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WIND GENERATORS 380 WATT

1.14 metre dia blades, carbon matrix blades, 3 year warranty, 12vdc
output, 24v version available, control electronics included, brushiess
neodymium cubic curve alternator, only two moving parts, maintenance
free, simple roof top installation, start up speed 7mph, max output
{30mph) 380w £499 ref AIRY

HYDROPONICS

DO YOU GROW YOUR OWN?
We have a full colour hydroponics catalogue
available containing nutrients, pumps, fittings,
enviromental control, light fittings, plants, test
equipment etc
Ring for your free copy.

PORTABLE X RAY MACHINE PLANS Easy to construct
plans on a simple and cheap way to build a home X-ray machine!
Effective device, X-ray sealed assemblies. can be used for expenmentai
purposes Not a toy or for minorsl £6/set, Ref F/XP1
TELEKINETIC ENHANCER PLANS Mystify and amaze your
friends by creating motion with no known apparent means of cause
Uses no electrical or mechanical connections, no special gimmicks yet
produces posrive motion and effect. Excellent for science projects,
magic shows, party demonstrations or serious research & development
of this strange and amazing phychic phenomenon

£4/set Ref F/TKE1

ELECTRONIC HYPNOSIS PLANS & DATA This data
shows several ways to put subjects under your control. Included is a full
volume reference text and several construction plans that when
assembled can produce highly effective stimuli. This material must be
used cautiously. it 1s for use as entertainment at parties etc only, by
those expenenced In its use. £15/set Ref F/EH2

GRAVITY GENERATOR PLANS This unique ptan demonstrates
asimple electrical phenomena that produces an anti-gravity effect You
can actually build a small mock spaceship out of simpte matemals and
without any visible means- cause 1t to levitate £10/set Ref F/GRA1
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up to 750,000 voits of
discharge, expenment with extraordinary HV effects, 'Plasma in a jar’,
St Eimo's fire, Corona, excellent science project or conversation piece.
£5/set Ref F/BTC1LGS

COPPER VAPOUR LASER PLANS Produces 100mw of
wisible green ight. High coherency and spectral quality similar to Argon
laser but easier and less costly to build yet far more efficient. This
parbcular design was developed at the Atomic Energy Commision of
NEGEV n Israel £10/set Ref F/ICVL1

VOICE SCRAMBLER PLANS Minature solid state systemtums
speech sound Into indecipherable noise that cannot be understood
without a second matching unit. Use on telephone to prevent third party
listening and bugging £6/set Ref F/VS9

PULSED TV JOKER PLANS Little hand held device utilises
pulse techniques that will completely disrupt TV picture and sound!
works on FM too! DISCRETION ADVISED £8/set Ref F/TJ5
BODYHEAT TELESCOPE PLANS Highly directional long
range device uses recent gy to detect the pi of Iving
bodies, warm and hot spots, heat leaks etc. Intended for secunty, law
enforcement, research and development, etc Excelient security device
or very interesting science project £8/set Ref F/BHT1

BURNING, CUTTING CO2 LASER PLANS Projects an
invisible beam of heat capable of burning and meiting materials over a
considerable distance. This laser s one of the most efficient, converting
10% input power into useful output Not only Is this device a workhorse
n welding, cutting and heat processing materials but 1t 1s also a likely
candidate as an effective directed energy beam weapon against
missiles, aircraft. ground-to-ground, etc Particie beams may very well
utilize a laser of this type to blast a channel in the atmosphere for a high
energy stream of neutrons or other particles The device 1s easily
applicable to burning and etching wood, cutting, plastics, textiles etc
£12set Ref FILCT

DYNAMO FLASHLIGHT Interesting concept, no batteries needed just
squeeze the tngger for instant light apparentty even works under water
In an emergency although we haven't tried it yet! £6 99 ref SC152
ULTRASONIC BLASTER PLANS Laboratory source of sonic
shock waves Blow holes in metal, produce 'cold’ steam, atomize
fiquides Many cleaning uses for PC boards, jewliery, coins, small parts
etc. £6/set Ref F/ULB1

ANTI DOG FORCE FIELD PLANS Highly eftective circuit
produces time vanable pulses of accoustical energy that dogs cannot
tolerate £6/set Ref F/DOG2

LASER BOUNCE LISTENER SYSTEM PLANS Aliows you
to hear sounds from a premises without gaining access. £12/set Ref F/
LLISTY

PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld, has large transducer and battery capacity with external
controls. £6/set Ref F/PSP4

INFINITY TRANSMITTER PLANS Telephone line grabber/
room monrtor. The ultimate in home/office secunty and safetyl simple
to usel Call your home or office phone, push a secret tone on your
telephone to access eithef A) On premises sound and voices or B)
Existing conver break-in foremergency messages.
£7 Ref F/TELEGRAB

BUG DETECTOR PLANS Is that someone getting the goods on
you? Easy to construct device locates any hidden source of radwo
energy! Sniffs out and finds bugs and other sources of bothersome
interference. Detects low, high and UHF frequencies. £5/set Ref F/
BN

ELECTROMAGNETIC GUN PLANS Projects a metal object
a considerable distance-requires adult supervision £5 ref F/EML2
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5/set Ret F/EMA1

SOLAR POWERED WIND UP RADIOS BACK IN! These
FM/AM radio's have a solar panel and a hand operated charger! £17.95
ret SOLRAD

PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds and voices, open windows, sound sources in ‘hard (o get' of

hostile premises. Uses satelitte technology to gather distant sounds
and focus them to our ultra sensitive electronics Plans also show an
optional wireless link system_£8/set ref F/PM5

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY
AND HIGH DC VOLTAGE, SOLID STATE TESLA COIL
AND VARIABLE 100,000 VOC OUTPUT GENERATOR
PLANS Operates on 9-12vdc, many possible experiments. £10 Ref
F/HVYM7/ TCLA.

V-

COLOUR CCTV
VIDEO
CAMERAS,

BRAND NEW AND, CASED, FROM £99.
Works with most modern video's, TV's,

Composite monitors, video grabber cards.
Pal, 1v P-P, composite, 750hm, 1/3" 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
W _

Packs of 35 circut diagrams coverning lasers,
SW radios, geigers, bugs,char etc Pack1, Pack2 Pack3 £4 99 each
SMOKE ALARMS Mains powered. made by the famous Gent
company, easy fit next to ight fithngs ,power point £4.99 ref SMKX
CONVERT YOUR TV INTO A VGA MONITOR FOR £25!
Converts a colour TV 1nto a basic VGA screen. Complete with built in
psu, lead and siware.. Ideal for laptops or a cheap upgrade. Supplied
in kit form for home assembly. SALE PRICE £2§ REF SA34
*15 WATT FM TRANSMITTER Aiready assembled but some
RF knowiedge will be useful for setting up Preamp req'd, 4 stage 8O-
108mhz, 12-18vdc, can use ground plane, yagi or dipole £69 ref 1021
*4 WATT FM TRANSMITTER KIT Small but powerful FM
transmitter kit 3 RF stages, mic & audio preamp included £24 ref
1028
YUASHA SEALED LEAD ACID BATTERIES 12v 15AH at
£18 ref LOT8 and below spec v 10AH at £5 a pair
ELECTRIC CAR WINDOW DE-ICERS Complete with cable.
plug etc SALE PRICE JUST £4.99 REF SA28
AUTO SUNCHARGER 155x300mm solar panel with diode and
3metrelead fitted witha cigar plug 12v2watt £12.99 REF AUG10P3,
SOLAR POWER LAB SPECIAL You get 2 66" 6v 130mA
cells, 4 LED's, wire, buzzer, switch + 1 relay or motor. £7.99 REF
SA27
SOLAR NICAD CHARGERS 4 x AA size £9.99 ref 6P476, 2 x
C sze £9.99 ref 6Pa77
GIANT HOT AIR BALLOON KIT Build a 4.5m circumfrence,
fully functioning baltoon, can be launched with home made burner etc
Reusable (until you loose itl) £12.50 ref HA1
AIR RIFLES .22 As used by the Chinese army for traming
puposes, so there 1s a iot about] £39.95 Ref EF78. 500 pellets £4 50
ref EF80

REGISTER FOR OUR
ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

BULL ELECTRICAL
250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 5QT. (ESTABLISHED 50 YEARS).

AIL ORDER TERMS: CASH, PO OR CHEQUE
WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50
(ACCESS,VISA, SWITCH, AMERICAN EXPRESS)

phone orders : 01273 203500
FAX 01273 323077
Sales@bull-electrical.com

INFRA RED FILM 6" square piece of flexible infra red film that wall
only allow IR light through. Perfect for converting ordinary torches,
lights, headlights etc toinfra red output only using standard light buibs
Easily cut to shape 6" square £15 ref IRF2

HYDROGEN FUEL CELL PLANS Loads of information on
hydrogen storage and production. Practical plans to buid a Hydrogen
fuel cell (good workshop facilibes required) £8 set ref FCP1
STIRLING ENGINE PLANS Interesting information pack
covenng all aspects of Stirling engines, pictures of home made
engines made from an aerosol can running on a candle! £12 ref STIR2
12V OPERATED SMOKE BOMBS Type 3 is a 12vingger and
3smoke cannisters, each cannister wiil fiff a room in a very short space
of bmet £14.99 ref SB3. Type 2 15 20 smaller cannisters (suitable for
simulated equipment fires etc) and 1 trigger modutle for £29 ref SB2
Type 1 is a 12v trigger and 20 large cannisters £49 ref SB1

Hi POWER ZENON VARIABLE STROBES Useful 12v PCB
fitted with hi power strobe tube and controt electronics and speed
control potentiometer Perfect for interesting projects etc 70x55mm
12vdc operation £6 ea ref FLS1, pack of 10 £49 ref FLS2
RUSSIAN BORDER GUARD BINOCULARS £1799
Probably the best binoculars in the world! nng for colour brochure
NEW LASER POINTERS 4 5mw, 75 metre range, hand held unrt
runs on two AA batteries {supplied) 670nm £29 ref DEC49

HOW TO PRODUCE 36 BOTTLES OF WHISKY FROM
A SACK OF POTATOES Comprehensive 270 page book
covers all aspects of spint production from everyday materials
Includes construction details of simple stills etc. £12 ref MS3
NEW HIGH POWER MINI BUG With a range of up to 800
metres and a 3 days use from a PP3 this is our top selling bug! less
than 1° square and a 10m voice pickup range £28 Ref LOT102
BUILD YOU OWN WINDFARM FROM SCRAP New
publication gives step by step guide to bullding wind generators and
propellors. Armed with this publication and a good local scrap yard
could make you self sufficient in electricity! £12 ref LOT81

NEW LOWCOST VEHICLE TRACKING TRANSMITTER
KIT £29 range 1.5-5 miles, 5,000 hours on AA batteries, transmits
info on car direction, left and right turns, start and stop information
Works with any good FMradio  £29 ref LOT101a

CCTV CAMERA MODULES 46X70X29mm. 30 grams, 12v
100mA auto electronic shutter, 36mm F2 lens, CCIR, 512x492
pixels, video output is 1v p-p (75 ohm) Works directly into a scart or
wvideo input on a tv or video. IR sensitive £79.95 ref EF 137

IR LAMP KIT Suitable for the above camera, enables the camera
to be used In total darkness! £6 ref EF138

UK SCANNING DIRECTORY As supplied to Police, MOD M15
and GCHQI coverers everything from secret government frequencies,
eye in the sky, prisons, miitary aviation etc £18 .50 ref SCANB
INFRA RED POWERBEAM Handheld battery powered lamp, 4
inch reflector, grves out powerful pure infrared ight! perfectfor CCTV
use, nightsights etc. £29 ref PB1

SUPER WIDEBAND RADAR DETECTOR Detects both
radar and laser , X K and KA bands, speed cameras, and all known
speed detection systems. 360 degree coverage, front

Searwaveguides, 1.1"x2 7"x4.6" fits on sun visor or dash £149 ref

CHIEFTAN TANK DOUBLE
LASERS 9 WATT+3 WATT+LASER
OPTICS

Could be adapted for laser listener, long range communications etc
Double beam units designed to fit in the gun barrel of a tank, each unit
has two semi conductor lasers and motor drive units for alignement.
7 milerange, no circuitdiagrams dueto MOD, new price £50,0007 us?
£199. Each unit has two gallium Arsenide injection lasers, 1 x S watt,
1 x 3 waftt, 900nm wavelength, 28vdc, 600hz pulse frequency The
units also contan an electronic receiver to detect reflected signals
from targets. £199 for one Ref LOT4
NEW LOW PRICED COMPUTER/WORKSHOP/HIFI
RCB UNITS Complete protection from faulty equipment for
everybody! Inline untt fits in standard IEC lead {extends it by 750mm),
fitted n less than 10 seconds, resettest button, 10A rating. £6.99
each ref LOTS. Or a pack of 10 at £49 90 ref LOT6. If you want a box
of 100 you can have one for £250¢
DIGITAL PROPORTIONAL B GRADE RADIO
CONTROLLED CARS From World famous manufacturer these
are freturns so they will need attention (usually physical damage)
cheap way of buying TX and RX plus servos etc for new projects etc.
£20 each sold as seen ref LOT20P
MAGNETIC CREDIT CARD READERS AND ENCODING
MANUAL £9.95 Cased with flyleads, designed to read standard
credt cards! complete with control eictronics PCB and manual
covenng everything you couldwant to know about whats hidden in that
magnetic strip on your card! just £9 95 ref BAR31
WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have collated 140 business manuals that give you
information on seting up different businesses, you peruse these at
your leisure using the text editor on your PC. Also included is the
certfficate enabling you to reproduce (and seil) the manuals as much
as you likel £14 ref EP74

HIGH POWER DC MOTORS, PERMANENT

MAGNET

12 - 24v operation, probably about 1/4 horse power, body measures
100m x 75Smm with a 60mm x Smm output shaft with a machined flaton
#t Fixing is simple using the two threaded bolts protruding fromthe front

£22e¢a REF motd4
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"Projects and Circaits

MAINS SOCKET TESTER by Bart Trepak

How to check the integrity of your mains power sockets

PERSONAL STEREO AMPLIFIER by Robert Penfold
An add-on amp to let you share your listening pleasure

PIC ALTIMETER by John Becker

Reaching for the heights {(or depths)? Keep a close track of your progress

GREENHOUSE RADIO LINK by Colin Meikle
Monitor the well-being of your plants from your armchair!

INGENUITY UNLIMITED hosted by Alan Winstanley
Lucky Numbers; D.C. Fan Equaliser; Playback Amplifier for

Micro-cassettes; DVM Current Shunt

Series and Featuves

NEW TECHNOLOGY UPDATE by lan Poole
Overcoming hurdles in the semiconductor industry

TEACH-IN ‘98 - An Introduction to Digital Electronics - 11
by tan Bell, Rob Miles, Dr Tony Wilkinson, Alan Winstanley
This month - the Final Episode: Memories and the Computer;

Analogue Computers; Digital Signal Processing

INTERFACE by Robert Penfold
An L.C.D. Monitor for your PC

CROCODILE CLIPS REVIEW by Robert Penfold
Examining an educational software package that provides an easy

introduction to electronics
CIRCUIT SURGERY by Alan Winstanley

Meter Stiff Resistance; Digital Panel Meters; Hardly a Soft Start;

Farnell’s Terms; Glow Lamps

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley

EPE Chat Zone; FTP disruption; FAQs

Regulars and Sevvices

EDITORIAL

INNOVATIONS - Barry Fox highlights technology’s leading edge

Plus everyday news from the world of electronics

READOUT John Becker addresses general points arising

CD-ROMS FOR ELECTRONICS

Parts Gallery + Electronic Circuits and Components; Digital Electronics
BOOK REVIEWS Alan Winstanley assesses two new books
ELECTRONICS VIDEOS Our range of educational videos

BACK ISSUES Did you miss these?
SHOPTALK with David Barrington

The essential guide to component buying for EPE projects

PLEASE TAKE NOTE
PIC16 x 84 Toolkit (July '98)

DIRECT BOOK SERVICE

A wide range of technical books available by mail order

PRINTED CIRCUIT BOARD SERVICE

PCBs for EPE projects — some at “knockdown” prices! Plus EPE software
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Surplus always
wanted for cash!

THE AMAZING TELEBOX

Converts your colour monNOr into a QUALITY COLOUR TVt

TV SOUND &

VIDEO TUNER
CABLE COMPATIBLE *

The TELEBOX is an attractive fully cased mains powered unit, con-
taining all electronics rea ‘v‘lo plug into & host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD elc. The oomposhe
video output will also plug directly into most video recorders, allowin
raception of TV channels not normally recelvable on most tele
sion receivers® (TELEBOX MB). Push button controis on the front
panel allow reception of 8 fully tuneabie ‘off air' UHF colour teievision
channels. TELEBOX MB covers virtually al! television frequencies
VHF and UHF including the HYPERBAND as used by most cable
TV operators. A composite video output is located on the rear panet
for direct connection to most makes of monitor or desktop computer
video systems. For complete compatibility - even for monitors with-
out sound - an integral 4 watt audio amplifier and low ievel Hi Fi
audio output are provided as standard.

TELEBOX ST for composite video input type monitors
TELEBOX STL as ST but fitted with integral speaker
TELEBOX MB Mutiband VHF/UHF/Cable/Hyperband tuner £69 95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
“For cabie / hyperband signal reception Telebox MB should be con-
nected 1o a cabie type service. Shipping on all Teleboxe's, code (B)

State of the art PAL (UK spec) UHF TV tuner module
with composite 1V pp video & NICAM hi fi stereo sound
"outputs. Micro electronics all on one small PCB only 73 x
#1860 x 52 mm enable full software control via a slmrh 2 wire link
1o any IBM type computer. Supplied complete with 8 o working
program and documentation. Requires +12V & + 5V to operate.
SRAND NEW - Order as MY00.  Only £49.95 code (8)

FLOPPY DISK DRIVES 22" - 14"
Massive purchases of standard 5%" and 3% dmves enables us to

present prime product at industry bea!ln? low prices! All units (unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a full 90
day guarantes. Call for over 2000 unlisted drives for spares or repair.

3%" Panasonic JU383/4 720K or equivalent RFE £24.95(8

3%" Mitsublshl MF355C-L. 1.4 Meg. Laptops only £25.95(B
3%" Mitsublshi MF355C-D. 1.4 Meg. Non Iaplog £18.95(B
5%" Teac FD-55GFR 1.2 Me ’? (for | M pc's) RF £1 B.95$8
5%"* Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B

5%" BRAND NEW Mitsubishi MF501B 360K £22.95(8
Table top case with integral PSU for HH 5%° Flopp or HD £29.95(8
8" Shugart 800/801 8° SS returbished & tested £210.00(E

8” Shugart 810 8° SS HH Brand New £195.00(E
8" Shugart 851 8" double sided refurbished & tested £260.00(E
8" Mitsubishi M2894-63 double sided NEW 295.00(E
8" Mitsubishl M2896-63-02U DS slimline NEW £295. OOéE
Dual 8" cased drives with integral power supply 2 Mb £499.00(E

HARD DISK DRIVES

Ve HIBA.(1 BIMA -
2%° TOSH (12 5 mm H) MK1002MAV 1 1 Gb laplop Now }.‘l15 00
2%" to 3%° conversion kit for Pc's, complete with connectors £12.95
3%"° FUJI FK-309-26 20mb MFM F RFE

3%° CONNER CP3024 20 mb IDE I/F (or equiv.) RFE
3%* CONNER CP3044 40mb IDE V/F (or equiv.) RFE
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acom)
3% QUANTUM 40S Prodrive 42mb SCSI I/F, New RFE
3%" WESTERN DIGITAL 850mb IDE I/F New

5%° MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE
5% SEAGATE ST-238R 30 mb RLL I/F Refurb

5%° CDC 94205-51 40mb HH MFM I/F RFE tested

5% HP 97548 850 Mb SCSI RFE tested

HP €3010 2 Gbyte SCSI differential RFE tested

8" NEC D2246 85 Mb SMD interface. New

8°  FUJITSU M2322K 160Mb SMD I/F RFE tested

8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £

Meny other drives In atock - Shiipping on all drives Is code (D)

£69.95
£69.95
£99.00
£195.00

T EQUIPMENT & SPECIAL INTEREST ITEMS
MITS. AFASMSETKL 14" Industrial spec SVGA monfors  £245 Intel SBC 486/125C08 Enhanced Multbous (MSA) NEW guso

1kW to 400 kW - 400 Hz 3 phase power S0Urces - ex stock
|BM 8230 Type 1, Token ring base unit driver
Kerr RA200 Audio frequency response analyser

§3F5501 Token Ring ICS 20 port iobe modules
IBM MAU Token ring distribution panel 8228-23-5050N
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE
ALLGON 8360.11805-1880 MHz hybrid power combiners
Trend DSA 274 Data Analyser with G703(2M) 64 Vo
Marconl 6310 Programmable 2 to 22 GHz sweep generator
Marconl 2022C 10KHz-1GHz RF s‘ﬁnal generator
Marconl 2030 opt 03 10KHz- 1.3 GHz signal generator,New
HP1650B Logic Analyser
HP3781A Pattern generator & HP3782A Error Detector
HP8621A Dual Programmabie GPIB PSU 0-7 V 160 watts
HP6264 Rack mount variable 0-20V @ 20A metered PSU
HPS4121A DC to 22 GHz four channel test set
HP8130A opt 020 300 MHz pulse generator, GPIB etc
HP A1, AO 8 pen HPGL high speedqdrum plotters - from
EG+G Brookdul 95035C Pracision lock in amp
View Eng. Mod 1200 computerised inspection system
Sony D C-3000A High quality CCD colour TV camera
Kelthley 580 CV capacitor / voitage analyser
Racal ICR40 duat 40 channel voice recorder system
Fiskers 45KVA 3 ph On Line UPS - New batteries
ICI R5030UV34 Cleanline ultrasonic cleaning system
Mann Tally MT645 High speed line printer
intel SBC 486/133SE Multibus 486 system. 8Mb Ram
Slemans K4400 64Kb to 140Mb demux analyser

£945

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK

For MAJOR SAVINGS - CALL OR SEE OUR WEBSITE

VIDEO MONITOR SPECIALS

One of the highest specmcatlon
x monitors you will ever see x
At this price - Don’t miss lt!!

Mitsubishl FA3415ETKL 14" SVGA Multisync colour monttor with fine
028 dot pitch tube and resoiution of 1024 x 768. A
vmﬂydmnsabuswnemmtoamstdcomw%
1BM PC's n CGA, EGA, VGA & SVGA

modas, COMMODORE (including Amiga 1200),
ARCHIMEDES and APPLE. Many features: Etched
facepiate, text and LOW TION MPR

specvﬁcatnon Fully guaranteed, supplied in EXCEL-

Tit & Swivel Base £4.75

Only £119
VGA cabie for IBM PC included. y ! MITS-SVGA
Extamal cabies for other types of compulers CALL

esvreoTo

LENTinbused

As New - Ex Demo
17" 0.28 SVGA Mitsubishl Diamond Pro monitors
Full multlaync etc. Full 90 day guarantee. £325.00 (E)

Just In - Microvitec 20" VGA (800 x 600 res.) colour monlitors.
Good SH condltion - from £299 - CALL for Info

PHILUPS HCS35 (same sgle as CMB833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video inputs via SCART socket and separate phono jacks.
integral audio power .mr and speaker for all sudlo visual uses.
Will connect direct to Amiga and Atarl BBC computers. Ideat for all
video monitoring / security applications with direct connection
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good

used condition - fully tested - guaranteed
Dimencions: W14*x H12%" x15%" D. Only £99 ,

PHILIPS HCS31 Ultra compact 97 colour video monitor with stan-
dard composite 15.625 Khz video input via SCART sockel. Ideal
for all monitoring / security applications. High quality, ex-equipment
fully tested & guaranteed (possible minor screen bums). In attrac-
tive square black plastic case measuring W10" x Ht0* x 13%"* D.
240 V AC mains powered. only £79.00 ©)

KME 10" 15M10009 high definition colour monitors with 0.28° dot
pitch. Superb clarity and modern styling. .,
Operates from a g 15.625 khz sync RGB video
source, with RGB analog and composite sync |
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 13%° x 12° x §
11°. Good used condition. Only £125 ()

20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL ali solid state colour monitors,
complete with composite video & optional sound input. Attractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.in
EXCELLENT little used condition with fuli 80 day guarantee.

20"...£135 22"...£155 26"...£185(

DC POWER SUPPLIES
Virtuaslly every type of power
ppl; you can Imagine.Over
10,0 ower Suppllea Ex Stock
Call or see our web slite.
LOW COST PC's
Always over 1000 PC's from stock.
1000's of spares and accessorles.
Call or see our web slite for Info.

Zeta 3220-05 AQ 4 pen HPGL fast drum plotters
Nikon HFX-11 Epm hot) exposure control unit £14
Motorola VME oards & Components List. SAE / CALL tPOA

150

Trlo 0-18 vdc Ilnear metered 30 amp bench PSU. New £550
Fulltsu M3041R 600 LPM band printer £1950
Fu)itsu M3041D 600 LPM printer with network interlace £1250
Perkin Elmer 299B Infrared spectrophotometer A 500
Perkin Elmer 597 Infrared otometer £3500
VG Electronics 1035 TELETEXT ing Mar ynn Meter  £3750
IJ&MBand 60 output high spec 2u rack mount Video VDA's £495
onlc SD 150H 18 channel digital Hybrid chart recorder  £1985
Taylor Hobson Tallysurf amplifier / recorder £750
ADC SB200 Carbon dioxide gas detector / monitor £1450
em Video 1152 PAL waveform monitor £485
RITSU 9654A Optical DC-2.5G/b waveform monitor £5,650

ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser tPOA
ANRITSU ML93A optical power meter

ANRITSU Fibre optic chracateristic test set tPOA
VISION ENGINEERING TS3 Dynascopic microscope £1850
R&S FTDZ Dual sound unit £650
R&S SBUF-E1 Vision modulator £775
WILTRON 6630B 12.4 / 20(3Hz RF sweep generator £5750
TEK 2445 150 MHz 4 trace oscilloscope £1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955
TEK 1502 Portable TDR {(time domain refiectometer) £600
PHILIPS PW1730/10 XRAY generator with accessories £POA
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs  £2800

Surplus always
wanted for cash!

19" RACK CABINETS
Superb quality 6 foot 40U

Virtually New, Ultra Smart
Less than Half Price!

Top quality 19° rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable haif louvered back door
and louvered removable side paneis. Fully
adjustable intemal fixing struts, ready punched
for any configuration of equipment mounting
plus ready mounted integral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most veraatiie we
have ever gold. Racks may be stacked side by side and therefore
require only two side paneis to stand smgly or in multiple bays.

Overall dimensions are: 77%° H x 32 x 22° W. Order as:

OPT Rack 1 Complete with removable side panels. £245.00 (G)
OPT Rack 2 Rack. Less side panels £245.00 (G)

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

32U - High Quality - All steel RakCab

Made by Eurocraft Enciosures Lid to the highest possibie spec,
rack features all steel construction with removable
side, front and back doors. Front and back doors are
hinged for easy access and all are lockable with
five secure 5 lever barrel locks. The front door
is constructed of double walled steel with a
‘designer style® smoked acrylic front panel to
enable status indicators to be seen through the §
panel, yet remain unobtrusive. Internally the rack g
features fully stotted reinforced vertical fixin
members to take the heaviest of 19" rac
squipment. The two movable vertical fixing struts
(extras availabie) are rre unched for standard
‘cage nuts'. A mains distribution panael internal-
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventiiation is provided by
fully louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of Integral fans to the sub plate etc. Other features include: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cabie / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Ro al blue. External dimensions
mm=1625H x 635D x 603 W. ( 64" H x 25" D x 23%" W)
Sold at LESS than a third of makers price I!

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 cancelled export order brings you
the most amazing savirh\/?n on these ultra high spec 12v DC 14 Ah
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15
featuring pure Iead plates which offer a far superior shelt & guaran-
teed 15 year service life. Fully BT & BS6290 approved. Si ied
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77

M6 bolt terminals. Fully guaranteed. Current makers price over £70

sach\Qyr Price £35 each () or 4 for £99

RELA YS - 200,000 FROM STOCK

ve s by chooalng your next relay from our Massive

uocku covering types such as - Militery, Octal, Cradla,
Hermetically Sealed, Contactors, Time Deiay, Reed, Mercu
Wetted, Solid Stets, Printad Circult Mounting, CALL US W"{%
YOUR NEEDS. Many obsolete types from stock. Save ££££'s

LOW COST RAM & CPU’S
INTEL 'ABOVE' Memory Expansion Board. Full length PC-X

and PC-AT compatible card with 2 Mbytes of memory on board.
Card is fully selectable for Expanded of Extended (286 'processor
and above) memory. Full data and driver disks uu%%l eod. RFE
I'IX tested and guaranteed. Windows compatible.

longth 8 bit memory upgrade cards for PC AT XT expands
either 256k or 512k in 64k steps. May also be used to fill
m R above 640k DOS limit. Complete
Order as: XT RAM UG. 256k, £34.95 or512k £39.95

SIMM SPECIALS
120ns Only

1MB x 9 SIMM 3 chip80ns £10.50 or 70ns g

1MBx9 SIMM 9 chipBOns £10.50 or 7ons £11.75

4 MB 70 ns 72 pin SIMM -with parity- Only £35.00

INTEL 486-DX33 CPU £19.95 INTEL 486-DX66 CPU £59.00
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £££

MOTOROLA 25 Mhz 68040 (XC68040RC25M) CPU'S £59.00
shipping charges for RAM / CPU upgrades is code B

SOFTWARE SPECIALS
WorkStation, complete with service pack
and licence - OEM packaged.

