions/demonstrations. Other new and ex-demo models for Grundig & Kenwood available.

Use this coupon for your order
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READOUT

John Becker addresses some
of the general points readers
have raised. Have you anything
interesting to say?

Drop us a line!

WIN A DIGITAL =
MULTIMETER

The DMT-1010 is a 32 digit pocket-

sized l.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 e
Digital Multimeter to the author of the
best Readout letter.

RE-FUELING FOR THOUGHT
Dear EPE.

| write with regard to the Fuel for Thought
letter in Readout April "99. Two years ago |
retired from the Motor Industry Research
Association (MIRA - http://www.mira.co.uk)
where 1 was employed as a Technician
Engineer. The letter(s) brought back some
memories of technicians” “*panic™’ solutions
when a fuel gauge was found to be faulty at the
last minute before testing:
® Use a dip stick -
screwdriver
® Drop an old goif ball in the tank — it will
rumble around when the fuel is low
@ Tie a fishing line to a golf ball and hang 3/4
way down into tank — it will hit the tank when
the level goes down by 3/4
® Fill the tank to the brim. zero trip meter and
drive 10 to 12 miles. Fill tank to brim again and
note the amount of fuel used. Zero trip meter
again. Calculate mileage for 3/4 of a tank, from
then on watch the mileage! (This is quite ac-
curate as long as the driver is not changed!)
® T a polythene tube into the fuel line
(before any fuel pump!) and use it as a sight
glass. The tube needs a restriction, like a
smaller diameter tube. near the *"T'" piece to
dampen fuel movement (the end of the tube
needs blanking when driving as carburation
will take place with vehicle movement and can
be very dangerous).

My proposed solution:
Principle: measure the “*head pressure’” of the
fuel in the tank
Method: Use a low pressure piezo transducer
(Maplin, RS. old engine management system),
“T'd" into the tank or fuel line. Low-pass-
filler the transducer output and use three
comparators/l.e.d.s (3/4, 1/2. 1/4 full). I assume

normally a long
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that when the tank is full and when it is empty
will be known to the driver!

I believe that | am correct in saying that
petrol is only 80 per cent the weight of water,
so the pressures we are talking of are not high.
At a depth of 300mm the pressure in water is
approximately 0-3psi. This will not work if the
fuel tank is pressurised. but is likely to be OK
on a motor cycle.

On another subject — | hope you do not mind
me criticising the **Next Month®" paragraph on
page 279 of the April '99 issue and written by
the American authors, but do they realise that
Europe. and most of the world, works in metric
and a lot of youngsters have great problems
in understanding the difference between old-
fashioned / niche and 25-umm?? Maybe they
could use a metric protractor too (ha, ha)?

I must say there is a lot of reading in EPE,
normally 1 get through mags in less than 30
minutes . . . Thanks and best regards.

Ivor Mantell,
via the Net

Are there no limits to readers’ levels of in-
genuity? A remarkable set of suggestions Ivor!
Thanks.

As to Metrics — in fact Max and Alvin are
both English. but like a lot us who are a
bit long in the tooth(!). they still work in
inches. In fact it's me '‘wot tvakes "a blvame
{avin'tit arl a blvading shyame?)” — we nor-
mally change Imperial measurements to metric,
or*quote both. On this occasion | didn’t, \and
no-one else spotted my misdemeanour!

And ves. folks. Ivor does say **1 niche and
25.umm’’! But rather than “‘protract’’ the
issue, I'll just comment that metric angles
would probably send us all off at a tangent (or
would they make us **radiant’"?)!

POWERING PhizzyB AND
SENDING 98
Dear EPE.

With respect to the hardware PhizzyB. is there
any reason for using a regulated 9V power
supply? Will an unregulated 12V supply which |
have to hand be OK given the use of the
LM340-TS voltage regulator?

Also. | thought you would like to know that |
have upgraded a |-year old Dell computer from
Win 95 to 98 and now somewhat regret it. In
particular, the &H378 TASM Send program |
use for programming PICs now does not work
from a DOS window. | have to re-boot the com-
puter into DOS mode to get it to work.

Thomas Walton (age 11),
via the Net

No. 12V would be too high (says Alan
Winstanley. who is our PhizzyB expert on the
UK side of the planet). The on-board regulator
is SV and it would tend to dissipate too much
heat because there is no room for a heatsink.
This won't damage the device because it will
thermally shut itself down. but it won't run very
well when, for example. all the 7-segment

displavs are in use, when current consumption is
highest.

Of the seven computers | use from time-to-
time. three are Dells and | speak highlv of them
and their manufacturer to anvone who cares to
listen. As | understand the comments about Win
98 that we receive here. it's having upgraded to
98 that is causing problems for many people. It
seems to be a problem caused by other software
already being on the svstem and which may
have changed an unknown variety of system
parameters. rather than due to anv specific
computer.

Those who are purchasing new machines with
98 already installed are. we understand. not
likely to experience the same difficulties. (I'm
not an expert on computer systems per se. so |
would welcome Readout input on this from those
who are.)

Knowing from several sources (including
Alan Winstanley) that Dell are very helpful, we
suggest that you contact them for advice. We
suspect that tryving to contact Microsoft directly
might result in lengthy waits before you can get
into their telephone queuing svstem (though an
E-mail might do the trick).

Evervday Practical Electronics/ETI, May 1999

PEEEEPEHEEMET!
Dear EPE,

| think that you should not be concemed
(Readout April '99) that a change of name
would lose you existing readers. It is the content
which matters and, with notification in preceding
issues, regular readers would readily recognise
the change.

Lee Elvin was right in his concurrent letter
that it is new readers whom you need to at-
tract, especially potential readers who are com-
ing of age. You acknowledged that electronics
hobbyist activity has declined since the 1980s
and presumably your takeover of ETI implies
that it is continuing to do so. And of recreational
activities it is not only hobby electronics which
is suffering from the draw of the goggle box
and the computer game, and the consequences of
depreciating educational standards.

Electronic engineering at its academic and
professional level is an esoteric discipline and
one requiring competence in advanced mathe-
matics, both well beyond the ken of all but a tiny
proportion of the populace. The great virtue of
“PEEEEPEHEEMETI™ is that it can inspire
those who have an incipient interest in the
applications of electronics to convert their inter-
est to practical purpose.

lee Elvin was also right in saying that a
simple name for your magazine is needed.
Whilst his Electronics might be too all-encom-
passing. a more specific name would be ap-
propriate. Practical Electronics would be fine:
but your integration of numerous past titles
declares a need for a new and easily-recog-
nisable name to accord with the magazine's
role.

Wireless World was a respected journal of
many decade’s vintage long before the
1970s/80s  splurge of amateur clectronics
magazines. It has had no trouble in changing to
Electronics World — which title | suggested to its
then publishers in a letter of 2 August '82. *

Jack Easthaugh,
Chesham, Bucks

Your further comments on the subject are
appreciated. Nonetheless. we feel very strongly
that people become loyal to a ““brand image’”
and could well respond negatively if that image
changes. In this context. | heavily regard our
Title as being a brand image. one which people
expect to see and have learned to trust. If images
have to be changed. my personal opinion is that
the change should be made subtly over time —
and this would rule out any significant name
change.

You quote one example of such a change and
1 cannot comment on what it has actuallv done
for the magazine, only its publishers can answer
that. but | could not support any change that
might put us at risk of losing an existing marke!.
Certainlv we need to attract new readers (and
we do so), but we need to have full regard to the
expectations of readers who have been with us
for far longer — some have been with us since we
first began (as EE) in 1971.

Having said that. | would also stress that we
do listen and respond to what people say about
us. We welcome letters such as yours which of-
fer considered opinions. We like hearing from
vou all!
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NO NEW THING
Dear EPE.

Bant Trepak's Mechanical Radio of April '99
prompts me to quote the Bible, “’There is no
new thing under the sun’’. During the 1939/45
War, aircraft whose duties carried them over the
sea camried inflalable dinghies whose kit in-
cluded a “*Gibson Girl’". This was a buoyant
yellow container with a handle on the top and a
waist so that it titted neatly between the legs of a
seated person; the shape inspired it's name.

Tuming the handle operated a generator
through a gear chain giving 12 volts for the
heaters and 400) volts for the anodes of a valved
radio transmitter. As the handle was tumed it
moved a set of cams which switched the
transmitter 1o provide a Morse distress signal.
After the War the generators were available on
the surplus market: | stiil have one.

In the 1950s, electronic flash was available
for amateurs at low cost but using expensive
90V or 180V dry batteries to charge electrolytic
capacitors which stored energy, about 25 joules,
for the flash tube, I found that the high voltage
output from the Gibson Girl generator charged
the capacitor with a few tumns of the handle. A
diode was necessary to prevent discharge caus-
ing the generator to motor, and a neon to indi-
cate operating voltage had been reached.

The high cost of the Bayliss radio is to a
large extent due to the use of an excellent Ten-
sator spring motor. These give constant power
as they unwind and were widely used in 8mm
cine cameras in the 1960s. However, the price of
electric motors dropped and hand power was re-
placed with battery power in these cameras.

Hand-powered torches can be obtained from
Bull Electrical. Regular squeezing of the handle
keeps a flywheel and coupled generator spin-
ning. so lighting a bulb; the output should power
a small radio.

Guy Selby-Lowndes,
Plaistow, Billingshurst

Fascinating! And could it be that the Gib-
son whose Girl it was. was Guy Gibson who (if
memory serves me right) was in charge on the
Dam Busters raids?

You have also reminded me of the mechani-
cal shaver my father used in the late "40slearly
'50s. It had a handle that caused the generation
of rotational power when squeezed. and used a

Jlvwheel for energy storage between squeezes.

MORE ON BASIC
Dear EPE,

| have noticed in the past few months that
people have been going on about what format
the software for some EPE programs should be
written in. [ think that a switch to Visual Basic
would be quite easy for yourself and the readers!

Visual Basic allows Windows programs to be
written easily and is very easy to pick up and
would allow readers to modify the programs to
suit their own needs. Books can be found online
and there are plenty of source codes and tutorials
available on the Web.

I am currently a sandwich student on Place-
ment and have been teaching myself Visual
Basic and Visual C+ + in preparation for get-
ting a job when I graduate. My degree might be
in Electrical & Electronic Engineering but 1 find
the computing side really enjoyable. including
the leaming curve that comes with leaming new
programming languages. I hope you think about
switching to Visual Basic.

Robin Smith,
via the Net

Yes indeed. and once you know one language
it becomes that much easier to learn others (this
is one of the many great things about Phiz-
zyB — teaches you programming techniques that
can be used almost anywhere. even when the
languagesidialects differ, the concepts remain
the samne.

POWERED START
Dear EPE,

Those who are well established in the field
of electronics find your constructional projects
quite interesting and worth building. This is
not the kind of feedback received from new-
comers to this wonderful world. Why not in-
clude projects that aid students in understanding
the basics of electronics?

A mains operated power supply unit would be
an excellent project for the student still trying to
grasp the functions and implications of rectifier
diodes. filter capacitors. etc.

Karl V. Grant, via the Net

Slightly tricky one this, Karl. Whilst many of
us started off having an interest in electronics by
learning that fuses can be blown. as a magazine
we have to be very aware that we do not en-
courage readers to blow themselves through the
misuse of mains electrical power.

You will have noticed that when publishing
mains-powered projects we always give warnings
about not attempting their construction unless the
constructors are suitably qualifiedlexperienced.
We go on to recommend that readers should
consult a qualified electrician if they are in any
doubt about their capabilities. It would be dif-
ficult. therefore. 1o publish a mains power supply
specifically for beginners.

We do publish power supplies from time 1o
time but they are not intended for construction
by beginners. even though we have no doubt that
some readers do not head our warning — that is
entirely at their own risk.

On subjects where mains safety is not an
issue. we frequently publish designs which are
ideal for beginners. Notable in this respect are
the Teach In series that we run everv couple of
vears — each series taking a different viewpoint
of elementary material. We are also about to
publish a series of “'Starter’ projects aimed at
beginners.

Forest Electronic Developments

Microchip PIC, ATMEL AVR & Scenix Develop_ment Support

PIC BASIC products - Modules and Compiler

Straightforward, capable, powerful, rapid development.

Operating within a Windows Development Environment our modules need no
assembler or UV eraser to program your PICs, and operate from a serial link
to your PC.

16C74 module features — 8k EEPROM, up to 2000 lines of BASIC, 27 lines
of programmable 1/0, 8 A/D inputs, User defined interrupt support, Interrupt
driven serial RS232 interface, Peripheral 12C bus interface, LCD display
driver routines. up 1o 178 bytes for variables and stack, extendible with
optional external RAM and all the standard 16C74 features. BASIC features
block structure 1-16 bit variables packed in RAM, functions, local variables,
arrays in RAM & EEPROM.

Download the development environment from our web site! 16C57
version still available - ask for details.

Scepix, PIC, & AVR Programmers
PIC Serial — Handles serially programmed PIC devices in a 40 pin
multi-width ZIF socket. 16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 12C508,
12C509, PIC 14000 etc. Also In-Circuit programming. Price: £45/kit,
£50/built & tested.
PIC Introductory - Programs 8 & 18 pin devices : 16C505, 16C55X, 16C61,
16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/9, 12C671/2 etc. £25/kit.
AVR - 1200,2313,4144,8515 in ZIF. Price : £40/kit £45 built & tested.
Scenix — SX18/5X28 in a 40 pin ZIF. Price: £40/kit £45 built & tested.

Programmers operate on PC serial interface. No hard to handle paraliel cable
swapping ! Programmers supplied with instructions, + Windows 3.1/95/98/NT
software. Upgrade Programmers free of charge from our web site!

NEW!! - PIC BASIC MICRO MODULE
Run 16C74 FED PIC BASIC on a module which is only 65x27mm and is
plug compatible with the 16C74 device
Uses Surface Mount techniques and includes power supply, serial interface
and oscillator. Operate as a standalone module, or plug the module as a
daughter card directly in place of a 16C74 into your application circuit.

BASIC COMPILER! - The FED PIC BASIC compiler for the 16C74. It
produces hex code to program your 16C74 directly with no need for external
EEPROM. Compatible with the EEPROM versions of PIC 16C74 BASIC
modules ~ develop on an EEPROM based module then compile and
program your PIC chips directly. .

PIC BASIC Micro-Module 4MHz - £35.00, 20MHz — £40.00

16C74 Module Kit (8k EEPROM, 4MHz) £35.00, Pre-built £42.00
16C74 Module Kit (8k EEPROM, 20MHz) £40.00, Pre-built £46.00
Compiler - £30.00

AVR, PIC, Scenix — Windows Development
Assembler/Simulator allows development of your AVR, PIC or Scenix
projects in one Windows program. incorporate muttiple files, view help file
information directly from code, edit within project, build/track errors directly in
source, then simulate. Simulator has many breakpoint types. follow code in
source window, set breakpoints in source. Run, single step, or step over.
Logic Analyser Display! Track variable values and trace for display on the
Trace Analyser. Input stimuli includes clocks, direct values and serial
data. Profiler — examine and time frequently called routines use the
information to optimise out bottle necks. PIC Version Simulates up to 50
times faster than MPSIM!

Cost £20.00. Specify PIC/Scenix or AVR version

AVR & PIC devices
PIC16C74/JW Erasable 20MHz £18.00 PIC16C558 £5.00
PIC16C74A-04P 4MHz £8.00 PIC16C74A-20P 20MHz £10.00
PIC16F84-04P 4MHz £6.00 PIC12C508-04P 4MHz £1.80
AVR - 8515 £8.00

,(} Forest Electronic Developments

60 Walkford Road. Christchurch, Dorset, BH23 5QG.
5 Email - **ronubbotig@edial. pipex.com
— Web Site -**http:/fdspace. dial.pipex.« om/robin.abbon/FED

01425-274068 (Voice/Fax)

Prices are fully inclusive, Add £3.00 for
P&P and handling to each order.
Cheques/POs payable to Forest Electronic
Developments. or phone with credit card
details.

EUROCARO
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Constructional Project _

PIC TOOLKIT Mk2

JOHN BECKER

- Part One ———

How to improve your PIC programming options
/n a Flash, and it's a real pleasure to use/

ICROCHIP'S new PICI6F87x
M series of Flash EEPROM micro-

controllers offer greater program
capacity and more facilities than the
familiar PIC16x84 series. The latter,
though, will still find a plethora of uses
in less-demanding circuits where the
greater sophistication of the '87s is not
required. There are roles for both
families.

Consequently, the PIC16x84 Toolkit of
July '98 has been upgraded to make it
compatible with both the ‘84 and the '87.
The printed circuit board has been
redesigned to accept the 18-pin '84s and
the 28/40-pin '87s. The power supply
control has been redesigned to remove
the need for a regulated 12V/14V PSU -
the MK2 will run from any d.c. supply of
between 5V and 20V (at around 10mA).
The PC interface 1/O lines have been
buffered for greater stability.

Additionally, the controlling software
has been considerably enhanced in a
number of ways, offering more functions
than the Mk1 version.

Whilst Toolkit can be used entirely as
a stand-alone design, it can also be inter-
faced with the PIC Tutorial (Mar-May
'98) and the PICtutor (CD-ROM) devel-
opment boards, as discussed later.

The Mk2 Toolkit has the same basic
options as the Mk1:
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TPE PICI6xB4/P IC16PB7x PROGRAMNING TOOLKIT U2.0

@® Configure PIC

@® Program PIC with TASM .OBJ

@® Program PIC with MPASM .HEX

® Translate MPASM .HEX to TASM
.OBJ

® Translate TASM .OBJ to MPASM
.HEX

@ Disassemble PIC to TASM .OBJ

@® Disassemble PIC to MPASM HEX

@® Translate TASM .ASM 10 MPASM
.ASM

@® Translate MPASM .ASM to TASM
.ASM

It also has the following additional
options:

® Assemble TASM .ASM to .OBJ -
totally replacing the need for a TASM
shareware Assembler and its associat-
ed Send programs

@® Dircctory paths display/change —
eliminating any need to make changes
to the Basic program (as required by
Mk1)

@® Directory display/select — displays
file directories of choice, and allows
automatic loading of selected file for
_use in any main program option

@ Setup function allows PC ports 10 be
tested and selected, and the PC’s abil-
ity/inability to read (for PIC
verify/disassemble) from its selected
port established
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The main menu for the Toolkit Mk2.
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@® Load/read data to/from the PIC's
internal EEPROM data memory

@ Direct access to and return from DOS

EDIT for editing any text files (ASM

source code files, for example).

This software is far more sophisticated
than the Mk1 and is supplied as a suite of
four chained programs which call each
other as required without the user’s inter-
vention. It can be run in QBasic,
QuickBASIC, or as a stand-alone (.EXE)
program without any need for a Basic
controller.

By design, the software can also con-
trol Toolkit Mk 1 without modification.

The full suite of programs may be run
under DOS mode or Windows 3.1 or
Windows 95. It is likely to run under
Windows 98 though this has not been
tested. The author has run it on several
desk-top computers with a range of
processor types, including '386. '486 and
Pentium. Additionally, the software has
been accessed and run via the P/Crutor
CD-ROM package. All-in-all it is very
comprehensive in its facilities.

Abqut 350K bytes of hard disk space
are required.

It seems likely that other PICS which
use 14-bit instructions (as do the '84s and
'87s) could also be programmed using
Toolkit, although this has not been tested
and readers should check the PIC data
sheets for themselves. Such devices
might include: 16C54. 16C56, 16C58,
16C62, 16C71, 16C72, 16C74. (Note
that some PICs use 12-bit and 16-bit
instructions and are not suitable for
Toolkit's programming software.)

WHY A TOOLKIT?

In answer to the occasional question
from readers, “Why do | need PIC
Toolkit if [I've already got PIC
Tutorial/Tutor?”" — because it makes life
even easier!

The assembly and PIC loading pro-
grams (TASM and Send) used with
PICtutor and PIC Tutorial (from hereon
jointly referred to as PIC Tulor unless
stated otherwise) were those which we
originally published with Derren
Crome’s Simple PIC16C84 Programmer
of Feb '96.

As such, the hardware had to be
switched to apply +12V to the PIC’s
MCLR pin in programming mode, and to
apply OV to the same pin in order to reset
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the PIC. In normal running mode +5V is
applied to that pin. Additionally, it had
been found disadvantageous to have the
computer’'s DAO/DAI1 lines connected to
the PIC at the same time that the PIC's
RB6/RB7 pins were also connected to
any development circuit.