Specia Prlce ONLY £99.00
Microaoft - Windows for Workgroups 3.11 & DOS 6.22. Sy,
on 3%" disks with licence & concise documentation. £39.95
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.95
Wordpertect 6 for DOS supplied on 3%" disks with manual £24.95

shipping charges for software is code B

1MB x § SIMM 9 chip

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

Open Mon - Fri 9.00 - 5:30
Dept PE , 32 Biggin Way
Upper Norwood
LONDON SE19 3XF

Dscunsbrvohme Top CASH prices paid for surplus goods. AN

CES LONDON SHOP

Open M at 9:00 - 5:30
215 Whlu orse Lane
South Norwood
©On 88A Bus Route

M. Thomnton Heath
Selhurst Park SR Rall Stations

Alpmeskxu(Maniniu(ummmﬂs%VATtoTOTALamvthntnunavaO Bona Fide account orders

Universities and Local Authorities -

(B)=£550 (C)=€&50 (D)=c1zoo (E)-£15c0 (F)-maoo (G)-CALL
stated guaranteed for 90 days. Al guarantees

approx 6 days for
ona rstumbbasebasaAlrois
trademarks, tradenanm

DISTEL®

Visit our web site
www.distel.co.uk
emall admin Q distel.co.uk

over £100 are sub;sa to 10
QW\O

ALL B ENQUIRIES

0181679 4414

FAX 0181 679 1927

day Gurmwed (Aww1m
Nﬁ"umsmnmm

omangspmes/spem Epmr Ormvssbpdlo
0s etc acknowledged © Dispiay Electronics 1998. £ & O E. 0698




VOICE PROCESSOR

SING ALONG WITH YOUR OWN VOICE!
This sound processor is designed to be used with an
inexpensive microphone and domestic audio system or

amplifier. It will provide a variety of changes to the speaking or

singing voice. The most important of these is

frequency-shifting, but there is also a vibrato and robot effect.

The circuit may be used for parties, Karaoke evenings, for
special purposes such as amateur stage productions and for
DJ work. A useful feature of the design is that the processed

voice may be used alone or combined with the normal
(unprocessed) one. The effect will then sound like two

separate people or a comic voice singing along with the normal

one.

o &
r~TloR~ ]

RELIABLE IR CONTROL
SYSTEM

Previously published IR remote control systems
generally fail to measure up to the ease of construction,
testing and using of commercial equipment. Hence the
determination to design a system which is free from
interference, has few components, does not rely on
specialised components available from only one source,
is inexpensive, has a 10m range, and above all, is likely
to work first time!

The system to be described fulfils these requirements,
and can be constructed in the following forms:

e Momentary remote control

e Low power single beam alarm system

e 1 to 4-way remote control (with optional latching)
e 15-way remote control (with optional latching)

DIGISERV

A RADIO CONTROL FUNCTION EXPANDER
Have you ever wished that your radio controlled
model boat, plane or car could have a few more
controllable functions such as lights, sound effects or
a water pump that you could surprise interested
onlookers with? Unfortunately, the cost of radio
control transmitters and receivers escalates as more
channels are required. That tired old two-channel
equipment that you picked up cheaply or have had for
years just isn’t good enough these days. Or is it? -
why not expand the use of one of the channels.

Digiserv can be a useful addition to any radio
control system, and is particularly suitable for
expanding the functionality of small two or
three-channel systems often used for controlling
model boats or cars. Your existing transmitter can be
used to control up to ten functions with no
modification required to the transmitter.

PC CAPACITANCE
METER

An easy-to-build unit that, when used with
a PC, will allow measurement of
capacitance. The design covers
capacitance values from 0 to 10uF in four
ranges and can be used with both
polarised (electrolytic) and non-polarised
capacitors.

NO ONE DOES IT BETTER

| EVERYDAY |
PRAGTIGAL

ELEGTRONIGS
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OCTOBER ISSUE ON SALE
FRIDAY, SEPTEMBER 4



EVUROCARD

MasterCard

SQUIRES

MODEL AND CRAFT TOOLS

A comprehensive range of miniature hand and
power tools featured in a fully illustrated

Mail Order Catalogue

New 1999 Issue

SAME DAY DESPATCH
FREE POST & PACKING

For your free copy of our catalogue
write, telephone or fax to:

(Please note new address)

Squires, 100 London Road,

Bognor Regis, West Sussex
PO21 1DD

Tel: 01243 842424

Fax: 01243 842525

VISA

a geniock pcb (uncased) for titling videos it has

a n D lead 1o plug nto the computer and peb
pins for composite video in and out en No video
nput ts the normat P dispiay 18
shown on the compose video out when the video
Input 18 added the white areas on the screen are
rop(aood by the mdoo image. The pcb s pogwerod
19.98

NEW SPECIAL OFFERS

rates) £2.95
300-‘ offers please check for avaulnbuhty stick of 4

16mm micad battenes 171mmx16mm da with red &
black leads 4.8v......

O?Snol ‘HSG battery pac conl
cells with soider tags (the size most commonly
cordless and dnfls 22 diax42mm tall) it 18

shde viewer wv\h buit In mqnma:;ang colour Iv
camera, composite video output {p

very good condifion with few signs of use..

Board cameras all with 512x582 pixels 443 3mm
sensor with composite video out. All need t0 be
housed in your own enclosure and have fragile ex-
posed surface mount parts and require 10 to 12vdc

wer SUpply
47MIR size 60x36x27mm with 6 intra red leds
{grves the same illumination as a small torch wouid)
.£50.00+val =£58.7540
MP size 39x38x23mm spy camera with a fixed
locus pin hole lens for thng behind a very small

.£57+vat = £66.98
tOMC size 39x38x28mm camera for 'C' mount lens
this gives a much clearer picture than with the small
lenses. £68.79
Standard ‘C' mount lens F1.6 16mm for 40MC

.43+vat = £31.06
Waterproof camera  with  stylish  tlit &
swive case £92.76+vat=£109.00 or
10+€£89.32+4 vat =£104.95
OTA30 Hand held transistor analyser it tells you
which lead is the base, the collector and emitter and
if k is NPN or PNP or faulty. HMA20 hand hekd
MOSFET analyser identitios gate drain and source
and it P or N channel DTA30 & HMA20

.£38.34 each

DCA50 component analyser with lcd readout iden-
thes transistors mosfets diodes & LEDs Iead
CONNBCHIONS........... 9.95
Speaker cabinels 2 way speaker syslems with
motorola tweeters

15 172
power rating 250WRMS  175WRMS |oownus
1mpedance Bohm Bohm
freq, range 40hz-20khz mm eomzumz
sensivity{ 1W/1M) 9708
sze i mm mmwmw-w J|SI‘M
wonght kg 168y 7AKQ
Pprice each for black
vimyl coabng £139.95 £99.99 £54.94

fet coatng £15997  €£11997  £64.99
Fx not normaly in stock allow 1 week for delivery)
ower ampifiers 19" rack mount with gain controls

STA150 2x160Wrms (4ohm ioad) 14kg  £202.11
STA300 2x190Wrms {4ohm ioad) 11kg  £339.00
STA900 2x490Wrms {4ohm ioad) 15kg  £585.00
LEDs 3mm or Smm red or green .. 7p each yellow

11p each cable ties 1p each £5.95 per 1000 £49.50
000
g.och:r able Battenes

AAHPT) .99 AA S500mAH with solder tags £155

AA 950mAH £1.75 C{HP11) 1.2AH 2220

C 2AH with soider tags £3.60 [{HP2) 1.2AH £260

D 4AH with soider Lags €4 95 8.4V 110mAH £4.95

1/2AA with soider tags £1.55 Sub C with soider uTV“;tA%
1

easy to crack open and was manutactured in 1994

.£8.77 each or 110.50 per box of 14
BCI box 190x106x50mm with slots o house lpebtho Id
contans an edge connector (12 way 8mm
screw terminals 10 connect In wires And S sl
blanks.. .
7soqmmcomnonanodaloddnsplay 12mm.. £0.45
GaAs FET low bua%ocamem 58873 £12.95 each
£9.95 10+ 7.95 100+ 7A transistor 20 for £1.00
SL952 UHF Limding ampittier LC 16 surface mounn;g

with data sheet...

4 convertor Rohabdny ‘model VI2P5 12v In Sv
200ma out 300v input 1o output Isolation with data ...€4.95
sachovpa:koﬂom.‘)o

AB2903-C large stspp-n?‘ motor 14v 7.5 step
27ohm68mnmboayeamns
..£8.95 or £200.00 for a box ot 30
Po#yoslov capacitors box type 22.5mm lead h 0.9ut
250vdc 18p each |4p |00+ 9p 1000+ 1uf Vdc 20p
each,15p 1004 |W
CM (Wima MKP‘O) 27.5mm pitch
32x28x1 mmcase 750 each
Philips 123 senes sold alumnium uud leads 33uf 10v &
2 2ut 40v 40p each, 250 100+
Sold carbon resistors very low inductance Weal for RF
circuits 27ohm 2W, 680hm 2W each 15p each 100+,

) and
in cable

we have & range of 0.25w 0.5w 1w and 2w sokd carbon

:sxrslors please send SAE 1017 list.
|50 m multimeter 17 ranges 1000vdc 750vac
bmagrg

transistor Hfe 9v and 1.5v
lsst. ,,,,,,,,,, N
Hand heid uftrasonic remote control
CV2486 gas reiay 30x10mm dia with 3 wire
aiso work as a neon light

-20p
Vamaum R300NH Streamer tape
machines and pnnting presses etc. it looks
cassette with a slot cut out of the top £495ucn(m7s
100+)
He

each or £8.50 per 100
on nc

atsink compound tube. 0.95
HV3-2405-E5 5-24v 50mA ragula.(o« 'ic 18-264vac upul 8
pin DIL package.... ..£3.49 each (100 + 2.25)
All products acvemsed are new and unused uniess other-
wise stated. Wide range of CMOS TTL 74HC 74F Linear
Transistors kfts, rechargable battenes. capactors, lools
etc always In stock
Please add £1.95 towards P&P (orders trom the Scottrsh
Highlands, Northem ireland Isie of Man, Isie of Wight
and overseas may be uqom o tigher P&P for heavy
flems). VAT mcluded in all prices.

JPG ELECTRONICS

276-278 Chatsworth Road
Chesterfield S40 2BH

Access Visa Orders
Tel (01 246) 211202 Fax: (01 246)550959

R@.:)
adio - Tech

Radio Modules at Lower Prices
than any catalogue, Guaranteed !

Part

Catalogue RRP* [Our Price

(8v)

TXM-418-A or F Transmutter

(3v)

it or
SILRX-418-A or F Receiver

{1mwW) or

{(10mw)

TXM418-A

TXM418-F

SILRX418-A

SILRX418-F

BiM418-F
BIM-433-F

TXM-173.225

TXM-173.225-

RXM-173-4666

£ 14.50 £10.99

£ 42.00 £20.48

£ 6475 £2465

RXM-173.225-4666-00
VHF Secusity Receiver

“Typecai Catalogue Company RRP eflectve Jan 1998 ex VAT

Prices Exciude VAT and Carriage. P & P add £1.50 for
orders < £ 100.00 otherwise £6.00 of next day delivery

Telephone Sales 01992 576107
e Fax 01992 561994

http://www.radio~ech.co.uk e-mail: sales@yradtec.demon.co. uk

e

B. BAMBER ELECTRONICS

Bridge rectifier, type WOS, 800V at 1-5A. £1 for
10

Diodes type IN4007, 1kV at 1A. £1 for 50
Klockner Moeller FAZG DIN rail mounting
circuit breakers, single pol. 4A, 6A, 16A, 20A.
£2 cach

Seiko Epson supper twist graphics blue mode
1.c.d.s, 230 X 240 pixe! size. 132 X 103 overall.
£5 cach. 3 for £10. No details

Densitron liquid crystal displays. $ digit,, type
LSHSO60RP. £1 each

Proximity switches for doors and windows,
surface mount, £1 each

Capacitors, 4-7mfd. 400V, radial electrolytic
(Jamicom) 15mm X tOmm. £2 per 200

Weir bench power units Type 460, 0-60V at
0-3A, 0-20V at 1A, metered output

Hera foot switches, 250V a.c., 3A. £4
Siemens min. relays, type C1062A307, 12V,
10A single pole, normally closed or, type
C1062A308 normaily open, £1 each
Tangential fans, 240V a.c., 30mm, £4

DIP DIL switches, 6 way, £1 for 3

Avo valve tester, type CT160, with valve data
book. £160

Time d.c. voltage calibrator, type 20035, £160
Time d.c. current calibrator, 0-10mA, £160
Zemco central locking intcrace kits., type
SAS3S, allows the Zemco SAS30 vehicle alarm
to automatically lock and unlock the vehicle
doors by use of the remote transmitter. £5 each
Zemco vehicle alarm, biaxial piezo shock sensor,
type SA405. £5 each

Zemco add-on quartz ultrasonic sensor kits,, type
SA404. £5 cach

Rolling ball fuel flow sensors, suitable for petrol
and diesel. £5 cach

Pin Switches for car door/boot/bonnet etc. £1 per
pack of 4

Image Powersense mains anatyser, £400
Marconi AF power meter, type TFB93A, £250
HeiHemann lighting arresters, type SAL,
220/250 vac, £10

SCART plus, £2 for §

Dipped ceramic capacitors, 1nF, 500V, Smm
pitch, £1 for 50

Konek capacitors (dipped), 10nF, 250 vac,
15mm pitch, £1 for 25

BNC right angle adaptors, £1 each

Big Tower PC cases, 190 X 460 X 620, £20

Sanyo Laptop Nicad bateries, type i12HR, £5 cach
Sanyo Laptop Nicad batteries, type 4KR-5000DE,
size 240 X 32 round. 48V, SAH, £5 cach

Sharp Laptop |.c.d.s, type LM64P725, £20 each
Frame HDD Pant No. $5F9915, 1GB, £20 each
Mains transformers, 240vac input, 12V at 2 amp
output, £2 cach

Marconi 110MHz spectrum analyser, type TF2370,
30Hz-110MHz, £350

Pye Pocketfones type PS001, low band AM,
86MHz. sets complete but untested and sold as is.
£25 each

Pye Pocketfones type P5014, UHF, 440MHz, sets
complete but untested and sold as is, £25 each

Pye banery chargers, type BC28, for PS000,
10-way, £45 cach

Pye Mobile Radios type M293, low band AM, sets
complete but less mics, speakers, etc., £25 each
Pye Mobile Radios type M296. UHF, sets complete
but less mics, speakers, etc., £25 each

Pye 'L’ shaped basc mics, £15 each

Pye controllers, type PC1, £25 each

Pye controllers, type MR290, £25 each

Philips digital recorder, type PM4202. £20

Gould AF signal generator, type J3B,

10Hz- 100KHz, £150

Hewlett Packard signal generator, type 8616A.
1-8-4-5GHz, £250

Hilger & Watt stereo scope, £45, buyer colletcs
Computer cables, 15-way, 3m long, £2 cach
Levell transistor RC oscillator, type TG150, £25
Pro-Log PROM programmer, type M900, £95
Parallel Port 16-bit stereo codec Ics, type
AD1848Kp, £4 cach

Bulgin [EC filter plug units, part no. PS620/1/10A,
250V, 10A, £1 cach

APC smart.UPS v/s 1000va, £95 each
Keyswitches radial pin, SPST, common key,

£1 for 2

Liteon switched mode PSU, 150 X 140X 85, + 5V
at27A, + 5V at0-5A, +12Vat9A, + 12 a
0-75A, fully cased with built-in fan. [EC power
input, flylead output, £9 each

Zenner Diodes 270V, 3W. £1 for 10

Please add £3.50 p&p to all orders under £30
ACCESS/VISA ORDERS WELCOME
NO VAT

20 WELLINGTON STREET, LITTLEPORT, CAMBS, CB6 1PN

PHONE: 01353 860185

FAX: 01353 863245
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NOW AVAILABLE

RANGER 2 for windows 95
The Complete, Integrated Demo Software - available from our Web Address
Schematic & PCB Layout Package e S

& PCB La;

Windows Ranger 2 Ranger 2 Outputs:
For Windows 95 & NT & ,{r )1 ., Full Windows Outputs

* New Hierarchical Circuit “‘!JJ Fls 'g'P'bGL

* Split Pyevices * Gate & Pin Swap NCe'DreiI'I

» New Edit Devices in Circuit AutoCad DXF

+ Copper Fill « Power Planes

* Autorouter * Back Annotation

Windows Ranger 2 with Specctra SP2 .’ t/0}

Ranger & Specctra Autorouter provide the most cost \/J

effective PCB Design system available. A powerful, intuitive system at
an outstanding price!

Windows Ranger 2 Upgrade 4 ,/'-“'5
Upgrade your existing PCB Package to Windows Ranger 2. o J

OIS A SN AYN W Ranger 2 Lite £35  (Prices exc VAT/P&P)

Call 01730 260062 WEY LI L 1/ 48

FaX 0 1 7 30 26727 3 8},‘3,2,‘,’,"‘;5’6'}6&;}?5‘3”"{}‘:,,(? "Gné‘ff °5S ) Advanced Systems & Technology for PCB Manufacture

B T e ET
FR S Q) LU N\ AEE!
Fii E =.1?:=f= 43;1‘::4 FREE!
FREE!

FREE!
FREE!
FREE!

PHONE, FAX OR WRITE TODAY!

GREENWELD

ELECTRONIC COIVIPONENTS

27D Park Road - Southampton - SO15 3UQ

TELEPHONE: 01703 236363 FAX: 01703 236307
E-Mail: greenweld@aol.com INTERNET: http://www.greenweld.co.uk
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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! Incredibie 10mm x 20mm including mic.
3V-12V operation. 500m range.... £16.45
MTX Micro-miniature Room Transmltter

Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic.
3V-12V operation. 1000m range.......... £13.45
STX High-performance Room Transmmer

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. Variable sensitivity
and delay with LED indicator. Size 20mm x 67mm. 9V 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 Transmmer
Scrambled output from this transmitter cannot be monitored without the SCOM 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 SCOM 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

*kx Specials *xx

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 receiver unit with decoder and relay output, momentary
or alternate, 8-way d.il. 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 £37.95

MBX-1 Hi-Fi 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,
garden, in the bath or in the garage and you don’t have to put up with the
DJ's choice and boring waftle.

Size 27mm x 60mm. 9V operation. 250m range £20.95

630

UTLX Ultra-miniature Telephone Transmitter

Smaliest telephone transmitter kit available. incredible size of 10mm x 20mm!
Connects to line (anywhere) and switches on and off with phone use

All conversation transmitted. Powered from line. 500m range..

TLX 700 Micro-miniature Telephone Transmitter

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assembie
than UTLX. Connects to line {anywhere) and switches on and off with phone use.
All conversations transmitted. Powered from line. 1000m range..............c.cco....... £13.45

STLX High-performance Telephone Transmitter

High performance transmitter with buffered output stage providing excellent stability
and performance. Connects to fine {anywhere) and switches on and off with phone
use. All conversations transmitted. Powered from line.

Size 22mm x 22mm. 1500m range..... £16.45

TKX900 Signalling/Tracking Transmitter
Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for
signalling or tracking purposes. High power output giving range up to 3000m.
Size 25mm x 63mm. 9V operation..

CD400 Pocket Bug Detector/Locator

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase as you
approach signal. Gain control allows pmpomtmg of source.

Size 45mm x 54mm. 9V operation.... i £30.95

CD600 Professional Bug DetectorlLocator

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity
used 1o detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to
distinguish between localised bug transmission and normal legitimate 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 privacy. 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. 9V operation. 1000m range........ £40.9

QSX180 Line Powered Crystal Controlled Phone Transmitter
As per QLX180 but draws power requirements from line. No batteries required.
Size 32mm x 37mm. Range 500m................. £35.95

QRX 180 Crystal Controlled FM Recelver
For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section

supplied as pre-built and aligned modute ready to connect on board so no dlihculty
setting up. Qutput to headphones. 60mm x 75mm. 9V operation........................ £60.95

£15.95

£22.95

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.
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The Alternative Oscilloscope

" Pico Technology provides an alternative to costly, bulky and|:
complicated oscilloscopes. The ADC range of v1rtual
instrumentation enables your PC to perform as an oscilloscope,
spectrum analyser and digital multimeter. «-—-"""&
¥ Upto 100 MS/s sampling and 50 MHz spectrum analysis i, pic® |
V A fraction of the price of comparable benchtop DSOs P ¢
V Simple Windows based user interface

The practical alternative The simple alternative The low cost alternative
Connection to a PC gives virtual Virtual instruments eradicate the The Pico range of PC based
instruments the edge over traditional need for bewildering arrays of oscilloscopes work with your
) switches and dials associated PC - anything from a
...the most powerful, flexible  with traditional ‘benchtop’ dustbin-ready 8086 to Tthe

i i 4 scopes. The units are latest pentium. The
tasteguiprant in iy lab supplied with PicoScope for PicoScope software
oscilloscopes: the ability to printand  Windows software. utilises your monitor to
save waveformsis justone example.  Controlled using the display data. This gives you a
Advanced trigger modes, such as standard Windows larger, clearer display than any
saveto diskon tngger make tracking interface, the software is scope, at a fraction of the price.

. down elusive easy touse with full on The savings don't stop there: All
intermittent line help. Installation those expensive upgrades needed
faults easy. is easy and no for traditional oscilloscopes: such

Combining configuration is as FFT maths, disk drives and
several required; simply plug printers are already built into your
instruments into the parallel port and it is computer. The PC has made
into one ready to go. We provide a two year computing affordable, now Pico has
small unit guarantee and free technical support made test equipment affordable too.

means it is via phone, fax or E-mail. Seeing is understanding
ﬁ/nghtgr f"g Call for a FREE demo disk or visit our web site. :
Fax:(0)1954211880Tel:(0)1954211716

portable. When used with a
hca LIS - mail: post @ picotech.co.uk http:www. picotech.com
Broadway House 149-151

ST Al

can carry a complete electronics lab
in their PC.

The complete monitoring system The best thlngs come
Temperature Bl S 7o sysiem o ln small package;

® Pico Technology is one of the
most versatile and cost effective

nnen nonr ﬂ monitoring systems on the
market today. It can measure

i g temperatures from -55 to 300°C,
““m““tv .. check light and humidity levels or
record the position of a switched

system. lts applications are endless;

from food storage & preparation to
energy management.

> ¥'Up to 20 MS/s
* ¥._Sample rates from

At the core of the system
Y 50ns to 1ms

is the logger, which stores
up to 15,000 readings and
displays them from each
sensor in turn. Reports
i can be printed on a stand-
alone printer or data sent
to a PC for long term
storage and graphical
analysis using the powerful supplied software, EnviroMon
for Windows.

Oscilloscopes are becoming smallerand lighter:
Now Pico Technology brings you the latest
development, the 0sziFOX hand held scope.
Despite its small size, its performance can match that of a
service oscilloscope. With sampling rates of up to 20 MSs,
even signals in microprocessor circuits can be measured.
The 0sziFOX is ideal for taking measurements in digital
d circuits, telephone installations, hobby electronics, production
line tests and on-the-spot measuring.It provides the ultimate
%3 in portability and flexibility.

'4 As with the rest of the Pico Technology range, the PC link
. gives the 0sziFOX the edge: the ability to print and save
waveforms is just one example.

Complete price £98.11 including VAT + P&P (UK), cables
S and software included.

The EnviroMon system records data 24 hours a day. 365
days a year, even if the mains power fails. Should a parameter
goes out of range, it alerts you with various alarms or a
telephone message.

EnvuinaMlon Starter kit . .. .. £395 . var

all for full product range and FREE
demo disk or visit our web site.

Pico Technology Limited, Broadway House,
149-151 St. Neots Rd, Hardwick, Cambridge, CB3 7QJ UK
Tel: 01954 -211716 Fax: 01954 -211880

E-mail: post@picotech.co.uk hitp:www.picotech.com

E-mail: post@picotech.co.uk

Visit our web site: www.picotech.com
Pico Technology lened Broadway House, 149 151 St



GENT.

ELECTRONICS

Tel 01283 565435 Fax 546932

LTD

EE193 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST

E-mail: Magenta_Electronics@compuserve.com
Homepage: http://ourworld.compuserve.com/homepages/Magenta_Electronics

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

P

MAIL ORDER ONLY ® CALLERS BY APPOINTMENT

EPE MICROCONTROLLER1

Pl. TREASURE HUNTER!

! The latest MAGENTA DESIGN - highly
stable & sensitive — with MC control |
I of all timing functions and advanced 1

1 pulse separation techniques. 1
1 @ New circuit design 1994 1
1 @ High stability 1
1  drift cancelling 1
1 @ Easy to build 1
I &use 1
1 ® No ground ]
1 effect, works 1
| inseawater i
1 @ Detects gold, 1
1 silver, ferrous & |
1 non-ferrous 1
i metals i
1 @ Efficient quartz controlled i

microcontroller pulse generation. i
1@ Full kit with headphones & all i

hardware I
LK_IT_89_7; STSTISTPITRY _£_6§ .9_5 J

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 speciat
setting up.

KIT 842.......ccvvvviininnan £22.56

SUPER ACOUSTIC PROBE

Our very popular project - now with ready
built probe assembly and diecast box. Picks
up vibrations amplifies, and drives head-
phones. 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........c0vviiiennen. £29.95

DC Motor/Gearboxes

Our 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 IE

MD38...Mini 48 step..£8.65 |, |
MD35..5td 48 step..£9.99 031 ' J
MD200...200 step...£12.99 ;
MD24...Large 200 step...£22.95

Based on our Mk1 design
and preserving all the
features, but now with
switching pre-regulator for
much higher efficiency. Panel %
meters indicate Volits 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.

632

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

PIC PIPE DESCALER

® SIMPLE TO BUILD ® SWEPT
® HIGH POWER QUTPUT FREQUENCY
® 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

ISPACEWRITER ¢

An innovative and exciting "f),_
project. Wave the wand through Q“&%,
the air and your message appears. ¢
Programmable to hold any message
jupe to 16 digits long. Comes pre-loaded
with “MERRY XMAS”. Kit includes
1 PCB, all co f»onents & tube plus
instructions for messsge loading.

! KIT849. e, £16.
"2V EPROM ERASER

A safe low cost eraser for up to 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 in educa-
tional situations where mains supplies are not al-
lowed. Safety interlock prevents contact with UV,

KIT 790......ccccniieeicecnaeec. £28.51

MICRO PEsT
SCARER

Our latest design — The ultimate
scarer for the garden. Uses

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

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

@ RANDOM PULSES
@ HIGH POWER

® DUAL OPTION Plug-in power supply £4.99

KIT 867...ccciiiiiiiiiiinniininnnansss £19.99
KIT+ SLAVE UNIT......ccvvuunen. £32.50
WINDICATOR

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

)\ &1 shosmnonoononooonooooaoonacopooooooscoonapo: £28.00

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

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

KIT 866.... Full 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................... £32.95
3-NOTE

4 spare
electrodes
£6.50

Uses SAB0600 chip to intense pulses
produce natural sounding
3-note chime. Adjustable
pitch - so that two can be
used for front and back
doors.

Kit includes PC.B., all
parts and instructions.

No case or battery

KIT 869........£5.99 |

DOORCHIME | Keep pets/pests away from

newly sown areas, fruit,
IDEAL vegetable and flower beds,
BEGINNERS J children’s play areas, patios
PROJECT etc. This project produces

which deter visiting animals.

@ KIT INCLUDES ALL
COMPONENTS, PCB & CASE

® EFFICIENT 100V
TRANSDUCER OUTPUT @ UP TO 4 METRES

©® COMPLETELY INAUDIBLE
TO HUMANS

KIT 812........

SUPER BAT
DETECTOR

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

A new circuit using a ‘full bridge’ audio
amplifier i.c., internal
speaker, and head-
phone/tape socket. The
latest sensitive transducer,
and ‘double balanced mixer’
give a stable, high peformance’
superheterodyne design.

KIT 861
ALSO AVAILABLE Built & Tested ....£39.99

E.E. TREASURE HUNTER
Pl. METAL DETECTOR
MKI

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

PCB, handie
: @ KIT INC.
case &
search coil. HEADPHONES
® EFFICIENT
CMOS DESIGN
® POWERFUL COIL

DRIVE

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

® 190mm SEARCH COIL
® NO '‘GROUND EFFECT’

| ULTRASONIC PEsT SCARER

of uitrasound

RANGE
® LOW CURRENT DRAIN
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SIMPLE PIC PROGRAMMER

INCREDIBLE LOW
PRICE!

INCLUDES 1-PIC16C84 CHIP
SOFTWARE DISK, LEAD
CONNECTOR, PROFESSIONAL
PC BOARD & INSTRUCTIONS

Kit 857 £12.99

Power Supply £3.99

EXTRA CHIPS:
PiC 16C84 £4.84

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

EPE PIC Tutorial

At Last! A Real, Pr
3-Pa ries — Startin

e Learn Programming from scratch
® Uses Re-Programmable PIC16C84 Chip

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

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

ical, Hands-On Serie
h ‘98

PIC TUTOR BOARD KIT

Includes: PIC16C84 Chip, TOP Quality PCB printed with
Component Layout and all components* (*not ZIF
Socket or Displays). Included with the Magenta Kit is a
disk with Test and Demonstration routines.

PIC16C84 LCD DISPLAY DRIVER
INCLUDES 1-PIC16C84 Kit 860 £19-99

WITH DEMO PROGRAM —
SOFTWARE DISK, PCB, Power Supply £3.99

INSTRUCTIONS AND
FULL PROGRAM SOURCE :
24-CHARACTER 2-LINE | cODE SUPPLIED - DEVELOP ng 87? s £§7.9?, B:;l;gﬁz-ll;:egte: t£9£9::29'5
LCD DISPLAY YOUR OWN APPLICATION! plipnat i Fowe SHpEIy=t2= CEKEE I

LCD Display — With Software and Connection details .....£7.99

Anoth | j » i
nather super PIC project from Magenta. Suppiied LED Display - Including Software.............ccccoiiviiiians £6.99

with PCB, industry siandard 2-LINE x 24-character
display, data, all components, and software to include
in your own programs. ldeal develpment base for
meters, terminals, calculators, counters, timers — Just
waiting for your application!

Y Chip is pre-programmed with demo display %

PIC16C84 MAINS POWER 4-CHANNEL
CONTROLLER & LIGHT CHASER

e WITH PROGRAMMED 16C84 AND DISK WITH
SOURCE CODE IN MPASM

® ZERO VOLT SWITCHING -

10 CHASE PATTERNS

OPTO ISOLATED

4 X 3 KEYPAD CONTROL

SPEED CONTROL POT.

HARD FIRED TRIACS

4 CHANNELS @5 AMPS fully ‘commented’ so that

it can be followed easily.

Kit 855 £39.95 015 oF other APPLICATIONS

PIC TOOLKIT

e PROGRAMS PIC16C84 and 16F84

® ACCEPTS TASM AND MPASM CODE

Full kit includes PIC16C84 chip, top quality p.c.b. printed with com-
ponent layout, turned pin PIC socket, all components and software*
*Needs QBASIC or QUICKBASIC

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

SUPER PIC PROGRAMMER

READS, PROGRAMS, AND VERIFIES
WINDOWS® SOFTWARE

PIC16C6X, 7X, AND 8X

USES ANY PC PARALLEL PORT

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

Now features full
4-channel chaser software
on DISK and
pre-programmed
PIC16C84 chip. Easily
re-programmed for your
own applications.
Software source code is

68 00 DEVELOPMENT AND KIT 601
0 TRAINING KIT £69.95 Kit 862 £29.99
= U0 TORLOWIDE I\ ScHooLs o N ORTTon )
o FULL FEATURED MONITOR, R ) Power Supply £3.99
LINE ASSEMBLER & 7 g SUPERB PRODUCT AT AN
CROSS ASSEMBLER DISK UNBEATABLE LOW PRICE. | DISASSEMBLER
e NOW WITH EXPANDED SOFTWARE £11.75

RAM & ROM N
e FULL 8MHz 68000 16-BIT DATA BU
e FULL MANUAL, DATA COMMS &
SOFTWARE DISK
e 2 SERIAL PORTS & EXPANDABLE 1/O

AT PSU £12.99
- (+5V, +12V. —12V

SERIAL LEAD KIT
9-way & 25-way £4.99

Mini-Lab & Micro Lab

PIC STEPPING MOTOR DRIVER
Kit 863 £18.99

FULL SOURCE CODE SUPPLIED.

INCLUDES: PCB,
PIC16C84 WITH
DEMO PROGRAM,

g SOTTWARE DISK. | ALSO USE FOR DRIVING OTHER
Electronlcs Teach_ln 7 AND MOTOR. POWER DEVICES e.g. SOLENOIDS.

- Another NEW Magenta PIC project. Drives any 4-phase unipolar motor — up
-l 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 chipl Circuit accepts inputs from switches etc and drives motor in
response. Also runs standard demo sequence from memory.

GENT

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

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

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

All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99
Tel: 01283 565435 Fax: 01283 546932 E-mail: Magenta_Electronics@compuserve.com
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BRITISH

It's good to be able to report a true British invention which is being marketed by a
British company, even if it is being made in Taiwan. Last month I said that our Lightbulb
Saver project might eventually inspire a commercial product; I said that we had first
published a design back in 1987 so it has taken some time.

Well, a regular reader, Mr. Tasker from Grantham, faxed me with details of a commer-
cial Bulbsaver (see Innovations). This product is the invention of two British chemists and
the prototype dates back to 1979. The design was originally conceived to help an elderly
caretaker who was changing a lightbulb, using a loft ladder, about every three months —
around 1,000 hours use. Nineteen years later the caretaker has retired but the original bulb
and prototype circuit are still going strong.

What a pity that the inventors could not find a British company to make the miniaturised
product without signing over part of the Rights to it. No such problem with manufacturing
companies in Taiwan, who did not even want to know what the finished item was for, they
just got on with the task of miniaturising it and then manufacturing it.

TOLD YOU!

I hate to say “'I told you so’", but | did last month and it is very embarrassing. What did I
say? **We very rarely need to publish a Please Take Note because of an error (I bet we
have to now I've said that)’". Well, we have had to (see Shoptalk), and we had some other
problems with last month’s issue where the Readout heading got lost and some of the
wording on some pages and on the cover was wrong.

I guess I should have kept my big mouth shut — my apologies to you — hopefully it will at
least give you all a bit of a laugh at my expense. We will go on trying hard to get
everything right and | won’t tell you how good we are again as it obviously annoys the
gremlins who get to work with a vengeance. Will I never learn?

SEE YOU

If you are learning about electronics, and particularly if you have been following Teach-
In '98, then our Teach-In Team would be delighted to see you at our Teach-In Meet. For
details about this see page 663. It’s a good chance to get answers to your queries and sort
out any problems you may have had with Teach-In Labs.
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AVAILABILITY SUBSCRIPTIONS

Copies of EPE are available on subscription any-
where in the world (see below), from- all UK
newsagents (distributed by Seymour) and from
the following UK electronic component retailers:
Maplin - all stores throughout the UK (and in S.
Africa); Greenweld Electronics; Omni Electronics.
EPE can also be purchased from retail magazine
outlets around the world.

Annual subscriptions for delivery direct to any
address in the UK: £26. Overseas: £32 standard air
service, £49.50 express airmail. Cheques or bank
drafts {in £ sterling only} payable to Everyday
Practical Electronics and sent to EPE Subscrip-
tions 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 £6.95 plus £3.50 post
and packing {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.
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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 seif-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
responsibitity for it.

COMPONENT SUPPLIES

We do not 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 take
reasonable precautions to protect the inter-
ests 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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Consiructional Project ——

MAINS SOCKET
TESTER

BART TREPAK

How to check the integrity of
your mains power sockets.

LL new domestic appliances in the

UK now come fitted with a 3-pin
mains plug so that, unless the plug has to
be changed for some reason, there is no
possibility of it being wired incorrectly.

With d.i.y. activity continually increas-
ing, however, there is the ever present
danger of a wrongly wired mains socket.
Unfortunately, a mistake in wiring a
socket, which a previous occupant might
have made, is likely to be just as dan-
gerous as an incorrectly wired plug. One
cannot necessarily be sure that the correct
connections exist.

This is especially true when an older
installation is to be extended or modified.
The old red wire could be connected to the
Neutral, for example, somewhere down the
line and the installation would still work.

SHOCKING
CONTINUITY

The need for a mains tester arose
recently when the author touched the metal
case of an appliance connected to the
mains and an adjacent wall which, having
been freshly plastered, was still damp,
whereupon a slight tingle was felt. It could
have been far worse!

Obviously the appliance was not earthed,
but on checking it the Earth conductor was
found to be connected correctly. Further
investigation revealed that the Earth cable
was not connected at one of the fittings
earlier in the chain back towards the con-
sumer unit. The whole installation from this
point on was not earthed.

Clearly, what was required was a simple
method of ascertaining that the electrical
wiring was correct and that the Earth con-
nection was continuous,

It is also always wise to test a new
mains socket following its installation to
ensure that the connections have been
made correctly as, for example, it is often
quite easy to trap the insulation rather than
the conductor under the terminal screw.

This simple Mains Socket Tester can be
built into a small plug and will provide an
indication of not only the integrity of the
wiring but also any dangerous mistakes in
the connections.
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MAINS SUPPLY

The block diagram of a typical standard
domestic mains supply circuit is shown in
Fig.1. From this it can be seen that the
supply enters the premises and goes via the
supply company fuse and meter to the con-
sumer unit.

All the wiring up to this unit is
the responsibility of the supply company
and is not accessible to the consumer.
The wiring after this, including the con-
sumer unit, is the responsibility of the
householder and it is here that mistakes
can occur.

The consumer unit is basically a box
which contains an isolating switch, ena-
bling the supply to be turned off if re-
quired, together with a number of fuses or
circuit breakers on the Live supply line.
Current to any load connected to the cir-
cuit flows through the Live and Neutral
conductors.

The Earth conductor is provided for
safety and no current normally flows
through this except in fault conditions.
Any conducting surface which someone

S, N—

A

might touch, such as a water pipe, tap,
radiator or the case of any metal appliance,
is connected to this line.

It should be noted that some appliances
(normally referred to as ‘‘Double Insu-
lated’’) do not require to be earthed as the
internal electrical parts are separated from
the case by two independent layers of
insulation, one of which may be the case
itself when it is made of an insulating
material such as plastic.

Power tools are an example of this and,
although they are normally fitted with a
3-pin plug, the Earth pin is not connected
and only a 2-wire flexible cable is used to
connect the appliance.

The other end of the Earth conductor is
connected to a terminal block in the con-
sumer unit, which is connected to Earth. In
the past, this was done via a metal stake
driven into the ground, but nowadays the
connection is provided by the supply com-
pany and is bonded to the Neutral wire so
that the Neutral is also at Earth potential.

A voltmeter, therefore, will give a read-
ing of 230 volts a.c. between Live and
Neutral, and between Live and Earth, but a
reading of zero volts between Neutral and
Earth, as shown in Fig.2.

It is of particular interest to note that,
unlike the flexible cables connected to

SUPPLY CONSUMER WIRING l
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Fig.1. Typical domestic mains electricity supply installation.
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appliances, which now use brown, blue
and green/yellow to signify the Live,
Neutral and Earth conductors, the cable
used for domestic wiring (i.e. within the
walls) still uses red and black for the Live
and Neutral conductors. The Earth conduc-
tor is not insulated and green/yellow
sleeving is usually fitted on this conductor
when it leaves the cable sheath.

TESTER CIRCUIT

The Mains Socket Tester described here
basically ensures that the voltages shown
in Fig.2 are present at the three connec-
tions. However, instead of giving a voltage
reading, the tester simply indicates their
presence by means of light emitting diodes
(l.e.d.s).

A basic configuration for a circuit tester
is shown in Fig.3. Capacitor Cl and Zener
diode DI provide a low voltage supply
when the mains is present between the
Live and Neutral terminals of the plug.
The voltage across D1 is approximately a
square wave (phase shifted by 90 degrees
with respect to the mains by the action of
C1) with an amplitude determined by the
Zener voltage of the diode.

Assuming that there is 230V a.c. present
between the Live and Earth terminals,
transistor TR1 will turn on during the
negative half cycles (when the collec-
tor (c) is positive with respect to the
Live rail) causing led. D2 to light,
indicating that the connections are OK.

Fig.2. Voltages measured between
terminals.

This of course, will not be the case if
either the Live or Neutral connection is
missing, as there will then be no supply for
the transistor collector.

Similarly, if the Earth connection is not
made there will be no base current for the
transistor, which will not turn on and the
l.e.d. will remain off. Faults in the wiring,
such as interchanged Live and Neutral
connections in the socket, will result in
zero voltage between the base (b) and
emitter (e¢) of TR1 because the Earth and
Neutral are at the same potential, again
leaving the l.e.d. turned off.

The only wiring fault which will not
be indicated is if the Neutral and Earth
conductors are interchanged on the mains
socket. This is because the Neutral and
Earth wires are connected together at the
consumer unit and are therefore at the
same potential.

Fortunately, these two wires and their
connections at the socket are almost im-
possible to confuse because the Earth
conductor is a bare wire whilst the Neutral

wire always has insulation around it.
The Earth connection on the socket is
also difficult to confuse with the
others as it is normally sited away
from the other two and is connected
to a metal bracket, which also con-
nects to the two fixing holes.

As shown in Fig.4, the basic
tester can be improved by fitting
two l.e.d. indicators; one to show
that a supply is present (D3 — red)
and another to indicate the integrity’
of the Earth connection (D2 -
green). This enables problems to be
diagnosed more readily.

For example, if the red l.e.d. does
not light, then the fault must be due
to a blown fuse or a faulty connec-
tion in either the Live or Neutral; if
it does light but the green one does not, the
problem must lie with the Earth conductor.

C1
100n
(250V ac)

: i

A1
1k
— WA

L O

Fig.3. Circuit diagram for the basic
lester.

In Fig.4, the red l.e.d. (D3) is turned
on during the positive half-cycle when
Zener diode D1 is conducting in the for-
ward direction. Diode D4 (an ordinary
silicon type) is connected across the le.d.
to prevent it from breaking down in the
reverse polarity direction.

The current through both led.s is
limited by capacitor C1, which acts as a
mains dropper enabling the red le.d. to
light on positive half-cycles and the green
on the negative (assuming that transistor
TRI1 is conducting).

Using the l.e.d.s to secure the circuit

board in the case.

- a

TR
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Resistor R1 is included to limit any
initial surge when the supply is first
switched on and R3 serves to discharge the
capacitor quickly when the plug is discon-
nected from the mains, thus preventing the
user getting a shock if the pins are touched
while the capacitor is still charged.

Resistors R2 and R4 limit the base cur-
rent to the transistor, whilst diode D1 limits
the voltage across the transistor to prevent it
from breaking down when it is off.

C1
1

LO

Fig.4. Full circuit diagram for the Mains
Socket Tester.

COMPONENTS

Resistors See

il SHop

R2, R3 1M (2 off)

Rd 100k TALK
All 0.25W 5% carbon film. Page
Capacitor

C1 100n 250V a.c. polyester

(class X)

Semiconductors

D1 8V2 Zener diode

D2 Smm green l.e.d.

D3 S5mm red l.e.d.

D4 1N4148 silicon diode

TR1 2N3904 npn transistor

Miscellaneous ..
Stripboard, 9 strips x 12 holes; 3-
pin mains plug; plastic case to suit;

connecting wire; solder etc.

Approx Cost

Guidance Only
excluding case and plug
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CONSTRUCTION

Warning. This circuit must only be
built by those who are competent at
working with electronics and mains
electrics.

The prototype Mains Socket Tester was
built on a tiny piece of stripboard (9
strips X 12 holes) as shown in Fig.5.

Since the circuit carries mains voltages,
great care must be taken to ensure that the
correct connections are made and suitable
clearances are maintained between tracks.
Remember also, that it is not only impor-
tant to make the connections which are re-
quired, but also to break those which are
not, as shown in Fig.5.

The choice of the current limiting
capacitor (C1) for the le.d.s is also very
important and only capacitors rated at 250
volts a.c. (X-rated) must be used. Com-
ponents marked 250V d.c. or even 400V
d.c. will not be suitable as their a.c.
ratings are normally only 200V or so.

None of the other components are criti-
cal and almost any transistor or Zener
diode could be used in this circuit, the only
stipulation being that the transistor is an
npn type and the breakdown voltage of the
Zener is lower than the maximum permis-
sible collector voltage of the transistor.

Note that the layout is shown for the
2N3904 transistor specified and this has
different pinouts from the more usual types
such as the BC548, BC182 etc. (see Fig.5).

The values of the resistors are also not
critical and any value around that speci-
fied will do. Resistors R2 and R3 could
be anywhere between 470k ohms and
2M2 ohms, whilst Rl may be as low as
100 ohms without any problems being
encountered.

The circuit is best mounted in a small
plastic box and connected to a 3-pin plug
by a short 3-core cable. Make especially
sure that the correct connections are made
to the plug pins as a fault here will defeat
the whole object of the device!

Alternatively, a “‘plug box"* of the type
normally used for building small power
supplies could be used. The type with a
metal Earth pin must be purchased.

TESTER TESTING

In use, the device is simply plugged into
the mains socket to be tested and the l.e.d.s
observed. Table 1 shows the displays ob-
tained when various faults are present in
the wiring. For a standard 3-pin mains
socket, if both Le.d.s light then there is no
fault, although care should be taken to
ensure that the Neutral and Earth connec-
tions are correct.

The best way to test the tester is to wire
it to the plug in various ways that will

simulate a fault in the socket and connect
this to a known good socket. The use of
a connector block or a “‘quick test’’ type
of connector will speed up this process.
Ensure that the device is disconnected
from the mains when changing any of
the connections.

This tester will provide reassurance that
a socket is wired correctly and, more
importantly, that the Earth connection is
sound. It will also do so much more
quickly than similar tests with a voltmeter.
Anyone who is rewiring a house or just
fitting a new socket should find it very
useful.

There is no method which can be safely
recommended for using it to test light
fittings.

1 3 5 7 9
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Fig.5. Stripboard component layout,
underside showing breaks in "cop-
per tracks and pinout details for the
suggested transistor types 2N3904
(model) and BC548. Note the small
link wire beneath the Zener diode D1.
The completed circuit board is shown
above left.

Table 1: Fault Display Check

———

CONDITION

RED LE.ﬂ GREENLED.

NO FAULT

E NOT CONNECTED

L orR N NOT CONNECTED
L & N REVERSED

L & E REVERSED

E & N REVERSED

Ce0@00
oX X X X Jo

LED.ONQ

.-

Wiring from the circuit board to the case "plug” pins.
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A roundup of the latest Everyday
News from the world of

electronics

CINEMA FILM NOT YET DEAD

Video as a replacement for celluloid is not yet viewed as a success.

ECENTLY, BT gave the first

demonstration  of its new

electronic cinema system (see EPE
May 1998). The event turned into a
major embarrassment. A key partner in
the project publicly denounced the
pictures screened at a cinema in
London’s West End as ““appalling”.

BT’s Broadcast Services division has
for two years been working secretly with
Virgin Cinemas, JVC, British electronics
company Snell and Willcox, and Channel
4 TV on big screen video. BT installed
one of JVC’s video projectors in Virgin’s
Haymarket cinema and piped digital sig-
nals down an optic fibre link from a
computer system at the BT Tower. Snell
and Willcox provided the digital cir-
cuitry, called Supervisor, which artificially
enhances clarity by doubling the number
of TV picture lines.

Rupert Gavin, MD of BT’s Consumer
Division, called for industry support to
make electronic cinema a replacement
for 35mm film. An audience of film and
TV experts watched horse racing shot by
C4 and excerpts from movies including
the Madness of King George, Four Wed-
dings and a Funeral and Tomorrow Never
Dies. There was no direct comparison of
modern film with video.

The only 35mm material shown for
comparison was historical, a 1929 black
and white movie, Birds of Prey, the first
British talkie shown at the Haymarket.

Richard Patterson, Head of the In-
formation and Education Division at
the BFI, agreed with members of the
audience who said the pictures had
looked “soft” and “‘out of focus” with
poor contrast and colours compared to
film. Patterson added that they were
“unacceptable for West End premieres”.

This prompted David Youlton, S&W’s
Chief Executive and Chairman of UK
industry body the Digital Television
Group, to berate BT. “I am ashamed to
be associated with this event. We can do
ten times better. You people don’t under-
stand digital processing. I am appalled at
what I've seen.”

Closing the meeting Rupert Gavin said
“This was intended to initiate dialogue —
and it’s certainly done that”.

“But we were marginalised at the
Haymarket” said S&W’s Kevin Melia
afterwards. “We were relegated to the
role of supplier. We were given no voice
on the panel. David Youlton was incan-
descent throughout the whole event.”

“I spoke out to save electronic cinema,
not kill it”, said David Youlton later.

“We still believe that Electronic
Cinema is good for the industry in the

Barry Fox has more details.

long term”, says John Swingewood, BT’s
Director of Internet and Multimedia
Services. “We are still playing a full and
functional role and making technical
improvements”.

BT had delivered DS tapes to the
Ealing cinema, but piped signals into the
Haymarket by optic fibre link. Picture
quality is directly affected by the rate
at which the digital data is delivered
by a link. The full rate, as used by
studios and production facilities, is 270
million bits a second. But this high rate
would heavily increase the cost of using

the system. John Swingewood confirmed
that the data rate used to pipe the sig-
nals in from the BT Tower was the
much more economical 45 million bits a
second. But later, following criticism of
the system performance, BT said Swin-
gewood had been mistaken and the data
rate had been a full 270Mbys.

At the Ealing trial Snell and Willcox
had been given a free hand and had
installed three Supervisor circuits, one
each for the red, green and blue signal
channels used in the video projector. At
the Haymarket, BT had used just one.

YEDA AWARDS 1998

THE 1998 Young Electronic Designer Awards were recently presented to the winners
by HRH The Duke of York at Granada Studios, Manchester during a celebration dinner
attended by 200 guests including parents, teachers, local dignitaries and members of
the business community.

Sponsored this year by Cable and Wireless Communications and the Institution of
Electrical Engineers, the Awards, now in their thirteenth year, recognise the creativity
and initiative of young people using modern technology. To succeed, contestants must
conceive and design a solution to an everyday problem which they have identified, and
to produce a working prototype.

This year's winning projects inciuded a fridge alarm the size and shape of an egg,
which costs under £5 and warns if the fridge door is left open; a portable basketball
scoreboard; a black box flight recorder for model aircraft; a device to warn lorry drivers
it their vehicle is in danger of being toppled over by a side wind; and an electronic
location device which can be fitted to life jackets.
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Edith Butterfield (15) is delighted
with the success of her egg-shaped
fricge alarm.

a3

Andrew MaclLachlan (18) proudly
shows off his basketball
scoreboard.

The fridge alarm and basketball scoreboard jointly won the Cable and Wireless Prize
for the most commercially viable project. Respectively they were designed by Edith
Butterfield of St Margaret's Senior School, Midhurst, and Andrew MaclLachlan of King
Edward’s School, Birmingham.

The two of them also featured strongly in the IEE Award for the Best New Entrant
to YEDA: Edith won second prize in the Intermediate Category (15-17 years), and
Andrew came first in the Senior Category (18-25 years).

For more information about the YEDA Award scheme, contact the YEDA Tryst, 60
Lower Street, Pulborough, West Sussex, RH20 2BW. Tel: 01798 874767. Fax: 01798
873550. E-mail: postmaster@yeda.compulink.co.uk.
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BULBSAVER

IN EPE August '98 we published a Lightbulb Saver
and in our Editorial expressed our opinion that “this
is an idea that we will eventually see on sale in the
local d.i.y. store”. We also published a similar idea
in '87.

Unbeknown to us, a commercial product has
already been on the market for five years. We have
been sent information about it by its originators,
Microcel.

The device, Bulbsaver, is a British invention that
vastly increases the life of ordinary filament bulbs,
including halogen hob lamps, tungsten halogen
bulbs, spotlights, etc. It is fitted either behind the
light switch or in-line in the case of traffic lights and
signal applications.

Sales of Bulbsavers have been made to railways,
local govemment, hotels, restaurants, oil rigs, har-
bour authorities and even a stately home for their
chandeliers.

Microcel say that Bulbsaver reduces the surge at switch on and limits the power surges
that occur due to fluctuations in supply. They point out that bulbs used with the device will
be dimmer than with unprotected circuits, but say that using a higher wattage bulb to
compensate will not cause an increase in power consumption. This is because Bulbsaver
is designed to save energy and not dissipate significant amounts of heat. The device also
causes the light to shimmer — this effect is reduced in areas with multiple lamps.

Bulbsaver is rated for 1000 watts maximum at 240V 50Hz a.c. supply. Bulb life in
one case proved to be in excess of 85,000 hours (85 times normal rated bulb life).
Bulbsaver's life is expected to be in excess of 10 years.

For further information contact Microcel (UK) Ltd., PO Box 2, Dept EPE, Market
Deeping, Peterborough, PE6 8SP. Tel: 0778 347214. Fax: 0778 347928.

SMART KITS

Quickroute Expo

THE latest issne of Quickroute Systems’
magazine Expo has arrived at the of-
fice. In it is introduced Quickroute 4,
the latest version of the award win-
ning electronic design software. There is
also information about SymbolWizard,
a new plug-in module which *“makes
creating new symbols for Quickroute a
breeze”, and accelerates the develop-
ment of custom p.c.b.s and circuits.

The IdeaFactory is also introduced.
This is said to be an amazing new
product which brings visual simulation
and modelling to maths, science, design
and technology. Using this tool enables
you to turn your ideas into models and
then simulate them, and is fun ro use.

There is also MExpress 2.0 high-
lighted, which is the latest incarnation
of MExpress, the BASIC development
tool for scientists and engineers that has
received “‘rave reviews”. The latest ver-
sion includes a compiler so you can
create executables directly from your
script files.

For more information contact Quick-
route Systems Ltd., Dept. EPE, Regent
House, Heaton Lane, Stockporr SK4
1BS. Tel: 0161 476 0202. Fax: 0161
476 0505. Web: www.quickroute.co.uk.

TO some of you it may come as a surprise to learn that Greece has a good number of
electronics hobbyists and an infrastructure to support them. You will frequently see,
though, electronics magazines at their news kiosks, in English and in Greek, and

including EPE.

We have now learned that one Greek company, Smart Electronics Ltd, is intent on
achieving worldwide export of its hobbyist electronic kits. Already they are on the
Internet with information about their Smart Kits in English, German, Dutch, Danish,
Swedish, Italian, Spanish, Portuguese, French and Greek.

They have also sent us their kit catalogue. There are over 60 kits on offer, including
devices such as A.F. amplifiers, .M. transmitters, alarms, power supplies, instruments,
bugging devices etc. Most of them are said to have CE approval according to EC
regularions. They also have a range of ready-made products.

The catalogue says that a Smart Kit pack contains everything that you need to build
the circuit. All the components, printed circuit boards and instructions — usually in the
your language, they say — are included in the package. It is expected that it will be as
easy for UK readers to buy from Greece as it is for Greek readers to buy from the UK.

For more information contact Smart Electronics Ltd., Dept. EPE, 39 Ag. Kostantinou
Street, Athens 104 37, Greece. Tel: 00 301 5230 000. Fax: 00 301 524 5474. E-mail:

smarty@hol.gr. Web: www.smartkir.gr.

SQUIRES
MOVE

SQUIRES Model & Craft Tools have
moved! They have now brought all their
operations under one roof (still in
Bognor) and have planning permission
to open part of the premises as a retail
showroom which is expected to open in
early December for a full six days a
week. They will still attend shows
throughout the country.

The extra space will allow Squires to
sell many more new products, including
a very large range of electronic com-
ponents. This will be highlighted in
their forthcoming 1999 caralogue, due
for publication August/September *98.

For more information contact Squires
Model & Craft Tools, Dept. EPE, 100
London Road, Bognor Regis, West
Sussex PO21 1DD. New tel: 01243
842424. New fax: 01243 842525,
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Amazing Microchip

INFORMATION  received  from
Microchip Technology tells us that in
1997 shipments of their popular PIC
microcontrollers jumped to 176 million
units. This has placed the company in the
number two position for worldwide
shipments of 8-bit microcontrollers. The

just 20 million devices in 1990.

We know that EPE readers have
helped to boost the sales of PICs — and
will continue to do so!

Microchip Technology Ltd., Dept. EPE,
505 Eskdale Road, Winnersh Triangle,
Wokingham, Berks RG41 STU. Tel:
0118 921 5858. Fax: 0118 921 5835.
Web: www.microchip.com.

company was founded in 1989, shipping

For more information contact Arizona

ET’s RESOLUTION
By Barry Fox

JVC in Japan has now announced a new version of VHS, called ET or Expan-
sion Technology - or Extension Technology, JVC uses both phrases. ET uses
analogue technology to deliver near digital quality.

Like Super-VHS, ET will offer twice the picture resolution of Standard VHS
(over 400 lines instead of 240 for NTSC). But whereas S-VHS recorders needed
S-VHS tapes to deliver S-VHS quality, ET machines will use improved recording
heads and signal amplifiers to capture ET quality on good quality standard VHS
tapes.

First reports said that tapes made on ET machines would play back on stan-
dard decks, albeit in standard resolution. This backwards compatibility would
have allowed single inventory pre-recorded tapes. It was lack of this compatibility
that failed S-VHS as a table-top format. Over 650 million standard VHS decks
have been sold over the last twenty years, and the mass market will not upgrade.

Samsung invented a system called Augmented VHS which would have allowed
backwards compatibility, with new Augmented recordings playing back on old
machines. But the VHS family never adopted the Korean idea.

Now we know that ET recordings will play back only on S-VHS decks, or
standard VHS decks with “quasi S-VHS playback™ or SQPB. But there are very
few of these.

ET will launch in Japan this summer, and reach the USA in the autumn, with no
firm plans for Europe.
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R Simulation Circuit Capture
PCB Autorouting 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"

FHektor Fectronics 97

FREEphone l..gcé.%

0800 731 28 24 &

Int +44 161 476 0202 Fax 0161 476 0505

Web www.quickroute.co.uk TEP
SE——
30 DAY MONEY BACK GUARANTEE enpa

Copyright () 1998 Quickroute Systems Ltd Regent House Heaton Lane Stockpon SK4 1BS UK



Electronics Principles 5.0

‘A COMPLETE PC BASED ELECTRONICS COURSE!

If you are looking for an easy and enjoyable way of studying or
improving your knowledge of electronics then this is the software for you.

Now includes the PIC16F84 & PIC16C71 hardware and instruction set.