Consequently, in PIC Tutor, two addi-
tional changeover switches were includ-
ed to prevent this joint interconnection.
This meant that four switches had to be
manually operated before and after pro-
gramming a PIC. No great problem in
itself, but becoming a bit tedious when
frequent programming was called for.

One main purpose of Toolkit is to
have the computer perform all the
switching needed via control lines and a

multiplexing chip,
completely remov-
ing the need for
manual switching.
The original Send
program did not
include facilities to
do this, and the pro-
gramming software
for Toolkit was
written to perform
this operation and
to replace Send.

Secondly, there
are several PIC
assembly programs
available on the gen-
eral market, two of
which are TASM and
MPASM. TASM is a
shareware general-
purpose assembler to
which PIC16x84 assembly facilities had
been added on behalf of EPE. but which
requires a registration fee to be paid to its
designers if used beyond an evaluation
period. MPASM is the assembly software
available from Microchip (the PIC's man-
ufacturers) and intended for use with their
MPLAB hardware. Both TASM and
MPASM are variously used by contribu-
tors to EPE and they are not mutually
compatible.

For a start, although the two assem-
blers have much in common. the “‘gram-
mar” used by each is not quite the same,
different literal-value representations in
particular being used. plus other subtle
differences in command statements.

Secondly, TASM assembles the source

code into a simple sequential binary code
format, whilst MPASM assembles it into a
complex hexadecimal format complete
with checksum validation codes inter-
spersed between the required program
codes. Although TASM can be told to gen-
erate a similar hex code output, the order
of the individual MSBs and LSBs (Most
and Least Significant Bytes) is reversed.

The upshot is that neither TASM (and
Send) nor MPASM can make use of the
other’s files. This eventually became a
problem to readers who already had one
of the assemblers and wanted to make
use of the other’s program files. As a
result, Toolkit's software was written to
provide automatic translation between
the two formats to suit readers’ needs.

Additionally, Toolkit was given the
facility to read back program data
already in a PIC16x84, allowing verifica-
tion that the PIC had correctly received
the data, and allowing program code
within a PIC16x84 to be disassembled to
a source code text file.

In other words, Toolkit Mk1 was intro-
duced to add more (and easier) facilities
which would be of benefit to PIC-users
who were using TASM or MPASM. with
or without PIC Tutor.

As you will have seen from the func-
tions listed in the introduction, Toolkit
Mk2 offers even more facilities than
MKk already offers. TASM and MPASM
inter-translation is retained and source
code can be written in either format. The
emphasis of this article, though., is placed
on TASM grammar, even though TASM
itself is no longer used as the assembler
program. The author finds the TASM
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Fig.1. Main circuit diagram for the PIC Toolkit Mk2 programmer.
Evervday Practical Electronics/ETI, May 1999
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format somewhat easier to use and
prefers to write his code in that format.

The use of the various functions
offered by Toolkit Mk2 will be discussed
as we progress, but first let’s describe its
basic hardware.

BASIC BOARD
FUNCTIONS

In keeping with the original Mk, and
for use with the PIC16x84 when in situ,
the printed circuit board includes a
crystal oscillator and terminal pin
connections so that it can be used as an
elementary test bed. The pins are
arranged so that an alphanumeric liquid
crystal display (l.c.d.) can be plugged
straight in. A contrast control preset is
included on the p.c.b. (not shown in the
circuit diagram).

The lc.d. pins on the Toolkit Mk2
board are in the same order as those used
on the PIC Tutor boards (original and
CD-ROM versions). Consequently, the
l.c.d. modules (and l.c.d. software)
already used with those boards can be
used with Toolkit Mk2.

It was felt, though, that the complexity
of the '87s precluded the use of the Mk2
board as a test bed for them. Con-
sequently, no terminal pin connections
for the '87s are included on the board.
There are, though, two programming
techniques available.

One is that the '87s can be pro-
grammed on the Mk2 board and then
transferred to the board that is being
assembled for a specific project and for
which the software is already provided.

Alternatively, to facilitate prototype
development, the three principal lines
required for programming the PICs
(RB6, RB7 and MCLR) have output pins
from which connecting wires can be
taken to any prototype board, so that any
of the '84 or '87 PICs can be programmed
in situ where they are being used. The
devices don’t actually have to be plugged
into the Mk2 board.

CIRCUIT DESCRIPTION

The main circuit diagram details for
the PIC Toolkit Mk2 programmer are
shown in Fig.1. IC2 and IC3 represent
the power and programming connections
for the PIC16x84 and PIC16F87x fami-
lies respectively. Apart from the power
supply connections, only three wires are
needed between a PIC and the computer
used to program it.

The data to be loaded into the PIC is
supplied to its RB7 pin. A clocking sig-
nal goes to pin RB6 and the program-
ming/running/reset voltage is applied to
pin MCLR (master clear). Note that there
are two sets of pin numbers shown for
1C3. Those within brackets are for the
PICI6F873 and '876 (28-pin devices):
those outside brackets are for the
PIC16F874 and '877 (40-pin devices).
Their pinouts are shown in Fig.2.

There are two devices that separate the
PICs from the computer connections,
ICS and IC6. The computer is coupled to
the circuit via socket SKI, using an
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RB3 E 10 | RBa
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re1]22]
reo [21]
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[+ }osczcikour Ros [27]
[E RCO RC7 E]
[ ret res [25]
[7]re2 Res 4]
[E RC3 RC4 E
19 | RDO A3 [22]
20 | RD1 o2 [21

PIC16F874 AND 877

Fig.2. Pinouts for the PIC16x84 and
PIC16F87x families. The widths are not
to scale.

ordinary (Centronics) printer cable
connected to the computer's parallel
printer port. The computer lines being
input to Toolkit are buffered by resistors
R1 to R4 and non-inverting buffer gates
IC5a to IC5d. whilst ICSe buffers
Toolkit’s single output back to the
computer (IC5f is not used).

The resistors provide protection to the
computer’s output lines when Toolkit is
unpowered. It was not felt desirable to
resistively protect Toolkit's output
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connection to the computer since the lat-
ter might have pull-up/down biasing
which could be affected by any interme-
diate resistor.

Resistors RS to R8 bias IC5’s inputs to
0V when Toolkit is not connected to a
computer.

Tri-state bidirectional multiplexer 1C6
routes the PIC's RB6/RB7 and MCLR
control according to whether the PIC is
being written to/from or is actively con-
trolling a prototype development circuit
(replacing switches S1. 83 and §4 in PIC
Tutor).

Programming/read mode is set by tak-
ing computer line DA4 high (logic 1).
This sets 1C6 to its secondary routing
configuration in which inputs X1, Y1 and
Z1 are routed to outputs X, Y and Z
respectively. This allows data lines DAO
and DAl (data and clock signals) to
reach PIC pins RB7 and RB6.

With DA4 high, 1C6 disconnects RB7
and RB6 from any development circuit
that is connected to its YO/ZO pins via
paths RB7 OUT and RB6 OUT. When
DA4 is low, these paths are re-instated
and the DAO and DA lines are isolated
from the PIC.

VOLTAGE CONVERTER

We now come to a significant differ-
ence between Toolkit Mk2 and its prede-
cessors (Toolkit Mkl. PIC Tutor. Simple
PIC16C84 Programmer). The latter all
require an external +12V (to +14V) d.c.
supply to be used during programming
mode. In itself this is no great problem,
but there is a more versatile option.’

The PIC only requires +12V on its -
MCLR pin while it is being programmed
or data read back from it. During normal
running, +5V is applied to this pin. This
dual requirement necessitates switching
between the two voltages. In Toolkit
Mk1 this was achieved by using line
DA4 to switch a configuration of two
transistors on or off (the other mentioned
circuits used switches).

For Mk2, a more elegant solution is
used — a device specifically designed to
provide either +5V or +12V depending
on the status of a controlling pin. The
device is shown in Fig.1 as IC1 and is a
readily-available ~ Maxim  product,
MAXG662A. It is described as a +12V
30mA Flash Memory Programming
Supply device.

Its SHDN pin is internally biased to be
normally held high, in which situation
output pin VOUT is held at +5V. When
SHDN is taken low, IC1 uses an internal
oscillator to generate +12V from the
+5V supply line. Charge-pump capaci-
tors Cl and C2 set the oscillator’s fre-
quency and output current availability.

Although the maximum rated output
current is stated as 30mA, in practice the
author has noted that a saw-tooth ripple
occurs on the output. rising in peak-to-
peak value with increasing current being
drawn.

With this mind, in some instances it
might be preferable to omit the le.d.
from the PIC Tutor board if Toolkit is
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connected to it (to reduce the current
required from the MAX662A in its 12V
mode), although the author has not expe-
rienced any problems through leaving
that l.e.d. in place.

The great advantage of using a step-up
voltage converter is that Toolkit can be
supplied from a d.c. power source other
than a regulated +12V d.c. supply, as
discussed later.

CONTROLLING MCLR

With computer line DA4 normally
low, ICl outputs +5V to the PIC's
MCLR pin. The route to IC1’s SHDN pin
is via IC6 path X0/X, which couples the
pin to the +5V power line (even though
the pin has internal positive biasing, it
was no problem to provide the +5V
connection).

When line DA4 is taken high, the
SHDN pin is taken low via IC6 path
X1/X and IC1 outputs the required +12V.
The status of DA4 is shown on l.e.d. DI,
which is controlled by IC5d. When DA4
is high, DI is tumed on via ballast
resistor R13.

A third control voltage level is needed
for the MCLR pin. It needs to be taken
low (OV) when the PIC has to be reset.
Regrettably, the MAX662A is not capa-
ble of having its output set to OV via a
control pin. Consequently, the reset level
is taken low by the same technique used
in Toolkit Mk .

Resistor R12 is placed in series with
IC1's output and MCLR. To MCLR is
connected transistor TRI1, which is con-
trolled by line DA3 via buffer IC5c, plus
resistors R3 and R11. With DA3 low, TR1
is turned off and MCLR will be at either
+12V or +5V, depending on DA4’s status.

When DA3 is taken high, TR1 is turned
on and MCLR is taken low, R12 prevent-
ing conflict with the output from ICI1.

You will see that switch S1 has also
been included across TR1. This has noth-
ing at all to do with programming PICs.
It is merely there to allow the PIC to be
reset when it is in running mode as part
of an attached prototype development
board — a convenience the author finds
useful from time to time.

POWER SUPPLY

A wide range of power supply voltages
can be used with Toolkit Mk2. With reg-
ulator IC4 in circuit, the supply can be
between about 7V and the maximum
limits that this device can handle — typ-
ically up to about 20V.

The maximum voltage, though, also
depends on the current being drawn
though IC4. The maximum current IC4
(a 78L0S) can supply is 100mA, but the
wattage dissipated must also be taken
into account — if it gets too hot it will
shut down.

With Toolkit used independently (not
attached to P/C Tutor or other circuits)
and with a PIC16F84 inserted, the proto-
type currents drawn were:

4-5mA in run mode
8mA in program mode with Reset off
47mA in program mode with Reset on
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just an l.c.d. connect- ov -
ed to the board. o

The other power

source option is to

use a directly-input
regulated supply of
5V, omitting IC4 entirely. This is partic-
ular viable if Toolkit is used with a PIC
Tutor board, since the 5V supply can be
tapped directly from it, and take advan-
tage of the 1A capability of its SV
regulator.

Do not feed any other voltage into the
direct +5V input — the use of a 6V bat-
tery supply, for example, is strictly not
allowed (unless fed in via a 1N400l
rectifier to reduce it by 0-7V). Regard
all i.c.s as having an absolute mini-
mum/maximum positive voltage range of
4.5V to 5-5V.

CRYSTAL OPTION

As said earlier, Toolkit Mk2 can be
used as a simple “test bed” when used
with a PIC16x84. The circuit diagram for
these options is given in Fig.3.

Here a crystal oscillator is shown,
comprised of crystal X1 and two capaci-
tors, C7 and C8. The crystal frequency is
stated as 3-2768MHz, as this is a conve-
nient frequency from which to derive
real-time clock timings in seconds, min-
utes and hours. Other crystal frequencies
may be used, though, up to I0MHz (pro-
vided the 10MHz version of the '84 is
used and correctly configured).

The connections in the outline box to
the right of the PIC are terminal pins on
the p.c.b. for use as connections to other
circuits, including the 1.c.d. module previ-
ously referred to. (In fact, on the p.c.b.,
two terminal pins for each of RBO to RB7
are provided, allowing the direct plug-in
of the l.c.d. while still leaving access to
terminal pins for other use. Details of typ-
ical Lc.d. pin connections are shown in
various earlier EPE projects, including
PIC Tutorial Part 3 (May '98).

PIC PINOUTS

It is not the intention of this article to
discuss the detailed operation of the '84
and '87 PICs. PIC Tutor covers the for-
mer in extensive detail. Microchip’s data
sheet should be obtained for the intimate
details of the '87 family.

Nonetheless, it is appropriate to show
the pinouts of both families, as we do in
Fig.2.

Be aware that only the simple pin

Fig.3. Oscillator option for the PIC16x84.

Resistors
R1 to R4,
R9, R10, )
R12 1k (7 off)
rstors 100k (4 of) TALK
R11 10k page

R13 470Q
All 0-25W 5% carbon film or better.

Potentiometer

See

VR1 10k preset, min. round

(see text)
Capacitors

C1,C2 220n min. ceramic disc
(2 off)

C3.C5 4u7 axial elect. 16V
(2 off)

C4,C6 100n min. ceramic disc
(2 off)

C7.C8 10p polystyrene or
ceramic (2 off)
(see text)

Semiconductors

D1 | red l.e.d

TR1 BC549 npn transistor

IC1 MAX662A +12V 30mA
Flash memory
programming supply

IC2 PIC16x84 microcontroller
(see text)

IC3 PIC16F87x
microcontroller
(see text)

IC4 78L05 +5V 100mA
regulator (see text)

IC5 4050 non-inverting hex
buffer

IC6 4053 triple 2-channel

analogue multiplexer
Miscellaneous

S1 s.p. pushswitch, p.c.b.
mounting
SK1 36-way Centronics female

parallel printer
connector, p.c.b.
mounting

X1 3:2768MHz crystal

(see text)

Printed circuit board, available from
the EPE PCB Service, code 227; 8-pin
d.i.l. socket (2 off); 16-pin d.i.l. socket (2
off); d.i.l. or s.i.l. sockets for IC2 and IC3
(see text); p.c.b. supports (4 off); con-

necting wire; solder, etc.

(excl. microcontrollers)

Approx. Cost
Guidance Only
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names have been given — many of the
pins have multiple functions that they
can be programmed to perform. It is
essential to read the appropriate sheet to

derstand th s Resources sec- ° g ' o
:Jir(;nela[tern)‘ them (see the Resources sec a 8 aQ_ ‘\/I %88?
CONSTRUCTION ° 1S o—0

0

Right then, so that’s the basic outline

finished with. We can now get into build-

ing the little rascal — as PhizzyB friend
“Max’" Maxfield might say!

Full details of the printed circuit board
component and track layouts are shown

P o ¢
g'\§ o2
in Fig.4. This board is available from the 2 P o .
EPE PCB Service, code 227. o KXF
Note that IC4 must be omitted if o\ -] e a ! g& \
Toolkit is to be powered from a regulated S lo
5V source, such as from PIC Tutor. (In o o I
which case capacitor C6 can be omitted ==
t00.) c o 8 |
Additionally, resistors R9 and R10 ~ v
must be replaced by link wires if Toolkit Y ‘|‘
is to be connected to PIC Tutor. Failure Q Q o

to do so will result in incorrect voltage
levels being applied to the DA6 and DA7
pins of the PIC on the PIC Tutar board.

Assemble the Toolkit Mk2 board in 0000000000y 900000I0 !} 2_7011
L*]

order of link wires first (note that one is 0000 00000}0 )

under the IC6 socket position), and then i

the rest of the components in ascending 60 FO 0000000—0 0
order of size. Especially note the correct ] 00000000Q0009000000C ]

orientation of the semiconductors, elec-
trolytic capacitors and switch S1. Do not
insert any of the dual-in-line i.c.s into
their sockets until after preliminary test-
ing has been carried out (you'll be told

when). ¢ TTTEFSTRVEY ] 3. @

A special note on the use of sockets for sasss JA!_LQ:!%J sebe
IC2 and IC3 (the PIC sockets): ideally a [ —
ZIF (zero insertion force) socket should \  iitll s
be used for IC2. allhough it can be an L'm"""m'm >. ';
ordinary socket if funds don’t run to
ZIFs. \ B ) 2

Now, on ZIFs, an 18-pin version is ’“‘@ $ra§8225808 §3323:¢2
available and can be used for IC2. €900000cerer s8900e
However, it is more expensive (for some T4 sdobedee
odd reason) than a universal 24-pin ZIF. — oz ——
Consequently, provision has been made i £o FTTTTTITT VT RN
on the board for either version to be used - - @ | tl&&!!mﬂ!.:
(hence the two outlines shown for IC2). - - et O

It's up to you whether you solder the - TeTER I
ZIF in place, or use an ordinary socket > - . "@ T SESETEEEEEES
and then plug the ZIF into it when need- ¢ = { :"‘:ib = _
ed (the 18-pin ZIF is a bit difficult in this : s -4 1) -t
respect since its pins have been found to - =i .h’i: — — e
be thicker than those on the 24-pin). b i :3»2 B "“_}_ﬁ-:u

I’s worth noting, however, that if e ;: 8%!! T —
Toolkit is to be connected permanently to . - i | 4 O | B3 =
a PIC Tutor board, the socket for N » ki 4 uci}. 2
Toolkit’s IC2 is likely to be seldom used % e g «
and an ordinary d.i.l. socket will proba- @ I PYYTY

52 vt

bly prove satisfactory (or even unneces- _
sary), have a think about it.

ZIF sockets for IC3 are much more
expensive still and it seemed inappropri-
ate to even think about using them. Thus
the board has been designed for ordinary
d.i.l. 28-pin and 40-pin sockets to be
nested in the same location.

The 28-pin socket is made up from a
20-pin and an 8-pin (narrow, 0.3-inch)
d.i.l. socket. The 40-pin (broad, 0.6-
inch) is made from two 20-pin s.i.l.
(single-in-line) strips. A 40-pin d.i.l. Fig.4. Component and full size track master pattern layouts for PIC Toolkit Mk2.

t
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TOOLKITMK 2PC 8B

Fig.5. Optional connections between Toolkit Mk2 and the PIC Tutorial and PICtutor boards.

socket could be used if its cross struts
are removed.

Since only a few of the IC3 position
pads are actually used. you might consider
using s.i.l. strip sections soldered only into
those p.c.b. holes. It seems that this would
actually make insertion and removal of an
IC3 PIC a bit easier (this was only thought
of after the prototype had been built. It has
not been put to the test!).

At the bottom right of the p.c.b. is
shown an additional 8-pin socket. It is
from this socket that power and program-
ming connections could be made to a
prototype development board. Solder its
connecting wires into another 8-pin d.i.l.
socket and plug it into Toolkit's 8-pinner.
Alternatively. you could just solder the
connecting wires to the correct terminal
pins on the board.

PIC TUTOR
CONNECTIONS

This brings us to using Toolkit with
either of the two versions of the PICtutor
board.

Details of the connections to the PIC
Tutorial board published in March 98
are shown in Fig.5. This board uses a 4-
switch module for S1 to S4 and this
should be removed. Then solder the
Toolkit connections to the trackside of
the PIC Tutorial board (noting that Fig.5
shows them from the component side).

Connections to the board for the CD-
ROM based PICtutor are also shown in
Fig.5. With this board, ditferent switch
types and positioning were used. The
switches for this board should be left in
position. Note that switch S1 must
remain permanently Off (up), while S3
and S4 must be set permanently On
(down). The connections are again made
to the trackside of the board.:

Beware that you make these connec-
tions to the commercially manufac-
tured and assembled Tutorial boards
entirely at your own risk - their guar-
antees are invalidated by such action.

The OV connection to this board (CD-

374
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Toolkit Mk2 connected to the PICtutor board.

ROM PICtutor) may be connected to the
0V terminal of the on-board power input
connector. The +5V connection should
be soldered to the +5V (Out) pin of
PICtutor’s regulator IC2, preferably on
the track side.

As an alternative, you could retain
Toolkit’s IC4 and C6 and take the +12V
connection from (CD-ROM) PICtutor’s
power input connector to the +12V pin
on Toolkit. Do not connect this +12V
supply to any other Toolkit pin!