{21 Electionics Principles 5.0.
DC AC Power SemCond OpAmps Maths Logic Measswe Micio PIC® Help

(% SOOLEAN ALGEWF

.18ixf EPS.0 is a significant upgrade of
our popular electronics software
with even more analogue, digital
and microprocessor electronics.
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. Engineering Mathematics Principles £19.95*
. Digital Principles £19.95*
. Microprocessor Principles £19.95*
7. PIC Principles £19.95*

Complete Electronics Principles 5.0 £99.95*
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EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/Fax: 01376 514008. sales@eptsoft.demon.co.uk http://www.eptsoft.demon.co.uk
*UK and EC countries add £2 per order for post & packing. VAT should be added to the total.

Outside Europe £3.50 for air mail postage by return.
Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date.
Cheques & Postal Orders should be made payable to EPT Educational software.



ANY people wonder where the semi-

conductor industry will be in a year
or more. There are tremendous advances
being made in various sectors, and all the
time it appears that insurmountable hurdles
are about to be met.

Nevertheless, progress still keeps being
made and the hurdles are overcome. As
a result semiconductor devices become
larger and contain much greater levels of
functionality.

They are also becoming much faster
and despite their increased levels of
functionality they are becoming less power
hungry. The question is will it ever stop
because there is a truly insurmountable
barrier, or will it just keep on going in one
way or another?

There are many factors that govern the
rate at which developments are made. Ob-
viously there must be a need, and there
must be sufficient people working in that
area. But one of the other main factors is
the availability of finance.

The semiconductor industry ploughs bil-
lions of dollars into the development of
new processes and products. To keep the
pace going there must be sufficient funds
available 1o keep the wheel tuming. At the
moment the Asian financial crisis may
have the effect of slowing down some of
the development.

However, much of the rest of the
World’s economy is still in a very good
state and this will help to limit the impact.
Accordingly there is still a vast amount of
development that will be ongoing with
little or no slow down. Faster clock
speeds, shrinking dimensions and greater
functionality are all taking place as you
read this. :

Smaller sizes

Many of the chips currently being
produced have design rules that allow
feature sizes of as small as 0-25 microns.
Several of the large manufacturers, includ-
ing Intel, Digital, and Motorola, have
installed plant to enable them to produce
chips with this technology. By using these
minute sizes not only can the required
amount of electronics be placed onto a
single chip, but also the requisite speeds
can be achieved.

However, chips with these dimensions
generally have to be run at lower voliages
and this is one of the reasons for the
migration to 3-3V as the standard for logic
operation rather than the more familiar 5V
lines. The other reason for this migration is
the requirement for much lower levels of
power consumption in today’s equipment.

ew Technology

lan Poole reports on the strides being made
to overcome some of the many hurdles
confronting today’s semiconductor industry.

With many more portable items like
mobile phones, laptop computers and so
forth being manufactured, battery life be-
comes a significant issue. Whilst battery
technology is improving there is still a
need to reduce the power consumption of
the circuitry.

With these requirements in mind, re-
searchers into chip technologies are con-
tinually looking 1o be able to reduce the
feature sizes on the chips. Even when a
smaller size has been proved possible it
takes some time before it can be reliably
used in mass production.

Some of the large manufacturers have
made the enormous investments required
to make the transition to a smaller technol-
ogy. However, against this there is always
the pressure to keep up with or ahead of
the other chip manufacturers.

In order to be able to achieve these
remarkably fine feature sizes a combina-
tion of new technologies and develop-
ments have been brought together. With a
combination of these new technologies and
new design rules, feature sizes of 0-08
microns have been proved.

Researchers at the University of Texas
devised a new photoresist known as amor-
phous polyolefin. This took nearly three

years to perfect, and it works by interact- -

ing with a laser light source to produce the
required pattern on the wafer.

One of the properties of the new
photoresist is that it-is optimised to maich
the much shorter wavelength light, that is
being used these days, to achieve the
greater resolution. In fact these resists
show excellent mechanical stability, etch
resistance and a broad process latitude
with the high definition required for
processes of well below 0-2 microns.

In a further development Du Pont
PhotoMasks Inc has introduced an etched
quartz shift photomask that provides the
precision images of the features 10 be
patterned on the wafer.

Laser Light

One of the other major areas where
development has produced marked im-
provements is in the field of the laser
generation of light.

In order to be able to attain the defini-
tion required the light must emit a narrow
band of light. A wide bandwidth will cause
a degradation of resolution, limiting the ef-
fectiveness, especially of systems requir-
ing feature sizes below 0-30 microns. The
light must also have a short wavelength.

Currently many manufacturers are in-
stalling deep ultraviolet (DUV) systems.
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At the moment DUV tools account for
around 20 per cent of this market, and this
is expected to rise rapidly so that by the
year 2000 they occupy nearly half the
market.

To meet the requirements placed upon
the light source, the excimer laser is the
most widely used for these systems. It is a
high power gas discharge laser that emits
pulses of narrow bandwidth light on a
short wavelength. The high power also
enables shorter exposure times to be used
and this has the added benefit of reduc-
ing the exposure times and increasing the
throughput.

One such laser developed by Cymer
Corp of San Diego uses an argon fluoride
laser that is-a development of its kryp-
ton fluoride laser. This laser offers excel-
lent resolution, depth of focus and dimen-
sional control to enable image patterns
1o be controlled down to sizes of 0-10
microns and below, leaving some margin
for associated technologies to catch up.

The lenses used in these systems are
also of extreme importance. Those used
in new DUV systems have higher numeri-
cal apertures than those used in the
previous generation systems.

In conjunction with the shorter
wavelength light, this enables them to
resolve the much finer features of 0-25
microns and below. To give the required
projection quality, manufacturers of the
lenses have had to significantly increase
the homogeneity of the materials used in
the lenses.

It was not so many years ago when
people wondered whether sub-micron
feature sizes could be attained. Now
various final limits are being proposed
beyond which current technologies will
not be able to proceed, but each time a
way around some of these boundaries
seems to be found, and feature sizes fall
still further.

The reduction in feature sizes also
brings with it a corresponding increase in
speed, and fall in power consumption.
With the ever present demand for faster
speeds, a greater number of features and
increased flexibility, the demand for
bigger and better chips will always be
present.

It is hoped that these new technologies
will play a vital part in enabling today’s
needs to be met, and later they .will be
seen as a vital stepping stone in enabling
the next advances to be made.
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Share the pleasure of your
personal listening with this low-

cost, low power, add-on amplifier

HE AUDIO quality available from even

the cheaper personal stereo units

is higher than one might expect,
and the popularity of these gadgets is
not surprising. By using headphones it
is possible for the user to listen at
high volume levels while causing minimal
disturbance to those nearby. The audio
quality of modern lightweight headphones
is very good, and it is probably this factor
that is largely responsible for the success
of personal stereo units.

It is possible to further increase the
usefulness of these devices by feeding
the output to miniature loudspeakers
rather than using headphones. Special

loudspeakers for this purpose are avail-
able at quite low prices, and by using
these it is possible for a personal stereo
unit to be utilized by more than one
person at a time.

Some loss of audio quality has to be
accepted, as does a rather limited maxi-
mum volume. In fact, the main drawback
of these add-on loudspeakers is:the very
low volume levels they produce.

Although they are relatively efficient,
the power available to drive them will
normally be no more than a very few
milliwatts. It is not feasible to produce
decent volume levels from such meagre
output powers.
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Fig.i. Compiete circuit diagram for the Personal Stereo Amplifier.
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POWER BOOST

The obvious answer is to use a small
battery powered amplifier to boost the out-
put of the personal stereo unit to a level
that will provide more satisfactory volume
levels. The complete set-up remains quite
small and portable, and the personal stereo
unit can still be used on its own when
maximum portability is required.

Output powers of up to a few hundred
milliwatts r.m.s. per channel can be
provided by the amplifier featured here.
This will not give sound levels that rival a
hi-fi system, or even one of the larger
“"ghetto blasters”, but coupled with the
high efficiency of the special miniature
speakers it gives more than enough
volume for many purposes.

CIRCUIT OPERATION

The full circuit diagram for the Personal
Stereo Amplifier is shown in Fig.1. The
circuit consists of two identical amplifier
modules that share common input and out-
put sockets, battery, and on/off switch, but
are otherwise separate. Here we will con-
sider the operation of the amplifier for the
left hand channel which is based on ICI,
but the right hand channel circuit operates
in exactly the same fashion.

A low noise and low distortion opera-
tional amplifier, specifically designed for
use in audio circuits, is used for ICI. It
operates in a form of inverting mode cir-
cuit, with biasing for the non-inverting in-
put (pin 3) provided by resistors R2 and
R3.

Resistors R1 and R4 are the negative
feedback network, and these set the closed
loop voltage gain of the circuit at about 15,
and the input impedance at 6-8 kilohms.
Capacitor C2 provides d.c. blocking at the
input of the circuit, and C4 provides the
same function at the output.

The maximum output current available
from an operational amplifier is only a few
milliamps, and without some discrete as-
sistance IC1 will provide little more output
power than the personal stereo unit itself.
Transistors TRl and TR2 form a com-
plementary class-B emitter follower output
stage that greatly boosts the output current
available from the circuit. Transistor TR1
acts as a current source for the loudspeaker
on positive output half cycles, and on
negative half cycles TR2 acts as a current
sink.
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The emitter follower mode provides
only about unity voltage gain, but it gives
a high level of current gain. This is, of
course, exactly what we require in this
case.

The point of using a complementary
class-B output stage is that it provides a
level of current consumption that varies
with changes in the volume level. At high
volumes the current consumption will be
as much as 100mA, but at low volume
levels it will only be a few milliamps.

A class-A amplifier has an average
current consumption that is constant, and
always high. This is undesirable for a
battery powered amplifier, since it results
in the battery running down rapidly even
if the amplifier is only used at very low
volumes.

loop gain. Only a minute input voltage is
therefore sufficient to send the output of
1C1 about 0-7V positive.

The voltage at the output of the circuit
then starts to rise, and the normal level of
feedback is restored. A similar action oc-
curs at the beginning of negative half
cycles, with the output of IC1 almost in-
stantly reducing by about 0-7V, and the
normal voltage gain of the circuit then
being resumed.

With a sinewave input signal this gives
a distorted output signal from IC1 of the
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Fig.2a. Sinewave signal, (b) sinewave signal after crossover

distortion and (c) output from IC1.

CROSSOVER
DISTORTION

In this circuit the output stage is a
minimalist type which does not include
any quiescent bias to the output transistors.
This is helpful in that it wastes no sig-
nificant output current through transistors
TR1 and TR2 when there is no output
signal.

However, it does have the drawback of
introducing a severe form of distortion
known as *‘crossover’’ distortion. This is
due to a voliage drop of about 0-7V from
the base of a transistor to its emitter. This
means that the voltage at the output of IC1
has to change by about =07V or so
before there is any change at all in the
output voltage from TR1 and TR2!

Even with large output signals, the in-
itial and final part of each half cycle is
missing. Fig.2a shows a sinewave signal,
and Fig.2b shows the affect of severe
crossover distortion on this signal.

Rather than combating the distortion
with the usual method of using a forward
bias to the output transistors, this design
relies on large amounts of negative feed-
back. Feedback resistor R4 connects to the
emitters of TR1 and TR2 rather than to the
output of IC1, so that the negative feed-
back is applied to the amplifier as a whole
and not just to IC1.

When the output is positive going, the
voltage drop through TR1 results in a lack
of feedback, and IC1 exhibits its full open

type shown in Fig.2c. The crossover
distortion removes the initial 0-7V from
each half cycle, but on the output from IC1
about 0-7V has been added at the begin-
ning of each half cycle. In other words,
IC1 is distorting the signal in a way
that counteracts the crossover distortion
through the output stage.

The overall result is that the output sig-
nal is largely free from crossover distor-
tion. It will probably be detectable if the
volume is set very low and you listen with
one ear very close to the loudspeakers, but
at normal volume levels the crossover dis-
tortion should not be significant.

CONSTRUCTION

This project is built using wo of the
EPE multi-project printed circuit boards;
one board for each stereo channel. This
board is availablefrom the EPE PCB Serv-
ice, code 932. The component layouts for
the two boards (which are identical). to-
gether with all the hard wiring and full size
copper foil master pattern are provided in
Fig.3.

The two boards are very simple, but
the usual warning about the multi-project
board has to be repeated here. Unlike
a normal custom printed circuit board,
many of the holes in this board are left
unused. In fact the vast majority of them
are unused in this case.

This makes it much easier to get a
component fitted in the wrong place, and a
little extra care has to be exercised when
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fitting the components onto the board.
Apart from this, construction of the boards
is very simple, but make sure that the
electrolytic capacitors and semiconductors
are fitted with the correct polarity.

The NE5534AN op.amp used for ICI
and 1C2 is not a static-sensitlive com-
ponent, but it is always advisable to use
holders for d.i.l. integrated circuits. The
circuit will work using the slightly inferior
NES534P, or even bi-f.e.t. op.amps such
as the TLO7I1CP. However, due to their
lower bandwidths and switching speeds,

Output

-

\mp

Resistors

R1,R5

thR3h7 ” )
6, 56k (4 off)

R4, R8 100K (2 off) TALK

All 0-25W 5% carbon film Page

6k8 (2 off) %eﬂgd oP

Capacitors

C1,C5 1002p. rgdial elect. 10V

(2 off)
2u.2 radial elect. 50V

C2,C6
(2 off)

C3,C7 10p radial elect. 25V
(2 off)

C4,C8 470 radial elect. 10V

(2 off)

Semiconductors
TR1, TR3 BC337 npn transistor

(2 off)
TR2, TR4 803227 f{)np transistor

(2 off)
IC1,IC2 NES5534AN low noise
op.amp (2 off)

Miscellaneous
SK1, SK2 3-5mm stereo jack socket

(2 off)
B1 9V battery pack

(6 x HP7/AA size

cells in holder)
S1 s.p.s.t. min. toggle switch

Medium size plastic box or instru-

ment case, size to choice; multi-project
printed circuit board available from the
EPE PCB Service, code 932 (2 off);
8-pin d.i.l. holder (2 off); battery connec-
tor; multistrand connecting wire; solder

pins; solder, etc.

excl. batts., case & speakers

Approx Cost
Guidance Only
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there may be a noticeable loss of quality if
less expensive operational amplifiers are
used.

FINAL ASSEMBLY

Any medium size plastic or metal box
should accommodate everything, but the
size of the battery pack precludes the use
of a very small case. The circuit can be
powered from a smalter battery such as a
*‘high power’” PP3 type, but this is likely
to be a relatively expensive way of doing
things.

The low voltage gain and input im-
pedance of the amplifier means that the
layout is not critical, and you are free (o
locate things wherever you want them. The
circuit boards are mounted on the case
using either metric M3 bolts, nuts, and
spacers, or plastic stand-offs.

If the unit is being made as small as
possible it might be helpful to stack the
boards one above the other. This will
require the use of long mounting bolts,
together with spacers about 12mm long
between the two circuit boards.

Once everything has been fitted inside
the case the unit is completed by adding
the hard wiring, see Fig.3 and photograph.

Due to the low gain of the circuit it is not
necessary to use screened leads at the in-
put, or to worry about keeping the input
and output wiring well separated.

Sockets SK1 and SK2 are 3-5mm stereo
jack sockets. which match the connec-
tors used on portable stereo units and the
miniature loudspeakers. A lead fitted with
two 3-5mim stereo jack plugs is needed to
connect the personal stereo unit to the
amplifier. These are available ready-made
if you do not wish to make up your own. It
is the type of lead used with computer
soundcards.

Of course, if preferred the amplifier can
be built in the form of a unit containing the

*
| P STy TR2 . ST TR4 )
/ . @ [ @ /T 7 a BLACK
! Floeey !
1 /
_ % v, ®
SK1 ~ ey 4 m%
A — A A B o
= (3
>~ = 1 Fig.3. Printed circuit board component layout, copper foil master and interwir-
o oT—0 ing for the Personal Stereo Amplifier. Double-check positions of components
o before soldering in place. Suggested layout of components inside the case is
shown below.
o h
0o ;—Q
EPE
932 >

amplifiers, battery and one loudspeaker,
and a second unit containing the other
loudspeaker. This is likely to be slightly
more difficult, but it is a neater solution as
it reduces the system from four boxes to
three.

TESTING

After a thorough check of the finished
amplifier, connect everything up, switch
on, and check that the amplifier is
functioning correctly. There should be no
difficulty in getting plenty of volume from
the system, but if necessary the gain of the
amplifier can be boosted by raising the
value of R4/R8 to 220 kilohms.
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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!

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.

WIN A DIGITAL
MULTIMETER e

The DMT-1010 is a 3% digit pocket- | \ o

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

&

|
& "..

==,
DMI-1010

ELECTRONICS HERITAGE
Dear EPE,

Bill Jackson’s Letter of the Month, May *98,
raised some important points about the way in
which we electronics hobbyists approach our
hobby, but your reply also highlighted one major
misunderstanding prevalent among many readers;
namely, that we amateurs should be trying in
some way to emulate the activities of the industry.

The truth is, the nature of the hobby has
changed significantly over the past two or three
decades - gone are the days when we could
build a hi-fi system (or even a **wireless’* or TV
set) cheaper or better than commercial units.

However, we have the industry to thank in
that the flow of cheap or **obsolete’” parts, from
tuppenny transistors and a constant push to
“new’’ technology leads to significant over-
production of discrete components. Our hobby,
to some extent, rides on the backs of these huge
companies, where we amateurs can make good
use of their cast-off components, be it for fun,
or to solve problems or fill niches for which
there are no commercial products, or even to
undertake a little occasional amateur scientific
research.

Bill Jackson’s comments about simple test
procedures are crucial to those of us on limited
budgets, but even if I could afford the equip-
ment, 1 would personally get a lot more out of
measuring inductances with simple apparatus
than 1 would do following the industry ap-
proach, which would no doubt involve a piece of
apparatus costing in the region of £5000!.

If readers know of such techniques, I would
much rather read about their implementation
than another rehashed constructional project (no
offence, EPE) using the latest i.c. (which no
doubt will disappear in two years’ time!).

But please, please, tell us the source of the
information! Mr Jackson, in which book did
you read about this technique? (You may have
gathered by now that I need to be able to
measure inductances too!) There are some very
effective dodges and short-cuts out there, but the
knbwledge doesn’t reside in the industry, where
speed is king and cost comes second; rather,
it dwells in the heads and notebooks of the
enthusiasts, especially those who pursued elec-
tronics during an earlier era, together with ar-
ticles residing in the rapidly dwindling library
stocks of old magazines dating from the sixties
and seventies.

Either way, these tricks are in danger of
being lost, and we should pay more attention to
preserving them than to collecting old wireless
sets in museums,

Electronics as a hobby has never been more
accessible or affordable than it is today, but
we must regard yesterday’s devices and tech-
niques as resources rather than anachronisms.
I'm very keen on discrete transistor circuits
(they’re cheap), but have had some difficulty
tracking down enough circuit ideas to keep me
fully occupied.

In the end I took advantage of my proximity
to London and spent a couple of days in the
British Library reading rooms at Holborn reliving

# LETTER OF THE MONTH +#

my childhood with a notebook and the entire
1970°s output of Practical Wireless and Practical
Electronics (the British Library doesn’t seem to
have a stock of old Everyday Electronics — any
suggestions where [ could find them?)

I thoroughly recommend this approach to
anyone living near a city library that might have
a stock of such journals; who knows, it
may even persuade the library service that
those journals are worth keeping for future
generations!

Come on, fellow enthusiasts, let’s go into the
new millennium not only with new technology,
but also with a re-discovery and re-appraisal of
our heritage, and encourage the next generation
into realising that electronics is a truly rewarding
pastime, a worthwhile education, and affordable
at all levels.

Furthermore, 1 would opine there is currently
no better forum for these principles than in EPE.

Philip Miller Tate,
Walton-on-Thames, Sussex

You are absolutely right, our heritage in all
its aspects is so imporiant to preserve — the list
of things and techniques we Iry to preserve
is imponderably long. Apart from the Science
Museum in London, and an equivalent museum
in Munich, 1 have come across few that preserve
electronics technology (although I do remember
a rural museum near Arundel — Chalk Pits
Museum? — that had a display of early elec-
tronics components and magazines).

Preserving techniques, though, is a really
problematic matter. Whilst, say, ancient tech-
niques of sheep shearing and of weaving can be
actively preserved, electronics techniques are
less easy since the 1ools and components of past
decades seldom escape destruction, and without
them how can the skills in their use be main-
tained? Bul, yes, | agree that there are some
fundamental skills which are in danger of be-
coming lost since the advent of computerised
design and test facilities.

This reminds me of an SF story I read years
ago in which the skill of writing by hand, in
some distant future, had been lost due to total
computerisation of manual skills — the punch
line to the story was the ‘‘invention’* of the pen-
cil, what an incredibly versatile tool the author’s
hero had created!

Returning to your searches, we are surprised
that you could not find ancient EE in the British
Library. We believe that all publications are re-
quired to be sent to and retained by the British
Library — we are under an obligation (o provide
copies of EPE to the Library through an in-
termediary. You should discuss the lack of EE
with a senior librarian - it is a matter that has
greater significance than you might think: if one
publication is not being preserved, what others
are not as well? — a situation which is not in the
interests of future historians.

Readers, we recognise in Philip’s letter the
seeds of subjects which you might care to
develop through this column, it’s up to you; and
you can even keep the skills of the pencil alive if
you wish!
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PIPPED BY THE POST
Dear EPE,

I am retired and tinker with electronics as my
hobby, and look forward to the new mag every
month. There are many projects I would really
enjoy building but with my limited funds am un-
able to afford them.

Recently 1 built the Draught Detector (Sept
'96), obtaining the thermistors from Electromail
as suggested in Shop Talk. I was a little shocked
at the cost of £3.87 for the pair, but required
mouth to mouth resuscitation over the postage at
£5.40, making a total of £9.27.

If one cannot obtain all the components from
one supplier, postage costs make projects unvi-
able. Living in Cornwall, telephoning around
looking for parts and costs is very expensive and
seldom taken into account when costing projects.
Some advertisers in the mag charge as little as
£1.25 for postage. Would it be possible to nego-
tiate with one or more of these companies to
stock all the components for each of your projects
and save us all a lot of money, and they would
also get a plug in Shop Talk instead of the greedy
larger companies. Better still — EPE could stock
kits for parts!

Harold Chamberlain,
Padstow, Cornwall

Yours is a perennial problem 1o which we have
replied on many previous occasions in various
ways. In a nutshell, we do encourage companies
to kit our projects and you will find that ESR do
this on a regular basis, whilst Magenta supply
kits for some of them.

In many cases all the componenis can be
purchased from the larger companies, but un-
fortunately some projects do require shopping
around. This is inevitable since some of the
components are quite specialised and are not
necessarily stocked by all suppliers. We are
sure that you would not want us to restrict the
nature of projects in order to only use those
parts common to all stockists. We try to stay
close to the leading edge of technology and feel
it is part of our remit to make use of more
recent devices where the situation merits il.

There are, of course, some components which
all constructors ought to keep in their own
stock, such as regularly called for resistors
and capacilors, enabling them to be bought in
greater quantities, thus qualifying for quantity
discounts.

It should also be remembered that large
companies have larger overheads than smaller
companies. Higher post and handling charges
are an inevitable by-product of higher over-
heads. Where you can use a smaller supplier, it
is often preferable to do so, as much as it
is desirable to support local corner shops
in preference to giant supermarket chains.
The community at large suffers when smaller
traders go out of business through lack of local
support.

Regarding your last point, EPE is committed
to its principal role as a publisher and, apart
from supplying p.c.b.s, does not wish to become
a component supplier. In fact, it would be
detrimental for us to do so as it would severely
alienate those advertisers who specialise in
components. We need advertisers as much as
we need readers!
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TURN-AROUND
Dear EPE,

I agree with Mark McGuiness (Readout
April *98) and identify myself as one of the
people who moved from practical electronics
to computers. On reflection, 1 feel that the
magazines in the "80s contributed to their own
decline in popularity by publishing so many of
those specialist circuits for micro computers
such as the BBC, Amiga, Atari etc. Many had
complex p.c.b.s. with masses of large scale
integration i.c.s for interface type projects
which few of us wanted to build.

For me you have now turned it all around
with the excellent EPE PIC Tutorial. At last
someone has written an article that I can un-
derstand and work with. I cannot wait for
more information, either through projects or
programming items.

For my part, I would like to see some PIC
software ideas as, perhaps, an extension to the
Tutorials, illustrating how the PIC can be made
to communicate using a single 1/0 with other
PICs connected by just a twisted pair. Perhaps
in a nurse-call or alarm type system. I live in
hope.

Also, I particularly agree with your reader
that what the majority of hobbyists prefer to
see is a regular supply of innovative, simple to
construct projects which are unusual or not
generally available. I am sure many readers
will agree that the Ingenuity Unlimited column
is the first placc to peruse for such ideas.
Perhaps we could all take a leaf out of Mark
McGuiness’s book and become contributors to
this column.

Indeed, I have just taken my own advice and
posted off an item to JU.

Come on you hobbyists, dig out your cir-
cuits and let’s show we are still out here!

Don Clark,
Seaford, E.Sussex

1t is gratifying to know that so many of you
are appreciating the PIC Tutorials and that
Yyou are making good use of the information.

Whilst | agree that computers were partly
responsible for a decline in the popularity of
constructional electronics, 1 cannot agree
that we were mistaken to publish projects
associated with themn. Then, as now, we
responded to reader demand and published
projects which reflected the mnoods and desires
of the period. Remember also that today's
computer compatibility did not exist in the era
You refer 1o — there were several systems vying
with each other and we had to cater 1o needs of
readers who used them.

We welcome your suggestions for 1U and
PIC support (your offering is in the hands of
Alan W. and will appear in due course). We'll
do our best to fulfil all your hopes!

BYTING CHIPS AND

CONVENTIONS
Dear EPE,

I 'am in total agreement with your statement
in PIC Tutorial Part | about byte sizes and can
offer two more references: ’

* A group of bits taken together and treated as
a unit in a digital computer. The New Penguin
Dictionary of Electronics — Penguin Books and
Allen Lane 1979

* A byte is a unit of storage in a computer.
BBC English Dictionary — BBC English and
HarperCollins Publishers 1993

However, the following books, of which the
first three are US school and college text
books, all define a byte as eight bits:

* Basic Electronics — Bernard Grob

* Understanding Electricity and Electronics
Technology — Buban Schmitt and Carter

* Digital Electronics - William Kleitz

* Computer Engineer's Pocket Book — Mike
Tooley (abridged edition)

Unfortunately, popular usage has ensured
that many people will insist on the 8-bit defini-
tion and indeed without that definition what
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would 64Mb of RAM or a 6-4Gb hard disk
mean? 1 think those of us who think otherwise
are fighting a losing battle!

Another word that has changed its meaning
is **chip™. This is defined in the Penguin Dic-
tionary of Electronics as **A small piece of a
silicon crystal of semiconductor material con-
taining either a single component or device or
an integrated circuit ... chips are not normally
ready for use until suitably packaged*’.

The BBC English Dictionary definition is
**... a very small piece of silicon with electric
circuits on it which is part of a computer’.
This is, perhaps, a subtle change of meaning
but it has occurred in quite short space of time,
mainly as a result of misuse by the media who
cannot resist headlines such as **Chips with
everything™’!

Moving on to Crazy Conventions (Readout
June '98), I re-read Jose Antonio’s letter and
can find no evidence that he was confused by
the use of conventional current flow. I think it
more likely that Martin Baxter’s students will
be confused when they have to relate what they
have been taught to the real world of cir-
cuit diagrams where the symbols for diodes
and transistors have arrows pointing in the
direction of conventional current flow.

One thing in the Teach-In authors’ reply
puzzles me: how do they justify the state-
ment that *‘physics is a branch of electronics,
and not the reverse’’? Not when I was at
school! I cannot find any dictionary that sup-
ports their view, in fact the Little Oxford
Dictionary (OUP 1968) states that electronics
is a**branch of physics and technology . . ."".

Barry Taylor,
Rickmansworth, Herts

Thanks for adding to the discussion Barry,
and for your other interesting comments (your
SingaporelOz trip obviously revealed amazing
opportunities for computer buffs).

I shall presume to answer your last state-
ment without referring to the Tl Team. My
understanding of their statement is that to us
on EPE, it is electronics that we are teaching,
a subject which at .its baser level needs little
reference to the much broader field of dis-
ciplines as encompassed by physics as a whole.
We therefore only “branch’’ into broader
aspects of physics when relevant to our own
specific discipline. Consequently electronics is
our main stream, and ‘‘physics’’ is treated as
a set of tributaries to that stream. It's simply a
matter of our relativistic view point!

WHY A PC?
Dear EPE,

In your reply to Hugh Smith (Readour June
‘98) you recommend buying a PC. This isn’t a
great idea for someone who wants to write as-
sembler. Very few companies have access to
the huge volume of source code that is required
to get the attention of Windows, open a win-
dow and start your code. It is even overwhelm-
ing in C. So, on a PC most programs seem to
be written in Basic where a huge library file is
required for even the smallest of programs —
it’s expensive too.

The next problem is portability — the Win-
dows 95 programs don’t run on Windows 3.1
systems etc. There is also the problem of
obsolescence ~ this year’s bus won't accept
your old *‘cards’’ so you've got to buy new
cards if you upgrade. The CPU (80486 or
whatever) is also about to be superseded by a
RISC chip so all your software may well
shortly need replacement if you go this route.