For workbench convenience, it is
preferable to keep the interconnecting
wires short-ish (see photograph),
although the author has often had pro-
gramming connection leads of as long as
a metre without experiencing problems.

Note that the program sending aspect of
the Toolkit Mk2 software can be used
directly with either of the Tutor p.c.b.s.,
without them being connected to the

Toolkit p.c.b., just plugging the computer
connector into the 7utor board as normal.

Trackside detail of the Plctutor board
connections to Tookit.
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However, there is no screen advice
given about when the Tutor board
switches S| to S4 should be used. You
must remember to use them in the order
discussed in the Tutor text when you are
asked if you want to Process this

QuickBASIC on your
computer.

(The author’s origi-
nal .BAS source code
files — in text fashion
— are also on the same

AND SET QUTPUT PORT REGISTER
fenove PIC (rom socket, Switch on Toolkit §
\'1. 1-5, vote expected output response
(G-DRt) shows the seme resull. If
.rr( reqister address - there are thr
s bees n)und fusually with regist

wenene SETUP EPE PILlhrﬂ! PICI6FETx PROGRARIING TOOLKIT 2.0 wenwss
11

Program. disk for the benefit of oy b 1-5 ohseree screen
. . . 0 oy O when isa
Carry out the switching procedure and those who wish 1o £ read dota from a PIC (cannot. ver

examine them re |ike this, bat can still progren a F

through a text editor '
(c.g. EDIT) or s
QuickBASIC/
QBasic. Unless you

really know about L R—

then press <Enter>. When advised that
the sending is complete. again use the
switches to terminate programming.
Verification and disassembly are never
available when the PIC Tutor boards are
used on their own without the Toolkit
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TEITNMEERS @ DAl DAZ DA W
" xS 2 1 5 [»
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FORT REGISTE

» UERIFYI™

p.c.b. connected. irrespective of your
computer’s ability to actually read from
its printer port.

COMPUTER LEAD

It is strongly recommended that a
proper ready-made printer connecting
cable (normal — Centronics) with integral
connectors is used to couple Toolkit to
the computer.

It is. though, permissible to make your
own simpler connecting lead. referring to
Fig.6 for the pins involved.

Here now, we must reiterate the cor-
rection we previously published to Fig.7
of Toolkit Mkl which showed the use of
printer port pin 11 instcad of the correct
pin 10 (as now shown in Toolkit MKk2's
Fig.6). The error was compounded by
both the text and the drawing referring to
the computer’s Busy line being used to
read data from the PIC. In fact. the term
Acknowledge should have been used
instcad of Busy and. as some readers
pointed out. Busy is on pin 11, and Ack
is on pin 10.

We now categorically re-state that both
versions of PIC Toolkit use Acknowledge
on pin 10 and the software for both is
written to read pin 10 via its respective

port register. Contrary to the assertion of

a few readers. there are no errors on
the Mk1 p.c.b.

PRINTER PORT PLUG
(VIEWED FROM REAR)

65 32
\ooooooooooqmo
0 0]O O O O]ojo Ofojo
\_ ACK
DAQ ) |
DA1
(GND) DA3 ALTERNATIVE
I PRINTER PORT
DM CONNECTIONS

‘#ﬂi DR

| PIC TOOLKIT PCB
—

Fig.6. Alternative connections between
Toolkit Mk2 and the computer.

SOFTWARE LOADING
Software for Toolkit MKk2 is available
on 3.5-inch disk and from the EPE web
site (sec later). Although originally writ-
ten in QuickBASIC, it has been compiled
as an independent suite of programs
(.EXE) that run without the need to have

writing such .BAS
programs, do not try
to amend or run them.
If you do run them.
you will need to do so
from the same directo-

The setup screen. It is interactive and allows you to fully

ry in which your Basic check the connections between the computer and Toolkit,
resides and amend the and ascertain if the port allows data to be read back.

TK.BAT file creation
in TKSET06.BAS accordingly.

The stand-alone (.EXE) files are
installed into directory C:\PIC which, if
it does not exist already. is created auto-
matically by the installation routine. All
operations within Toolkit depend on this
directory as being the “home ™ director)y
and no other can be used.

The recommended installation is
intended to be done with the disk in
Drive A, and the operating system in
DOS mode. If you are already in
Windows, exit from it back to the MS-
DOS prompt (via Program Manager for
Win 3.1 or the Shutdown facility for Win
95). The DOS prompt is likely to look
like C:\> or C:A\WINDOWSs. From this
prompt type A: to enter Drive A.

Now type TKINSTAL. This auto-
installation routine creates the C:\PIC
directory (if necessary) and copies the
relevant files into it. Once that has been
done, the installation routine calls.the
main program (TKMAIN02).

At this point (and for reasons
unknown) the instruction “Hit any key to
return to SYSTEM™ might appear. Do as
it says and hit any key.

On entry, TKMAINO2 checks
whether file C:APIC\TKFACTS. TXT
exists. If the answer is false. the software
assumes that it has not been run on this
computer before. and calls up (Chains to)
the Setup program TKSETO06.

Many functions are performed by this
program. For starters, an opening screen
welcomes you and describes what takes
place next. The first of these actions
occurs via the next screen and asks you
to press various keyboard keys and check
what voltage readings (using a multime-
ter) are ohtained on various parts of the

Toolkit board (and PIC Tutor board if

connected). Toolkit must, of course, be
connected to the computer and to a suit-
able power supply. Any PIC in Toolkit or
PIC Tutor should be removed before the
power is switched on.

PORT TESTING

Now, it’s possible that your computer
may .not have its printer port register sct
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to 0378 hex (as many consider to be the
norm). it may be set to 0278 or 03BC
hex. Initially. the Toolkit software is set
to output via the 0378 register. You will
only get the correct responses from the
DAO to DA4 pins if this is the register
address set into the computer.

If you get no response. press P (for
port) to change the register being exam-
ined by the software to 0278, and try
again. If still no response. again press P
to change to 03BC. A third press of P
will return you to 0378.

If none of the register values produce
the correct voltage reading on your
meter. thoroughly recheck the connec-
tions between the computer and Toolkit.

Once you have found the register that
produces a response, do not press P again.

During this process, the software
assesses whether, with DA4 high, the
logic on DAO is readable via the ACK
line. If at least five matches occur in
sequence. it is assumed that the ACK pin
can be read. The computer now beeps at
you and an asterisked statement informs
that Veritying is OK on that port.

If this statement refuses to appear,
even though your voltage readings show
that you are on the correct register, then
your computer cannot read the data on
pin 10. Regretfully. this means that it can
neither verify nor disassemble from a
PIC. It will be able to program the PIC.
though. if you've found the correct
responses through the meter readings.

When the beep occurs, or when you
find that it's not going to. press <Enter>
to continue the setting up.

Incidentally, it is permissible to run
Setup with a PIC in the socket. You must
ensure, though, that one of the earliest
keys you press is that which resets the
PIC. Failure to do so could result in
incorrect responses from the output line
back to the computer. and its ability to
read back not recognised by Toolkit's
software.

FILES SETUP

Stage two of setting up involves the
creation of many files which are called
periodically by the various routines.
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Amongst them are some test files (ASM
and .MSG).

All these files are created within the
C:\PIC directory and are prefixed by the
letters “TK™, e.g. TKTEST1.ASM.

This stage of setting up is very quick,
the author’s various computers taking
between about two and four seconds.
When the screen tells you it’s complete,
pressing any key returns you to program
TKMAINO2, which now displays the
main menu of options available.

Each option is prefixed by a number or
letter, and pressing that key selects that
option. Alongside many of the options is a
list of default file names. You will see, for
example, alongside “A Assemble TASM
Text To Binary”, the default is
C:\PIC\TKTEST1.ASM. others have the
statement NONE YET. The latter will be
updated in due course, depending on what
other actions are subsequently taken.

If the port test has revealed that the
computer cannot read data from Toolkit,
three options will be “greyed™ and the
word Unavailable will be shown in the
default column. It means what it says —
you cannot access these functions, nor
will the software try to verify code that
has been sent to the PIC.

In writing this software, much empha-
sis has been placed on its ease of use, and
where possible default choices are
offered which merely require the press-
ing of a single key (frequently just the
<Enter> key). Also. default file names
are kept updated to suit circumstances,
but remain unchanged where appropri-
ate. This means, for example, that you
can repeatedly return to a particular rou-
tine and still have immediate use of the
same file name that you used last time
you entered that routine,

PROGRAM ASSEMBLY

Let’s show you an example of using
defaults.  You have seen that
C:\PIC\TKTEST1.ASM is the
Assembly default name. This means that
this file is ready to be assembled from a

.ASM file to a .OBJ file suitable for
sending to the PIC. (Note that it is only
.ASM files using TASM grammar that
can be assembled by this routine.
MPASM files need translating through
another menu option to make them
suitable.)

First, switch off Toolkit. insert a
PIC16C84 or PIC16F84 into the correct
socket on Toolkit (or that on PIC Tuior if
it's being used — but never have more than
one PIC anywhere in the Toolkiv/Tutor
system), and switch on. We shall now
assume that this PIC has never been used
before and that you will not find any
response from any of the PIC’s data pins
on a meter (or on the Turor l.e.d.s).

From the main menu. press A to enter
the Assembly program (a separate
chained program named TKPROGO02).
The screen will confirm that you are in
the Assembly routine and that you have
several choices: pressing M <Enter> will
return you to the main menu and D
<Enter> will call up the directory. Any
file selected from the directory will then
become the default file (more on this
later. and on the other statements now
shown on screen).

You will also see that C:\PIC\
TKTEST1.ASM is shown as the default
file now available and that pressing
<Enter> on its own will cause it to be
assembled. You also have the choice of
entering your own file name. pressing
<Enter> to complete it (should you enter
a name that does not exist. you will be
told so and offered the chance to enter
another name).

For now. just press <Enter> on its own.
The routine then opens the file you have
called, loads and assembles it. While it’s
doing so, progress statements appear on
the screen plus the current time at which
they occur (this is only for interest). You
will see that it has taken about 'two
seconds for this file.

Also shown is the byte count (actually
the number of 14-bit commands) of the
assembled code (14) and the number of

wnnnnnnes ASSEMBLE .0OBJ FILE FROM TASH SOURCE CODE wewwswns
SOURCE FILE SEARCHED IS C:\PICwxxx.ASH

OUTPUTS ARE TO0 C:NPIOWoxx with 0BJ,
PROCESS MHICH FILE 7
C:\PICNTRIESTL.ASH

DEFRULY

ERR, .LST extension

15:20:21 1 SPLITTING C:N\PIC\TRYESTI.ASH
15:20:21 2 SORTING EQUATES

15:20:

3 PROCESSING SOURCE CODE

4 ALLOCATING JUMPS
S CREATING OUTPUT FILES
b FINISHED ASSEMBLY

1)

BYTE COUNT OF C:N\PICNTKTESTL.O0BJ CODE
ORIGIMAL SOURCE CODE LINES )

FINISHED

ANY KEY TO RETURN TO malN NEM)

A typical screen display following assembly of a source code file to an object file.
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lines in the original source code (28). An
error count is shown too — the program
has been checking your code while
assembling it, seeing if there's anything
that it doesn’t recognise and if so incre-
menting the error count on each occa-
sion. An error file (ERR) is also written
to with the details. On this occasion the
count is 0.

If errors are found. you can exit to
DOS EDIT to correct them. More on the
use of the EDIT facility in Part 2.

Now, though. since the code has been
assembled successfully. it is ready to be
sent to the PIC. Following the screen
instruction, press any key to return to the
main menu.

Back in the main menu you will see
that option 2. Program PIC with TASM
Binary. now has a default file name
beside it whereas before it just said
NONE YET. The file name is basically
the same as that just used. but now with
a .OBJ ending instead of the .ASM, i.e.
C:\PIC\TKTESTI1.0BJ. The original
Assemble default name is still shown as
previously.

The .OBJ file is now ready to be sent
to the PIC. But on this occasion, because
we are assuming the PIC itself has never
been used before. we must configure it to
suit the application in which it is to be
used.

During assembly. three other files are
created as well. with extensions of .ERR
(containing assembly error information
if applicable). .REF (used only during
assembly and of no user value). and
.LST (showing the original .ASM text.
hex values of the assembled codes. the
PIC addresses at which they will be
placed plus a text line count). At the end
of the file. any error information is
repeated. plus the values/names for all
“equates’ and labels.

NEXT MONTH

In Part 2 we reveal the rest of the
sophisticated PIC programming options
provide by Toolkit Mk2. The author’s
finding it to be a Dream Machine to work
with!

(In the meantime - to exit the soft-
ware, press Q from main menu. To restart
from DOS type TK from the PIC
directory.)

RESOURCES

Software for PIC Toolkit Mk2 is avail-
able on 3.5-inch disk from the Editorial
office and as a free download from the
EPE web site — see Shop Talk column in
this issue.

Data sheets for PIC devices are avail-
able from Microchip’s web site at
http://www.microchip.com.

Back Issues of Toolkit Mk! (July '98),
the PICI6F87x Review (Apr '99) and
reprints (back issues now all sold) of the
PIC Tuwtorial articles of Mar-May '98 are
available from the EPE Editorial office
(see Back Issues page 385).

For details of the P/Ctutor CD-ROM
see our CD-ROMSs for Electronics page
364.
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PICISFBA04P €£1.90 esach
PICY2CS08500 £0.65 oach
4L Cre £0.75 onch
2LC08 £1.50 sach

PIC18C620 £1.95 osach
PCTaca €2 25 sach
PICISCE22 £2.50 sach

LCD DISPLAYS
Vanous types svailabhe rom
£7.50 2x16 rw)

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

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

|
Connection to a PC gives the ADC-200 the edge over traditional I
oscilloscopes: the ability to print and save waveforms is just one example.
Units are supplied with PicoScope for Windows which is powerful. NG e o —x—
simple to use, with comprehensive on line help.

Applications Features
V¥ Video ¥ Afraction of the cost of comparable benchtop
¥ Automotive oscilloscopes
¥ Electronics design ¥ Upto 100 MS/s sampling &
¥ Production line tests ¥ Advanced tigger modes- capture ’
¥ Fault finding one off events. L?i-(i
¥ Education ¥ Up to 50 MHz spectrum analyser ADe
¥ Large buffer memory "’”"""ns;ioo
All units are supplied with ADE-200/700 £499 o
software. cables and power ADE-200/50 £399

supply. Prices exclude VAT.
ADE-200/20 £299

A scope at your fingertip

Once oscilloscopes were heavy and clumsy to handle, but over the years they have become smaller
and smaller. The latest development in this field has just arrived: a digital storage oscilloscope in a
handy slim housing, scarcely longer than a pencil and about as thick as your thumb. Despite its small

size, its performance can match that of a service oscilloscope.

- .- -
ERTREY ST TR N

"W €an use PC display ¥
V¥ Sample rates from
V¥ On-the-spot measurements . 50ns to 1ms

V¥ Hobby electronics e < ¥ Up to 20 MS/s

Technology Limited

V¥ Measurements in amplifiers D v L
V¥ Production line tests 4

, Prices exclude VAT
Call for a FREE software demonstration disk or visit our web site
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Our regular round-up of readers’ own circuits. We pay

between £10 and £50 for all material published, depending 2“3
) A . ! >
i on length and tgchmcal merit. We're looking for novel '
—e . applications and circuit tips, not simply mechanical or
A electrical ideas. Ideas must be the reader’'s own work and WIN A PICO PC BASED
- 1./ not have been submitted for publication elsewhere. The OSCILLOSCOPE
circuits shown have NOT been proven by us. Ingenuity @ 50MSPS Dual Channel Storage
Unlimited is open to ALL abilities, but items for Oscilloscope @ 25MHz Spectrum Analyser
& g consideration in this column should preferably be typed or ¢ Multimeter @ Frequency Meter
word-processed, with a brief circuit description (between o Signal Generator )
e 100 and 500 words maximum) and full circuit diagram If you have a novel circuit idea which would be

showing all relevant component values. Please draw all
circuit schematics as clearly as possible.

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

They could earn you some real cash and a prize!

Photq Slave Flash Unit

THE use of a second ‘‘slave’’ flash as
the main light enables the use of crea-
tive lighting effects in flash photography. By
placing a second flash at, say, 45 degrees to
the subject, shadows are formed to show its
texture and form, and dramatic effects such as
backlighting, strong side light etc. are also
possible.

The flash on the camera fills in or sof-
tens the shadows made by the secondary
flash. Using the circuit described in Fig.1, the
camera flash also triggers the slave flash.

Firing of the camera flash is detected by a
photo diode or phototransistor TR1. Capacitor
C1 blocks the effect of A.C.-generated ambient
light and allows only the pulse caused by firing
the camera flash to reach the amplifier formed
by transistor TR2 and resistors R3 and R4.

The amplified pulse is fed to the monos-
table formed by ICI, RS, C2 and C3. The
fixed-length pulse produced by this is passed
through resistor R6 and triggers thyristor
CSRI. This shorts the two switch terminals
of the secondary flash which fires.

The circuit works reliably in ambient light
conditions ranging from full sunlight to a
darkened room, and also responds to bounced
flash. In practice that it is not necessary to

LB
il (M

- fg o 106;5;
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of use to other readers then a Pico Technology
PC based oscilloscope could be yours.

Every six months, Pico Technology will be
awarding an ADC200-50 digital storage
oscilloscope for the best 1U submission. In
addition, two single channe! ADC-40s will be
presented to the runners up.

=T

81

]

TRt
(SEE TEXT)

~{] | 45V TO +10V

: LEAD
CSR1[ - 'CeNTREPN
g 1050 4

R1
10k

3 20 gn:

point the sensor at the primary flash, giving
greater scope for positioning the slave to give
the best lighting effect. X

Component choice is not critical. TR1 has
been tested using a variety of surplus photo
diodes and phototransistors with consistent
results. TR2 could be any general purpose
npn silicon transistor. The circuit could either
be powered from a 6V to 9V battery or from
the flash gun's battery.

Fig.1. Photo Slave Flash Unit circuit diagram.

For further ideas. if TR1 were replaced
by a microphone and amplifier the secon-
dary flash could be triggered by sound. This
would allow dramatic photographs of such
things as breaking glass. A security camera
could be developed to photograph burglars if
the output from an intruder alarm replaced
the photo sensor.

Peter Taylor,
Mickleover, Derby.

Siren Sounder -

SIMPLE alarm circuit which is fun to

build and will find many uses, perhaps
as a warning device or as a novelty, is shown
in Fig.2. The alarm is built around two 555
timers, which act as oscillators to produce
a distinct two-tone effect. Note that only
one resistor and capacitor is used on each
oscillator.

Oscillator IC1 runs at a lower frequency
than IC2. The low frequency signal generated
by IC1 modulates the frequency of IC2 which
changes the audio tone.

The output from IC2 at pin 3 is fed to the
base of pnp transistor TR1, which amplifies
the sound and drives the speaker, LS 1. Resis-
tor R4 limits the collector current.

The frequency and timing of each oscil-
lator is dependent on R1 and C| for ICI, and
R3 and C2 for IC2 and these components
could be changed to alter the note.

P. Graham,
Yate, Bristol.

ulﬂ

10k

Fig.2. Circuit diagram for a simple Siren Sounder.
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Space Case Alarm -

SCHOOL pupils often use a strong plastic
*‘space case'’ to house their ruler, pen-
cils, etc. My young son wanted me to rig his
space case with an alarm, so that it would go
off when any other pupil opened the case
without his permission. In the circuit diagram
of Fig.3, IC1 is an inexpensive CMOS LSI
melody generator, which comes in different
versions (Christmas Jingles, Happy Birthday.
etc.).

When a battery is connected, ICI plays a
melody once, then stops. While the sound is
not very loud. it is certainly enough to at-
tract the attention of a teacher! Switch S2 is
a miniature slide switch which enables the

W1
PIEZO IC1
TRANSDUCER UMBE
h Fol
—_—
Ry +
B1
CR2032 B
s $2 v
SPOT. SPOT
LEVER SWITCH  SUDE SWITCH
[ %
0
A-chcurBoaRD C &
B-LEVERSWITCH (]| B
C - SiE swr[r)cn
0- 100K FOR
ACTUATING
LEVER SWITCH E
E- CASE'

Fig.3. Space Case Alarm.

worth over £450!

application.

Oscilloscopes.

worked and presented.

PICO PRIZE WINNERS

It’s time to decide the winners of superb PICO Technology PC-based oscilloscopes, once again
generously donated by PICO (www.picotech.com) for three lucky entrants whom in our
judgment submitted the best ideas published in the past six months. As always, every entry was
Judged on a number of criteria including the extent of *‘lateral thinking"" or novelty. technical
merit, resourcefulness, appropriateness. and overall completeness.

After careful consideration, EPE Editor Mike Kenward and Ingenuity Unlimited host Alan
Winstanley finally selected the following winners:

WINNER - receives an impressive PICO ADC200-50 PC Digital Storage Oscilloscope,
Naseer Ahmad - Using Solenoid Valves in Place of Motorised Valves (January 1999). An
ingenious design based around a switched mode chip adapted for use in this control
RUNNERS-UP - both are lucky recipients of PICO ADC-40 Single-Channel PC-Based

Duncan Boyd - Audio Limiter (April 1999). We felt this was a novel application for a
limiting circuit which used a transconductance amplifier for the front end.

J. D. Gray — AF Sweep Signal Generator (February 1999). This design was thoroughly

pupil to set the alarm and is mounted incon-
spicuously in the side of the case, or even
inside. Microswitch S1 triggers the alarm
when the case is opened.

The battery is a small 3V lithium manganese
cell which would probably give a year of use or
more. Leads may be soldered directly to the bat-
tery but this must be done very rapidly. taking
care to avoid excess heating. Use anti-static pre-
cautions when handling IC1 with care.

As simple as the design is, *‘dad™ is
delighted to report that other pupils were
offering to pay my son’s dad to construct a
similar alarm for them, too!

Rev. Thos. Scarborough,
Fresnaye, Cape Town, RSA.

INGENUITY

UNLIMITED

BE INTERACTIVE
U is your forum where
you can offer other b
readers the benefit of your
Ingenuity. Share those
ideas, earn some cash and
possibly a prize!

Electronic Rotary
Switch -

N THE circuit of Fig.4. a novel approach

has been adopted for replacing mechanical
rotary switches used in many types of circuit.
A momentary push-to-make switch together
with some electronics offers an option of
making an electronic rotary switch to replace
a mechanical one.

At power-on, a reset signal is applied by
IC3a/b to reset IC1 and IC2. The output will
be selected sequentially from QO to Q9 of IC2
and the selection will be advanced every time
S1 is closed.

The R-S§ latch IC1 is used for switch
debouncing and is set high every time S1 is
pressed and reset after a delay generated by
resistor R1 and capacitor C1. Hence it provides
a debounced pulse, as a clock input to IC2.

The circuit acts similarly to a multi-way
switch action for which a 4017 counter/divider
has been used. The selection will be valid until
the next switching action occurs.

When any Q output of IC2 is selected, it will
be at a high state (logic 1). This can be used to
activate a control pin of 1C4 and tumn a cor-
responding bilateral switch on. A 4016 Quad
Bilateral Switch is used for this purpose.

At the bilateral switch output, the user's
circuit can be interfaced as required. so that

this circuit will offer a multi-way selection to
the circuit. This could be useful in case of the
selection of analogue signals which the 4016
can also handle. Digital circuits may be con-
nected directly to the output of IC2.

A maximum of nine steps’ selection is of-
fered by the 4017. On every tenth switching.
it will reset itself through 1C3b and the cycle
will repeat from QO onwards.

To provide fewer selections you can select
Q outputs of your choice to reset the circuit.
For instance, if you need only four selections.
then connect Q4 (pin 10) to the OR gate IC3b
pin 6 and now on every fifth selection’ the
circuit will reset and start from QO.

B. D. Mehta, Ahmedabad, India.
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Fig.4. Circuit diagram for an electronic rotary switch.
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No. 1 for Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions,
circuit diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all
transmitters are tuneable and can be received on an ordinary VHF FM radio.

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

UTX Ultra-miniature Room Transmitter
Smallest room transmitter kit in the world! incredible 10mm x 20mm including mic.
3V-12V operation. 500m range. £16.45

MTX Micro-miniature Room Transmitter
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic.
3V-12V operation. 1000m range £13.45

STX High-performance Room Transmitter
High performance transmitter with a buffered output stage for greater stability and
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range. £15.45
VT500 High-power Room Transmitter

Powerful 250mW output providing excellent range and performance
Size 20mm x 40mm. 9V-12V operation. 3000m range.

VXT Voice-Activated Transmitter
Triggers only when sounds are detected. Very low standby current. Vanable sensitivity
and delay with LED indicator. Size 20mm x 67mm. 8V operation. 1000m range. £19.45

HVX400 Mains Powered Room Transmitter
Connects directly to 240V A.C. supply for long-term monitoring.
Size 30mm x 35mm. 500m range.

SCRX Subcarrier Scrambled Room Transmitter
Scrambied output from this transmitter cannot be mondored without the SCDM decoder
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range...... £22.95

SCLX Subcarrier Telephone Transmitter
Connects to telephone line anywhere, requires no batteries. Output scrambled so
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range......... £23.95

SCDM Subcarrier Decoder Unit for SCRX

Connects to receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9V-12V operation £22.95
ATR2 Micro-Size Telephone Recording Interface

Connects between telephone line (anywhere) and cassette recorder. Switches tape
automatically as phone is used. All conversations recorded. Size 16mm x 32mm.
Powered from line. £13.45

£16.45

£19.45

* ok Specials *xxx

DLTX/DLRX Radio Control Switch

Remote control anything around your home or garden, outside lights,
alarms, paging system etc. System consists of a small VHF transmitter with
digital encoder and recelver unit with decoder and relay output, momentary
or alternate, 8-way d.i). switches on both boards set your own unique
security code. TX size 45mm x 45mm. RX size 35mmx 90mm. Both 9V
operation. Range up to 200m.

Complete System (2 kits), £50.95
Individual Transmitter DLTX. £19.95
Individual Receiver DLRX s D901

MBX-1 HI-Fl Micro Broadcaster
Not technically a surveillance device but a great idea! Connects to the
headphone output of your Hi-Fi, tape or CD and transmits HI-Fi quality to a
nearby radio. Listen to your farvourite music anywhere around the house,
den, in the bath or in the garage and you don’t have to put up with the
J's choice and boring waffle.

Size 27mm x 60mm. 9V operation. 250m range £20.95
»
4
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UTLX Ultra-miniature Telephone Transmitter

Smallest telephone transmitter kit avaiable. Incredible size of 10mm x 20mm!
Connects to line (anywhere} and switches on and off with phone use

All conversation transmitted Powered from hne. 500m range

TLX 700 Micro-miniature Telephone Transmitter

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble
than UTLX. Connects to line {anywhere) and switches on and off with phone use
Al conversations transmitted. Powered from line. 1000m range £13.45

STLX High-performance Telephone Transmitter
High performance transmitter with buffered output stage providing excellent stability
and performance. Connects to line (anywhere) and switches on and off with phone
use. All conversations transmitted. Powered from line
Size 22mm x 22mm. 1500m range

TKX900 Signalling/Tracking Transmitter

Transmits a continuous stream of audio pulses with vanable tone and rate. ldeal for
signalling or tracking purposes. High power output giving range up to 3000m

Size 25mm x 63mm. 9V operation £22.95

CDA400 Pocket Bug Detector/Locator

LED and piezo bleeper pulse slowly, rate of puise and pitch of tone increase as you
approach signal. Gan control allows pinpointing of source

Size 45mm x 54mm. 9V operation £30.95

CD600 Professional Bug Detector/Locator

Multicolour readout of signal strength with vaniable rate bieeper and vanable sensitivity
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to
distinguish between localised bug transmission and normal legitmate signals such as
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation £50.95

QTX180 Crystal Controlled Room Transmitter

Narrow band FM transmitter for the ultimate in prvacy. Operates on 180MHz and
requires the use of a scanner receiver or our QRX180 kit (see catalogue)

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

QLX180 Crystal Controlled Telephone Transmitter
As per QTX180 but connects to telephone line to monitor both sides of conversations.
20mm x 67mm. 3V operation. 1000m range £40.95

QSX180 Line Powered Crystal Controlled Phone Transmitter

As per QLX180 but draws power requirements from line. No battenes required

Size 32mm x 37mm. Range 500m £35.95
QRX 180 Crystal Controlied FM Receiver

For monitoring any of the ‘Q' range transmitters. High sensitivity unit. All RF section
supplied as pre-built and aligned module ready to connect on board so no difficulty
sefting up. Qutput to headphones. 60mm x 75mm. 9V operation £60.95

£15.95

£16.45

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

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 Sterling Bank Draft and add £5.00
per order for shipment. Credit card orders welcomed on 01827 714476.

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

o IC
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ELECTRONICS TEACH-IN 88/89

lMik Tooh}mBG.AMI'c blished by Everyday Practical
® - (pul Yy

Electronics,

A complete course that can lead successful readers to
the award of a City and Gunlds Certificate in Introductory
Microprocessors (726/303). The book contains everything
you need to know including fuli details on registering 1or
assessment, etc.
cover Mi it , Microproces-

sors, Memories, Input/Output Intovf-cmg ‘and Program-
ming. There are various practical assignments and eight
Data Pages covering popular microprocessors.

And excellent introduction to the subject even for those
who do not wish to take the City and Guilds assessment.

80 pages €245

TEACH-IN No. 7, plus FREE SOFTWARE
ANALOGUE AND DIGITAL ELECTRONICS COURSE
(ﬂ:blhhodby nrydzhxtkalfhcmnlcd

n Winstanley and Keith Dye B.Eng(Tech)AMIEE
This highly aoclaamod EPE Teach-In series, which included
the construction and use of the Mini Lab and Micro Lab
test and development units, has been put together in
book form. Additionally, EPT Educational Software have
developed a GCSE Electronics software program to com-
pliment the course and a FREE DISK covering the first two
parts of the course is included with the book.

An interesting and thorough tutorial series simed speci-
fically at the novice or complete beginner in electronics.
The series is designed to support those undertaking either
GCSE Electromcs or GCE Advanced Leveis, and starts
with fundamental principles.

if you are taking oloctromcs or technology at school
or college, this book is for you. if you just want to
learn the basics of electronics or technology you must
make sure you see it. Teach-in No. 7 will be invaluable
vf you are considering a8 career in electronics or even

Kou are already training in one. The Mini Lab and

ware enable the construction and testing of both
demonstration and development circuits. These learn.
ing aids bring electronics to life in an enjoyable and
interutingTwav: you will both see and hear the electron
in action! The Micro Lab micropr add-on syst

ELECTRONIC PROJECTS BOOK 1
lpuhlilh!d by Evi:rydny Practical Electronics

'] Electronics)
Con(ams twenty projects from previous issues of £F
each backed with a kit of components. The projects
are: Seashell Sea Synthesizer, EE Treasure Hunter,
Mini Strobe. Digital Capacitance Meter, Three-Channel
Sound to Light, BBC 16K sideways RAM, Slmfle Short
Wave Radio, Insulation Tester, Stepper Motor Interface,
Eprom Eraser, 200MHz Digital Frequency Meter, Infra
Red Alarm, EE Equaliser, loniser, Bat Detector, Acoustic
Probe, Mainstester and Fuse Finder, Light Rider - (Lapel
Badge, Disco Lights, Chaser Light), Musical Doorbell,
Function Generator, Tilt Alarm, 10W Audio Amplifier, EE
B Induction Bal Metal D BC Midi

w:ll appesl to higher level students and those develop-
MICroprocessor projects.

pages Order code T17 £3.95

Interface, Variable Bench Power Supply, Pet Scarer,
Audio Signal Generator.

128 pages €245

PROJECT CONSTRUCTION

PRACTICAL REMOTE CONTROL PROJECTS
Owen Bishop
Provides a wealth of circults and circuit modules for use in
remote control systems of all kinds; uitrasonic, infra-
red, optica! fibre, cable and radio. There are instructions
for building fourteen novel and practical remote control
projects. this is not ail, as each of these projects
provides a model for building dozens of other related
circuits by simply modifying Km of the design slightly to
suit your own roquunmenu is book tells you how,

so included are techniq for ing a PC to
a8 remote control system, the use of a microcontroller
in remote control, as exemplified by the BASIC Stamp,
snd the application of ready-made tyPe-approvod 418MHz
radio tr and d to remote control
systems.
160 pages

Order code BP413 £5.99

PRACTICAL ELECTRONIC MODEL RAILWAY

PROJECTS

R. A. Penfold

The aim of this book is to provide the model railway
enthusiast with a number of useful but reasonably simple
projects that are ‘easily constructed from readily available

components. Stripboard layouts and wiring diagrams are
provided for each project. The projects co include:
constant vol controller; pulsad controller; pushbutton

pulsed controller; pulsed controller with sumulatod lnema.
momentum and braking; at ; steam

sound effect; two-tone horn sound a'fect automatic two-
tone horn effect; automatic chuffer.

The final chapter covers the increasingly popular sub-.
ject of using a computer to control a model raitway layout,
including circuits for computer-based controllers and sig-
nelling systems.
151 pages

Order code BP384 £4.99

A PRACTICAL INTRODUCTION TO SURFACE
MOUNT DEVICES
Bill Mooney
This book mku you from the simplest possible starting
point to a high level of competence in handworking with
surface mount devices (SMD's). The wider subject of SM
technology is also introduced, so givihg a feeling for its
depth and fascination.

ubjects such as p.c.b. dwq'g.r control, nolden:g
techniques and speclalm tools m fully explain:
and developed es the book progresses. Some | con-
structional projects are also mcludod

FAULT-FINDING ELECTRONIC PROJECTS
R. A. Penfold

Stomng with mechanical faults such as dry joints,
short etc, ludes linear circuits, using a
meter to make voltage checks, signal tracing techniques
and fault finding on logic circuits. The final chapter covers
ways of tmmg a wide range o' electronic components,
such as ional amplifiers,
diodes, transistors, SCRs and tnacs,  with the aid o only a
fimited amount of test equipment,

The construction and use of a Tristate Continuity Tester,
a Signal Tracer, a Logic Probe and a CMOS Tester are aiso

included.

136 pages £4.99
TEST EQUIPMENT CONSTRUCTION

R. A. Penfold

This book describes in detail how to construct some
simple and i but y useful, pieces of

test equipment. Stnpboard layouts ara provided for
all designs, together with wiring diagrams where ap-
propriate, plus notes on construction and use.

The following designs are included:-
AF Generator, Cﬂwcnance Meter, Test Bench :mplvﬁer.

The books listed have been
selected by Everyday Practi-
cal Electronics editorial staff
as being of special interest
to everyone involved in elec-
tronics and computing. They
are supplied by mail order
to your door. Full ordering
details are given on the last
book page.

FOR A FURTHER SELECTION
OF BOOKS SEE THE NEXT

TWO ISSUES OF EPE.

Note our UK postage costs
just £1.50 no matter how
many books you order!

RADIO/TV
VIDEO

ELECTRONIC PROJECTS FOR VIDEO
ENTHUSIASTS

R. A, Penfold

This book provides a gns for
video accessories that will help vou the best results
from your camcorder and VCR. the projects use
inexpensive components that are readolv available, and
they are easy to construct. Full construction details are
provided, including stripboard layouts and wiring dia-
grams. Where appropriate, simple setting up procedures
are described in detail; no test equipment is needed.

The projects covered in this book include: Four channel
audio mixer, Four channe! stereo mixer, Dynamic noise
limiter (DNL), Automatic audio fader, Video faders, Video
wipers, Video crispener, Mains power supply unit.

09 pages €495

SETTING UP AN AMATEUR RADIO STATION

I. D. Poole

The aim of this book is to give guidance on the decisions
which have to be made when setting up any amateur
radio or short wave listening station. Often the ex-
perience which is needed is learned by one’s mistakes,
however, this can be . To help o this,
guidance is given on many aspect: of setting up and
runmn% an efficient station. It then proceeds to the
steps that need to be taken in gaining a full transmitting
licence.

Topics covered include: The ip t that is
needed; Setting up the shack; Which aerials to use;
Methods of construction; Preparing for the licence.

An essential addition to the library of ail those taking
their first steps in amateur radio.

b inal d

86 pages €395
EXEERIMENTAL ANTENNA TOPICS
H

Although nearly a century has passed since Marconi's first
or radio there is still re-
search and experiment to be carried out in the field of

AF Frequency Meter, Audio Mullivolf
Probe, High Resistance Voltmeter, CMOS Probe, Transis-
tor Tester, TTL Probe.

The designs are suitable for both and more
experienced hobbyists.
104 pages 3.9

HOW TO DESIGN AND MAKE YOUR OWN PC.B.s

R. A. Penfold

Deals with the simple methods of copying printed circuit
board designs from ines and books, and covers
all aspects of simple p.c.b. construction including photo-
graphic methods and dwgnmg your own p.c.b.s.

66 pages

£3.99
ELECTRONIC PROJECT BUILDING FOR BEGINNERS
A. Pentold

Thu book is for complete beginners to_electronic pro;oct
building. It provides a compiete introduction to the X

design and behaviour.

The aim of the experimenter will be to make a
measurement or confirm a principle, and this can be done
with relatively fragile, short-life apparatus. Because of this,
devices described in this k make liberal use of
cardboard, cooking foil, plastic bottles, cat food tins, etc.
These materials are, in general, cheap to obtain and easily
worked with simple tools, encouraging the trial-and-error
philosophy which leads to innovation and discovery.

Altho:gh primarily a practical book with text closely
supported by diagrams, some formulae which can be
used by straightforward substitution and some simple
9aphs have also been included.

2 pages Order code BP278 £3.50

:5 SIMPLE INDOOR AND WINDOW AERIALS
vapooplelmmﬁmand apartments or other types of

side of this fascinating hobby, including the following topics:

Component ndomgicanon and buying the right parts;
Resistor colour codes, capacitor value markings, etc; Advice
on buying the right tools for the job; Soldering, with advice
on how to produce ints and evoid “dry” joints;
Making easy work of the wiring; Construction methods,
including stripboard, custom printed circuit boards, plain
matrix board, surface mount boards and wue-wrappmq,

Whilst the book is mainly i ded as an
is also an invaluable reference book, and thu b

should find it engrossi
120 pages CrmEmmm e

382

F oﬁlnd.dqupandbbeh(‘nmng blem”
jocts to work, including simple methods of Krg“;

F\fnnmrythmg noodtoknwmordortogotnnnodm
i M\Jg:mwghobbv T
r code BP392 X

where outdoor aerials are prohibited, or
a lack of garden space etc. prevents serials from being
erected. This does not mean you have to forgo shortwave
Imemnt%'for even a 20-foot length of wire stretched out

skirting board of a room can produce accept-
able results. However, with some additional effort and ex-
perimentation one may well be able to improve
mance further.

This concise book telis the story, and shows the reader
how to construct and use 25 indoor and window aerials that
the author has proven to be sure performers.

Much information is also given on shortwave bands, aerial
directivity, time zones, dimensions etc.

50 poges £1.7
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TWO EXCITING NEW BOOKS

Specially imported by EPE

Bebop To The
Boolean Boogie

By Clive (call me Max) Maxfield
ORDER CODE BEB1 £24.95

An Unconventional Guide to Electronics
Fundamentals, Components and Processes

The Foreword by Pete Waddell, Editor, Printed Circuit Design, reads:

“Personally, | think that the title of this tome alone (hmmm, a movie?)
should provide some input as to what you can expect. But, for those
who require a bit more: be forewarned, dear reader, you will probably
learn far more than you could hope to expect from Bebop
to the Boolean Boogie, just because of the unique approach
Max has to technical material. The author will guide you from
the basics through a minefield
of potentially boring theoretical
mish-mash, to a Nirvana of
understanding. You will not suf-
fer that fate familiar to every
reader: re-reading paragraphs
over and over wondering what
in the world the author was
trying to say. For a limey, Max
shoots amazingly well and from
the hip, but in a way that
will keep you interested and
amused. If you are not vigilant,
you may not only learn some-
thing, but you may even enjoy
the process. The only further
. advice | can give is to 'expect
the unexpected'.”

This book gives the *'big pic-
ture” of digital electronics. This
indepth, highly readable, up-to-the-minute guide shows you how
electronic devices work and how they're made. You'll discover how
transistors operate, how printed circuit boards are fabricated, and
what the innards of memory ICs look like. You'll also gain a working
knowledge of Boolean Algebra and Karnaugh Maps, and understand
what Reed-Muller logic is and how it's used. And there's much,
MUCH more (including a recipe for a truly great seafood gumbo!).