I would recommend that Hugh buys an
Amiga 1200 with a monitor or Scart TV and a
memory expansion or accelerator card and tries
all the various Public Domain C or Pascal
compilers and assemblers. There are many
available on the Amiga for Z80, PIC, 8052 and
many other processors too.

John Gray,
London N10 2NU

I have no knowledge of the Amiga, other
than being aware that a decade or more ago
Amigas were a respected make with their own
architecture system. What you have said does
not reassure me that such computers are now
compatible with what most of the world seems
to be using these days for the majority of its
serious software use.

In my reply I did not say that a PC should
be bought — as I understand it, the term PC is,
strictly speaking, a copyrighted term owned by
IBM and referring to a specific base architecture
within any IBM computer to which the term ap-
plies. What I recommended is a PC-compatible
computer, i.e. one which, while possibly having its
own architecture, also has the ability to emulate
a true IBM-PC, using the same (apparent) ad-
dresses for all the relevant registers eic., allowing
it to run the same software.

Providing it has this ability, I see no reason
why any make of computer should not be used.
But PC-compatibility is essential unless you
want to get sidelined. I am told that even the
well-renowned Apple-Mac system has had to
bow 1o this — they basically use a different,
though excellent, architecture of their own, but
have included additional protocols which emu-
late the PC-compatible environment.

All the stated things you do on your machine,
I can do on mine. Why do you think Windows
gets in the way? It needn’t — ignore Windows
and work through the DOS environment. All
my assembler-programmning 1 do on inexpensive
(including shareware) software that can run
without Windows intervention.

It is not clear why you consider the 486 to be
the latest in processors; we are well beyond thar
benchmark having progressed through several
versions of the original Pentium (which some
might call a *586 — Greek pente - five) and into
the realms of the Pentium II. I suspect that if
You really researched the latest PC-compatibles
you too would be converted to embracing their
abilities and be able to enhance your own.

At the very least, you are currently missing
out on the software which we release on disk
Jor many of our projects. You additionally miss
out through not having access to the Internet.
Some may decry the Net's possibilities, but |
have found it 10 be the most incredible reference
library ever invented, and for anyone involved
in electronics or computing, is an astonishingly
useful provider of data sheets and software.

Anyone who still thinks the Net has noth-
ing for them, simply has not undersiood its
capabilities or tried it in a meaningful manner.
It is far more than just a chat-line variant — as
some seem lo regard it.

Readers, we invite your views on these
(perhaps controversial) subjects!

CAR CONNECTIONS
Dear EPE,

In answer to Dave Clarke’s letter (Readout
March '98) on connecting to vehicle wiring, |
would like to tell you how I do mine.

I go to the local Lucas dealership and
purchase the male/female contacts and the
appropriate male/female housings. These con-
nectors were used on the Austin range of cars.
They are available with 1, 2, 3, 4, S and 7
terminations.

Cut the wire you wish to use, strip the insula-
tion off, twist both together again and crimp on
.the female connector pin. Solder and push into
the housing (it is normally the one that has no
shoulder). Strip the wire of the project, then
crimp and solder the male pin onto the project
wire and push this into the other half of the
housing. Simply connect together and repeat
with the other wires.

The beauty of this method is that, when you
wish to sell the car, the project can be unplugged
and taken out.

Robert Knights,
Royston, Herts

Very useful info, and a good example of
Jorward thinking at the end!
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Constiructional Project

ALTIMETER

JOHN BECKER

l

RHeaching for the heights?
Keep track of your progress!

air surrounding our planet, its effec-
tive pressure increasing the deeper
we are below its tenuous surface.

Using a PIC microcontroller and a
temperature-compensated pressure sensor,
we describe how this pressure can be
measured and interpreted as a relative
height above sea-level.

The circuit is remarkably simple to
build, with the microcontroller performing
the sophisticated calculations. An intel-
ligent liquid crystal display shows the
pressure in millibars, and the height in
both metres and feet. Ambient temperature
is also displayed, with a choice of Centi-
grade or Fahrenheit scale.

Setting-up requires little more than an
Ordnance Survey map and a glance at the
BBC TV weather chart, plus an ordinary
thermometer. You would also find it useful
to have a hill near you!

WE’'RE ALL UNDER
PRESSURE

Three quarters of the Earth’s atmos-
pheric pressure is held within the first
seven miles above the surface, although its
presence can still be detected at around
500 miles high, as depicted in Fig.1.

The amount of pressure exerted at any
point within the atmosphere is relative to
the depth below its surface and to its den-
sity at any given moment. The Earth has a
surface area of about 197 million square
miles and at sea level the average pres-
sure is about one kilogram per square cen-
timetre (14-72 pounds per square inch).

As a round figure, at sea level the
average pressure is expressed as having a
value of one bar, although we are probably
more accustomed to it being expressed
as 1000 millibars (mb). More precisely,
meteorologists take the average atmos-
pheric pressure at sea level as 1013-25mb
measured at an air temperature of 0°C and
at a latitude of 45°.

The term bar comes from the An-
cient Greek word baros meaning weight.
From the same source also comes metron
(measure), which has provided our word
meter. Hence barometer, a device to
measure weight; of air in this case.
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THE atmosphere — 5000 billion tons of

Water, by contrast to air, has a much
greater density. At a depth of 10 metres,
sea water exerts the same pressure as the
entire mass of air above it, one bar. The
deeper under the sea we descend, the pres-
sure increases linearly at a rate of one bar
per ten metres of depth.

APPROXIMATE
JLTITUDE INkm m EXOSPHERE
W0t - — e mmmmmm e o L RN
IONOSPHERE
F-REGION
AURORAS THERMOSPHERE
150 /
-REGION
a5 -MESOPAUSE f  _ _ | R4 _ _ ____._
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| _TROPQPAUSE _ O e RE
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Fig.1. Atmospheric layers.

Similarly, the higher we rise in the
atmosphere, so the pressure of the air
above us decreases. There is a significant
difference, though, between changes of
pressure with water depth and atmospheric
depth.

Whereas water cannot be compressed
into a smaller volume (and so its depth-
to-pressure has a linear relationship), air
density within a given volume changes
in relation to the pressure on it. Conse-
quently, the relationship of air pressure to
height within the atmosphere is not linear.
The pressure relationship between water
depth and atmospheric depth is shown
simplistically in Fig.2.

Conveniently, however, within the first
5000 metres or so above sea level, the
air pressure to height relationship can be
regarded as linear, allowing it to be used
as the basis for a barometric altimeter.
(Note that the term height will be used to

mean altitude throughout this article.) To
all intents and purposes, within this range
a change in pressure of 1mb is equal to an
equivalent change in height of 10 metres.

IN TURMOIL

There is a major problem, though, when
using a Barometer to determine height. As
we all know, the atmosphere is in constant
motion, incessantly swirling and changing
under the influence of the sun and the
moon, and the great stirring action of the
land masses below it. Its density, too, is
affected by the amount of moisture held
within it.

As a result, the atmospheric pressure at
any given point is never static. It rises and
falls in the same way that the waves on the
sea surge up and down, varying the pres-
sure on the sea bed.

If you examine an ordinary Baromcter,
you are likely to find that its scale extends
from about 940mb to 1060mb. Whilst you
may never encounter pressures at these
two extremes at sea level, you could ex-
perience the lower value by climbing up a
mountain, and the higher value by de-
scending deep into a mine.

You will no doubt recall the infamous
storm of 1987. On 15 October, the centre
of the storm in the English Channel had a
pressure of 960mb, descending further to
954mb by the time the storm reached the
Shetlands.
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Fig.2. Atmospheric and hydrostatic
pressure.
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Historically, the lowest pressure re-
corded was on 24 September 1958, during
hurricane /da in the Pacific. Disappoint-
ingly, no record of the highest pressure
experienced has been found.

RELATIVITY

Any random fluctuation of atmospheric
pressure obviously has a bearing on the
accuracy with which height can be deter-
mined barometrically.

Suppose, for example, that the atmos-
pheric pressure shown on a Barometer at
sea level is 1000mb. Assuming a height-
to-pressure change ratio of 10:1, at the
same instant the pressure at a height of
1000 metres will be 900mb.

However, if there is a time lapse
between taking a reading at sea level and
another at 1000 metres, although the
former reading might show 1000mb, that
taken at 1000 metres may not necessarily
show 900mb. The overall atmospheric
pressure may have changed in the time
between the two readings, resulting in a
height reading that may be above or below
the actual height.

VACUUM — |

)

COLUMN OF
MERCURY
STANDING IN
A CLOSED

TOP TUBE 80cm

ATMOSPHERIC
PRESSURE

ATMOSPHERIC
PRESSURE

Fig.3. Mercury column supported by
atmospheric pressure.

An Altimeter based on barometric sens-
ing, therefore, can only give an approxi-
mate indication of height relative to a
known starting point.

Nonetheless, unless precision accuracy
is required (as with many aircraft), the
technique is perfectly usable over a limited
period of time, and is the method used in
the PIC Altimeter described here.

Whilst this altimeter is not intended for
aircraft use, it is well suited to walkers and
cyclists, and perhaps balloonists and hang-
glider hangers! In other words, to anyone
out and about who wants to know roughly
how high they’ve climbed or descended.

It can also be used just as a barometer in
a fixed position in your home.

BAROMETRIC INCHES

You may well have heard weather
forecasters give barometric readings in
terms of ‘‘so-many inches’’ rather than in
millibars.

Traditional barometers, whose origins
long predate modern mechanical and

electronic devices, consist of a narrow-
bore glass tube which is sealed at one end
and filled with mercury (invented by
Torricelli in 1643). The open end is
immersed in a reservoir of mercury and the
tube stands upright, as in Fig.3.

The weight of the mercury creates a
vacuum gap at the top of tube, the volume
of which varies according to the weight and
the opposing atmospheric pressure on the
reservoir. Changes in air pressure cause the
column of mercury in the tube to rise or fall
accordingly. The height of the top of the
mercury relative to the top of the reservoir
thus represents a measure of the pressure.

Using this technique, another definition
for one atmosphere of pressure is the pres-
sure that will support a column of mercury
29.92 inches (760mm) high. Again this is
related to 0°C, sea level and latitude 45°.
The origin of quoting pressure in inches
now becomes obvious.

The more recent aneroid barometers are
mechanical devices. They consist of an
evacuated metal cylinder, flattened and
ribbed at each end, with an internal spring
1o prevent complete collapse. Changes in
external pressure on the cylinder react
against the spring, causing the distance
between its ends to vary. An attached
pointer moves in sympathy and so indi-
cates the relative pressure. Calibration is
usually made against a mercury barometer.

ELECTRONIC SENSOR

For several years, electronic equivalents
of aneroid barometers have been available.
The type used in this altimeter, Sensym’s
SCCI5A, has an enclosed and evacuated
chamber, in common with the above
mechanical one. As part of the chamber, it
uses a strain sensor made from a piezo-
electric material which generates a voltage
dependent on the pressure to which it is
exposed.

Unlike some sensors, the SCCISA is
temperature compensated and has been
manufactured to automatically compensate
for the temperature changes to which it is
normally subjected.

Uncompensated sensors require addi-
tional circuitry that has to be *'tuned”’ to
correct for temperature drift — as in

Completed
project showing
angled display
module and the
function switches
mounted in the lid.
These switches slot
between the battery
compartment.
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Resistors
R1,R9 to
R12, R16
to R20 10k (10 off)
R2 3k3
R3 75002 1% metal film
R4 56€) 1% metal film
R5, R7 4k7 (2 off)
R6 6802
R8 2k2

R13 to R15 100k (3 off)
All resistors 0.25% 0.5W carbon film or
better, unless marked.

Potentiometers

VR1 5k sub-min round cermet
VR2 10k sub-min round cermet
Capacitors
C1 2n2 polystyrene
C2,C3 10p polystyrene (2 off)
Cc4 22y radial elect, 16V
Cc5 100n polyester
Semiconductors HIOP
IC1 LM324 quad A )
op.amp TALK
IC2 4052 dual Page
4-way analogue
multiplexer
IC3 4046 phase locked loop
IC4 PiIC16C84 or PIC16F84,

pre-programmed
microcontroller
(see text)

IC5 78L05 +5V 100mA
voltage regulator

Miscellaneous

S1t0S4  min. single-pole pushswitch
push-to-make (4 off)

S5 min. s.p.s.t. toggle switch

X1 SCC15AN
temperature
compensated pressure
sensor

X2 3-2768MHz crystal

X3 2-line 16-character
intelligent l.c.d. module
(OV/+5V version)

Printed circuit board, available from the
EPE PCB Service. code 201, plastic case
to suit {(see text); 4-pin s.i.l. socket; 14-pin
d.i.l. socket; 16-pin d.i.l. socket (2 off); 18-
pin d.i.l. socket; 9V PP3 battery and clip;
connecting wire; solder, etc.

Approx Cost £66
Guidance Only

excluding case and batt.




Table 1. Basic characteristics for the SCC15A pressure sensor

Operating Pressure Range
Maximum Over-Pressure
Accuracy

Temperature effect on span (0 to 50°C)
Temperature effect on offset (0 to 50°C)

Full-scale span (in mV)

0 to 15psi
30psi
0-50%
1:50%
2:00%

30 to 95

Table 2. Extreme characteristics for the SCC15A pressure sensor

Characteristics Minimum Typical Maximum Unit
Zero Pressure Offset ~20-00 0-00 +20-00 mvV
Combined linearity,

hysteresis, repeatability - 0-10 0-50 %FSO
Temperature effect on span - 0-25 1-50 %FSO
Temperature effect on offset - 0-50 2-00 %FSO
Long term stability of

offset and span - 0-10 - %FSO
Response Time (10% to 90%) - 0-10 - ms
Input Impedance - 5-00 - kQ
Output Impedance 4-00 5-00 6-00 kQ

where:
FSO = full scale output

Supply current = 1-5mA  Ambient temperature = 25°C

Note that this device is powered by a constant current and not by a specific voltage,
consequently operational voltages are not quoted, these being dependent on the current

generating source used to power it.

the EPE Altimet of Nov °92, for ex-
ample, which used the low cost MPX100A
device.

The SCCI15A pressure sensor is a bit
more expensive than the MPX100A, but is
worth the extra. Table 1 and Table 2 show
its characteristics.

SENSING CIRCUIT

Details of the complete barometric pres-
sure sensing circuit are shown in Fig.4.
Apart from the insertion of IC2, the circuit
is a minor variant of the one recommended
in the sensor’s data sheet.

The SCC15A sensor (X1) is used as a
negative feedback component in the in-
verting op.amp configuration around ICla.
The reference voltage for the circuit is
provided by the potential divider formed
by resistors R1 and R2.

Current flow through the sensor is equal
to the reference voltage divided by the to-
tal value of resistors R3 and R4, namely
806 ohms, a value recommended by the
manufacturer (but not readily available as
a single component).

There are two outputs from the sensor
X1, at pins 2 and 4. They have a differen-
tial relationship — when the voltage on one
rises, the other falls.

With multiplexing gate IC2 in its ‘‘nor-
mal’’ mode, the outputs from the sensor
pass through paths X0 to X and YO to Y,
to the non-inverting inputs of op.amps
IC1b and IClc. These are configured for
conventional differential amplification in
association with ICl1d, the output from
which (at pin 7) is now suitable for
analogue-to-digital conversion.

An additional potential divider is
included prior to IC2. It is formed by
resistors RS to R7 which are connected
between the positive supply line and the
OV line. This configuration forms the basis
for a temperature monitoring facility
controlled by the software.

Although the sensor itself is temperature
compensated, the rest of the circuit is not.
As you know, the characteristics of any
electronic device are subject to change in
relation to the device’s temperature. The
purpose of the twin-node potential divider

Close-up view of the pressure sensor
showing its pins bent at right-angles,
pugged into the s.i.l. socket and sol-
dered in position. Note the “spot” in-
dicating pin 1.

is to provide a reference value against
which the software can make corrections.

The voltage across resistor R6 is
referenced to the nominally-stable +5V
supply line. When IC2 is in its secondary
mode, this voltage is fed through paths X1
to X, and Yl to Y, to be amplified
identically to the sensor voltage. It is at the
amplifier and the subsequent analogue-
to-digital stage that temperature-related
changes are likely to occur.

In the initial setting-up, the software
stores the reference value existing at that
time. From then on, any deviation from
that value is used to correct the value of
the sensor’s output, and to provide the
basis for calculating ambient temperature,
as discussed later.

Software alternately switches IC2 be-
tween the reference and sensor modes via
IC2’s control pin 10.

DIGITAL CONVERSION

The altimeter’s control circuit is shown
in Fig.5. In it, IC4 is the PIC
microcontroller, X3 the liquid crystal
display module, and IC3 the device used in
the analogue-to-digital conversion.

A phase-locked loop chip, IC3, is
used as a voltage-to-frequency converter
(v.f.c.). The output frequency is relative to
the voltage received from the amplifier.
The software assesses the frequency as a
count value which is used as the base for
subsequent calculations.

D) +5V
1
16
20 X1 N\s 1 = +VE
A1 5 194 51, X e TO IC3
10k 13 A ft 21" PINS
1 — x2
IC1a§ 14 47 ., IC2
12 fLms24 12 4052
V* 71 e
1" Y1
& 5], 3
7500 v
1% 10 i INH
P =] VEE
A2 mé GND
- J o TOIC
A4 i PIN 13
*::2 R
o OV

Fig.4. Complete circuit diagram for the barometric pressure sensing section of the PIC Altimeter.
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CUT OFF
NOZZLES\

SCC15AN - ENCLOSED UNIT

Fig.6. Pinout details for the enclosed
version of the SC15A pressure sensor.

This technique allows for a far wider
conversion range than would a standard
8-bit analogue-to-digital converter.

During setting-up, the frequency is dis-
played on the l.c.d. screen and all you need
to do 1s to adjust preset VR2 until the fre-
quency is within a particular range (it's
straightforward).

Power is supplied to the circuit by a 9V
battery and regulated down to 5V by IC5
for use by the rest of the circuit. The PIC
is configured to run at 3-2768MHz, as set
by crystal X2.

L.C.D. MODULE

The lc.d. module displays different
calculation results depending on which
routine the software is performing. as set
by switches S1 to S4. The display has two
lines of 16 characters cach and is operated
in 4-bit mode. Preset VRI adjusts the
screen contrast.

Only the single supply (0V/+5V) type
of lLc.d. can be used in this circuit.  The
type which additionally requires a negative
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Layout of components on the completed prototype printed circuit board. In this
photograph, capacitor C5 has been soldered to the track side. However, in the final
version, space has been found for it between IC3 and the bank of resistors just
above IC1, see Fig.7. The l.c.d. module has been linked to the p.c.b. using resistor
lead off-cuts. This enables the display to be angled to match the case display

voltage is not suitable. slope.
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Fig.5. Circuit diagram for the control/display and supply regulator section of the PIC Altimeter.
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CONSTRUCTION

Details of the topside component and
underside track layouts for the printed cir-
cuit board (p.c.b.), together with those for
off-board interwiring, are shown in Fig.7.
This board is available from the EPE PCB
Service, code 201.

First insert the on-board link wires and
then assemble in order of component size.
Use d.i.l. sockets for IC1 to IC4, and a 4-pin
s.i.l. socket for the sensor. Note that two
link wires are sited beneath IC2 and IC3.

The sensor X1 may come in one of two
package types, as a ‘‘naked’’ device or
with a plastic encapsulation having two
nozzles (Fig.6). Carefully cut off the
nozzles (the author used a Stanley knife),
ensuring that the two holes below remain
open. DO NOT poke anything into the
holes.

Using thin-nosed pliers to grip the sen-
sor’s legs close to the body, and with
the sensor’s imprinted identity uppermost,
bend the tips of the legs down to a right
angle. The length of the angled tips should
be long enough so that they push into the
4-pin s.i.l. socket and allow the sensor
body to sit on the p.c.b. (about 3mm).

Ensure that the sensor’s pin 1 (indicated
by a dot on the identity side) is to the left
when looking at the p.c.b. as in Fig.7.

Once you are satisfied that the entire as-
sembly is functioning correctly, it is sug-
gested that you solder the sensor’s pins to
the socket to provide stability.

CASE AND L.C.D.

The way in which the l.c.d. is connected
depends on the case used. There-in lies a
problem!

A search was made through various
catalogues for a case which had a slot to
suit this size of l.c.d. None could be found.

After further searching, one of RS Com-
ponents’ cases was thought to be nearly
suitable. Although it had a slot somewhat
larger than needed, it was felt this could
be masked off in some way. The quoted
measurements for the case itself appeared
to be just large enough for the l.c.d. width,
and it also had a PP3 battery compartment.
It was ordered, and is the one seen in the
photographs.

However, on receipt, the box was found
to have tapering sides whose minimum
measurements were less than expected. By
carefully filing down the edges of the
lc.d., it was made to almost fit, but not
quite flush with the lid. Nonetheless, it was
decided to use the case.

It is suggested, though, that if you can
find a case more suited, then use it (and
tell the author about it). It seems that there
ought to be ready-made cases suited to this
size of lc.d. somewhere on the market.
There are plenty for the smaller 2-line by
8-character l.c.d. modules, why not for the
2 x 16?7

Alternatively, you could use an ordinary
plastic case and cut your own slot for the
l.cd.

With the author’s unit, the l.c.d. was
connected to the p.c.b. using short resistor
off-cut wires (see photograph). The two
end wires were inserted and soldered first,
enabling the distance between the l.c.d.
and p.c.b. to be set evenly and clear of the
sensor. The remaining wires were then
shaped and inserted.
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copper foil master for the PIC Altimeter.

The elevated slope of the l.c.d. to the
p.c.b. was then adjusted so that with the
p-c.b. mounted in the case, the angled
l.c.d. would be in line with the slot. The
height of the p.c.b. was adjusted using
spacers to obtain the best (though not
perfect) fit.

The pushswitches were
positioned so as to be
clear of the battery
compartment.
The power
on/off
switch was
mounted
at the rear.

PIC

Altimeter
display window
and front panel
function switches.

TESTING
With IC1 to IC4
omitted, switch on the
9V power supply and check
that 5V is present on the output
pin of IC5. A voltage greater
than this (e.g. 7V) will indicate
that ICS is the wrong way round.

Fig.7. Printed circuit board component layout, off-board interwiring and full size

Switch off the power and insert ICI to
IC4. Note that microcontroller IC3 must
have been pre-progiammed with its software.
It may be either a PIC16C84 or a PIC16F84
— they are interchangeable in this circuit.

At switch-on, the program goes
straight into an lc.d. initialisa-
tion routine and then into

Screen 1 Mode 1. It may
be necessary to adjust
the contrast control,

VR1, before the

screen display
is seen.



At this stage, the data shown will
be calculated against random factors
held in the EEPROM memory, but
modified by the actual signal condi-
tions on the p.cb. The values
shown will probably be non-sensical.

Having established that the screen is
showing data, default factors must be set
into the EEPROM. Switch off and allow a
few seconds to elapse to allow capacitors
to discharge.

With switch S1 (Mode) pressed, switch
on again and wait a moment, during which
time the screen will remain blank. Release
S1. The default factors are now pro-
grammed in from the software and the
display should now show values that are
more sensible. They represent:

® Height in metres

® Height in feet

® Barometric pressure in millibars (mB)
e Ambient temperature in °C or °F

In normal use, only this screen is dis-
played. The photograph shows a typical
display following setting-up.

This screen has
five switch-selected sub-
modes which are used
when adjusting height,
barometric and tempera-
ture values.

There are two test
points on the board: TPI,
for monitoring the line
which switches IC2 be-
tween its two modes at
0-5Hz; TP2, for monitor-
ing the frequency output

pressmg S2 or S3 will alternate the display
in the cell to its left between C and F, this
factor also being stored. Set this to the
scale in which you want to see future tem-
perature readings.

iy e Al

were used by the author i 2 f

only during software

development and can be "Screen 1: Typical screen display at switch-on, after com-

ignored.

OPERATIONAL
CHECKS

Check out the program operation using
the function pushswitches as follows:

Press and release Mode switch S1. The
slowly flashing asterisk at the top left of
the screen should jump to the right of the
height in metres reading, flashing some-
what faster. This indicates that the metres
reading can now be adjusted if desired.

Adjustment is made upwards by S2 (+)
and downwards by S3 (—). Try both
switches at random. The value should
continue changing for as long as either S2
or 83 is pressed. The height in feet reading
will change in relation to the metres setting
and does not have a separate adjustment.

The adjustment factor entered at this
time is recorded by the PIC in its
EEPROM memory, and will remain there
even after switch-off. It may be re-adjusted
at any time.

When satisfied, press Mode switch Sl
again. The asterisk will now appear along-
side the millibars (mB) reading. This may
be adjusted at any time using S2 and
S3, with the new setting stored in the
EEPROM memory.

The next press of S1 moves the asterisk
to the final cell to the right of the tempera-
ture reading. This too may be adjusted by
S2 or S3 and its setting stored.

On pressing S1 again the asterisk will
be replaced by a question mark (?). Now

pletion of all setting-up procedures.

Note that the temperature calculation
routine is unaffected by this setting. The
corrective factor for Centigrade or Fahren-
heit display is set in a separate mode.

Press S| again. The display now changes
slightly — the height and temperature values
remain as previously, but the barometer
reading is replaced by a temperature-
correcting display with a form similar to:

<T+ 23%>,
flashing.

in which the asterisk is

The number in this statement is the
factor by which the difference between the
preset and current reference values is div-
ided in order to obtain a reading in either
°C or °F. Switches S2 and
S3 amend and store the
value. Its setting will be
covered later.

SCREENS
2 AND 3
Press S1 again to
change the display to

Screen 2. The top left
number ends with the
character R. This is the
value of the initial
reference voltage read-
ing automatically ob-
tained during setting-up.

value of the reference voltage. The bottom
right value ends with D, and is the
difference between the two values. The
values are not actual voltage readings, but
the frequency count in Hertz obtained
while reading the reference voltage.

In the bottom left of the screen is a dis-
play similar to the following:

<Dx 14*>, in which the asterisk is
flashing.

This display is used when setting a
temperature correction factor for the
barometric readings.

Screen 3 appears when Sl is pressed
again, showing the defailt height and
reference values. Different values will be
seen following height set-up. They are for
interest only.

RETURN TO
SCREEN 1

The final press of S1 returns the screen
to the main display, showing height,
barometric pressure and temperature, with
the asterisk once more flashing slowly at
the top left.

In active use following the setting-up,
you will probably only ever want to amend
the helghl value, the other settings normally
remaining fixed once satisfactorily set.

You may, though, want to correct any of
them in order to compensate for slight in-
accuracies in the original settings. In this
case just press S| as many limes as are
necessary to place the asterisk where you
want to see it or to step through to the
other screens.

To return to Screen Mode | from any
display position, just press switch S4 (Set).

FIRST ALIGNMENT

Because of the manufacturing
tolerances of all the components, it is
necessary to set the span ranges for

The top right number ends Screen 2: Display of typical register values shown during
with H and is the current primary setting-up mode.
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height and temperature. Both are easy,
but need a bit of patience.

First, you must adjust preset VR2 to set
the v.f.c. range. With the asterisk at the top
left of Screen 1 (Mode 1 - press S4 to put
it there if necessary), adjust VR2 until the
barometric reading shows about 1013mB.
Height and temperature values will also
change - ignore them.

Now check that in Screen 2 the top
left value is between about 15000R and
15500R. Press S1 six times to get to this
screen. If the value is outside this range,
press S4 to return to Screen 1 Mode 1 and
readjust VR2 a bit, then check Screen 2
again. (Note that changes to VR2 are only
registered by the software when in Screen
1 Mode 1 - asterisk at top left.)

In the software’s calculation routines,
this reference value is multiplied by four
and it is essential that the answer does not
exceed 65535 — the maximum value before
the 2-byte register used rolls over to zero.

Preset VR2 should never need readjust-
ing again unless an i.c. or the sensor fail
after long-term use.

TEMPERATURE
SETTING

A default temperature span for °F has
been programmed in but this will probably
need changing to suit your own model.
When changing it you need an ordinary
thermometer alongside the PIC Altimeter.
True temperature and reference value read-
ings are taken at two different ambient
temperatures.

Keep the altimeter in a room at the
first temperature long enough for it to
acquire the same temperature. Press Sl
until Screen 2 is shown. Note the tempera-
ture on the thermometer (in C or F as you
prefer) and call it T1. Note the value of the
reference at the screen top left (the 15000-
odd value ending in R) and call it R1. Note
the value of the height count at the top
right (ending in H) and call it H1. Press S4
to return to Screen 1 Mode 1.

Move the altimeter and thermometer to
another place at a significantly different
temperature. Don’t use the fridge as con-
densation may form on the circuit board,
causing severe disorder. You may take it
outside, but don’t do it on a windy day as
the changing wind pressure will upset the
readings.

Try to have the altimeter at roughly the
same height above ground level as it was
for the first position.

Wait a while for the unit to stabilise at
the new temperature. Again press S1 until
Screen 2 is shown. Again note the tem-
perature, reference and height values, call-
ing them T2, R2 and H2 respectively.

Subtract R2 from R1 and call the answer
RT. Subtract T2 from Tl and call it TT.
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Screen 3: Display of
typical stored regis-
ter values acquired
during altitude span
setting.

Subtract H2 from HI
and call it HT. Ignore
any minus signs.

Divide RT by TT
to obtain the units of
reference per degree of change, call it CT.
Press S4 to return to Screen 1 Mode 1.

Press Mode switch S1 five times so that
the second screen line shows the flashing
asterisk alongside the statement:

<T+23 %>,

Using S2 or 83, replace the default
value of 23 with the whole number value
of CT (rounded up or down as ap-
propriate).