Hundreds of carefully drawn illustrations clearly show the impor-
tant points of each topic. The author's tongue-in-cheek British humor
makes it a delight to read, but this is a REAL technical book, ex-
tremely detailed and accurate. A great reference for your own shelf,
and also an ideal gift for a friend or family member who wants to
understand what it is you do all day. . . .

By importing these books ourselves we have managed to
make them avalilable in the UK at an exceptionai price.

Bebop Bytes Back

By Clive “Max” Maxfield and
Alvin Brown

ORDER CODE BEB2 £29.95
An Unconventional Guide To Computers

Plus FREE CD-ROM which includes: Fully Functional
Internet-Ready Virtual Computer with Interactive Labs
The Foreword by Lee Felsenstein reads:

“1. The more time you spend with this book and its accompany-
ing CD-ROM, the more you'll get out of it. Skimming through it
won't take you where you want to go. Paying serious attention. on
the other hand, will teach you more about computers than you can
imagine. (You might also see a few beautiful sunrises.)

2. The labs work on two levels: on and under the surface. When
you're performing the labs
you'll need to look for pat-
terns that build up from in-
dividual events.

3. When you're done,
you won't look any different.
You won't get a trophy or a
certificate to hang on your
wall. You'll have some
knowledge, and some skill,
and you'll be ready to
find more knowledge and
develop more skill. Much of
this will be recognisable
only to someone who has
theI same knowledge and
skill.”

This follow-on to Bebop B
to the Boolean Boogie is a
multimedia extravaganza
of information about how
computers work. It picks
up where “Bebop [I” left off, guiding you through the
fascinating world of computer design . . . and you'll have a few
chuckles, if not belly laughs, along the way. In addition to over
200 megabytes of mega-coo! multimedia, the accompanying
CD-ROI\? (for, Windows 95 machines only) contains a virtual
microcomputer, simulating the motherboard and standard
computer peripherals in an extremely realistic manner. In
addition to a wealth of technical information, myriad nuggets of
trivia, and hundreds of carefully drawn iilustrations, the book
contains a set of lab experiments for the virtual microcomputer
that let you recreate the experiences of early computer
pioneers.

if you're the slightest bit interested in the inner workings of
computers, then don'’t dare to miss this one!

POSTAGE

VALVE & TRANSISTOR AUDIO
AMPLIFIERS

Circuits include: High impedance mic preamp, Low

John Linsley Hood

This is John Linsley Hood's greatest work yet, describing
the milestones that have marked the development of
audio amplifiers since the earliest days to the latest
systems. Including classic amps with valves at their heart
and exciting new designs using the Iatest components,
this book is the complete world guide to audio amp
design.

Contents: Active components; Valves or vacuum tubes;
Solid-state devices; Passive components; Inductors and
transformers; Capacitors, Resistors, Switches and electri-
cal contacts; Voltage amplifier stages using valves;
Valve audio ampilifier layouts; Negative feedback; Valve
operated power amplifiers; Solid state voltage amplifiers;
Early solid-state audio amplifiers; Contemporary power
amplifier designs; Preamplifiers; Power supplies (PSUs);
Index.

250 pages £19.99
AUDIO AMPLIFIER PROJECTS
R. A. Penfold

A wide range of useful audio amplifier projects, each project
features a circuit diagram, an explanation of the circuit
operation and a stn, rd layout diagram. All construc-
tional details are provided along with a shopping list of
components, and none of the designs requires the use
of any test equipment in order to set up properly. All
the projects are designed for straightforward assembly on
simple circuit boards.

impedance mic preamp, Crystal mic preamp, Guitar and GP
preamplifier, Scratch and rumble filter, RIAA preamplifier,
Tape preamplifier, Audio limiter, Bass and treble tone
controls, Loudness filter, Loudness control. Simple graphic
equabser, Basic audio mixer, Smail {300mW)} audio power
amp, 6 watt audio power amp, 20/32 watt power amp and
power supply, Dynamic noise limiter.

A must for audio enthusiasts with more sense than

money!'

116 pages £9.95
MAKING MUSIC WITH DIGITAL AUDIO

fan Waugh

in this practical and clearly-written book, lan Waugh explains
all aspects of the subject from digital audio basics to putting
together a system 1o suit your own music requirements.
Using the minimum of technical language, the book explains
exactly what you need to know about: Sound and digital
audio, Basic digital recording principles, Sample rates and
resolutions, Consumer sound cards and dedicated digital
audio cards.

On a practical level you will learn about: sample edit-
ing, digital multi-tracking, digital FX processing, integrat-
ing MI%I and digital audio, using sample CDs, mastering
to DAT and direct to CD, digital audio and Multimedia

This book is for every musician who wants to be a part
of the most important development in music since the
invention of the gramophone. it's affordable, it's flexible,
it's powerful and it's here now! It's digital and it's the
future of music making.

256 pages £14.95

Everyday Practical Electronics/ETI, May 1999

You only pay

£1-50

per order
(UK postage)

NO MATTER HOW
MANY BOOKS
YOU ORDER
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CIRCUITS AND DESIGN

AN INTRODUCTION TO PIC MICROCONTROLLERS
Robert Penfold

Designing your own PIC based projects may seem a
daunting task, but it is reaily not too difficult providing you
have some previous experience of electronics. The PIC
processors have plenty of useful features, but they are still
reasonably simple and straightforward to use. This book
should contain everything you need to know.

Topics covered include: the PIC register sat; numbering
systems; bitwise operations and rotation; the PIC instruction
set; using interrupts; using the analogue to digital converter;
clock circuits; using the real time clock counter {RTCC);
using subroutines; driving seven segment displays.

166 pages £5.99

PRACTICAL OSCILLATOR CIRCUITS

A. Flind

Extensive coverage is given to circuits using capacitors and
resistors to control frequency. Designs using CMOS, timer
i.c.s and op.amps are all described in detail, with a special
chapter on “waveform generator” i.c.s. Reliable “white” and
“pink” noise generator circuits are also included.

Various circuits using inductors and capacitors are
covered, with emphasis on stable low frequency gener-
ation. Some of these are amazingly simple, but are still
very useful signal sources.

Crystal oscillators have their own chapter. Many of the
circuits shown are readily available special i.c.s for
simplicity and reliability, and offer several output fre-
quencies. Finally, complete constructional details are
given for an audio sinewave generator.

133 pages £4.99

PRACTICAL ELECTRONIC CONTROL PROJECTS

Owen Bishop

Explains electronic control theory in simple, non-
mathematical terms and is illustrated by 30 practical
designs suitable for the student or hobbyist to build.
Shows how to use sensors as input to the control system,
and how to provide output to lamps, heaters, solenoids,
relays and motors.

Computer based control is explained by practical
examples that can be run on a PC. For stand-alone
systems, the projects use microcontrollers, such
as the inexpensive and easy-to-use Stamp BASIC
microcontroller. These projects are chosen to introduce
and demonstrate as many aspects as possible of the
programming language and techniques.

196 pages £5.99

PRACTICAL ELECTRONICS HANDBOOK -

Fourth Edition. lan Sinclair

Contains all of the everyday information that anyone
working in electronics will need.

It provides a practical and comprehensive collection
of circuits, rules of thumb and design data for profes-
sional engineers, students and enthusaists, and there-:
fore enough background to allow the understanding and
development of a range of basic circuits.

Contents: Passive components, Active discrete
components, Discrete component circuts. Sensing
components, Linear I.C.s, Digital 1.C.s, Microprocessors
and microprocessor systems, Transfernng digital data,
Digital-anaiogue  conversions, Computer aids in
electronics, Hardware components and practical work,
Standard metric wire table, Bibliography, The HEX scale,

Index
440 pages £14.99

COIL DESIGN AND CONSTRUCTIONAL MANUAL

B. B. Babani

A complete book for the home constructor on “how to
make” RF, IF audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and
calculations necessary are given and explained in detail.
Although this book is now twenty years old, with the
exception of toroids and pulse transformers little has
changed in coil design since it was written.

96 pages Order code 160 £3.99

OPTOELECTRONICS CIRCUITS MANUAL

R. M. Marston

A useful single-volume guide to the optoelectronics
device user, specifically amed at the practica! design
engineer, technician, and the experimenter, as well as the
electronics student and amateur. it deals with the subject
in an easy-to-read, down-to-earth, and non-mathematical
yet comprehensive manner, explaining the basic prin-
ciples and characteristics of the best known devices, and
presenting the reader with many practical apphcations
and over 200 circuits. Most of the i.c.s and other devices
used are inexpensive and readily avalable types, with
universally recognised type numbers.

182 pages Order code NE 14 £14.99

OPERATIONAL AMPLIFIER USER'S HANDBOOK
R. A. Penfold

The first part of this book covers standard operational
amplifer based “building blocks” {integrator, precision
rectifier, function generator, amplifiers, etc), and con-
siders the ways in which modern devices can be used
to give superior performance in each one. The second
part describes a number of practical circuits that exploit
modern operational amplifiers, such as high slew-rate,
ultra low noise, and low input offset devices. The projects
include: Low noise tape preamplifier, low noise RIAA
preamplifier, audio power amplifiers, d.c. power con-
troliers, opto-isolator audio link, audio millivolt meter,
temperature monitor, low distortion audio signal gener-
ator, simple video fader, and many more.

120 pages £4.95

A BEGINNERS GUIDE TO CMOS DIGITAL ICs

R. A. Penfold

Getting started with logic circuits can be difficult, since
many of the fundamental concepts of digital design tend
to seem rather abstract, and remote from obviously useful
applications. This book covers the basic theory of digital
electronics and the use of CMOS integrated circuits, but
does not lose sight of the fact that digital electronics has
numerous “'real world” applications.

The topics covered in this book include: the basic con-
cepts of logic circuits; the functions of gates, inverters and
other logic “building blocks”; CMOS logic i.c. characteris-
tics, and their advantages in practical circuit design; oscil-
lators and monostables (timers); flip/flops, binary dividers
and binary counters; decade counters and display drivers.

The emphasis is on a practical treatment of the subject,
and all the circutts are based on "real” CMOS devices. A
number of the circuits demonstrate the use of CMOS logic
i.c.s in practical applications.

119 pages gL

AUDIO AND MUSIC

INTRODUCTION TO DIGITAL AUDIO

(Second Edition)

lan Sinclair

Digital recording methods have existed for many years
and have become familiar to the professional recording
engineer, but the compact disc {CD) was the first device to
bring audio methods into the home. The next step is the
appearance of digital audio tape (DAT) equipment.

All this development has involved methods and circuits
that are totally alien to the technician or keen amateur
who has previously worked with audio circuits. The prin-
ciples and practices of digital audio owe little or nothing
to the traditional linear circuits of the past, and are much
more comprehensible to today’s computer engineer than
the older generation of audio engineers.

This book is intended to bridge the gﬂp of understand-
ing for the technician and enthusiast. The principles and

BOOK ORDERING DETAILS

Our postage price is the same no matter how many books you order, just add £150 to
your total order for postage and packing (overseas readers add £3 for countries in the
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO,
cheque, international money order (£ sterling only) made payable to Direct Book Service
or credit card details, Visa or Mastercard — minimum credit card order is £5 - to:

DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW
{mail order only).

Books are normally sent within seven days of receipt of your order but please allow 28
days for delivery (more for overseas orders). Please check price and availability (see latest
issue of Everyday Practical Electronics) before ordering from old lists.

For a further selection of books see the next two issues of EPE.
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749
Fax 01202 841692. Due to the cost we cannot reply to overseas orders or queries by Fax.
E-mail:editorial@epemag.wimborne.co.uk

: 'BOOK ORDER FORM i
| Full name: . . :
|

: AGAIESS: ..ottt ettt e st r et s 1t et et etet et e e s e s eae et et eretees e e e e ees e et et etee s sres et rsenen

Post code: ......ccevrueninans Telephone No: ..........

| Signature:

!
I [] tenclose cheque/PO payable to WIMBORNE PUBLISHING LTD fOF £ v...vvovvooooeeeeeeeeeeeeeoeoeeeeeeees

IC] Please charge my Visa/Mastercard £ .... Card expiry date ..

|
I Card Number

: Please Send DOOK OFder COES: . .............ccomuiirimimiiiiiniers et eeeeee et ee e ee s ses e s es e se e I

methods are explained, but the mathematical background
and theory is avoided, other than to state the end product.
7.

128 pages Order code PC102

PROJECTS FOR THE ELECTRIC GUITAR

J. Chatwin

This book is for anyone interested in the electric guitar. It
explains how the electronic functions of the instrument
work together, and includes information on the various
pickups and transducers that can be fitted. There are com-
plete circuit diagrams for the major types of instrument,
as well as a selection of wiring modifications and pickup
switching circuits. These can be used to help you create
your own custom wiring.

Along with the electric guitar, sections are also in-
cluded relating to acoustic instruments. The function of
specialised piezoelectric pickups is explained and there
are detailed instructions on how to make your own
contact and bridge transducers. The projects range from
simple preamps and tone boosters, to complete active
controls and equaliser units.

92 pages £4.95

MIDI SURVIVAL GUIDE

Vic Lennard

Whether you're a beginner or a seasoned pro, the MIDI
Survival Guide shows you the way. No maths, no MIDI
theory, just practical advice on starting up, setting up
and ending up with a working MIDI system.

Over 40 cabling diagrams. Connect synths, sound
modules, sequencers, drum machines and multitracks.
How to budget and buy secondhand. Using switch,
thru and merger boxes. Transfer songs between
different sequencers. Get the best out of General MIDI.
Understand MIDI implementation charts. No MIDi
theory.

104 pages Temporarily out of print

PRACTICAL ELECTRONIC MUSICAL

EFFECTS UNITS

R. A. Penfold

This book provides practical circuits for a number of
electronic musical effects units. All can be built at rela-
tively low cost, and use standard, readily available com-
ponents. The projects covered include: Waa-Waa Units;
Distortion Units; Phaser; Guitar Envelope Shaper;
Compressor; Tremolo Unit; Metal Effects Unit; Bass
and Treble Boosters: Graphic Equaliser; Parametric
Equaliser. The projects cover a range of complexities,
but most are well within the capabilities of the average
electronics hobbyist. None of them require the use of
test equipment and several are suitable for near

beginners.
£4.95

102 pages

LOUDSPEAKERS FOR MUSICIANS
Vivan Capel
This book contains all that a working musician needs to
know about loudspeakers; the different types, how they
work, the most suitable for different instruments, for
cabaret work, and for vocals. it gives tips on construct-
ing cabinets, wiring up, when and where to use wad-
ding, and when not to, what fittings are available, finish-
ing, how to ensure they travel well, how to connect
multi-speaker arrays and much more.

Ten practical enclosure designs with plans and com-
ments are given in the last chapter, but by the time
you've read that far you should be able to design your

own
164 pages £4.99

384 Evervday Practical Electronics/ETI, May 1999



| EVERYDAY

| PRACTICAL |

ELEGTRONICS

TRRAT NN 08

rice.
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PROJECTS e Safe and Sound - Security
Bleeper ® Active Microphone ® Car Immobi-
liser ® Mini Organ.

FEATURES e TEACH-IN ‘98 - An Introduc-
tion to Digital Electronics-2 ® Circuit Surgery
e Interface ® B2 Spice Review ® Ingenuity
Unlimited e Alternative and Future Tech-
nologies-1 ® Net Work - The Internet ® Free
Giant Data Chart - Formulae.

JAN ‘98 Photostats Onl

PROJECTS e Disco Lights Flasher ® Simple
M.W. Radio e EPE Virtual Scope-1 ® Surface
Thermometer.

FEATURES e TEACH-IN ‘98 - An Introduction
to Digital Electronics-3 e Circuit Surgery e
Ingenuity Unlimited ® Alternative and Future
Technologies-2 ® Net Work - The Internet e
Free - Giant PIC Data Chart.

FEB '98

PROJECTS e Water Wizard e Kissometer @
Waa-Waa Effects Pedal ® EPE Virtual Scope - 2.
FEATURES e TEACH-IN ‘98 - 4 @ ingenuity Un-
limited ® Techniques-Actually Doing It ® Cir-
cuit Surgery ® Net Work - The Internet ® Chip
Special - HT7630 PIR Controller.

MAR ‘98 Photostats Onl

PROJECTS e Lighting-Up Reminder ® The
Handy Thing ® Switch-Activated Burglar Alarm
® Audio System Remote Controller.

FEATURES e TEACH-IN ‘98 - 5 e ingenuity
Unlimited @ interface ® Stripboard Magic
Review o Circuit Surgery ® Net Work ® EPE PIC
Tutorial Supplement 1

APRIL ‘98 Photostats Onl

PROJECTS o Simple Metal Detector ® Single
or Dual Tracking Power Supply ® Experimental
Piezo-Cable Projects - Distributed Microphone
- Vibration Alarm ® RC-Meter.

FEATURES e Ingenuity Unlimited e Patent
Your Invention ® TEACH-IN ‘98 - 6 e Circuit
Surgery ® Net Work @ Techniques - Actually
Doing It ® EPE PIC Tutorial Supplement 2

MAY ‘98 Photostats Onl

PROJECTS e Dice Lott ® Security Auto-Light
e Stereo Tone Control plus 20W Stereo
Amplifier e improved Infra-Red Remote
Repeater.

FEATURES ® TEACH-IN ‘98 - 7 ® Net Work e
EPE PIC Tutorial Supplement 3

JUNE '98

PROJECTS e EPE Mood Changer e Simple
SW Receiver o Atmel AT89C2051/1051
Programmer @ Reaction Timer.

FEATURES e 8051-based EEPROM
Microcontrollers o TEACH-IN ‘98 - An
Introduction to Digital Electronics - 8 @ Circuit
Surgery ® Techniques - Actually Doing It e
ingenuity Unlimited

JULY "98

PROJECTS e PIC16x84 Toolkit ® Noise Cancell-
ing Unit @ Low Battery Indicator ® Greenhouse

Computer - 1.
FEATURES e Using the L200CV Voltage
Regulator ® TEACH-IN ‘98 - 9 e Ingenuity

Unlimited e Circuit Surgery ® Net Work.

FRALTN AL

. .. N i

AUG "98

PROJECTS e Lightbulb Saver ® Float Charger
e PC Transistor Tester ® Greenhouse Com-
puter - 2 ® Time Machine Update.

FEATURES e TEACH-IN ‘98 - 10 e Circuit Sur-
gery ® Techniques - Actually Doing It e In-
genuity Unlimited ® New Technology Update
Net Work e IVEX PCB Cad Review.

SEPT '98

PROJECTS e Mains Socket Tester ® Personal
Stereo Amplifier @ Greenhouse Radio Link e
PIC Altimeter.

FEATURES o TEACH-IN ‘98 - 11 ® Ingenuity
Unlimited ® Circuit Surgery ® Interface ® Net
Work @ Crocodile Clips Review.

OCT '98

PROJECTS e Voice Processor ® Digiserv R/C
Channel Expander @ Reliable infra-Red Remote
Control ® PC Capacitance Meter.

FEATURES e Easy PCB Making ® Using LM335
and LM35 Temperature Sensors e Circuit
Surgery ® Ingenuity Unlimited ® Net Work e
Electronics Principles 5.0 Review. 0

NOV ‘98

PROJECTS e PIC Tape Measure ® T-Stat
Electronic Thermostat - 1 @ PhizzyB Computers
-1 @ 15-way Infra-Red Remote Control.
FEATURES e Circuit Surgery e ingenuity
Unlimited ® New Technology Update e Net
Work - The Internet ® Easy PC for Windows 95
Review ® FREE EPE CD-ROM No.1.

BACK ISSUES

We can supply back issues of EPE and ET/ (see panel) by post, most EPE issues from the past five years are available. An EPE index
for the last five years is also available - see order form. Alternatively, indexes are published in the December issue for that year.
Where we are unable to provide a back issue a photostat of any one article (or one part of a series) can be purchased for the same

DID YOU MISS THESE?

DEC "98 Photostats Onl

PROJECTS o EPE Mind PICkler-1 e Fading
Christmas Lights ® Handheld Function Gener-
ator e Damp Stat Electronic Thermostat e
PhizzyB Computers-2.

FEATURES e PhizzyB Computers-2 Under-
standing Computers ® Circuit Surgery ® In-
genuity Unlimited e Index e FREE 48-page
Understanding Passive Components booklet.
JAN "99

PROJECTS e Alternative Courtesy Light Con-
troller ® Twinkle Twinkle Reaction Game o
Volume Compressor @ PhizzyB Computers-3 @
EPE Mind PICkier-2.

FEATURES e New Technology Update ® From
Russia With Love ® Circuit Surgery ® PhizzyB
Computers-3 ® Net Work.

FEB 99

PROJECTS e PIC MIDI Sustain Pedal e Light
Alarm o Wireless Monitoring System-1 e
PhizzyB Computers—4.

FEATURES e Ingenuity Unlimited ® Scolar
Project ® PhizzyB Computers—4.

MAR ‘99

PROJECTS ® Smoke Absorber ® Auto Cupboard
Light ® PhizzyB Computers-5 ® Time and Date
Generator ® Wireless Monitoring System-2.
FEATURES e Ingenuity Unlimited e I/ITSEC
Show Report ® PhizzyB Computers-5 @ Practi-
cally Speaking ® Circuit Surgery ® Net Work.

APRIL "99

PROJECTS e Mechanical Radio ® Voice Record/
Playback Module e Versatile Event Counter e
PhizzyB Computers—6 ® Ironing Board Saver.
FEATURES e Ingenuity Unlimited e PIC16F87x
Microcontrollers ® PhizzyB Computers-6 ¢
MAX761 D.C. to D.C. Converter e Interface ®
Circuit Surgery ® Net Work ® FREE 48-page Basic
Soldering Guide booklet.

BACK ISSUES ONLY £2.75 each inc. UK pép.

Overseas prices £3.35 each surface mail, £4.35 each airmail.
We can also supply issues from earlier years: 1992 (except March, April, June to Sept. and Dec.), 1993 (except Jan. to March, May,
Aug., Dec.), 1994 (except April, May, June, Nov.}, 1995 (except Jan., May to Sept., Nov., Dec.), 1996 (except Feb.. Aprii, May, July,

Aug., Nov.), 1997.

We can also supply back issues of ET1 (prior to the merger of the two magazines) for 1998/9 - Vol. 27 Nos 1 to 13 and Vol.
28 No. 1. We are not able to supply any material from ET/ prior to 1998. Please put ETI clearly on your order form if you

require ET/issues.

Where we do not have an issue a photostat of any one article or one part of a series can be provided at the same price

== -m-c—eeco~=—-=

ORDER FORM - BACK ISSUES - PHOTOSTATS - INDEXES

| {] Send back issues dated ............c...ccoocerrececnnnee

= - -
i
I

[] Send photostats of (article title and ISSUE dale) .............c.ccevwuiueriireirimiaiiiireieiireiesie e senanan .

1
1 [] Send copies of last five years indexes {£2.75 for five inc. p&ip - Overseas £3.35 surface, £4.35 airmail) ]

§ Note: Minimu
SEND TO: Everyday Practical El

ronics, Allen House, East Borough, Wimborne, Dorset BH21 1PF. i

Tel: 01202 881749. Fax: 01202 841692. {Due 10 the cost we cannot reply to overseas queries or orders by Fax.)

Payments must be in £ sterling - cheque or bank draft drawn on a UK bank. Normally supplied within seven days of receipt of order.

1
1 E-mail:orders@epemag.wimborne.co.uk
1

Send a copy of this form, or order by letter if you do not wish to cut your issue.
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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 and more
enjoyable than pure textbook or magazine study. They have
proved particularly useful in schools, colleges, training
departments and electronics clubs as well as to general
hobbyists and those following distance learning courses etc.

BASICS
VT201 to VT206 is a basic electronics
course and is designed to be used as a
complete series, if required.

VT201 54 minutes. Part One; D.C. Circuits. This
video is an absolute must for the beginner.
Series circuits, parallel circuits, Ohms law,
how to use the digital multimeter and much
more. Order Code VT201
VT202 62 minutes. Part Two; A.C. Circuits. 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 circuits. Order Code VT202
VT203 57 minutes. Part Three; Semiconductors.
Gives you an exciting look into the world
of semiconductors. With basic semiconduc-
tor theory. Plus 15 different semiconductor
devices explained. Order Code VT203

—
75 000]

VT204 56 minutes. Part Four; Power

Guides you step-by-step through different sec-
tions of a power supply. Order Code VT204
VT205 57 minutes. Part Five; Amplifiers. Shows
you how amplifiers work as you have never
seen them before. Class A, class B, class C,
op.amps. etc. Order Code VT205
VT206 54 minutes. Part Six; Osdillators. Oscil-
lators are found in both linear and digital cir-
cuits. Gives a good basic background in oscil-
lator circuits. 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, not for the beginner.
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow the signal from the input
to the audio/video heads then from the
heads back to the output.

Order Code VT102
VT103 35 minutes: A step-by-step easy to
follow procedure for professionally clean-
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.

Ovrder Code 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 digital circuit, plus Binary
notation. Order Code VT301
VT302 55 minutes. Digital Two; Flip Flops will
further enhance your knowledge of digi-
tal basics. You will learn about 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 solid
understanding of the basic circuits found in
today’s digital designs. Gets into multiplexers,
registers, display devices, etc.

Order Code VT303
VT304 59 minutes. Digital Four; DAC and ADC
shows you how the computer is able to com-
municate with the real world. You will learn
about digital-to-analogue and analogue-to-digi-
tal converter circuits. Order Code VT304
VT305 56 minutes. Digital Five; Memory Devices
introduces you to the technology used in many
of today's memory devices. You will learn all
about ROM devices and then proceed into
PROM, EPROM, EEPROM, SRAM, DRAM, and
MBM devices. Order Code VT305
VT306 56 minutes. Digital Six; The CPU gives
you a thorough understanding in the basics of
the central processing unit and the input/output
circuits used to make the system work.

Order Code VT306

ORDERING: Price includes postage to anywhere in the worm
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 normally sent within seven days but please allow a maximum of 28 days -
longer for overseas orders.
Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne,
Dorset BH21 1RW (Mail Order Only)
Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE

Tel: 01202 881749. Fax: 01202 841692

Due to the cost we cannot reply to overseas orders or queries by Fax.
E-mail: editorial@epemag.wimborne.co.uk
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RADIO
VT401 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 detected, converted
and reproduced. Also covers the Motorola C-
QUAM a.m. stereo system. Order Code VT401
VT402 58 minutes. EM. Radio Part 1. FM. basics
including the functional blocks of a receiver.
Plus r.f. amplifier, mixer oscillator, i.f. amplifier,
limiter and f.m. decoder stages of a typical f.m.
receiver. Order Code VT402

Depleti?n1 Region

VT403 58 minutes. FM. Radio Part 2. A con-
tinuation of f.m. technology from Part 1.
Begins with the detector stage output, proceeds
to the 19kHz amplifier, frequency doubler,
sterep demultiplexer and audio amplifier stages.
Also covers RDS digital data encoding and
decoding. Order Code VT403

MISCELLANEOUS

VT501 58 minutes. Fibre Optics. From the fun-
damentals of fibre optic technology through
cable manufacture to connectors, transmitters
and receivers. Order Code VT501
VT502 57 minutes. Laser Technology A basic in-
troduction covering some of 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 code scanning.

Order Code VT502

American supplier. (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 readers having
access to the Internet. Don't forget that we maintain our own
web site at http://www.epemag.wimborne.co.uk, and by using our
Secure Server at https://secure.tcp.co.uk/epemag, readers can
subscribe or renew their subscription on-line using Visa or
Mastercard. The EPE Back Issues secure order form is a popular
and convenient way of ordering reprints, issues and printed circuit
boards.

New on the EPE web site is a web version of the history of both
Everyday Electronics and its former sister magazine Practical
Electronics, founded back in 1964. In his on-line article, Editor Mike
Kenward describes how the magazines progressed from their early
roots to merge into the leading UK hobby and educational magazine.

A separate illustrated section includes some fascinating screen
shots of old issues and advertisements, also it shows some original
cover shots of Everyday Electronics, and describes how the advent
of affordable home computers in the mid 1980s was to have a pro-
found impact in the future direction of the magazine. We hope you
enjoy the feature.

THE WORMS HAVE TURNED

Regular Internet users may have heard of the “Happy99"
Windows *“worm’ which has been circulating the Internet. This
month’s Net Work looks at some of the risks faced by its users when
fetching files from remote sites using E-mail, FTP or the web.

A worm first appeared on American networks on 2 November,
1988, when a student in Cornell University created what he thought
was a harmless code which would replicate and grow on any sus-
ceptible Unix host computer. The worm would then seek to spread
to other computers by exploiting the inherent weaknesses that exist-
ed at that time in government and research communications
networks.

When the worm was unleashed the result was that American net-
work systems — both military and academic - were eventually
brought crashing to a halt, devastated by the way.the worm propa-
gated itself through the entire system, growing and choking up
every computer in its path until the entire system locked up. Initial
attempts to restore systems following this new form of attack were
not entirely successful, because a “disinfected™ system could soon
be attacked again by other networks which were still under siege
from what was later to be known as The Internet Worm.

UNDER ATTACK

Many users are very casual about the risks involved in transmit-
ting or receiving files by Internet. There are three forms of mali-
cious code attack which computer users ought to be aware of, since
the risks of becoming “infected™ are now greater than ever given
that file transmission via the Internet is commonplace.

A worm propagates itself from one host computer to another. The
idea is simply that it copies itself at every opportunity. A worm is
simply there but normally doesn't try to attack your system per se.

Trying to eliminate a worm may be difficult but usually a cure is
found. Happy99.exe is a good example, discussed shortly. It can
be propagated by being encoded into an E-mail, or can be transmit-
ted via a Usenet post. .

As reflected in its name, a Trojan Horse is a program which
looks inviting and alluring: its perpetrators are trying to fool you
into opening it and running it. Note that a Trojan Horse is not the
same as a computer virus attack. The device may pretend to be a
game or innocent-looking program, but behind the scenes it is busy-
ing itself by damaging the host computer setup.

How do you really know for definite that the file you just fetched
from the Internet is really what it purports to be? Recently a Trojan
Horse entitled Picture.exe was released which, amazingly, could
sniff out and send AOL usernames and passwords from the host
system to a particular remote E-mail address.
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A computer virus can be intended to inflict deliberate damage on
its host system. Virii can latch themselves on to genuine-looking pro-
gram files, like bacteria infecting healthy tissue: the main program
might continue to work but the virus can grow invisibly within the
system and be transmitted to others — e.g. by residing on the hard disk
or by infecting floppy disks — without the users’ knowledge.

As to what happens after a virus attack, well it depends. There are
thousands of viruses in circulation and when a host system contracts
one of them, any number of effects can be observed, from the com-
puter gradually slowing down because its memory is being filled, to
files becoming corrupted, a system behaving bizarrely on a particu-
lar day (e.g. Friday the 13th) or — worst case scenario — a complete
trashing of a hard disk. (You do back up important data every day,
don’t you?)

DON’T PANIC

Probably the most common virus I come across is Form, which
tends to be introduced on dubious-looking floppy disks. Some vari-
ants wake up on the eighteenth of every month and display a “Don’t
Panic™ message. Other attempted virus attacks include an innocent
one (I assume) contained in a reader’s floppy disk that arrived in the
post. Fortunately my anti-virus software detected the presence of Tan
Pro 524 immediately.

Occasionally, a figment called the Good Times virus springs up,
appearing in the form of a “damaging” E-mail message. This can
cause novices great concern. The subject line of the E-mail threat-
ens that the virus will harm the host system if it is opened and read.

Good Times is a hoax. If anything, it’s the actual propagation of the
E-mail message by worried users which is the *“virus”. Let me empha-
sise one thing: you can't damage your system or introduce a virus
merely by reading an E-mail message. You can, however, introduce a
worm or a damaging virus by “running” an attached executable code.

The worm Happy99 (Happy New Year, right?) may appear as an
attachment called happy99.exe in E-mail messages and it is very
tempting to run the Windows executable file just to see what hap-
pens. This has actually struck uncomfortably close to home, since
an E-mail message from an *“official’’ software support technician
to my brother did indeed have the Happy99 worm attachment. The
software vendor had been attacked by the worm and an employee
must have run it, thereby propagating the worm onto its customers’
systems. Worried Windows users can check for its.presence by
looking for a file called ska.exe or wsock32.ska. (The Symantec
web site offers a cure.)

UPDATE

The best defence in this warfare is to keep updated with an anti-
virus package such as Symantec's Norton Anti Virus, which was one
of the first to carry details of Happy99. Subscribe to updates if you
value your data: Norton permits a series of monthly updates which
can be obtained by a “Smart Update™ direct modem transfer (no
Internet connection being used necessarily, you notice). You can
also submit suspicious program files to Norton for examination.

There are several good anti-viral (AV) resources on the web. The
first is www.symantec.com/avcenter, the leading Symantec site
with lots of data, including information on Happy99. Other
respected vendors of AV protection include www.mcafee.com,
www.drsolomon.com, www.av.ibm.com (an IBM-Symantec joint
venture) and www.datafellows.com. Macintosh users could try
www.macvirus.com. If your work depends on the Internet or deal-
ing with files from external sources, you should sign up to an anti-
virus update system today.

As usual the URLs mentioned above (and more besides) are
already enabled on the EPE web site — go straight to my Ner Work
page and click. Suggestions for good electronics-related web
resources are always welcome - please E-mail yours to
alan@epemag.demon.co.uk.

387



NOW AVAILABLE

RANGER 2 for Windows 95

The Complete, Integrated Demo Software - available from our Web Address
Schematic & PCB Layout Package

Windows Ranger 2

Ranger 2 Outputs:

=

For Windows 95 & NT £ Fu Windows Outputs
*» New Hierarchical Circuit - LSl
* Split Revices * Gate & Pin Swap NC Drill
* New Edit Devices in Circuit AutoCad DXF
* Copper Fill « Power Planes
* Autorouter * Back Annotation
Windows Ranger 2 with Specctra SP2 D00

Ranger & Specctra Autorouter provide the most cost
effective PCB Design system available. A powerful, intuitive system at
an outstanding price!

Windows Ranger 2 Upgrade
Upgrade your existing PCB Package to Windows Ranger 2.

RIS ENRE YNNI Ranger 2 Lite £35  (Prices exc VAT/P&P)

Call 01730 260062 WEYZIL /4 4

=T T ——

Fax O 1 730 267 27 8!,?12,‘,""‘,;:':6[;5'?,‘:%0#:“&"0"6?{' CS'S J] Advanced Systems & Technology for PCB Manufacture

PCBs FROM PAST ISSUES OF ETI

(prior to the merger of EPE and ETI in March 99). See opposite page for ordering details.

Name and issue of project Unit code Price Surface Mount Diagnostic Interface E/798/2 £5.09
ET1 PCB Service Issue 1 1999 Surjace Mqunt Logic probe E/798/3 £5.09
Stress and Skin Temperature Meter E/0199/1 £14.55 Mains Monitor . E/798/4 £12.33
‘Short Cut' Continuity Tester E/0199/2 £5.09 Aquaprobe E/798/5 £5.50
R.F. Probe E/0199/3 £5.09 ETI PCB Service issue 6 1998
Switch Voit PSU E/0199/4 £5.09 PIC Development Board E/698/1 £5.50
ETI PCB Service Issue 13 1998 Signa! Generator ) Ef698{2 £8.99
Programmable Logic Microcontrofier Board E/1398/1 £7.32 Headlight Detay Unit 98 e
Programmable Logic Simulator Board £/1398/2 £5.09 6-Interval Games Timer E/698/4 £5.09
Regulated Battery PSU E/1398/3 £5.09 ET1 PCB Service Issue 5 1998
Audio Power Meter E/1398/4 £7.32 UHF Transmitter (DS) E/598/1 £5.07
Car Vigilante E/1398/5 £5.64 UHF Transmitter Encoder E/598/2 £5.09
Millivolt Meter E/1398/6 £6.77 UHF Receiver Front End (DS) E/598/3 £5.07
Wobbulator E/1398/7 £6.22 UHF Receiver I.F. stage (DS) E/598/4 £5.07
Fridge Thermometer E/598/5 £5.50
géfs’f‘: Service lssue 121558 e £5.08 AVR Controller E/598/6 £5.50
Fishbiter E/1208/2 £5.09 27C16 Eprom Programmer E/598/7 £7.87
Smooth Fuzz E/1298/3 £5.09 Guardian Light E/598/9 £6.22
ETI PCB Service Issue 11 1998 ETI PCB Service Issue 4 1998
LED Voltmeter E/498/1 £5.64
;o:'f gz[:mnd (Music Lovers) g: :gg; Eggg BB Ranger Control Board E/ag8/2 £6.22
i : BB Ranger Score Board £/498/3 £22.89
ETI PCB Service Issue 10 1998 Line-Up Oscillator with Glitch E/498/4 £8.99
lonisation Chamber E/1098/1 £5.09 Tic-Tac-Toe E/498/5 £8.44
lonisation Chamber (SMD) E/1098/2 £5.09
. ; ETI PCB Service issue 3 1998
PIC Development Board: see also issue 6 below E/698/1 £5.50 Medium Wave Loop £/398/1 £5.64
ETI PCB Service Issue 9 1998 AA Cell Eliminator £/398/2 £7.32
Q Meter E/998/2 £5.09 PIC Based Double Bass Tuner E/398/3 £5.64
Bath Duck E/998/3 © £5.09 S-range Capacitor Meter E/398/4 £6.77
PIC Electronics Security Switch E/898/1 £5.09 ETI PCB Service Issue 2 1998
PIC Multiplexed LED Display E/898/2 £5.09 Smartcam main board E/208/1 £5.09
PIC Non-muitiplexed LED Dispay E/898/3 £5.09 Smartcam opto-sensor board E/298/2 £5.09
Easy Parker : £/898/4 £6.77 Both smartcam boards E/298/182 £7.00
Tiny Traffic Lights E/898/5 £5.09 Switched Mode Internal Power Supply E/298/5 £7.87
Q Meter E£/898/6 £5.09 Auto Cupboard light E/298/3 £5.64
Bath Duck Eesar £5:50 ETI PCB Service Issue 1 1998
ETI PCB Service Issue 7 1998 Control Centre Desk-Top unit E/1981 £8.99
PIC 16C74 Development Board E/7981 £5.09 Control Centre Main Section E/198/2 £7.87