Press Mode switch S1 once so that the
second line in Screen 2 shows the flashing
asterisk alongside the statement:

<Dx 14 *>,

Divide HT by CT to get HD.

Using S2 or S3, replace the default
value of 14 with the whole number value
of HD (rounded up or down as ap-
propriate).

Return to Screen 1 Mode 1, and then
use Sl to put the asterisk at the bottom
right of the screen. Using S2 or S3, correct
the screen’s temperature value to that cur-
rently shown on the thermometer.

The temperature span is now set and
should track changes in ambient tempera-
ture within the limits of the whole number
value for CT. Be aware, though, that the
rate at which the altimeter changes tem-
perature will be slower than the actual
ambient change.

During this operation, a correction fac-
tor per degree of temperature change has
also been set for height readings. The al-
timeter is now ready to have the height
span factor set.

HEIGHT ALIGNMENT

To set the height span you need an
Ordnance Survey map for your area show-
ing the height in metres at two places.
Preferably use the Pathfinder series of
maps, which have a 1:25,000 scale. The
greater the difference between the two
heights, the better the resolution of the
settings obtained (the author chose 64m
and 142m).

It does not matter whether the highest or
lowest height is chosen first, the software
compensates appropriately. Go to the first
known height.

Switch on the unit and leave it on for a
few minutes to let its working temperature
stabilise. Advance the asterisk to be along-
side the metres reading (one press of S1).
Press S2 or S3 to set the screen metres
reading to the same as that shown on the
map, and then release it.

Press Set switch S4 on its own and hold
it down, then press Mode switch S1 and
hold it down. The screen will now display
on its second line:

H1 SET

Release both switches. The height value
for this location is now set and the asterisk
will again be flashing slowly in the top left
corner.

Go to the second site on your map. DO
NOT SWITCH OFF THE UNIT.

Follow the same procedure as for the
first site: press S| to place the asterisk
alongside the metres display, press S2 or
S3 to set the height for this location, and
release them. Press S4 followed by S1 and
hold them down. This statement will now

appear:
H2 SET

Release S1 and S4. The height value for
the second location is now set.

That concludes the height span setting.
It will not normally need to be repeated.
Should you need to, though, you must al-
ways set the height at two locations with-
out switching off the unit in between.

From hereon, all you need to do is to
correct the displayed height figure to cor-
respond to that known for the location you
are at. For example, if the true height of
your home is known to be at 60 metres,
simply set that value when you leave the
house at the start of the journey during
which you want to keep track of height.

Only under extreme weather conditions
(pressure contours closely packed) is it
likely that the overall barometric pressure
will change enough to significantly affect
height readings during an average outing.

BAROMETER SETTING

Setting the height span automatically
sets the span for barometric readings, as
a change in height is linearly related to
barometric pressure (10 metres to 1mB).

What is needed, though, is for a precise
value to be given to the pressure reading at
a known height. This is where BBC TV
comes in with its weather charts. Peri-
odically, these show pressure contours and
their respective millibar readings across
the British Isles. The values are with
reference to sea level.

Alternatively, if you have Internet ac-
cess, call up:

http://www.meto.gov.uk

to get into the UK Met Office site. Once
in, click on the MetWEB icon, which will
reveal the latest surface pressure chart and
millibar values.

Establish a value suited to your area,
correct for your known height above sea
level (as indicated by the Ordnance Survey
map), and set that value into the altimeter
(two presses of S1, and then using S2 or
S3; when done, return to Mode 1 with a
single press of S4).

For example, your house is at 60 metres
above sea-level and the weather chart shows
1020mB for your region. A height of 60
metres above sea-level represents a reduc-
tion in pressure of 60/10 = 6mB. The value
to which you set the altimeter’s barometric
display is thus 1020 — 6 = 1014mB.

Once set, the millibars value should not
normally need correction.

That concludes the setting-up.

SOFTWARE vs

HARDWARE :
You might, perhaps, be thinking that the
setting-up is complicated. In reality, it is
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quite straightforward once you actually get
down to it. It is, though, worth doing a
“trial run” to get the hang of it before
making the final adjustments.

None of the settings are irreversible,
even though settings are retained when the
power is switched off. You can at any
time go through any of the procedures to
change the values.

You might also care to think about
how similar procedures would have had to
be done with a system that was purely
hardware based, without the benefits of
software. With the EPE Altimet of Novem-
ber 92, for instance, there were eight
presets to be fine tuned, plus an external
potentiometer. All the pre-setting had to be
done using a small screwdriver plus trial
and error.

Although the PIC software took many
hours to write (over 1000 commands), the
physical construction and setting up is far
simpler than with a pure hardware design.

As far as you need be concerned, the
PIC is simply just another component to be
plugged into the p.c.b. in the same way
that any other i.c. is plugged in. Unless
you wish to, you need give no further
thought to what goes on inside the PIC
than you would, say, to what happens
inside the op.amp, IC1. (For details of
obtaining a ready-programmed PIC see
Shoptalk page).

SOFTWARE
HIGHLIGHTS

For those of you who do want to know
what happens inside the PIC, there follows
a brief description of its program.

The full program, both as a notated
source code and as a binary file for loading
into the PIC, is available from the Editorial
office and from our web site. The pro-
gram was written in TASM, but may be
translated to MPASM using the EPE PIC
Toolkit software of July 98.

Of initial interest, perhaps, is the heavy
use made of the PIC’s EEPROM data
memory, and that each of its used loca-
tio aas been named (equated) at the head
of :program. Whilst naming of program
ve bles will be commonplace to many of
you, naming of EEPROM locations may
not.

Moderately heavy use is made of tables
- eight of them, their use relating to fac-
tors such as l.c.d. initialisation, storage of
default values, message display, path rout-
ing, display mapping, and decimalisation
of binary numbers.

To cut down on program space, exten-
sive use is made of sub-routines. A lot of
them are only short, but when space is
limited even a saving of a few bytes is
significant.

Calculation of the frequency output by
the v.f.c. is referenced to precision timing
set by the PIC’s internal clock. The basic
timing is against a 1:64 TMRO rate, which
is further subdivided to 1/25th of second,
and then to exactly one second. The
reference values referred to earlier, and
shown in Screens 2 and 3, are thus values
in Hertz.

The main counting loop starts in the
source code at INTCLR, which clears the
timer’s interrupt flag. In the next 19 lines,
the status of the interrupt register, the v.f.c.
line and the switches is repeatedly read.

Each time the level of the v.f.c. line
changes state, a 16-bit counter is incre-
mented. When each one-second time-out
occurs, jumps are made to various calcula-
tion sub-routines, using the 16-bit count as
their starting value.

On alternate  seconds, the v.fc.
is switched between barometric and
reference sources. The difference between
the immediate and initial reference values
is the value from which temperature is
calculated. It is also used to correct the
barometric readings.

Height is calculated in a two-step
process. First, the corrected barometric
value is converted to the ratio it represents
between the preset count values obtained
when setting up at the two known heights.
During that setting-up, not only were the
counts stored, but also the heights as set
via the switches.

The second step, therefore, is to apply the
ratio from the first step to the span between
the reference heights, to obtain the height
that the ratio represents. To this result is
added any corrective factor as set in via the
switches at the start of the outdoor excur-
sion. The answer gives the current height in
metres, a value which is multiplied by 3-28
to also obtain the height in feet.

It may interest you to know that all cal-
culations are done in binary, including the
multiplication by 3-28. To assist this, the
0-28 is set into the program as a fixed 8-bit
binary literal of 72 (obtained by multiplying
256 by 0-28 and rounding to an integer).
This is held in one byte as the LSB and the
value of 3 in another as the MSB.

Immediately prior to adding the correc-
tive height value, the intermediate result is
stored. Once height has been fully estab-
lished and displayed on the l.c.d. screen,
the equivalent barometric pressure value is
calculated.

Since changes in barometric pressure
and height have a 1:10 relationship, the
value is easily obtained by dividing the
intermediate value by ten and adding it to
1013 (average barometric pressure as an
integer). To this answer is added any cor-
rective factor as set via the switches when
the instrument was first set up. This is the
millibar value sent for display on the l.c.d.

Yes, it’s complex — be grateful that the
author programmed it all into the PIC
software on your behalf?!

TEMPERATURE
CALCULATION

The difference between the reference
values, as referred to a moment ago, is
now used to establish the current ambient
temperature.

During the original setting up, the count
values obtained at the two extremes of
temperature are stored, as are the tempera-
tures they represent as set via the switches.
The procedure for calculating current tem-
perature, therefore, is very similar to that
for calculating height.

First, the reference value difference is
converted to the ratio it represents between
the preset count values obtained when set-
ting the two known temperatures.

Now the second step is to apply this
ratio to the span between the reference
temperatures, to obtain the temperature
that the ratio represents. During the
process, a conversion factor is applied to
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modify the answer according to the
Centigrade or Fahrenheit base.

To this result is added any corrective
factor as set in via the switches during the
initial setting-up. The answer represents
the current temperature, which is output to
the l.c.d.

IN USE

Using the PIC Altimeter is simple. If all
you want to know is how high you have
climbed (or descended) relative to your
starting point, there is no need to set the
starting height to an absolute value as
shown on a map. Just note the height
shown when you start, and again when you
get to the top, then subtract one from the
other — as easy as that!

You could also set an ascent (or de-
scent) starting value to zero and directly
read off the immediate height difference
whenever you want.

If you really want to know how high you
are relative to sea-level, then you will have
to set the starting value with reference to a
map. (Just to be jestingly pedantic — remem-
ber that map heights do not reflect the state
of the tide, so for a true height above sea-
level you also need tide tables. But what
about wave heights? No suggestions!)

Whilst the tracking of the pressure sen-
sor and the overall linearity of the cir-
cuit are pretty stable once the software

_parameters have been correctly set, it is

inevitable that slight drifts will occur. As
with an ordinary barometer, minor adjust-
ments to the barometric reading may oc-
casionally need to be made so that it
matches that shown on BBC TV. Even
they, though, will not show the precise
value for your locality at any given time.

Basically, what the PIC Altimeter does
is to provide closely accurate information
on relative values for changes in height
and pressure. In doing so, it is an instru-
ment that fulfils the author’s intention —
to add additional interest to his upward
mobility! May it move you too!

IN CONCLUSION

It has to be said that the programming
complications created by the need for such
a variety of calculations were quite exten-
sive. The situation was aggravated by the
PIC16C84 only having 1K of memory (all
but six bytes were used) and not having
multiply and divide commands.

It is a pity that the PIC16x84 is the only
PIC having EEPROM data memory (es-
sential to the Altimeter) and that it does
not have a relative with greater program
space. Even 2K of the latter would be
highly beneficial. ~

In retrospect, the Altimeter program is
one which, perhaps, might have been bet-
ter suited to one of Atmel’s more recent
microcontrollers, such as one from the
AVR series, for example. This series has
EEPROM data memory and some of the
individuals have greater program memory
than PICs. They also have multiply and
divide commands, plus over 100 other
commands.

EPE will be taking a closer look at
AVR devices in the near future. They
seem very promising for more complex
situations where a PIC might be stretched
beyond its limits. They are also as easy to
program as a PIC. O
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An Introduction to

DIGITAL ELECTRONICS

TEACH-IN is a series designed to support candidates
following City and Guilds (C&G) 726 Information
Technology, with reference to the following specific
syllabuses: *7261/301 Introductory Digital Electronics,
*726/321 Elementary Digital Electronics, *726/341 Inter-
mediate Digital Electronics.

Even if you are not undertaking the City and Guilds

lan Bell, Rob Miles, Dr. Tony Wilkinson, Alan Winstanley

Lab Work

Throughout Teach-In, attempts are made to involve
the student with practical Lab Work’ experiments and
demonstrations, and complex mathematics are avoided
unless really necessary ~ and even then, plenty of help is
to hand! We make a point of identifying practical com-
ponents in special sections of Teach-In, so that you will

syllabus, there is much to be learned from Teach-In.

learn to recognise parts.

Part Eleven: MEMORIES AND THE COMPUTER

Happy Memories

N THIS series so far we have only

discussed single bit memories (flip-
flops) and small registers, but most of
you will be aware that many digital
systems also contain large banks of
memory capable of storing many mil-
lions of bits. The most obvious place
you will come across memory is in
the memory chips in your PC, but
such chips are also used in other
digital systems and memories may
also be “embedded” in other devices,
from complex dedicated systems to
the read only memory chips which
make musical Christmas cards play
"Silent Night”.

A key difference between memories
and individual registers and flip-flops
is that we do not have separate
input/output connections for each bit
in the memory. Instead, we supply an
address which determines which bit(s)
we want to store data in, or output
data from. (We will look at how this is
accomplished later.)

The storing and outputting of
data from memories is conventionally
referred to as writing and reading
respectively. Some memories address
individual bits, but in many cases a
number of bits (i.e. a word or byte) is

accessed by each address and data is
written to, or read from, them
in parallel. The data is usually

written and read

through the same o=
connections using o
a tristate, bi-direc- A2 — L] L
tion dat.a l?us. q A3 —JADDRESS ROW 256 x 128 x 8 = 32k x 8-BIT

A timing dia- as —4 8UFFER | Bpecooer] ] MEMORY CELL ARRAY
gram for a typical s —
memory is given in |
Fig.11.1. S

ADDRESSES B S I I

Random N
Access A0 =4 DDRESS! VO GATE AND
Mema’.y :"; i BUFFER COLUMN DECODER

The fact that any A3 —
of the locations in (A1 —
the memory can be - ] | T I
accessed in any -
order without any e ] eurreR DATA VO BUFFER
impact on  the | 1111711
speed of writing or Do D1 D2 D3 D4 D5 D8 D7
reading leads to C—S-Do—— - g
the name Random il
Access Memory - i i i ,
(RAM), to distin- Fig.11.2. Block diagram of internal operation of a 32K x 8-bit
guish it from Random Access Memory (RAM) chip.
storage devices

such as disks and tapes where the
media or read/write head has to be
moved to access the required location
and the "seek time” will depend on
how close the previous location was to
the current one.

To describe a memory we must
define the word size in bits and

[} [} )
:4— READ OPERATION —>:<— WRITE OPERATION —>:

the capacity of the
memory in bits or
words. The size of

ADDRESS READ ADDRESS * WRITE ADDRESS * . .
v :X i i memories is often
1 i /7 expressed in terms
| : | of K (Kilo), or
ENABLE —— ) ) M (Mega) bits or
[} [} '
1 _HIZ 1 HZ ) _HKZ words.
DATA ATA OUT _T 1 .
! — : — - ' These multi-

pliers are based on

the powers-of-
two values which

Fig.11.1. Typical memory signal timing diagram. Note:
Always check data sheet of real chip for actual signal and
timing requirements.
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usually determine
the number of

addressable locations based on the
number of address bits. An address of
N bits can select one of 2N memory
locations.

The value of these Ks and Ms is
therefore larger than the ks and Ms
used for resistance and capacitance
values. For memories K=1024 and
M =1048576. 10 bits can address 1K
memory locations and 20 bits 1M
locations.

Birth of a Memory

The problems of providing high
capacity, high speed memory (usually
for use in computer systems) has been
addressed in many different ways over
the years.

Early attempts stored individual bits
by sending a pulse of sound round a
metal wire. The sound took a certain
time to travel down the wire, and in
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that time a sequence of bits could be
held.

Such a device could store a few
hundred bits. Later versions of the
same idea used columns of mercury
and could hold around 1,000 bits.

The first stored program digital
computer in the world, the ’Baby” at
the University of Manchester which in
1998 celebrates its Fiftieth anniversary,
stored bits by means of patterns of
light on an oscilloscope tube.

Nowadays memory is built from
semiconductor based circuits. The cir-
cuitry of individual bits of memories is
called a cell and may resemble the
flip-flop circuits we have discussed in
that a loop of two inverters can be used.

However, the design of memory cells
is a specialist field and a variety of
circuits have been developed - we cer-
tainly haven’t got the space to go into
all the details here! The cells are usually
arranged in a two-dimensional array so
that an individual cell is addressed by a
particular row and column in the array.

In addition to the memory cells
themselves, a memory also contains the
address decoding logic to direct the data
to and from the correct location, con-
verting the supplied binary address to
the internal row/column address. The
memory will also contain some control
logic to ensure the correct flow of
signals both internally, and in and out
of the memory, during read and write
operations.

As the cells may not output full
logic-levels there may also be sense
amplifiers which restore the output
logic levels from the cell array. A block
diagram of a static memory is shown
in Fig.11.2. -

Memory Capacity

A key selling point of memory is,
of course, the capacity which can be
obtained in a single package. The size
of cell circuitry is obviously important
here as the cell is repeated millions of
times on each memory chip.

To get the maximum density of data
stored per unit area a single MOS
transistor/capacitor may be used as
the storage element. In this type of
memory data is stored as charge (or
lack of it) on a MOS capacitor.

You have met MOS capacitance
before - recall that we discussed MOS
gate capacitance in relation to circuit
delays in Part 3. Also, you may have
found that a CMOS inverter with a
"floating”” input. remembered its pre-
vious definite logic input in Lab Work
Part 4.

The problem with a capacitance-
based memory is that it forgets after
a short time due to the ’"leakage
currents”’ inherent in semiconductor
devices. So memories like this have to
be continuously refreshed - that is, have
their data written back into them, and
for this reason they are referred to as
dynamic RAMs (DRAM). The inverter-
loop memory does not forget, so this
and similar circuits are called static
RAMs (SRAM).

The schematic representation of an
SRAM cell, based on an inverter loop,
is shown in Fig.11.3 and a single tran-
sistor DRAM cell is shown in Fig.11.4.
We discussed the use of the inverter
loop, as used in the SRAM cell, in the
context of flip-flops in Part 6.

In the SRAM cell the wordline
enables the cell, while the com-

plementary bitlines are used for
reading and writing data. In the
DRAM cell the transistor acts as a
switch to control the flow of charge
on and off the capacitor CM, which is
also a MOS (polysilicon-oxide-silicon)
structure.

DRAM design is not straightfor-
ward - the charge on capacitor CM
must be refreshed periodically and
reading the data-in cell is difficult as
only a minute amount of charge dis-
tinguishes a 1 (CM charged) from a 0
(CM not charged).

When a 1 is read the charge moves
onto the data/column wire which ac-
tually has a larger capacitance than
CM. Thus, only a very small voltage
change occurs if 1 was stored.

BITLINE BITLINE

. —
f— WORDLINE
MEM MEM

Fig.11.3. Static RAM cell based on
inverter loop.

ROW LINE

1
TT
-

CM
k&

Fig.11.4. Dynamic RAM cell using a
single transistor.

COLUMN/DATA LINE

Analogue Computers and Digital Signal Processing

When we considered analogue circuits in the early parts of
the course we found that there are mathematical equations
which can be used to predict the performance of circuits con-
taining particular components. We looked at these in the con-
text of selecting the appropriate component for the job. For
example, you can pick resistance and capacitance values to
obtain a particular delay. However, since the behaviour of the
components is governed by this mathematics, you can construct
circuits which will perform mathematical functions for you.

The precise way in which this is done is beyond the scope of
this course, but it is the case that you can perform complex
calculations on incoming signals by a carefully designed set
of amplifiers, resistors and capacitors. The value you wish to
process is represented in the form of a voltage level, and the
result of the calculation is the voltage level which is output by
the circuit.

Analogue computers can process their inputs extremely
quickly, and have been used in control systems, where a
voltage is produced by a sensor of some kind, and it is
necessary to produce a control voltage to drive the system. The
main advantage of an analogue computer is the great speed at
which it can work, since the signals are processed “instantly".

However, they are hard to design, and it is very difficult to
change the functions which an analogue computer performs
because this requires the circuit to be re-wired using a “patch
panel”. They are also prone to changes in the physical charac-
teristics of the components used in the computer, which can
change the way that they work.

Op.amps were developed for use in analogue computers
(hence the name operational amplifier — an amplifier to perform
a mathematical operation). Early analogue computers used
op.amps built from vacuum tubes. A 1950's analogue computer

typically consumed more than 25KW and occupied a volume of
around 20 cubic metres. You should remember that most early
computers were analogue, and were often hard wired to per-
form such calculations as range tables for guns.

Digitally Controlled Analogue

The advent of high performance microprocessors has led to
the development of digital systems which can be used in a
similar way to analogue computers. A Digital Signal Processor
(DSP) is a custom microprocessor which is designed to perform
rapid calculations on incoming data. The input is a digital value
which has been obtained from an analogue source. The output
signals are usually converted from digital back into analogue
form.

A system based around a DSP component is much more
flexible than an analogue computer because the program is °
more easily changed, and the number of calculations which can
be performed is much greater.

The principles by which a DSP works are exactly the same
as other microprocessors, it is just that they have been op-
timised for this specific task. DSP systems are appearing in
many consumer items, including Hi-Fi systems which can make
your living room sound like the Albert Hall.

However, there are still applications where direct analogue
processing is the best solution, and some chips now work by
means of “digital controlled analogue”. Here the analogue
circuits, which actually process the signal, are controlled by
digital circuitry in order to achieve the required function. An
example of this technology can be found in some musical
keyboards, where the sound is actually produced by a number
of amplifiers, mixers and oscillators working under the control of
a microprocessor. .
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In order to read the data the output
wire is first precharged to a known
voltage, then the row line is activated
to switch on the transistor and a
sense amFliﬁer is used to detect the
small voltage change which occurs.
The control circuitry in a DRAM must
deal with refreshing and precharging
in addition to address decoding and
read / write control.

ROMs and PROMs

In addition to RAM there are a
number of other types of memory, in
particular a variety of which,
unlike RAM, do not lose their data
when power is removed. Read Only
Memory (ROM) contains fixed data
which is determined when the device is
manufactured, or which can be written
once and only once by the user (these
are called PROMs - programmable
ROMs). EPROMs (erasable, pro-
grammable ROMs) are ROMs which
can be erased using ultraviolet light.

Both  ROMs and EPROMS are
usually programmed outside the
system in which they operate
using special programming equipment.
These memories allow systems to be
periodically reconfigured or updated.
Equipment (as opposed to PCs) which
contains microprocessors performing
fixed tasks often has software in ROMs
or EPROMs.

A PC runs a program in a ROM to
get it started in order to load the
operating system (Windows etc.) off
the hard disk. This ROM chip also
contains the programs which perform
the Power On Self Test (POST) se-

uence and provides low level control
of the hardware. It is often referred to
as the BIOS (Basic Input Output Sys-
tem) of the PC motherboard.

Also available are electrically
erasable ROMs, E2PROMs (also called
NVRAM - non-volatile RAM), which
can be rewritten or erased electricall
without removal from the circuit. Suc
memory is present in the popular
PIC16F84 r, allowing pro-
grams to be repeatedly loaded and
tested.

An alternative to E2PROM, which is
used to hold the system configuration
in many PCs, is to use a CMOS static

RAM powered b{; a battery. The CMOS
RAM takes such little power when inac-
tive that the battery life should easily
cover the periods when the computer is
not in use. :

From Household
Control System to
Digital Computer

Whilst a comprehensive overview of
a computer is beyond the scope of this
course, we have now reached the point
where we can start to consider just how
a computer works. At the lowest level
a computer is a collection of sequen-
tial and combinational circuits which
can understand and execute the instruc-
tions which we give it.

With enough time (and enough
paper!) it would be possible to draw a
complete circuit diagram of a com-
puter, from the microprocessor through
the memory chips to the keyboard and
screen. It is important to remember that
the principles we have described
underpin the operation of every device
in there!

In Part 8 we described the “Faver-
sham-Wills Household Command Sys-
tem” which allowed His Lordship to
communicate with his staff. The under-
lying principle of the communication
was based upon signals which iden-
tified the room in the house with which
we want to talk (address bus), signals
which comprise the data we are trans-
ferring (data bus) and a final set of sig-
nals which synchronise the transfer of
the data (control bus).

If we replace the control panel with a
computer processor, and each of the
rooms in the Faversham-Wills home
with a memory address, we can see
how a computer system fits together. A
simplified overview of a computer sys-
tem would look like that shown in
Fig.115.

All the time the processor is active it
is placing addresses on the address bus,
selecting read or write with the control
signals and then transferring data to
or from the memory. The information
which is transferred is made up of the
program code (which controls what the
processor actually does) and the data
(which is what we want processed).

have worked quite right!
Rob Miles

The University of Huil
Cottingham Road
HULL

HU6 7RX

TEACH-IN MEET
A DAY OUT TO MEET THE EXPERTS!

Following on from the success of Teach-in 98, the University of Hull and EPE are
organising a Teach-In 98 Meet which (subject to response) will take place early in
September this year in Hull. Followers of the series will be able to meet up with the
writers of Teach-In, including a special guest appearance of Lord Faversham Wills.

Hull will be presenting some Teach-In related material and making space in their
hardware laboratories for you to “bring out your dead” in the form of labs which might not

If you are interested in attending our Teach-In Meet send your name and address to:

Department of Electronic Engineering .

Or you can register your interest via the EPE web page: i
http://www.epemag.wimborne.co.uk/Teach_In.htm M A
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The sequence of operation is essen-
tially:

1. Fetch the instruction which is to be

performed.

2. Decode it and act on it.

3. Go and fetch the next instruction.

Note that the instruction itself may
well involve fetching data from other
places in memory, or saving results of
instructions, and that some instructions
will change the place from which the
next instruction is to be fetched.

These are often called jump instruc-
tions. Sometimes the instruction will
tell the processor to jump to a particular
location if a given condition is true, this
allows the programmer to place deci-
sions into programs.

Within the processor itself there
are collections of components which
provide the data processing capability.
These include registers which hold
patterns of bits which represent the
data and circuits such as ALUs (see Part
5) which perform calculations. Other
circuits within the processor decode the
instructions and cause the required
operations to take place on the register
contents.

PROCESSOR

Fig.11.5. A very simplified overview of
a Computer System.

Clever Tricks

It is worth remembering that the
fundamental principles of the stored
program computer have been un-
changed for many years, and that the
major thrust of computer development
has been to make computer systems
smaller, faster and cheaper.

Modern processors such as the Pen-
tium use very clever tricks to boost
their stpeed, such as fetching instruc-
tions from memory before they are
required - so that they can be pre-
pared in advance for execution. Of
course this technique can fail if the
program performs a jump instruction
to a different part of the code, so
predictive branch techniques are used
in order that the chip can decide in
advance the likely destination of the
jump and start thchihg instructions
from there!

However, even with all its high

erformance tricks and seven and a

alf million transistors on board, the
Pentium is still operating using the
principles which we have covered
over the last 11 parts. This doesn’t
necessarily mean that you can design
and builc{ your own Pentium chip,
but it does mean that you can point at
a computer and say that at least at
one level "I know how that works"!

Now go to Lab Work for some
practical suggestions to demonstrate
a simple RAM chip and digital-to-
analogue converter.
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A Super Address

To specify the address to write data to,
we need to set a binary number on the ad-
dress lines AO to Al4, where a logic 1 is

! 4
=

+ 5V and logic 0 is OV as usual. Easy!
Also, using hexadecimal to describe the
number on the address “*bus’’ is far easier
than writing long binary numbers: hence we
can say that we can read data from, or
The Truth Table for this RAM chip
shows how stored data will be read from the

write data to, any address between 0000H
' ' ($0000) to 7FFFH ($7FFF). (See the section
Obyjectives. Demonstration of a RAM chip,; writing to and ~ Data /O when Output Enable (OF) is low

10 if necessary.)

on ‘‘Hexadecimal Numbers’’ in Lab Work
and Write Enable (WE) is high. Conversely,

reading from storage,; DAC theory; Digital Echo Unit. data is written to the RAM when Output
. Enable is high and Write Enable is low.
UR final Lab Work undertaking  (I/O) pins of the RAM chip. Note that the ot )
offers a range of practical and 84256 is a 28-pin d.i.l. device whose N—"
suggested circuits to round off our  pinouts and Truth Table are shown e wame_Yoc [

A2 ENABLE WE [ ] 27
A7 M3l ]2
A6 | ADDRESS 25
» PINS ~ ol =
AS A9 []2¢
A4 anf 1=

A3 OUTPUT OF | ] 22

introduction to digital electronics. separately in Fig.11.7 and Table 11.1.