L e e e e e = e e e - ]
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PROJECT TITLE | Order Code Cost
EPE Mood Changer | JUNE'98 | 193 £77
*AT8902051/1'(1)%1 Programmer
Main Board 194 £8.50
Test Board 195 £8.69
*Reaction Timer  Software only - -
. . *PICT6x84 Toolkit 196 T6.96
Printed circuit boards for certain EPE constructional projects are available from the *Greenhouse Computer
PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and Control Board 197 £9.08
roller tinned. All prices include VAT and postage and packing. Add £1 per board PSU Board 198 £8.10
for airmail outside of Europe. Remittances should be sent to The PCB Service, Fioat Charger 199 £6.59
Everyday Practical Electronics, Allen House, East h, Wimborne, Dorset Lightbulb Saver 202 £3.00
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to Personal Stereo Ampliier 392 00
orders or queries by Fax); E-mail: orders@epemag.wimborne.co.uk . Cheques Multi-project PCB)
should be crossed and made payable to Everyday Practical Electronics (Payment *Greenhouse Radio Link 200 £8.32
in € sterling only). *PIC Altimeter 201 £8.15
NOTE: While 95% of our boards are held in stock and are dispatched within oice Processor 203 T7 18
seven days of receipt of order, please allow a maximum of 28 days for *Digiserv R/C Expander 204 £7.69
delivery — overseas readers allow extra if ordered by surface mail. IR Remote Control
Back numbers or photostats of articles are available it required — see the Transmitter 205 £3.00
Back Issues page for details. Receiver _ 206 £3.50
Please check price and avallabliity In the latest issue. *PIC Tape Measure 207 T5.82
Boards can only be supplied on a payment with order basis. Electronic Thermostat
T.Stat 208 £4.00
Phizza'B £14.95
PROJECT TITLE Order Code Cost A-PCB B-CD-ROM C-Prog. Microcontrolier Bee (A)(B)(C) each
*PIC Digital/Analogue Tachometer 127 erizai) Jl| "o miemote Contrd 211 galia
S o 15-Way Rec/Decoder 212 £4.00
Playback/PSU 128 £7.94 Y : :
Record/Erase 129 £9.04 Damp Stat <09 14.50
. Handheld Function Generator 213 £4.00
*Earih Resistivity Meter  Fading Christmas Lights 215 £5.16
T IOV moct double-sidedpth) | 136ssay | Gano | |-EnizzyB O Board (4-section) il 3.9
] 't t LAY, ! 1
Mains Failure Warning 126 £6.77 I'Eg‘geh}im";:%m?c"o" Game | _JANSS | g,g Eggg
Pacific Waves B9 136 £9.00 PhizzyB I/O Board (4-section) 216 £3.95
PsiCom Experimental Controfler 137 £6.78 Altemative Courtesy Light Controlier 217 £6.72
[~Of Check Reminder 125 €716 | [Tigni Alarm 278 .78
Video Negative Viewer 135 £6.75 *Wireless Monitoring System — Transmitier 219+a £9.92
Tri-Colour NiCad Checker 138 £6.45 Receiver 220+a £8.56
Dual-Output TENS Unit (plus Free TENS info.) 139 £7.20 *PIC MIDI Sustain Pedal Software onl - -
*PIC-Agoras — Wheelie Meter 141 £6.90 *Wireless Monitoring System—2 See
418MHz Remote Control — Transmitter 142 £5.36 F.M. Trans/Rec Adaptors 219a/220a | Feb'99
— Receiver 143 £6.04 *Time and Date Generator 221 £7.37
Puppy Puddle Probe 145 £6.10 Auto Cupboard Light 222 £6.36
MIDI Matrix — PSU 147 £5.42 Smoke Absorber 223 £5.94
— Interface 148 £5.91 Troning Board gaver " GEEN ggg Eg :g
i MAY 97 1 : Voice Record/Playback Module :
A ke 11 26531 | Mechanical Radio (pair) 226438 | £74001
*PIC-A-Tuner 149 £7.83 *Versatile Event Counter 207 £6.82
Window Closer — Trigger 150 £4.91 PIC Toolkit Mk 2 227 £8.95
- Closer 151 £4.47 A.¥./F.M.§adao Remote Control 228 £3.00
Chiid Minder Protection Zone tansmEier }
- Transmitter 153 £6.58 | LemblSCEINE! 222 £320
— Receiver 154 £6.42
*PIC Digilogue Clock 156 £7.39
Narrow Range Thermometer 158 £6.37 Software programs for EPE projects marked with an asterisk * are avail-
Micropower PIR Detector - 1 152 £6.69 able on 3.5 inch PC-compatible disks or free from our Intemet site. Three
Infra-Red Remote Control Repeater disks are available: PIC Tutorial (Mar-May '98 issues); PIC Disk 1 (all other
(Muti-project P.C.B.) 932 £3.00 | | software Apr '95-Dec '98 issues); EPE Disk 2 (Jan '99 issue to current
HEEcRsEo o e 3823'% - 5692 | | cover date). The disks are obtainable from the EPE PCB Service at £2.75
Computer Dual User | eetoce 163 e7o each (UK) to cover our admin costs (the software itself is free). Overseas
*Pnlggt';'gca:]ear ser Interface 162 £6.60 (each): £3.35 surface mail, £4.35 each airmail. All files can be downloaded
Vaniable Bench Power Supply — IEVCEEEN CkY] 500 free from our Internet FTP site: ftp://ftp.epemag.wimborne.co.uk.
Universal Input Amplifier 146 £6.55 I-—————————-—-————————————-|
Micropower PIR Detector — 2 Controller 163 £6.72
R P SEPT S mEEE 221! EPE PRINTED CIRCUIT |
Active Receiving Antenna SEPT'97 140 £6.59 ]
Soldering Iron Controlier 157 £6.63 : 1
*PIC Noughts & Crosses Game 165 £7.82 BOARD SERV'CE
M o Brsarm/esat Switch 166 ok "
arm Disarm/Reset Switc! 5
froning Safety Device 167 £5.12 : Order Code Project Quantity Price :
Remote Control Finder 168 £6.32
Rechargeable Handlamp 169 623 | 1 oottt ettt naaes !
*PIC Water Descaler 170 £6.90 | I I
*EPE Time Machine NOvV'97 171 EB.38 1 1 NAME.....ocvieeieeeeeceecierieee e e et s s e eeseee e et e seesnae e 1
oo ek i B IE ] i -
'ortable 1 /Charger i
Car Immobiiser 7% ool ! LT S e ]
Safe and Sound (Security Bleeper) 179 £732 0 ]
Surface Thermometer | JAN'9S | 174 BTERTI I coiccoiinninnininninnisniosssessessssessessossssnssnsssssoessossssnssesrossssnssssansane
Disco Lights Flasher 178 £8.30 : :
Waa-Waa Pedal (Multi-project PCB) 332 £3.00 I enclose payment of £...........ccccccvrennae .(cheque/PO in € sterling only) to
* Virtual Scope - Digital Board 17§ E;: ;.39 I I
Analogue Board (per board) 177 .34 ]
*Water Wizard 180 £7.69 : Everyday "
e | i . ractical Electronics g |
- tonal
The Handy Thing (Double-Sided) 183 c658 | 1 Access (MasterCard) or Visa No. "
Lighting-Up Reminder 184 €590 | Minimum order for credit cards £5 )
*Audio System Remote Controller - PSU 185 £7.05
Main Board 186 €829 | | I
Simple Metal Detector . I 1
(Multi-project PCB) 932 £3.00 i 1
Sin%le or Dual-Tracking Power Supply 187 £7.90
*RC-Meter 188 £7.66 | ¥ Signature. .........c.ocovovioriveroii Card Exp. Date............ccco.cooeeev. !
Secunity Auto-Light 189 [ERIE W] - I
Stereo Tone Control plus 20W Stereo Amplifier , i Please supply name and address of cardholder if dilferent from the address shown i
;83,? fg;}{,?;, }3? ’éa ;2 1 NOTE: You can order p.c.b.s via our Internet site on a secure server: |
2Dis Lot 152 s ] | _ _ . piMwnwepemaguimbomecouk _ _ _ __ _|
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 EVERYDAY |
| PRACTICAL |

ELEGTRONIGS

CLASSIFIED

ELECTRONICS

TODAY INTERNATIONAL

Everyday Practical Electronics/ET| 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 (+ VAT) per single column centimetre (minimum 2:5cm).
The prepaid rate for classified adverts is 30p { + VAT) per word {minimum 12 words).

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together
with remittance, should be sent to Everyday Practical Electronics/ETI Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex

CO16 OED. Phone/Fax (01255) 861161.

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above.

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY
Up to 20 volts d.c. at 1 amp continous, 1-5 amps peak,

filly variable from 1 to 20 volts. Twin
Voltage and £ 4 5 ;?XT
p Post £4

Current meters
for easy read-
out. 240 volt a.c
input. Fully smoothed, size Ziamxuanxeun.

RADIO COMPONENT SPECIALISTS

337 WHITEHORSE ROAD, CROYDON
SURREY, CRO 2HS. Tel: 0181-684 1665

Lots of transformers, Righ volt caps, vaives, output transformers, speskers, in stock.
or send your wants fist for quote

ELECTRONIC KITS

¢ 88-108MHz FM transmitters from under £5
$ Many educational and hobby electronic
kits covering all technicat abilities, from
beginners’ circuits to MCU/MPU designs
¢ Low cost PCB services and equipment
¢ Send 4x1st class stamps for catalogue

DTE MICROSYSTEMS, 112 SHOBNALL ROAD,
BURTON -ON-TRENT, STAFFS DE14 2BB
PHONE or FAX: 01283 542229
hitp://www.btinternetl.com/-dtemicrosystems

BRAND NEW SINCLAIR SPECTRUM
& QL PARTS

2ZX MICRODRIVES £15, INTERFACE ONE £20,
CARTRIDGES 10 FOR £15, 50 FOR £50.
oL BOARDS 5,687, POPULATED WITH
ROMS, £30; UNPOPULATED, £12 MOCRODRIVES
£10 EACH. TOP & BOTTOM CASES
MEMBRANES £15.

E P.C., MAC and QL’'s “Little Friend"
MAC LINK £10 - P.C. LINK £25 - OL LINK £12
CAMBRIDGE 288 A4 NOTEBOOK
COMPUTER AVAILABLE AGAIN £99,

RECONDITIONED

ONLY 1° THICK, 4xAA BATTS. 20 HOURS WORK

LCD SCREEN. 72 Crs, 6 LINES, 32K EXTRA
RAMS & EPROMS, 9 pin D SERIAL PORT ROM HAS
BBC BASIC, W/PROCESSOR, SPREADSHEET, DATA

BASE, IMP/EXPORT TO PC etc, V52 TERMINAL.

W.N. RICHARDSON & CO.
PHONE/FAX 01494 871319

6 RAVENSMEAD, CHALFONT ST PETER,
BUCKS, SL9 ONB.

BTEC ELECTRONICS
+ TECHNICIAN TRAINING
GNVQ ADVANCED ENGINEERING
(ELECTRONIC) - PART-TIME
HND ELECTRONICS - FULL-TIME
B.Eng FOUNDATION - FULL-TIME
Next course commences
Monday 13th September 1999
FULL PROSPECTUS FROM

NOW AVAILABLE WITH
128K AND 512K - OZa

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD

EARLS COURT, LONDON SW5 9SU
TEL: 0171-373 8721

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics enthusiasts by |
contact and through a quarterly Newsiletter.

For membership details, write to the Secretary:
Mr. M. R. Moses, 5 Park View, Cwmaman,
Aberdare CF44 6PP

Space donated by Everyday Practical Electronics

Miscellaneous

X-10® Home Automation
We put you in control ™

WHY TOLERATE WHEN
YOU CAN AUTOMATE?

An extensive range of 230V X-10 products
and starter kits available.

Uses proven Power Line Carrier technology,
no wires required.

Products Catalogue available online.
Worldwide delivery.

Laser Business Systems Ltd. '
E-Mail: info@laser.com
http://www.laser.com
Tel: (0181) 441 9788
Fax: (0181) 449 0430

AstrA” ASTRA Desk Top Accounting™
Are yvou wortied that your
customers will insist on using the

€ Euro and so leave you off their list
m of suppliers?
see for a Pan-European
sofution to help you with this looming problem

S&S Systems Ltd., Bretton Count, $26 SPS, UK

G.CS.E. ELECTRONIC KITS, at pocket
money prices. S.A.E. for FREE catalogue,
SIR-KIT Electronics, 52 Severn Road, Clacton,
CO15 3RB.

EX-EQUIPMENT BARGAINS!! 10 watt
amplifier module + V/C, selector, £3.00; 10
watt stereo, includes p.s.u. & controls, £5.00.
K.L.A., 1 Regent Road, likley LS29 9EA.

PROTOTYPE PRINTED CIRCUIT
BOARDS one offs and quantities, for details
send s.a.e. to B. M. Ansbro, 38 Poynings Drive,
Hove, Sussex BN3 8GR, or phone Brighton
883871, fax 01273 706670.

VALVE ENTHUSIASTS: Capacitors and
other parts in stock. For free advice/lists please
ring, Geoff Davies (Radio), Tel. 01788 574774.

PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Production. Artwork
raised from magazines or draft designs at low
cost. PCBs also designed from schematics.
Production assembly also undertaken. For
details send to P. Agar, Unit 5, East Belfast
Enterprise Park, 308 Albertbridge Road, Belfast,
BTS 4GX, or phone/fax 01232 738897.

NEW AND USED COMPUTERS, spares,
etc. at keenest prices. e.g.: 386 min 2MB
RAM, 20MB HDD, desktop case, keyboard
and cables, 12in. VGA mono monitor, £55.
486 DX33 min. 8MB RAM, [20MB HDD,
desk top case, keyboard and cables, 14in. VGA
colour monitor, £165. Many other systems
available. Whatever you need, Phone/Fax 0181
853 3374 for prices.

FREE CATALOGUE: Moreton Alarm
Supplies/CCTV 2000, unbeatable prices! Board
cameras from £29.00. Telephone 0151 630 0000.

PIC PROTOTYPING KIT. Eurocard size.
On-board RS232, voltage regulation and protec-
tion,” in-circuit programming. Large prototyping
area. Kit includes serial and programming cables.
For details send an AS s.a.e. to: Frank Cembrola,
93/B St. Johns Road, Biddulph, Staffs, ST8
6LL, UK. nhttp://www.a-f.u-net.com/main.htm.
Tel. 01782 518356.

PIC-project source code files: /pub/PICS

EPE text files: /pub/docs
Basic Soldering Guide: solder.txt

UK Sources FAQ: uksource.zip
Writing for EPE advice: write4us.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 setting up an FTP
session using appropriate FTP software, then go into quoted sub-directories:

PIC projects each have their own folder; navigate to the correct folder and open it, then
fetch all the files contained within. Do not try to download the folder itself!

EPE TENS Unituser advice: tens.doc and tens.txt
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.zip and nicad2.zip

Ensure you set your FTP
software to ASCH transfer
when fetching text files, or
they may be unreadable.

Note that any file which ends
in .zip needs unzipping before

web-based forum!

On-line readers! Try the new EPE Chat Zone - a virtually
real-time Internet “discussion board” in a simple to use

http://www.epemag.wimborne.co.uk/'wwwboard
Or buy EPE Online: www.epemag.com

use. Unzip utilities can be
downloaded from :
http://www.winzip.com or
http://www.pkware.com
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TRAIN TODAY FOR A BETTER FUTURE

Now you can get the skills and qualfications you need for lectncal Contracting & Installation
career success with an ICS Home Study Course. Leamin | | Electncal Engineenng

the comfort of your own home at the pace and times that | | C&G Basic Electronic Engineenng
suit you. ICS 1s the world's largest. most expenenced | | C&G Basic Mechanical Engineening
heme study school. Over the past 100 years ICS have | | TV and Video Servicing
helped nearly 10 mulon pecple to improve their job Radlo and Hi-F1 Servicing
prospects. Find out how we can help YOU. Post or phone Heating & Air Cc
today for FREE INFORMATION on the course of your | Motorcycle Matintenance

ng

e S SR oL 00 ol

Please send me my Free Information on your Electronics Courses.

@S‘él’é‘:&:’ifs PLEASE) Date of Bith ] l
[Address |
0 [ Postcode }

I [Occupation Tel. No. __ll
99

From bme to tine , we permat other 0rgansabons 10 wike 10 you aboul
phlctdodid by Dept. ZEEE0104!

carohlly screened
Procucts and services 1t you would pre‘er not 10 hear from such bek box [
x X N N N N N § N N N ¥ N §N ¥ ]

Professional 88-108MHz FM Broadcasting Kits

A i Wy e

Detailed instructions with Schematics
High Quality Screen Printed PCBs
High Quality Components

snnsmmon Eom ia to I5W

FM Stereo Coders

Audio Compressor Limiters
Antennas

RF Power Amps

-t WY 6 NN A -

Py AaurrmivQ bl Yaand
]
] 1W Profeselonal PLL Fi# Tranemitter for Licernced Use in the Ut
WE DELIVER WORL 0 WADE AND isi i . i
e T o R T Visit our Website at http://www.veronica.co.uk |

 Contact in torw Fox A Frew Drohune
Tel 01274 883434 Fax 01274 428665

emai info@veronica.co.uk
Unit 88 1A S Aibert R Q

y BRADFORD 8013 1AA

C.C.TV.

ONLY 29mm x 29mm

BOARD CAMERAS FROM £19.95

& £19.95

LOTSOF 5 £21.50
LOTS OF 2 £23.95
SAMPLE £25.95

Add P&P £3 ANY ORDER
VAT INCLUDED

MINIATURE C.C.T.Vv. CAMERAS FROM TOP USA
MAKER. IDEAL FOR COVERT SURVEILLANCE OR
SECURITY USE IN SHOPS, OFFICES AND PRIVATE
HOMES. CONNECTS TO ANY TV OR VIDEO IN
SECONDS - OPTIONAL CABLE ETC. AVAILABLE.
OUR 1993 PRICE FOR THIS CAMERA WAS €385
HUGE RECESSION IN ELECTRONIC INDUSTRY HAS
SLASHED THESE PRICES TO RIDICULOUS LEVELS!
THESE ARE USA MADE - NOT CHEAP CHINESE
MODELS. READY BUILT WITH LENS ETC. BRAND
NEW 1999 STOCK ~ FULL 12 MONTH GUARANTEE
WORKS FROM 9V-PP3 BATTERY OR OUR CAMERA
PSU AND CABLE KIT SHOWN BELOW

APPLICATIONS
SECURITY
SURVEILLANCE,
MACHINE MONITORING, |
NANNY WATCHING, |
STAFF THEFT.
BIRD OBSERVATION

Audio Model add £5.00
1/3in. image sensor
with 288 x 352 pixels.
Auto iris. 270 hnes. 6V
to 12V D.C. 30MA
Includes 3-6mm wide
angle iens.

ETC.
Pinhole Lens add £2. BRITISH PAL SYSTEM I

PINHOLE

3-6MM

| SECRET SPY CAMERAS
L MICRO SIZE 16mm X 16mm

JAPANESE CCTV TECHNOLOGY REDUCES THE
SIZE FOR EASY CONCEALMENT.

|
|
i PLEASE ADD £2 TO ABOVE 29 x 29mm PRICES

— l r
SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

CONTACT
Cooks intornational
um Fow, tordingbridge $ite, Bamham
nor Reyrn, West Sussen, PO22 OMD, U K
Iel lo“)OlZ‘! SAS11172 Fau (+44}01743 542457
Wt hitp /vsvw conke mt com
F mal mtotscooks. it com I

ON
I Cooke International
Unrt Fou. Fordngbridge Site Bamhamn
Bognor Regs West Sussex, PO22 UKD 3
Tel (+44)01243 54511152 Fas 1443101243 5-11457
Web hitp iwww cooke nt com
E-mail info@huohe nt

o =

NIGHT
VISION
CcCctv
CAMERA
37mm x 38mm

HIGH SPECIFICATION

SHARP JAPANESE CAMERA |
MODULES FITTED WITH SIX
INFRA-RED LEDs TO SEE IN

TOTAL DARKNESS UP TO
12FT. 400 LINE
RESOLUTION WITH

FANTASTIC 0-2 LUX LEVEL.

SENT INSIDE CLEAR
PERSPEX CUBE.
SAMPLE £36 + £3 P&P
LESS FOR QUANTITY

| MAPLINS PRICE £24.99. OUR PRICE £12.50

Camera PSU and Cable Kit

A total soluton tor
enng and connect-
mg 10 our range of
board camera modutes
and covert cameras
The kit contans &
qualty plug-n mans
adaptor and a 20m
pre-wired cable. One
end of the cablo has a
SCART plug, an audio
;;'nno ug. a vdeo phono plug and a DC power socket The lead
me mams adaptor 8 plugged nto the DC socket and either
prao'nudlonndvndeophonooiugsueoluooedumo

your TV monttor or VCR

NO EXTRA P&P IF ORDERED WITH CAMERA BOARD.

SMART CAMERA CASINGS
TO ACCEPT ANY OF OUR
BOARD CAMERAS £3.00

LASER POINTERS
Professional model fires a small red
laser dot over 250 metres. Built
into luxury executive presentation
ballpoint pen with case and batts.

LIsST£39.95 Now £15.00
Gold-plated Keyfob mode!

LsTe20.95 £13.00

Add £3 p&p any quantity.

{Only soid to schools or tradesmen — no
minors under 21)

vsin. COLOUR CCD
CAMERAS

Japanese Twinboard %in. CCD and
DSP (digital signal processor) colour
CCTV boards with popular 3-:6mm
wide angle lens. High specification
290,000 pixels, electronic iris, 330
TV lines and LUX level 2. 12 voit DC.
Use with our camera PSU and cable
kit (see above).

* % BACK TO BASICS w# Xq &3 LOWESTPRICE A EQ ()() Floase 204 £5 Audio
RESISTORS
0-25W 5% CARBON E24 vales 1RO 10 10M  sach 2p 1N4148 290&70(1@'0151) ‘|N9‘|059(50b1£1) W35 ° i3l e ) p&p
L E12 3R9 10 10M 10 for 10p, 100 for 45p] INA001/2/34/8/T 4p INSA01 12! ? _— — — S ——— 4
ZSW;% METAL FIU;;'%";’M 10R !&'7\; each 3p ZENERS 2V7 10 33V 400WW 7p 1R3W, 12p
Prce now
B SR v | o o TETEGT VISONIC RADIO TRANSMITTER/
740500, 27p, 74LS02 17p. 74LS04, 2 L 17
éﬁ;::‘:;kﬁ;l&}d €12 vmoﬁlor‘l%s sach 5p ;l;ts%;”? T4LS14, 253 TALST4, J;g 74LS2M 3& RECE'VER SETS
b 5 \l ‘ A
Devebpment Facks avassble send SAL ko Isis TRERS g o L 12, Comprises smart remote control normally used as a panic button or
CAPACITORS OP AMPS LM324, LF351 49 LM3SS 741 H H . A
es o ZRooE M ke o R w?amﬁa medical alert for the elderly. Causqs receiver to open or close a circuit
X o055, 7256, 1006, 316 LNEAR 4B 31, Lm0, 30, LAGH1 164, LAGKD 143 thereby triggering a siren, automatic garage door or other device until
s b L R e el i button is released. Range 35m indoors, 100m outdoors. 9V PP3 batt.
G180, 200 2216, 3010, 47010 SS MCT09, 639 WC1207 89 u&;‘gasn NMC12100. 730 included. DTI approved 1340 licence exempt. MRP £47.85 set.
|m3.| 220483, 19p, 47063, 29p 3mm or 5mm, Red Yekow Green Amber oach 1
ERnEEEs. | ESEowE | 52 S
3 1
g€ RS LOTs 10 £12.90 set. LOTS 5 £13.90. LoTs 2 £14.90.
7, ookt 8, or . RGYY .
PPl o RED fiash LED 9% 12V 3vm or 5mm oach 6% P&P £3 any quantlty
BCS5T568/559. 9p. 172,199 DISCOUNTS 5+ 5%, 104+ 10% 25+ 15% 100+ 20% - - e
o s g deoBEvaoni2, 25 PAP B O VAT, SarSAE o COMPONENT bt Order Hotll
185, o r
PPo A, et MAJOR CREDIT CARDS, CHEOUES & POs ACCEPTED :h%%%ggg&“%g&‘gzv'g‘g = W A. S A. (€5t 1979) 01642 egosqg
D Sap. P22, 4%, TIP29SS, €109 FML ELECTRONICS, THE BUSINESS CENTRE PLEASE ASK FOR JOHN 51 Cambridge Road Eas
m“’b""’{%"?’“ ‘S";’%"S‘XE BRIDGE STREET, BEDALE, NORTH YORKSHIRE DL8 24D Middlesbrough
PLEASE e ToTE T s PRICES INCLUDE VAT, e - TS5 SNL 01642823173
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COVERT VIDEO CAMERAS

Black and White Pin Hole Board Cameras
with Audio. Cameras in P.I.R., Radios,
Clocks, Briefcases etc. Transmitting
Cameras with Receivers (Wireless).
Cameras as above with colour.
Audio Surveillance Kits and Ready Built
Units, Bug Detector etc.

A.L. ELECTRONICS

Please phone 0181 203 0161 for free catalogue.
Fax 0181 201 5359

New DTl approved Video Transmitters and Receivers (Wireless)

Millions of quality components
at lowest ever prices!

Plus anything from bankruptcy — theft recovery
— frustrated orders — over production etc.

Send 45p stamped self addressed label or
envelope for clearance lists.

Brian J Reed
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 07775 945386
Mail order UK only.

Lists are updated and only 40 are sent out every 2 weeks. This
normally ensures that orders can be fulfiled where only a few
thousand of an item is available. (Payment is returned if sold out. | do
not deal in credit notes). This will sometimes entail a delay of up to
eight weeks — but the prices will be worth the wait!

N. R. BARDWELL LTD (EPE)

100 Signal dodes 1N4148 €100 200 Asstd desc ceramic capaciors 100
75  Recthier Dwodes 1N4001 £ ) Assid Skel Presets (sm stand. cermet) £!00
50 Recther Dodes 1N4007 €10 2 Asstd RF chokes (inductors) )
10 WO1 Bndge Rectiers €1 0¢ 3 Assid grommels
10 555 TimeriCs 100 80 Assid solder lags p conns terminals
4 741 0pAmps €106 | 10 Assid crystals - plug n L1 1
50 Assorted Zener Diodes 400mwW TIo0 | 24 ::std cod formers £1ix
lod 7-segment Drspiay L0 8 sld dil switches £100
;s“’,,‘?'.', d's red green o yy:m £100 20 Mnature shde swilches spco 0
3mm le d.s red. green or yelow cioo | i‘:"‘g"'dusa"“:‘;m':"s’“ dodt
2med Dode e 30 L n: £1
t?t: eHds Brmn':sdsled sP:::(acg'os £ q“.} 100 Assid beads (ceramc teflon hish spine) £1 0O
BCIB’A??ansnslors . €100 80 Assid small stand offs |throughs etc €1 O
BC212L Transisiors €100 )f‘ Asstd o sockets up to 40 way £1 0

O TV coax plugs plastic

%gg; ;'ms £ 09| 26 smat spang loaded terminats

8328 T:ansslov: - ',x{ 40 metres very thin connecting wire fed

BC547 Transisiors €100 3 0 9acs reeq swihnes 3
TS 2 Magnetic ear pps with lead and phug €

%“g ;g‘:‘;m L1 100 A;y onem;alue W 5% cl resistors range "
L1 1R1t0 1 045

%gg; ;:mg: ‘ ‘9;\ 10 7812 Volage Regulators £100

BC559 Transisiors (10 B

2N3904 Transstors £1.00

100 50v whg Axial Capacdors 1nt €100

100 50v wkg Axial Capaciiors 4N7 £100

12 Wt 250v encapsulated radal plastic cased

BEEREESEYBRBNLRAS

E-mail sales@bardwells.co.uk

CAPACHOMS €1
£ s c:fmf's emchW‘lfF : 00 Web site: http:/’/www.bardwells.co.uk
: FREE COMPONENTS

Buy 10 x £1 Special Packs and choose another one FREE
SP1 15 x 5mm Red Leds SP133 20 x 1N4004 diodes
SP2 12 x 5mm Green Leds SP134 15 x 1N4007 diodes
SP3 12 x 5mm Yellow Leds SP135 & x Min slide switches
SPe 15 x 3mm Red Leds SP136 3 x BFY50 transistors
SP7 12 x 3mm Green Leds SP137 4 x WO05 1-5A bndge rectifiers
SP10 100 x 1N4148 diodes SP138 20 x 2-2 63V radal elect. caps
SP11 30 x 1N4001 diodes SP140 3 x W04 1-5A bndge rectifiers
SPi12 30 x 1N4002 diodes SP142 2 x Cmos 4017
SP18 20 « BC182 transistors SP143 5 Pairs min. crocodile clips
SP20 20 x BC184 transistors (Red & Black)
SP21 20 x BC212 transistors SP145 6 x ZTX300 transistors
SP23 20 x BC549 transistors SP146 10 x 2N3704 transistors
SP24 4 x Cmos 4001 SP147 5 x Stnpboard 9 stnps x
SP25 4 x 555 timers 25 holes
SP26 4 « 741 Opamps SP151 4 x Bmm Red Leds
SP28 4 x Cmos 4011 SP152 4 x 8mm Green Leds
SP29 3 x Cmos 4013 SP153 4 x 8mm Yellow Leds
SPay 4 x Cmos 4071 SP154 15 x BC548 transistors
£035 25 x 1025V radial elect. caps SP156 3 x Stnpboard. 14 stnps x
SP37 15 x 10035V radial elect caps 27 holes
SPag 10 x 470/16V radial elect. caps. SP160 10 x 2N3904 transistors
SP40 15 x BC237 transistors SP161 10 x 2N3906 transistors
SP4y 20 x Mixed transistors SP165 2 x LF351 Op.amps
SP42 200 x Mixed 0-25W C.F. resistors SP167 6 x BC107 transistors
Spa7 5 x Min PB swilches SP168 6 » BC108 transistors
SP102 20 x B-pin DIL sockets SP175 20 x 163V radial elect caps
SP103 15 x 14-pin DIL sockets SP177 10 x 1A 20mm quick blow
SP104 15 x 16-pin DIL sockets fuses
SP105 4 x 74LS00 SP182 20 x 4-7/63V radal eiect caps
SP109 15 » BC557 transistors SP183 20 x BC547 transistors
SP111 15 « Assorted polyester caps SP187 15 x BC239 transistors
SP112 4 x Cmos 4093 SP191 3 1 Cmos 4023
SP115 3 x 10mm Red Leds SP192 3 » Cmos 4066
SP116 3 » 10mm Green Leds SP193 20 x BC213 transistprs
SP118 2 » Cmos 4047 SP194 B x OA90 diodes
SP120 3 x 74LS93 SP195 3 x 10mm Yellow Leds
SP124 20 x Assorted ceramic disc caps  SP197 6 2 20 pin DIL sockets
SP130 100 x Mixed 0-SW C.F. resistors SP198 5 x 24 pin DIL sockets
SP13t 2 x TLO7t Op amps

1999 Catalogue now available £1
- ?ESLST'OR PACK;; C.stHm o inc. P&P or FREE with first order.
each value - total 365 0-2 .80

RP7 10eachvalve - total 730 025w £400 (S “'2%’33;:’33'_' PLYAY
RP10 1000 popular values 0-25W £5.80 s El 4 i
P4 5each value-total 365 05W €375 herwood Electronics,
R R VI TX 7 Williamson St., Mansfield,
RP11 1000 popular values 0-5W £8.10 Notts. NG19 6TD.
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' PU R AMF H OuU OUDSF RS H «PRICES INCLUDE V.A T «PROMPT DELIVERIES
Q REO AMPF 2 . H 9 H «LARGE [A4] SAE 60p STAMPED FOR CATALOGUE
OMP MOS-FET POWER AMPLIFIERS p ¥ ’] A new range of quality loudspeakers, designed to take
HIGH POWER, TWO CHANNEL 19 INCH RACK ibl OUDSP Prror advantage of the latest loudspeaker technology and

enclosure designs. All models utilize high quality studio
BK ELECTRONICS cast aluminium loudspeakers with tactory fitted grilles, wide dispersion constant
; directivity horns, extruded aluminium corner protection and steel ball corners,
complimented with heavy duty black covering. The enclosures are fitted as standard
with top hats for optional loudspeaker stands. The FC15-300 mcorporates alarge
1000’8 16 X 6 inch horn, All cabinets are fitted with the latest Speakon connectors

SOLD for your convenience and safety. Five models to choose from.

TO PRO . o -
- - ‘ @
THE RENOWED MXF SERIES OF POWER AMPLIFIERS - '

FOUR MODELS:- MXF200 ( 100W + 100W ) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXF900 (450W + 450W) PL OTE: -
ALL POWER RATINGS ARE RM.S.INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN | PLEASE NOTE:: POWER RATINGS
. QUOTED ARE IN WATTS RM.S. FOR
FEATURES: « independent power supplies with two toroidal transformers = Twin LE D Vu Meters § e e\ (NDIVIDUAL CABINET
* Level controls » lluminated on/oft switch « Jack/XLR inputs » Speakon outputs = Standard 775mV ALL ENCLOSURES ARE 8 OHM
inputs » Open and short circuit proof = Latest Mos-Fels for stress free power delivery into virtually any 15215 inch s e.aker
load » High slew rate * Very low distortion « Aluminium cases « MXF600 & MXF900 fan cooled withD C ‘—C 12-12 inch s‘::eaker
g e e il . cLoI ibl FC15 300 WATTS Freq Range 35Hz-20KHz, Sens wa Slze H695 W502 D415mm
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC RICE:- £299.00 per pair
MXF200 W13~ DiT° H3! " (2U) ibl FC12-300 WATTS Freq Range 45Hz-20KHz, Sens 96dB Size H600 W405 D300mm

.. MXF400 W19~ D12" H51" (3U) ) e L T oM. e A LR T
SIZES MXF600 W19" D13" H5." (3U) ibl FC12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H600 W405 8300mm

o o PRICE:- £199.00 per pair
MXF900 W19" D14%" H5." (3U) ibl FC12-100 WATTS Freq Range 45Hz-20KHz, Sens 100dB Slze H546 W380 D300mm
PRICES:- MXF200 £175.00 MXF400 £233.85 Rl

4 CE:- £179.00 per pair
MXFE00 £328.00 MXFS00 £449.15 ibl WM12 200 WATTS Freq Range 40Hz 20KHz, Sens 97dB Sn(z:%HMgB‘WsGOO 2aacsmm
. 2 25.00 EACH
SPECIALIST CARRIER DEL. £12.50 EACH | gSpPECIALIST CARRIER DEL:- £12.50 per pair, Wedge Monitor £7.00 each
Optional Metal Stands PRICE:- £48.00 per pair Delivery:- £6.00
INCREDIBLE VALUE

The new ibl In-Car Audio Bass Box has been
designed with a sloping front to reduce internal
standing waves. The bass box incorporates a
10 inch 4 ohm loudspeaker with a genuine
100 watts R.M.S. output resulting in powerful and
accurate bass reproduction.

FEATURES:- « Cabinet manufactured from MDF and

DO--20X MEOO

BASS X MID )X TOP BASS/MID X TOP\ ASSX_ MID/TOP d durable black shiny HAMMERITE finish
; sprayed in a durable black shiny inish. *
CONFIGU.RED 3 WAY 2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED Fitted with a 10 inch loudspeaker with rolled rubber
FEATURES: edge and coated cone assembly # The top of the

Advanced 3-Way Stereo Active Cross-Over (switchable two way), housed in 3 19° x 1U case Each channel
has three level controls: Bass, Mid 8 Top The removable front tascia allows access to the programmable DiL
switches to adjust the cross-over frequency: Bass Mid 125 250 500Hz, Mid Top 18 3 5Hz all at 24dB per
octave The 2/3 way selector switches are also accessed by removing the front tascia Each stereo channel
can be configured separately Bass Invert Switches are ‘ncorporated on each channel Nominal 775mv

cabinet Incorporates old plated connection

terminals SPECIFICATIg - 100WattsRMS 200

Watts Peak (Music).Ported reflex.critically tuned.
Size: H405 W455 D305mm.

nput/output. Fully compatible with OMP Rack Amplitier and Modules PRICE:- £79.00 + £6.00P&P
PRICE:- £117.44 + £5.00 P&P - - SUPPLIED READY
e O O PE : L BUILT AND TESTED

SOUNDLAB CDJ1700 CD PLAYER m_ T30 These modules now enjoy a world wide reputation for qual:ly rekabuiity and performance at a realistic price Four
models are avaiiable to suit the needs of the professional and hobby market 1e Industry, Leisure instrumental and
th f1etc Whencomparingprices NOTE that almodels nciude toroidal power supply, integralheat sink, glass tibre
P CB and drive circuds to power a compatible Vu meter All models are open and short circuit proot
THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S.into 4 ohms, frequency response 1Hz - 100KHz
3dB, Damping Factor >300, Slew Rate 45v/uS, THD
typical 0002%, input Sensitivity 500mV, SNR.
110dB. Size 300 x 123 x 60mm.
PRICE:- £42.85 + £4.00 P&P
OMP/MF 200 Mos-Fet Output power 200 watts
RM S into 4 ohms, frequency response 1Hz - 100KHz
3dB, Damping Factor >300, Siew Rate 50V/uS, TH.D.
typical 0.001%, Input Sensitivity 500mv, S.N.R. -110dB.
Size 300 x 155 x 100mm

PRICE:- £66.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M S.into 4 ohms, frequency response 1Hz - 100KHz
3dB, Damping Factor >300, Slew Rate 60V/uS, THD.
typical 0.001%, Input Sensitivity S500mV, S.N.R.-110dB.
Size 330 x 175 x 100mm

PRICE:- £83.75 + £5.00 P&P

The new CDJ1700 now offers a tough build quality boasting an all new shockproot
transport mechanism, frame accurate cueing and wide range pitch control. The
CDJ1700 looks atter the CD’s while the operator looks after the sound.

FEATURES:

*19°X2U RACK MOUNTING #FULLY VARIABLE PITCH CONTROL PLUS/MINUS 16% «PITCHBLEND «3
BEAM LASER PICKUP »1BIT 8 X OVERSAMPLING DAC «CUE AND LOOP FACILITY «TRACK SKIP
WITH FF/REV «DIGITAL AND ANALOGUE OUTPUTS « CONTINUOUS/SINGLE TRACK PLAY «CLEAR
BACKLIT MULTIFUNCTION DISPLAY =10 TRACK PROGRAM PLAY «TRACK ELAPSED TRACK
REMAINING AND DISC REMAINING TIME DISPLAYS

SPECIFICATION:- Freqresponse 20Hz-20KH2 S'Nratio >80dB THD <0 09%(1KH/) Channel
separation >80dB(1KHz) Max output voitage 2Vrms Power 220 240vac 50 60Hz Size W 482H 88
D250mm Weight 418Kkg PRICE:-£225.00 + £5.00 P&P

STEREO DISCO MIXER MPX-7700 Ry

* 4 STEREO INPUT

CHANNELS OMP/MF 450 Mos-Fet Output power 450 watts
+ 2 DJ MIC INPUT RM.S Into 4 ohms, frequency response 1Hz - 100KHz
CHANNELS 3dB, Damping Factor >300, Stew Rate 75V/uS,
#* 2X7 BAND GRAPHIC TH.D. typical 0.001%, Input Sensitivity SO0mV, $.N,H,
EQUALISERS 110dB, Fan Cooled, D.C. Loudspeaker Protection, 2

Second Anti-Thump Delay. Size 385 x 210 x 105mm
PRICE:- £135.85 +£6.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
RMS into 2 ohms, 725 watts RM.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Slew Rate 75V/uS, THD. typwcal
0.002%, Input Sensitivity 500mV, SN.R. -110dB, Fan
Cooled. D.C Loudspeaker Protection, 2 Second
Anti Thump Delay Size 422 x 300 x 125mm.
PRICE:- £261.00 + £12.00 P&P

NOTE' MOS FET MOOULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD INPUT SENS 500mv, BAND WIDTH 100KHz. OR

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) INPUT SENS!
775mV. BAND WIOTH 50KHz ORDER STANDARD OR PEC

* HEADPHONE
MONITOR WITH PFL
+ ASSIGNABLE
CROSSFADE
* DIGITAL ECHO
STEREO DISCO MIXER WITH:- +2X7 GRAPHIC EQUALISERS 2 MONO MIC INPUTS «DJ MIC
WITH FADER, TALKOVER AND VOICE CHANGER « 4 STEREO CHANNELS WITH  INDIVIDUAL
FADERS AND ASSIGNABLE CROSSFADE «CHANNELS SWITCHABLE, TURNTABLE (MAG
CARTRIDGE), CD, LINE, TAPE, ETC. +ECHO WITH BALANCE, REPEAT AND DELAY
*HE ADPHONE MONITOR WITH PREFADE LISTEN #CHOICE OF 6 SOUND EFFECTS «STEREO
MONO SWITCH #2 X LED VU METERS sMASTER FADER « OUTPUT 775m
*SIZE:- 482X240X 115mm *POWER:- 230V AC 50/60Hz. PRICE:- £169 00 + £5.00 P&P

O D B “Tol:]3 * IDEAL FOR USE IN DISCO'S / RAVES.
* EDUCATIONAL EXPERIMENTS ETC.

A top quality mini strobe with high light intensity for its size and variable

flash rate adjustment. Housed in a silver/black steel case with adjustable B K ELEC I RONlcs

mounting bracket # Flash Rate: Adjustable from zero to ten flashes per - ] [ ]

second * Mains Powered complete with plugged lead * 230V AC 50/60Hz

+ Size: 125X 84 X 52mm  PRICE:- £19.99 + £2.20 P&P UNIT 1 COMET WAY, SOUTHEND-ON-SEA,
DEL'VERY CHARGE § SE INC e 2t ‘

§ Al IM; $ > f A NA LN UM = =

AMOUNT £30 00 OFFICIAL ORDERS | HOM SCHGOL COLL T Bt TEL.: 01702 527572 FAX.. 01702-420243

GOVT BODIES,PLCs ETC PRICES INCLUSIVE OF V AT & : -
\C COUNTER CREDIT CARD OBFRS ACCEPTED BY POST PHONF TR\ —— Jl Web:- http://www.bkelec.com E-mail:- Salesebkelec.com
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Simulation Circuit 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 button. 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.

QUICKROUTE

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

But it doesn't end there. We have included a wide range
of features in Quickroute to help you work effectively.
For example our Gerber import facility lets you check
your 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 select a template. specify
pad and spacing properties and SymbolWizard creates
the schematic and PCB symbols for you!

If 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
system.

"modern, powerful
and easy to use"

LHektor Hectronics 97

FREEphone g&_[_)i

0800 731 28 24 =

Int 444 161 476 0202 Fax 0161 476 0505
Web www.quickroute.co.uk TEP

30 DAY MONEY BACK GUARANTEE m . -

Copyright (¢) 1998 Quickroute Systems Lid Regent House Heaton Lane Stockport SK4 1BS LK