Lab 11.7 - RAM Memo:y The location within the memory, i.e. the

address where the data will be stored, is
Chip Demonstration set by the address lines AO to Al4. Since

In Lab 10.3, we demonstrated a this chip has 15 address lines in all, a

OO NP A WN -

OOANOOON00AA00
2

National Semiconductor ADC0804 A/D 15-digit binary number applied to the ad- ENABLE 10 [ 21
converter, showing how it is possible to dress lines, has 2!5 or 32,768 different Al EWF . 5 P12
convert an analogue ‘‘wavy line’’ signal possibilities. Mg o7 [ e
into an eight-bit digital sample. This So we can ‘‘address’’ 32,768 different %7 ear -
analogue signal could be generated by a  spaces within the memory. Hence the ex- 3; S A % .
transducer such as a light-dependent pression **32K X 8’ that you will see in ] 03 118
resistor or a microphone, or a measure- a typical catalogue - the RAM chip can

ment transducer such as a strain gauge. store an 8-bit number in 32,768 locations —

The purpose of the next demo is to it’s a 32K memory. - ; -
illustrate the principle of digital storage It’s important to bear in mind that in this F/ﬁf-”-z Pinouts for a 32K x8-bit
using a typical memory chip, by *‘stor-  branch of digital electronics, *‘K'* means =~ CMOS slatic Random Access Memory
ing’’ the output of the ADC. The same  kilobyte or 1,024 bytes (RAM) i.c.
demonstration circuit of Fig. 10.17 is (210 bytes), and mul- Table 11.1: Truth Table for 84256 RAM chip (Fujitsu)
used — an ADC driving eight le.d.s — tiples of 1,048,576 — | — — -
with a 32K Random Access Memory (1,024 x 1,024) bytes CS | OE | WE Mode VO Pin
(RAM) chip type MB84256A added, see are a megabyte (Mb) H X X Not selected High Impedance

- Fig.11.6. of storage. Compare L H H Doyt Disabled High Impedance
The data (DO 10 D7) output of the ADC with kilohm (k), which L L H Read Dout
is directly wired to the data input/output is 1,000 ohms. L H L Write Din
X="Don’t Care”
I
— 2ol O +5V
] E— RRRAR
cC 2% A4
IC2 yit- R27TO R9 é
A2
—— T : % Lri
o141 ADDRESS 7 &
o — a a
o LINES o :32 Ve D‘LTEODDG o
L1 PN Al «T RED T
DATA VO L« LIS
20 DO D1 D2 D3 D4 D5 D8 D7
" 1nfizhaisiefiz|rs 191 “F E
v
~o—24 75 i Z 12 ‘?o—
<\-p—3 WR 05 :j
ocklam o1 " Sk 2 TeTon
ADC0804 03 e
6 2 17
‘V:.I,l 24——4 Vini®) [»]] . 5‘:
™ CLKIN Do P
C_LKR o NC 7
CS V() A(GND) D(GND)
1 7 8 10
A1
10k
1
'SOPT ov =

Fig.11.6. Demonstration circuit of a RAM chip being used to store data from an 8-bit ADC chip (see Lab Work 10, Fig.10.17).
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A Chip Select (CS) pin is used as a **su- various address locations in the RAM chip, Lab 11.2 -
per address’” signal in memory systems, so and then try reading the data back. Prove = e
that we can read or write data to individual that RAM addresses can be written to, or Dlgl tal-to Analogue
Conversion

chips in larger memory arrays, turning any
chip on or off as needed. CS must be low,
to enable an individual memory device.

Practical Demonstration

The 84256 RAM chip we suggest is
widely available for a relatively low cost.
If you wish to utilise this device type, you
can construct the demo circuit by adding
the RAM chip to the ADC experiment of
Lab Work 10.3, you may need a second
breadboard. Remember that the memory
device is CMOS and anti-static precau-
tions should be used during handling.

Analogue-to-digital  conversion is
started by sending the ADC WR low and
then back to logic 1. By connecting RD
low, the result of the conversion is seen on
the Le.d.s.

(Note: in Lab Work 10 we mentioned
that we found that by letting the WR pin
float, the display would change in real
time in accordance with the input. We
think this is due to noise and capacitive
coupling between the write and interrupt
pins, re-triggering the ADC and causing
it to resample. By linking the two pins
together, the ADC will '‘free run’ and
continually convert.)

With the RAM chip connected, the result
of the conversion can now be written to
the memory chip. We must tell the memory
chip the address where we want to write the
data to, and this can easily be done by set-
ting a 15-bit number on the address bus AQ-
Al4. Simply use flying leads to hook the
address pins either high or low.

All that remains is to write the data

used to prevent accidental access to the
ADC outputs very easily.

To read a result from the RAM, set_the
desired address on the address bus, set WE
high then connect OE low to output the
result (CS must be low). The data stored at

into the RAM. Do this by ensuring CS is —

low first, then send WE low and then 1 Qouta™ +vie CAPTURE - TRANSFER

return it to logic high (see Table 11.1). 2C-NnA outs [ 7 ! |

Once the ADC result is saved to memory, sCnva -me s DATABUS —m N

the ADC output is no longer needed, and = H H

thus its ﬁﬁppin is relugrned to +5V, s wiiall SR ® U |

logic 1. WA . ' '
Later on, in the Echo Unit design, we LF353 _-\—r i

describe how a bus transceiver chip — a *V DUAL OPAMP Wrz - |

sort of electronic isolator switch — can be +IN \—!“[_

7

read from, in any order.

Memory Map

A memory map is a simple way of
representing the contents of a memory
system. It merely plots the address of a
memory against its contents, charting
the address (in hex) against the data
stored at that location. An older PC
running MS-DOS often has the DOS
command ‘‘MSD’’ which enables you
to see amongst many other things the
memory map of the computer.

® The memory device we suggested is an
SRAM or Static Random Access Memory.
These use a form of latch to store each bit
which, once’set, remains set and uses very
little power to retain the data in memory.
A DRAM - dynamic RAM - is used in
personal computers due to their low cost
per bit. Each DRAM memory cell is ac-
tually a form of tiny capacitor which needs
constantly refreshing to retain its data.

® Both SRAM and DRAM are examples
of ‘“‘volatile memory’’ devices — the data it
stores will be lost if the power is discon-
nected. A ‘‘non-volatile memory’’ such as
a *“‘Flash>’ memory card retains its data
when power is removed.

Examples include digital camera
memory cards, which store images for
downloading onto a computer later on.
Refer to the main Teach-In tutorial for
extra information about memory device

types.

We now enter the final phase of the Lab
Work practical demonstrations that accom-
pany Teach-In. The following demos are
presented as ‘‘suggested circuits’® which
are intended to illustrate some practical
applications.

Suggested circuits have usually been
designed on paper but may not neces-
sarily have been fully constructed and
‘‘debugged’’. The main thing is to leamn
from the ideas presented, but they also
form good starting points for some
practical exploration.

A suggested circuit to demonstrate a
digital-to-analogue (DAC) chip, such as
the National Semiconductor DACO0832, is
given in Fig.11.8a. Binary data is captured
and stored in the DAC using ILE (Interrupt
Latch Enable), CS (Chip Select) and WR1
(Write 1). o

To capture data, ILE is held high, CS is
low and WRI1 is high, and briefly sent low.
The captured data is only converted and
output when it is transferred from an in-
ternal ‘‘capture”’ register to the DAC reg-
ister. To do this, WR2 is sent to logic 0
and XFER must receive a brief pulse from
high to low.

This ‘‘two latch>® approach is called
double buffering. It allows data to be pre-
loaded into the DAC for outputting at
a controlled time later. See Fig. 11.8b
simplified waveform diagram.

The op.amp we suggest is the LF353,
which is a ‘‘dual’® op amp. Pinouts are

ouT
-IN

-V

DAC CONVERSION

Fig.11.8b. Op.amp circuit symbol, pinout details, and timing diagram and
waveforms associated with the DAC demonstration. This two latch approach is
called double buffering and allows data to be pre-loaded for output and then output
at a controlled time later.

that address will be seen on the l.e.d.s.
Experiment by varying the analogue
voltage, writing different binary data to

[ -0 +5V
DAC0832 _J —r— 4V VDia DIGITAL INPUT (BASE10) . = ~—" vee |7 20
I VoI ey
—_— vee B2 Vourt = -VRer * ( ) 2 ] wRi ) =R
— [ 8 b 3 ] AeNnp WR2 I 18
18 e VREF e +5V Vour2 = ~Vour1 « o3 XFER [ 17

ey 9

—— e bes Yo . E - * % e

——ue AN .

_’_‘307 10UT 1 i \ 7 [ oo D6 I 14
BINARY : 8 [} VRer 07 )3
INPUT ) out2 B2 o 9 (] rr tout2 [ 12

4ot 3 10 Joeno  toutt [ w

—_—— B AGND Vout2

GND
. DAC0832
20-PIL DIL
o O 0V

Fig.11.8a. Suggested circuit diagram to demonstrate the operation of a digital-to-analogue (DAC) i.c.
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also given, so if you want you can
go ahead and experiment with this cir-
cuit on your solderless breadboard. Try
monitoring the op.amp output voltage with
your digital multimeter, to see what hap-
pens when different binary numbers are
sampled by the DAC chip.

Data Network

In real life, whether in industry, educa-
tion or hobby, you will often be presented
with problems related to developing a cir-
cuit, whether it’s a simple DAC experi-
ment or something much more advanced.
Where do you start looking when you
need information about a particular chip or
application?

Usually, the answers lie in a manufac-
turer’s data book or data sheet. Electronics
students and enthusiasts have been blessed
by the fact that all the major manufacturers
are starting to publish data sheets on their
Internet web sites: within the space of five
minutes, we had the full data sheet for
the DACO0832 printed and sitting on our
bench.

If you have Internet access, an excellent
data sheet for the suggested DAC can be
obtained from the National Semiconduc-
tor web site at http://www.national.com.
Adobe Acrobat reader is required.

The data runs to twenty pages and incor-
porates far more information than we can
include here — and is full of useful infor-
mation for the more ambitious or advanced
reader who desires constructing the digital-
to-analogue circuit.

Lab 11.3 Digital Echo Unit - Sound Bytes

Lord Faversham Wills, our intrepid
electronics guru and landowner exiraor-
dinaire, decided that his noisy trom-
bone-playing nephew should celebrate his
freshly-honed musical skills by throwing
an impromptu open-air concert. Sadly,
during rehearsals, Lord F. became increas-
ingly disenchanted with the reproduction
of the mansion’s antiquated sound system,
and decided that some echo would greatly
add to the general atmosphere of the
proceedings.

Specially designed for Lord F., we
proudly present this final Lab as our coup
de grace. Fig. 11.9 is a suggested circuit
for a complete Digital Echo Unit which
utilises many of the principles we have
outlined in the series.

Close inspection reveals a collection of
digital subsystems which are hopefully
recognisable to the Teach-In student. It is
usually the case that complex circuits can
be broken down into easily-recognisable
blocks in this way.

Circuit Details

The overall principle of operation is as
follows. A simple *‘electret”” microphone
acts as a sound transducer whose tiny
signal is pre-amplified using an op.amp,
to produce a useful signal. The resultant
audio signal is fed to an ADC, which will
generate an 8-bit digital signal sample of
the noisy nephew in full swing.

This will be stored into a 32K X8
SRAM chip (see Lab 11.7). Sequential
storage location addresses are generated

for the SRAM by a series of synchronous
counters (Lab 9.2). This ensures that the
digital outputs from the ADC are stored
and retrieved in sequential order, in order
to reconstruct a delayed version of the
sound correctly. Finally, a simple mixer
(summing amplifier) is used to mix the
original sound with an echo, for output
into the mansion’s sound system.

The ADC controls the ‘‘conversion’
time of the sound sample, with its own RC
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Fig.11.10. Pinouts for the 74LS245
Bus Transceiver i.c.
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Fig.11.9. A block outline for a Digital Echo Unit, incorporating A/D conversion of input, delayed storage/reading from a 32K RAM i.c.
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Fig.11.11. Circuit diagram for a simple audio mixer, which enables several echoes to be summed together.

network. In order to produce a ‘‘valid”’
sound sample, at least eight ADC clock
periods are needed.

A master clock based around a 4046 is
suggested to control the interval between
samples and writing to the RAM chip.
This relates to the time between initiating a
conversion and a valid sample being
available at the ADC output. To produce
realistic multiple echoes with different
delays, multiple copies of the storage and
reconstruction process would be needed.

A 7415245 bus transceiver chip is posi-
tioned between the ADC outputs and the
RAM data I/O pins. The transceiver is
nothing more than a series of tri-state
buffers (see Teach-In Part 7) which are a
form of electronic isolator switch. They
are used to isolate one data path from
another, and are bi-directional and very
easy to wire (see pinout in Fig. 11.10).

Clocking-On

Going into more detail, the master clock
is used to set the sampling frequency of
the Echo Unit. A sample is taken every
eight counts of the master clock, because
the sample signal is only generated when
TO, T1 and T2 of the first counter are at
logic 0.

The sampling frequency is the master
clock frequency +8. The rest of the
synchronous counter chain is used to count
upwards to generate sequential RAM
addresses.

The length of the delay between the
original sound and the echo, is controlled
by the number of the counter T outputs (TO
to T17 etc.) which are connected to RAM
address inputs. They must be connected in
the order shown in the schematic diagram,
but to halve the delay (for example), ad-
dress Al4°'would be wired low rather than
controlled by T17. Similarly, to quarter
the delay, A14 and A3 would be con-
nected low, and a one-eighth delay could
be achieved by wiring Al14, Al13 and Al2
low.

At the start of a sampling cycle, the
ADC is triggered to start a conversion,
which will take at least eight ADC clock
cycles to complete; in the meantime the
previously stored sound data is retrieved
from RAM and stored in the DAC using
the READ signal. The DAC outputs the
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Fig.11.12. A simple preamplifier using
a EM-60B sub-miniature electret
microphone.

reconstructed piece of the sound waveform
to the audio mixer.

After four master clock cycles have
elapsed, the ADC is assumed to have
finished its conversion. The WRITE con-
trol signal is then used to write the ‘‘new’’
sound data from the ADC into RAM, in
the same location address as the data just
retrieved. This process is also assumed to
take four master clock cycles, and then the
next sampling cycle is started.

To enable multiple echoes to be created,
a bus transceiver chip allows several RAM
chips to transfer data to their respective
DAGC:s without the worry of data conflicts;
yet all RAMs would receive new data
from the same ADC. Thus, by duplicating
the RAM/DAC block, multiple delay out-
puts could be generated, to create multiple
echoes of the same sound from the same
sound sample.

An audio mixer (summing amplifier) is
suggested in Fig.11.11 which enables
several such echoes to be summed to-
gether, whilst Fig.11.12 is a simple sug-
gestion for a pre-amplifier which could be
used with an electret microphone in-
sert. Unfortunately, space precludes us
from showing the circuit diagram of His
Lordship’s valve-powered public address
system, which is probably just as well!

Maztter of Principles

The echo unit uses three principles.
Firstly, any measurable waveform can be
digitised, provided that:

(a) the digital output number contains
enough binary digits to represent the

Everyday Practical Electronics, September 1998

variations in size of the waveform — the
greater the bit width, the more accurate
the digitised sample can represent the
analogue waveform;

(b) the sequence is produced quickly
enough to avoid missing any significant
variations in size of the waveform.

The interval between digital outputs is
known as the sampling period and the
speed of digital outputs is called the sam-
pling frequency, symbol fs. This is I/T
in Fig. 11.13 and is usually quoted as
samples per second.

WAVEFORM
(SOUND WAVE)

3
1 WAVEFORM
SIZE

SEQUENCE OF
DIGITAL OUTPUTS

Do mlnzloslm D5 |06

T = SAMPLING PERIOD
FS= 1T

Fig.11.13. How an A-to-D chip
“samples” an analogue waveform.

OUTPUT
WAVEFORM
A FROMDAC  RE-CONSTRUCTED
WAVEFORM FILTERED
SIZE \ WAVEFORM WITH

Fig.11.14. D-to-A conversion and back
again, to reconstruct the original wave.
urther filtering is needed to remove
“noise” induced by the sampling
process.

In general, the sampling frequency fs
should be at least twice that of the ex-
pected waveform frequency (according to
Nyquist’s Theorem). This ensures that a
sufficient number of samples are taken to
produce a good digital representation of
the waveform. For most practical systems,
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a sample frequency of five or ten times the
original waveform frequency is achiev-
able. An ADC does this!

The second principle is that by using a
DAC, a digitised sample can be converted
back to a sound wave or other waveform,
with a controlled amount of distortion (see
Fig. 11.14). Using an ADC followed by a
DAC again is about as close as we get to
the digital equivalent of a piece of wire!
It is possible to include some filtering to
remove the noise induced by the sampling
process.

The third principle used in the echo unit
is that a sequence of digital outputs can
be stored for a known period of time
and then ‘‘re-loaded’’ into the correct se-
quence order at their correct speed. We
used a 32K RAM for holding digitised
sound waves, and the sampling frequency
and control of the sequence storage is
controlled by a master clock and chain
of synchronous counters. By duplicating
the RAM and counter sections, multiple
echoes can be achieved. We decided to
leave His Lordship to determine the merits
of using discrete logic in this manner,
though.

Individual Logic

The suggested circuit is not necessarily
entirely practical but it does illustrate the
fact that you can achieve almost any-
thing using individual logic chips to
form a larger, more complex system. By
analysing the system into smaller sub-
systems, easily-understood sections can be
integrated together into a bigger picture.

The average Teach-In student will
recognise many such sub-systems and a lot
of the hardware which goes with them.
However, it is often debatable whether one
solution to a design is superior to another.

At the present time, it would be feasible
for an individual to attempt to construct
this echo unit using the discrete logic and
memory components described. The parts
are relatively cheap and accessible in one-
off quantities, which pleases His Lordship
enormously.

A completely different set of criteria
would exist for a manufacturer con-
templating blitzing the planet with millions
of echo units. He would consider price,
bulk discounts, general availability and
‘‘lead times’ (how long to receive
deliveries of parts), and manufacturing
technologies such as printed circuit board
fabrication or even the use of surface
mount technology.

Not to mention, how to actually sell and
distribute them, packaging, and what his
own distributors require in terms of delivery
time, quantities and price ‘‘breaks’. This
will determine his choice of components,
design and manufacturing methods.

Electronics technology being what it is
— the fastest-moving branch of science on
Earth — there are many choices avail-
able to His Lordship concerning utilising
the ‘“‘right”’ technology for a particular
application. He could readily build and
wirewrap this echo unit using conventional
methods.

He could perhaps ‘‘blow’’ the entire
echo unit circuit onto a microcontroller,

programmed from his personal computer
(mansion power supply permitting) and
then refine the circuit by re-programming
the source code as desired and swapping
the chip for an upgraded version. Digital
control of time delay, number of echoes,
sampling quality could easily be offered
and monitored using a PC or a liquid
crystal display readout.

Whilst the pace of electronic develop-
ment and manufacturing continues un-
abated — the odd currency crisis apart —
ultimately it is the job of the electronics
engineer to meet the challenge of deliver-
ing appropriate technology to fulfil a
required specification. One thing is for
sure though — with so many new solutions
around the corner, the electronics designer
will never be bored!

End of Term

This concludes our series Teach-In — An
Introduction 1o Digital Electronics. If you
have managed to stay the course, well done!

We hope we have entertained and
enthused you, and that at least some of the
material we have presented in Teach-in
will be instrumental in encouraging you to
explore and experiment further, perhaps
in areas of more advanced digital sys-
tems including microprocessors and re-
lated technology. You can continue to
contact us via the special E-mail box
Teach_In98@epemag.demon.co.uk.

Ian Bell, Rob Miles, Tony Wilkinson
— Department of Electronic Engineering,
University of Hull, Alan Winstanley -
Teach-In Co-ordinator.
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L.C.D. MONITOR FOR YOUR PC

HE SUBJECT of alternatives to a
computer monitor has been covered in
previous Interface articles, but until now
the use of “intelligent” l.c.d.s with PCs
has been pushed to one side by other
matters. This month’s article rectifies
things, as we consider interfacing Hitachi
l.c.d. modules to the parallel port of a PC.
One or two readers have requested in-
formation about interfacing these displays
to the serial port of a PC, which is per-
fectly possible but rather more complex.
Where a parallel port is available, this cer-
tainly represents a much easier way of
driving these modules, and familiarising
yourself with their method of oFeration.
Driving l.c.d. modules from serial ports is
a subject we will return to in a future
article.

Face Value

On the face of it, there is no point -

in using any form of simple display
with a PC that is equipped with a
perfectly good monitor. In the nor-
mal way of things this is indeed the
case, but in some circumstances it can
be beneficial to switch off the monitor
and opt for a more simple form of
display.

“he most common reason for
switching to a more simple display is

that the computer system will have 5

to be left running for long periods of
time, and will be left unattended for
much of that time. Although a monitor
does not consume vast amounts of power,
running costs can be quite high if a
monitor is left running for hours and
hours per day. Also, monitors left
unattended are generally considered to be
a significant fire hazard.

. Some modern PCs invariably have

"green”’ power saving facilities and these
go some way to answering the problems
associated with intermittent use. How-
ever, an l.c.d. module often represents a
more practical solution.

The current consumption is so low that
the display can be left running con-
tinuously, and it can therefore be read
immediately whenever necessary. An
lcd. module does not represent a
significant fire hazard.

Ins And Outs

An Hitachi LM016L l.c.d. module was
used in the following experiments, and
this display has two lines of 16 charac-
ters. The other modules in this series
seem to have exactly the same con-
trol electronics, and they should work
equally well with the method of interfac-
ing described here.

Connections to the module are made by
way of a 14-way edge connector. There
should be no difficulty in sorting out
the pin numbers because at least some
of them should be numbered on the
module’s printed circuit board.

670

The LMO016L data sheet provides timing
diagrams for controlling the module, but
when using the device with a latching
parallel port the timing of the control lines
is not a major problem. In fact, controlling
one of these modules via a parallel port is
very simple indeed.

These are the functions of the 14
terminals on the edge connector:

1 - Ground (V).

2 - Positive supply input (a +5V supply
is suitable).

3 - Vo. This is a voltage that controls the
contrast of the display.

4 - RS. Taking RS low results in any data
fed to the module being interpreted as an
instruction (e.g. clear the display). RS is
taken high in order to write character data
to the display.

B
.T“ ’

-

000800
-
BEER e

5 - R/W. This line is taken high to read
status information from the display, or set
low if data must be written to the display
module.

6 - Enable. The enable input is really a
form of strobe line. Once the data lines
and the control lines have been set to the
correct states, a positive pulse on the
Enable line tells the module that fresh
data is available. It then responds to
the new instruction or displays the new
character.

7 to 14 - Data inputs DO to D7. These are
eight TTL compatible inputs/outputs that
are used to write data and instructions to

+5V
[
ALFO—G-E v+
— 4
mo—7ﬂs
D0 o———— DO
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Fig. 1. Suggested method of interfacing
the l.c.d. module to the printer port.

L] i
Example of a 16-character 2-line /.c.d. moadul

the module, and to read status informa-
tion from the module.

The default mode is for 8-bit transfers,
but the module can be set up to operate
using 4-bit transfers. Four-bit operation
could be useful in situations where only a
limited number of output lines are avail-
able to drive the module. Having to send
each 8-bit instruction or piece of data as
two separate nibbles clearly complicates
matters, and it is advisable to use eight-bit
operation wherever possible.

Right Connections

The obvious method of interfacing an
l.c.d. module to the printer port is to drive
the data inputs of the module from the
data outputs of the port, and to drive the
Enable and RS inputs of the module from
a couple of handshake outputs. This
is the method used in the circuit dia-
_ gram of Fig.1.
. The Enable and RS inputs are
* respectively driven from the ALF
.. (automatic line feed) and Strobe
" outputs of the port. It would
. presumably be possible to drive the
i R/W input of the display from one of
' the other handshake outputs of the
printer port, and to read data from
the module provided the port was a
bi-directional type. In practice it is

”"‘Q not normally necessary to read data

or status information from the
module, and the R/W line can simply be
connected to ground (OV).

Potentiometer VR1 provides a variable
voltage to pin 3 of the module, and acts
as a Contrast control. This control is set
for optimum display clarity, and requires
different settings for single or two-line
operation.

A 5V supply is not available from the
printer port, but a suitable supply for the
module can be tapped off from either the
keyboard port (pin 5) or the games port
(pin 1). The connections to the printer port
are made by way of a 25-way D-connec-
tor, see Fig.2.

It may not be possible to obtain a
suitable edge connector for the l.c.d. mod-
ule, and you will then have to improvise
something or solder connecting leads (rib-
bon cable) direct to the module’s terminal
pads. You must bear in mind that these
modules are static-sensitive, and that the
normal handling precautions are therefore
required. Only make soldered connections
to one of these modules using an iron
having an earthed bit.

Software

The simple GW-BASIC test program is
given in Listing 1. The user enters integers
in the range zero to 255, and the program
prints the corresponding ASCII characters
on both the monitor and the l.c.d. display.

The addresses used in this listing as-
sume the printer port has a base address
of &H278. The addresses must be changed
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— Listing 1: L.C.D. Test Program —

10 REM LCD MODULE DRIVER
PROGRAM

20 OUT &H27A,3

30 OUT &H278,48

40 GOSUB 160

50 OUT &H278,14

60 GOSUB 160

70 OUT &H278,6

80 GOSUB 160

90 OUT &H27A,2

100 INPUT A

110 PRINT CHR$(A .

120 IF A=0 THEN GOSUB 240
130 OUT &H278,A

140 GOSUB 200

150 GOTO 100

160 OUT &H27A,1

170 OUT &H27A,3

180 FOR D=1 TO 500:NEXT D
190 RETURN

200 OUT &H27A,0

210 OUT &H27A,2

220 FOR D=1 TO 500:NEXT D
230 RETURN

240 OUT &H278,1

250 OQUT &H27A,3

260 OUT &H27A,1

270 QUT &H27A,3

280 OUT &H27A,2

290 RETURN

accordingly if the port you are using has a
base address of &H378 or &H3BC.

At switch-on the module will go
through a reset routine, but the software
used to drive the module must include
additional instructions to set the desired
operating modes. Here the Enable and RS
inputs are set low at line 20 (remember
here, that both of these handshake
lines are inverted by the printer port
hardware). Taking RS low sets the
module to the instruction mode.

The next part of the program writes
three values to the data lines, and in each
case a subroutine is used to pulse the
Enable line high and load the instruction
into the module. The first instruction sets
the transfer mode, the character font, and
the number of display lines (if the module
supports more than one).

Once they have been set the font and
number of lines cannot be altered there-
after, except by switching off the display
and starting again “from scratch”. A
value of 48 selects 8-bit transfers, the
normal 7x5 font, and single line opera-
tion. Use a value of 56 to set the two-line
mode.

In the next instruction the display is
turned on and a visible but non-blinking
cursor is selected. Use a value of 15 if a
blinking cursor is required.

The third instruction sets the entry
mode, and this determines how data
written to the module will be treated.
Various clever effects are available, but in
this case a value of six sets the normal
mode where the cursor is moved one
place to the right each time a byte of data
1s written to the display.

Line 90 sets the RS input high and sets

the module to the mode where it is ready
to receive character data.

The ASCII value is input at line 100 and
Erinted on the monitor by the next line.

ine 120, together with the subroutine
starting at line 240, provides a means of
clearing the l.c.d. module.

If a value of zero is entered, the sub-
routine writes an instruction value of one
to the module. This has much the same
effect as a CLS instruction in BASIC, with
the screen being cleared and the cursor
being taken back to its start position in
the top left-hand corner. Any other valid
value will be written to the data lines, and
then written into the module by the pulse
generated via the subroutine that starts at
line 200. The program loops indefinitely
so that further characters can be written to
the display.

Monitoring

In most practical applications the dis-
play will not be used to show information
entered by the user, but will instead show
status information produced by the com-
puter. The second GW-BASIC listing (List-
ing 2) demonstrates some basic techniques
for using the l.c.d. module in this way.

The program monitors the Error hand-
shake input at pin 15 of the printer port.
It prints either "High” or “Low” in the
middle of the first line of the display,
depending on the logic level at the Error
input.

The initial part of the program is similar
to the equivalent section of Listing 1, but a
value of 12 rather than 14 is used for the
second instruction. This switches off the
cursor, which is not really needed when
the user is not entering data. In other
respects the program initialises the dis-
play module in exactly the same fashion
as before.

In Error

The Error input is read at line 110, and
the result will be either eight (high) or 0
(low). This value is placed in variable ““X".
Line 120 tests to see if variables X and Y
have the same value, and the program is
looped back to line 110 if they have.

This is part of a routine that checks
to see if the state of the Error line has
changed since the last reading was taken.
It ensures that the display is only updated
if the input line has changed state, and
this avoids possible problems with dis-
play flicker.

Variable Y is given a “'nonsense’ start-
ing value at line 20 so that the display is
not left blank until the Error line changes
state. When X and Y are not equal, fur-
ther tests at lines 130 and 140 direct the
program to the appropriate sub-program
where the correct message is printed on
the display.

The display could simply
03 be cleared to remove the
02 old message before print-

01 ing the new one. However,
00 like using a CLS instruc-
tion in the same way
when using the normal

0000000000000
60000000000

monitor, this can produce
pronounced display flicker.
It is better to simply reposi-
tion the cursor and over-
write the existing message.

Gnd

L ALF

Using an instruction that
has bit seven at logic 1
moves the cursor to a new

Fig.2. Connections to the printer port are made via a

male 25-way D-connector.

sition. The lower seven
its carry the new cursor
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— Listing 2: L.C.D. Demo Program —

10 REM LCD MODULE DRIVER
PROGRAM-TWO

20Y=4

30 QUT &H27A,3

40 OUT &H278,48

50 GOSUB 450

60 OUT &H278,12

70 GOSUB 450

80 OUT &H278,6

90 GOSUB 450

100 OUT &H27A,2

110 X = INP(&H279) AND 8
120 IF X =Y THEN GOTO 110
130 IF X=0 THEN GOTO 160
140 IF X =8 THEN GOTO 280
150 GOTO 110 .

160 OUT &H278,134

170 GOSUB 450

180 OUT &H278,76

190 GOSUB 400

200 OUT &H278,111

210 GOSUB 400

220 OUT &H278,119

230 GOSUB 400

240 OUT &H278,32

250 GOSUB 400

260 Y=X

270 GOTO 110

280 OUT &H278,134

290 GOSUB 450

300 OUT &H278,72

310 GOSUB 400

320 QUT &H278,105

330 GOSUB 400

340 OUT &H278,103

350 GOSUB 400

360 OUT &H278,104

370 Y=X

380 GOSUB 400

390 GOTO 110

400 QUT &H27A,2

410 OUT &H27A,0

420 OUT &H27A,2

430 FOR D=1 TO 500:NEXT D
440 RETURN

450 OUT &H27A,3

460 OUT &H27A,1

470 OUT &H27A,3

480 FOR D=1 TO 500:NEXT D
490 RETURN

address. In other words, the value used in
the instruction is equal to 128 plus the
new cursor address.

In this example a value of 134 is used,
which brings the cursor six places in from
the left (128+6=134). This places the
message at roughly the middle of the line.
Using this method gives a very stable
display, but you have to be careful to fully
overwrite the existing message.

In this example, it is necessary to add
a space character (ASCII value 32) at the
end of the word “Low” in order to ensure
that the letter “’h” in the “High’’ message
is over-written. The same basic technique
is used when writing to the normal dis-
play, and it will probably be very familiar
to most readers.

On Display

The display modules are produced in
16 and 40-line versions, but both versions
would seem to have the same number of
cursor positions. This means that with a
two-line display of 16 characters per line
the beginning of the second line is at cur-
sor address 41, and not at address 17.

It is apparently possible to scroll a mes-
sage that is too long for the 16-character
display, so that the entire message can be
read. For most monitoring applications
this sort of thing is not necessary, and the
basic technique of writing to the display
described here should suffice.

If you want to know more about the
various display “tricks” that are possible,
the full instruction set is described in the
data sheet that is often supplied with the
display. It is also worth looking back
through your old copies of EPE, because
“intelligent”” l.c.d. displays have been fea-
tured in several previous articles.
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Special Review ———

Vol

CROCODILE

CLIPS

ROBERT PENFOLD —

An educational software package
that provides an early and relatively
painless introduction to learning
about electronics, well suited to
the younger student.

two categories, which are those in-
ended for educational use, and those
designed for ‘‘serious’’ use in the design
and development of electronic gadgets.
Crocodile Clips is very much an educa-
tional package which is of very limited use
as a general purpose circuit simulator, and
was not designed to fulfil this role. It is
designed to provide an easy introduction to
electronics theory.

The circuit to be tested is drawn up as a
(more or less) standard circuit schematic,
and it is then tested using virtual test
instruments. Some of the components are
animated when the circuit is run. For ex-
ample, an l.e.d. circuit symbol turns the
appropriate colour when the component is
switched on.

IN ALL MODESTY

Crocodile Clips is designed to run
on PCs, and by current standards it
has modest hardware requirements. The

QIRCLIT simulators generally fall into
t

minimum requirements are Windows
95/98/NT, 4Mb RAM, 486 with CD-
ROM. A quick test showed that the
program will run reasonably well using
something close to the minimum recom-
mended hardware, but things run more
smoothly on a more powerful PC. There is
also a Macintosh version of this program,
but only the PC version is reviewed here.

The software is supplied on a single
high-density 3-5-inch disk, and there is
also a ‘‘Return’’ disk. The latter is loaded
with the user’s details during the installa-
tion process, and is returned to Crocodile
Clips to register the software. Installing
the software is very straightforward and
proved to be problem-free.

There is the usual on-line help, plus an
AS size manual, which has about 160 pages
(not supplied with the Student Edition), and
a 32-page quickstart booklet. The manual is
well produced, and contains numerous ex-
amples, which show how various facilities
of the program are used.

A e Bt View Meswre Qpaons Window Help

GETTING STARTED

Once the program is ‘‘up and running”’
you are presented with a conventional Win-
dows screen arrangement having the usual
title and menu bars at the top, plus some
icons on the toolbar immediately beneath
these. There is a status bar at the bottom
of the screen, and the usual scrollbars are
included, but the majority of the screen is
available for circuit diagrams and the virtual
test instruments.

The icons provide access to the circuit
symbols that are used when drawing circuit
diagrams, and to the virtual test instruments,
which can be used to check that circuits
perform as expected. **clicking’’ on an icon
brings up a fresh set of icons that give you a
greater choice of symbols.

For example, **clicking’" on the transistor
icon brings up various transistor and diode
symbols in various orientations. The re-
quired symbols are dragged into the draw-
ing area, and ‘‘clicking’’ the left mouse
button then produces a virtual reel of wire
that can be used to connect the components
together.

Producing the circuit diagrams is very
easy, and editing them is also very
straightforward. Components can simply be
dragged around the screen using the mouse.
However, any connections that have been
made to them will be automatically deleted
and must be replaced. It is therefore a good

Vokage (volls)

105

20 -
7% { | |
60 S I |

s ' 1
}
nl o

[3

eo— 1 1 B 1t bV I U1 1 7 ) [ 1 ' 1
0 2 4 & 8

A simple 555 oscillator circuit modelled using Crocodile
Clips. The le.d.s flash when the simulation is run. Note the
test prods monitoring the output signal and the signal across
the timing capacitor.
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For Help, press F1

capacitor.

The lower section of the screen can be used as a dual trace
oscilloscope. The pulse signal is the output from the 555
and the triangular waveform is the signal across the timing
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idea to get all the component symbols in
place first, and wire them up once you are
reasonably sure that they are properly
positioned.

It does not seem to be possible to flip
or rotate symbols, and you must choose
the version that has the correct orientation.
Objects can be deleted by selecting the
crocodile head icon, and then using it to
‘‘eat’” the objects you wish to remove!
There is also a more conventional method
available via a pull-down menu. It is pos-
sible to produce quite neat diagrams, but
they are slightly non-standard. In particular,
the dots to show connection points do not
occur at ‘“T"" junctions, but are included
close to the circuit symbols.

This is presumably because they are
part of the circuit symbols. It is only a
minor point, but more conventional cir-
cuit diagrams would be preferable for an
educational package.

[t Crocuile Clips « [TRAFTIC? OKT]

R Fie EGt View Mesure Qpeons Window Hey

and distortion analysis, and the like.
Crocodile Clips operates at a lower level,
and it is designed to enable users to
see how things work, rather than to
provide highly detailed and accurate
circuit modelling. The virtual instruments
are not in the form of accurate physical
on-screen representations, as in Elec-
tronics Workbench for example (see the
review in the July 1997 issue of EPFE).

The main monitoring device is the
dual-trace oscilloscope, and when this is
activated the bottom section of the screen
becomes the oscilloscope’s display. This
is clearly labelled on both the X (time)
and Y axes, and is marked with graticule
lines. You select the points in the circuit
that are to be monitored by clipping
virtual probes onto them. )

The oscilloscope’s ‘‘controls’ are al-
tered via a dialogue box which is
selected via a pull-down menu or the

step, which means that they are normally
updated about five times per second.

Logic circuits can be monitored via the
oscilloscope, but each pin of every logic
device has a simple built-in logic in-
dicator. Each pin is labelled ‘0" or *‘1"’
to indicate its logic level, and these in-
dicators change, as and when necessary,
when a simulation is run.

A variety of signal sources is avail-
able, including batteries, d.c. power sup-
plies, a pulse generator, and triangle and
sinewave generators. The pulse generator
can only generate squarewave signals, but
this should be adequate for simple circuit
simulations.

The signal generators are controlled by
*‘clicking’’ on the frequency display to
bring up a dialogue box. You can then
alter the frequency and amplitude of the
signal, and a d.c. offset voltage can also
be applied to it.

[ Conic sidifor Chups - [555 OKC OXT) 5[ x

=18x £ Fla Ed Yiow Messwe (psons Window i

=l8ix|

To accuratuly simulate nquencies groater than 0 25Hz, reduce the
‘ume-per daasion’

me-step’ by changing the oscilloscope
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For Help, press F1

For Help, press F1

The virtual signal generators are controlled via a simple pop-up
control panel. In addition to control of frequency and amplitude,
a variable d.c. offset can be applied to the output signal.

RIGHT DIALOGUE

Changing component values from their
defaults can be achieved very quickly, and
*“clicking’’ on a component symbol brings
up an appropriate dialogue box. A wide
range of components are available, includ-
ing meters, relays, a motor, a buzzer (which
will really make a noise if you want it to), a
light dependent resistor, and various semi-
conductors.

The available integrated - circuits are
mostly logic devices, but the all-important
555 timer is also included. The only linear
integrated circuit on offer is the standard
741C operational amplifier.

Although a useful range of components
is available, these are mostly typical or
idealised components and you are not
supplied with a large range of real-world
devices. For educational purposes this is not
a major drawback, since plenty of interest-
ing demonstration circuits can be produced
using the available components. Crocodile
Clips is only intended to provide an easy
introduction to electronics, and is not in-
tended for advanced students.

SIMULATIONS

The fact that Crocodile Clips is in-
tended as an introduction to electronics is
reflected in the simulations on offer.
Circuit simulators normally handle phase
and frequency response sweeps, noise

oscilloscope icon on the tool bar. This
enables the user to set the maximum and
minimum voltages on the Y-axis, and the
time per division on the X-axis.

In both cases a very wide range is
available, but the scaling is common to
both traces. This makes it impossible to
simultaneously display two waveforms if
they have disparate amplitudes. Trigger-
ing can be automatic (continuous sweep),
or manually via a virtual switch. Dif-
ferential voltage measurement is catered
for.

The oscilloscope’s timebase controls
the speed at which simulations are run,
and things move on at about five steps per
second. For long sweeps everything hap-
pens in something approximating to real-
time, but at fast sweeps the action is
slowed down to a rate that enables the
progress of the circuit to be followed
properly. If you set a sensible sweep
speed for the waveform being monitored,
this automatically sets the simulation
speed to one that enables the action of the
circuit to be followed.

There are other means of monitoring
the circuit, such as using le.d. in-
dicators, voltmeters, and current meters.
The meters can be set to autorange, but
they are limited to instantaneous and
r.m.s. values with no average option. The
meters are updated after each simulation
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A pop-up control panel provides some basic controls for the
virtual oscilloscope. Differential voltage measurement is avail-
able, as is a simple manual triggering facility.

TEST RUN

Results on a few test circuits were
very much as expected. The only slight
problem encountered was that of com-
ponents occasionally ‘‘blowing’* for no
apparent reason when editing circuits. Com-
ponents can be set as destructible or
indestructible, and if the destructible option
is used, any components that receive too
much voltage, current, or power go up in a
virtual puff of smoke!

Editing the value of a capacitor to give it
a much lower value sometimes produces
an excessive voltage which can result in
components being *‘‘zapped.”’ Presumably
the charge on the original capacitor is
transferred to the new lower value com-
ponent, where it translates into a charge of
lower current but higher voltage. Anyway,
any ‘‘zapped’’ components are easily re-
stored with the aid of the crocodile icon.
When deleting a destroyed component the
dialogue box tells you why it blew up.

CONCLUSION

Crocodile Clips is designed to be a
relatively painless way of learning about
electronics, and it certainly achieves this
goal. There are now several sophisticated
circuit simulators which offer schematic
capture and virtual instruments, but get-
ting started with these programs is still
relatively difficult and time consuming.
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A much easier introduction

xru:ayb-mcg-uww-

nrm The book is quite easy to

to electronics is offered by
Crocodile Clips, and it is well

follow, and this is helped by
the large numbers of illustra-

suited to younger students.
Many users will probably

E]F [ 1] ILOIDIIUOJIOI»I Iglgl
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tions. Its reliance on examples

outgrow the package quite

rapidly, but progressing to L
more advanced simulators and ity
the “‘real thing’’ should not be v —
difficult.

BOOKMARK

run on Crocodile Clips means
that it is of relatively little value
on its own, but together with
the Crocodile Clips program it
@ o provides an excellent introduc-
tion to the basics of electronic
‘ circuit operation and design.
The Student Edition (for

The Crocodile Clips manual o

does not attempt to provide Johoge (vols)
a course in basic electronics, %3

but this software should be
usable with most electronics
textbooks. However, there is g —
also a book produced for use in

o 05 1 15 2 25 3 35

e T R S home use only) with no printed
manual and which does not
support printing costs £49.95
including VAT and is available

B o ' from Maplin. The Professional
s ST S T 5 ST S I 6 S 7B B Edition (for schools and in-

2 3 q BANG
conjunction with the software,

and this does provide a course
on electronic circuits.

This book is called Dis-
covering Electronics, and it is
written by W.D.Phillips. It is an
A4 size book which is spiral bound — a
good format for this type of book.

Chapter one provides an introduction
to the software and to some simple
components, and chapter two covers
voltage, resistance, Ohm’s Law, etc. The

next ten chapters cover various types of board layouts.

Components can be used in indestructible or real modes.
This short lived resistor was used in real mode, and its
demise is indicated by the virtual smoke!

dustry) costs £175 plus VAT
for a five user licence, this
version will also run on
Windows 3.1 and MAC. Avail-
able from Crocodile Clips Ltd.,
Dept. EPE, 11 Randolph Place,
Edinburgh, EH3 7TA.

circuits, from simple potential dividers to
oscillators, monostables, logic circuits,
and basic operational amplifier circuits.
The final two sections deal with some
practical design examples, and include
some stripboard and solderless bread-

Discovering Electronics by W.D.Phillips
(ISBN 0-9530129-0-5) is published by
Educational Publishing for Design and
Technology, Dept. EPE, 6 Limes Avenue,
Mill Hill, London, NW7 3PA and costs £12
plus £2.50 p&p. (Mail order only.)

BOOK REVIEWS

Electronics - A Systems Approach

Author Neil Storey
Price £23.95 Pages 655

(170 X 235mm)
Publisher Addison Wesley ISBN 0-201-17558-4

HE author teaches electronics in
Tthe Department of Engineer-
ing at the University of Warwick,
and wrote this book to offer un-
dergraduates a complete grounding
(forgive the pun) in electronic en-
gineering. It assumes nothing more
than a rudimentary knowledge of
passive components and a.c. be-
haviour, and commences with the
adoption of an easily-assimilated
systems approach before delving
into the application of amplifiers
and feedback. Only then does the
author investigate the physics of
modern semiconductors — starting with the diode and then the
MOSFET followed by the bipolar transistor and filters.

Hence the writer deliberately takes the unusual but rewarding
“‘top down’’ approach by looking at the *‘big picture’’ of elec-
tronics applications before delving into the technical minutiae of
discrete and integrated components. The latter half of the book
then deals with digital systems, Boolean algebra, combinational
and sequential logic, data acquisition and conversion and finally a
section on microcomputer systems. Exercises are included (no
answers though) along with design studies.

Electronics — A Systems Approach is crisply written and
offers a very comprehensive foundation in electronics and is a
worthwhile addition to the student or hobbyist bookshelf. En-
gineers and scientists from other disciplines wHl also find it
invaluable. The best “‘all round’” text I've found in a long time.

Alan Winstanley

Electronics

NEIL STOREY
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Microelectronics {Second Edition)

Authors Jacob Millman and Arvin Grabel
Price £20.95 Pages 1001

(185 X 235mm)
Publisher McGraw-Hill ISBN 0-07-100596-X

HIS heavyweight work starts

with an in-depth, highly struc-
tured analysis of semiconductors,
leaving few stones unturned as it
moves through the classical route of
the physics behind the pn junc-
tion, the bipolar transistor and FET,
before turning its unswerving eye
onto basic digital circuits, combina-
tional and sequential systems and
VLSI.

As if to prove that ‘‘digital isn’t
everything’’, the book continues
with an intensive study of amplifier
circuits, op.amp characteristics and
signal-conditioning techniques before concluding with a varied
section on ‘‘large scale’ electronics, including power supplies
and power amplifiers. A wide variety of integrated devices as well
as discrete components is introduced along the way, and even the
humble 555 timer is included and whose operation is laid bare.

The book offers a complete analysis of many aspects of
microelectronic circuit techniques which are glossed over, or
ignored altogether, in less authoritative texts. More of a for-
malised academic work, Microelectronics will be heavy reading
for the practically-inclined, having an intensively algebraic ap-
proach throughout which requires a good level of understanding
of mathematics and physics, but which resolves down to the
smallest details in its quest to ‘‘bottom out’’ the subject matter
where other books tail off. Questions with selected answers are
included. For the advanced engineer, higher-level student or
scientist, very competitively priced. Alan Winstanley
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VIDEOS ON ELECTRONICS —__— ..o

A range af videas (selected by EPE editarial staff) designed ta pravide
instructian 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. Each video

uses a mixture of animated current flow in circuits plus text, plus cartoon

instructian etc., and a very full commentary to get the points across. The

tapes originate from VCR Educational Products Co, an American supplier.
(All videos are to the UK PAL standard on VHS tapes,)

BASICS
VT201 to VT206 is a basic electromics
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

E
.

VT204 56 minutes. Part Four; Power Supplies.
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; Oscillators. 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.

Order Code VT103 i

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
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.

QCANDO

" VIDEO ORDER FORM |
S * .......... |

[[] Please charge my Visa/Mastercard:
Card No:

] 1enclose cheque/PO payable to WIMBORNE PUBLISHING LTD

Card expiry date ..........cccooevvvvviniiinvennennne.

Please send video arder codes:

Please continue on a separate sheet of paper if necessary.
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RADIO
VT401 61 minutes. A M. 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. FM. Radio Part 1. EM. 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
VT403 58 minutes. FM. Radio Paxt 2. A con-
tinvation of f.m. technology from Part 1.
Begins with the detector stage output, proceeds
to the 19kHz amplifier, frequency doubler,
stereo demultiplexer and audio amplifier stages.
Also covers RDS digital data encoding and
decoding. Order Code VT403

MISCELLANEQUS

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, CO9 gas laser and semi-
conductor laser devices. Also covers the basics
of CD and bar code scanning.

Order Code VT502

ORDERING: Price includes
postage to anywhere in the

world.

OVERSEAS ORDERS: We use the
VAT portion of the price to pay for
airmail postage and packing, wherever
you live in the world. Just send £34.95
per tape. All payments in £ sterling
only (send cheque or money order
drawn on a UK bank).
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 Wimbome
ing Ltd.
Tel: 01202 881749 Fax: 01202 841692

Videos are normally sent within seven days of
receipt of arder. E22
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Regular Clinic

CIRCUIT
SURGERY -

ALAN WINSTANLEY

We check out moving coil and digital panel meters, plus more on soft start

Meter Stiff Resistance

I have a 1 Amp d.c. panel meter to
which 1 would like to add some circuitry in
order to produce a good range in measur-
ing d.c. current, since my own multimeter
is limited to only 250mA. I would like this
panel meter to read up to 1A in ranges.
The meter resistance is 0-1 ohms. I'd be
very grateful for any help.

P. Jenkins,
Litherland, Liverpool.

There isn’t a practical way in which your
1A d.c. meter can be converted to read full-
scale currents of less than that. The reason
for this is that in your case, the meter still
needs to ‘‘see’’ a current of one amp to
produce a full-scale deflection (f.s.d.). Even
if we select a range of 250mA (say), 1A
will still have to pass through the meter coil
to deflect it.

The additional input circuit would have
to amplify the input current and scale this
up to 1A, so a hefty power source capable
of supplying 1A peak would be needed. The
situation is different if you have a milli-
ammeter which you would like to be used
to read higher currents.

In that case, meter shunts can be used
in parallel with the terminals to act as a
bypass for most of the current, with a small
amount of current being diverted into the
meter to provide the full-scale deflection. In
other cases, a series resistor can be used to
convert an ammeter into a voltmeter.

104
——
9A 1A
R. QW + 100mv
9A 1A001 N\ AT 1A
«11mQ PANEL ( / FS.D
METER \\I,/
10A -
o— .
Fig.1. Adding a parallel “shunt”

produces a 10A full-scale deflection
meter using a 1A panel meter.

How the |A meter could be made to
read, say, 10A with the addition of
a parallel shunt is shown in Fig.l.
Using Ohm’s Law, calculate the volt-
age developed across the meter at
f.s.d. (1A xX0-1 ohms=100mV). This also
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and glow lamps.

appears across the shunt resistor, whose
value is 100mV/9A = 0.011 ohms.

A tiny value shunt like this would prob-
ably be wound using resistance wire, or
try various combinations of parallel/series
resistances. Don't forget power dissipation
either — the shunt will dissipate (I2R), about
0-9W.

How we can convert a milliammeter into
a d.c. voltmeter, using a series dropper
resistor, is shown in Fig.2. Let’s take a
typical | milliamp meter with a coil resis-
tance of 400 ohms. How do we calibrate
this meter to read, say, 25V instead?

25VFSD.
RSERIES
24.6k }on\
+ -
o AAYA \// ve)
1mA PANEL

METER

R10TAL =25V/1mA
25K

Fig.2. A series resistor converts a milli-
ammeter into a 25V f.s.d. voltmeter.

This time, we look at the total resis-
tance ‘‘seen’’ by the applied voltage at
f.s.d., which is 25V/ImA or 25k. Of this,
400 ohms relates to the meter resistance
leaving a value for the series dropper of
24-6 kilohms. (It would probably be ade-
quate enough to use a straight 25k resistor,
though.) This gives an overall meter sen-
sitivity of (25k/25V) 1,000 ohms per volt.

A rule of thumb is that a meter resistance
should be ren times larger than the load
resistance if you are to avoid shunting it
and introducing inaccuracies, but this circuit
may be adequate for panel-meter use on a
bench power supply. Using Mr. Jenkins’ 1A
0-1 ohm pane! meter, we obtain a series
resistor of 249 ohms, and a meter sen-
sitivity of precisely one ohm per volt, which
sadly rules it out as a voltmeter!

Digital Panel Meters

These days, digital panel meters are
popular and cheaper than ever. They have a
very high input impedance which doesn’t
load the circuit under test, and they are
accurate to at least 0-5%.

Vann Draper Electronics are listing an
l.c.d. digital panel meter (DPM) and I have

been trying one out on the Surgery bench
(see photo). It is based on the ubiquitous
7106 chip, as used in many budget digital
multimeters, and it is supplied configured as
a basic 200mV 3% digit unit with a highly
legible 13mm readout.

This meter module has a series of solder
pads to select the decimal point and polarity
annunciator, and the instructions supplied
describe the necessary links needed to tum
the meter into a digital voltmeter capable of
reading 20V, 200V or 500V. (I found it
easier to solder some turmned-pin s.i.l. sock-
ets, enabling solid core jumper wires to be
pushed-in or moved around as necessary.)

Scaling up the meter reading for higher
ranges involves adding a simple potential
divider to the input, so that the meter only
ever ‘‘sees’’ 200mV. By the same method,
you could use the meter to measure the volt-
age drop across a low-value series resistor,
thereby producing an ammeter.

(Vann Draper tell me that their bench
power supply uses two PMI128 l.c.d. mod-
ules for displaying voltage and current.)
I also toyed with the idea of adding a
backlight but this could probably only be
achieved using l.e.d.s mounted at the side.

As with similar 7106 or 7107-based
designs, you must be aware that the mod-
ule’s input ‘‘ground’’ terminal should nor
be tied to its power supply ground. If you
were thinking of using these or similar
DPM modules on a bench power supply
output (for example), and hoping to power
the DPM from the same power supply, you
should arrange to provide a separate *‘float-
ing’”” 9V power supply for the DPM,

Digital panel meter from Vann Draper.

Everyday Practical Electronics, September 1998



although 1 believe work-arounds are pos-
sible that involve some micro-surgery on
the module. Their PM129B is a DPM which
does have a common ground, although it is
an l.e.d. display and runs from 5V.

Data sheets for the 7106/7 chip are
available directly from the Harris web site:
www.semi.harris.com in Adobe Acrobat
PDF format. Contact Vann Draper
Electronics on 0116 2771400.

Hardly a soft start
R.L.A. Latham of Stafford writes:

With reference to your item way back in
the August 1996 issue, concerning sofi-start
lamp protection: you suggested using an
NTC ‘‘surge protector’’ as a way of ex-
tending the life of filament light bulbs. |
sent four letters and two phone calls to
Electromail asking for quotations but it
seems that several of these useful devices
have been discontinued. Can you suggest
another source?

The devices in question are negative-
temperature co-efficient (NTC) thermis-
tors (thermally-sensitive resistors) which
are designed for series connection with a
mains-powered load, such as a tungsten
filament light bulb or a motor.

Regular readers will have seen the
Lightbulb Saver project in August 1998
EPE, which uses an optically-coupled triac
to provide a near zero-crossing switch. This
neat design can be constructed within the
wall light switch, and helps ensure that the
bulb is switched when the mains a.c.
sinewave is at its lowest part of the cycle.

Since tungsten filament bulbs have a
resistance which actually increases when
they get hot — they have a positive tempera-
ture co-efficient (PTC) of resistivity — then
it is best to try to limit the ‘‘in-rush’’
current that flows when the filament is cold
and its resistance is lowest (which is why
bulbs often fail at switch-on). The Lightbulb
Saver works by ensuring that the filament is
not powered up when the a.c. cycle is
nearest its peak.

A crude alternative is to use an NTC
thermistor in series with the bulb. The
resistance of the NTC thermistor actually
decreases when its temperature rises. Thus
the initial in-rush current is limited until the
thermistor warms up through self-heating.

The disadvantage is that it can take up to
a minute or more before the lamp brilliance
reaches maximum intensity, which means it
is not suited for room lighting; they also get
very hot in normal operation. In fact, the
in-rush limiter was suggested as a way of

protecting expensive low-voltage halogen
desk lights, where it has proved extremely
effective.

To answer your question, the types I
suggested are still listed in the RS
Components (Electromail) catalogue under
Resistors (210-673 et al), and furthermore
they are all there on the £2 million RS
Web site (http://www.rswww.com). |
tracked down equivalent current-limiting
suppressors from Farnell (606-730), listed
under Sensors and Transducers (be-
cause they’re thermistors). Manufacturers
include Rhopoint *‘Surge-Gard’’ and
Siemens.

The main specs. to check are the maxi-
mum continuous load current, and the typi-
cal resistance of the thermistor when hot
and cold. This will indicate what effect the
series thermistor will have on the load. In
the case of a lamp, it may affect the max-
imum light intensity of the filament but
hopefully this will be barely noticeable.

Finally from Farnell

Mr. Latham commented separately that
‘‘Farnell do not appear to accept orders
paid for by cheque.”” (See August 1998
Circuit  Surgery ‘‘Famell Comes to
Terms'’). 1 have become increasingly
baffled by the conflicting reports of the
order terms operated by the world’s largest
catalogue-based distributor of components
(they own Newark in the USA) so I
checked this out.

Their printed terms are currently unclear,
which is unhelpful. Their Sales Department
say that they do accept orders accompanied
by a cheque payment.

Many readers will be interested to hear
that Famnell’s previous ‘‘no minimum or-
der” condition was actually an expensive
misprint: their catalogue should also have
added *‘for account customers’’. This meant
that Joe Public could buy a ten pence tran-
sistor for ten pence, postage paid, plus VAT
which is obviously not viable.

To their credit, for the duration of two
catalogues, Farnell honoured the erroneous
*‘no minimum order’’ clause but it is not
surprising that the honeymoon is now over.
I must say it took some doing, but both
their Sales and their Marketing departments
eventually confirmed their terms are:

a) Farnell do accept cheques with order,
by post. Such orders receive the same-day
despatch service as all other orders, and are
carriage paid for standard deliveries. They
also accept major credit cards.

b) *‘Cash with order’’ actually means
*‘hard’’ cash, which will only be accepted
at their Trade counter.

¢) The minimum order value accepted
for non-account holders is £10 excluding
VAT, whether cheque with order or credit
card.

d) For non-stock items — ones which
they have to buy in specially — the cheque
will need to clear before goods are
despatched.

At the risk of sounding like a Famnell
salesman, I hope that clears it up: I have
made Famell aware of the ambiguities in
their printed terms.

Large catalogue companies do well to
accommodate the hobbyist, as they are
geared towards the needs of industrial and
educational markets, so don’t forget that
there are legions of electronic component
shops and mail-order suppliers who work
extremely hard to meet the needs of the
average EPE reader. It is always worth
contacting them to see whether they can
order parts in for you.

Glow Lamps

I received several letters back related to
those mysterious neon ‘‘glow lamps®
(July 1998 Circuit Surgery). These are
neon bulbs which emit a green glow and
they seem quite scarce, probably because
it is usual to use le.d.s as power-on
indicators for many applications.

Eventually I managed to get my hands
on some (Famell again — 883-232), and
they appear to be an ordinary neon bulb
with a phosphor coating inside. They emit
a green glow and I detected a faint orange
glow between the electrodes, so I guess
they are ordinary neon-filled tubes which
fluoresce.

They strike at about 70V and need a
180k series resistance for mains use. Take
due care with these higher voltages if
you decide to experiment! My thanks to
all those who contacted me with their
suggestions.

CIRCUIT THERAPY

Circuit Surgery is your column. If
you have any queries or comments,
please write to: Alan Winstanley, Circuit
Surgery, Wimborne Publishing Ltd., Alien
House, East Borough, Wimbome, 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 ,‘v
cannot always be guaranteed
but we will try to publish
representative answers
in this column. . ey groraes

¢ o= N
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EPE BINDERS

slips over each issue and this

costs each).

cannot reply to queries or confirm orders by Fax.)

KEEP YOUR MAGAZINES SAFE - RING US NOwW!
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i over the four rings in the binder, thus holding the magazine in place.
The binders are finished in hard-wearing royal blue p.v.c. with the magazine logo in gold on the spine. They will keep your issues
neat and tidy but allow you to remove them for use easily.
The price is £5.95 plus £3.50 post and packing. If you order more than one binder add £1 postage for each binder after the initial
£3.50 mtsage charge (overseas readers the postage is £6.00 each to everywhere except Australia and Papua New Guinea which

Send your payment in £'s sterling cheque or PO (Overseas readers send £ sterling bank draft, or cheque drawn on a UK bank or
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APRIL '97

PROJECTS ® 418MHz Remote Control Sys-
tem @ Midi Matrix @ Puppy Puddle Probe @
PIC-Agoras Wheelie Meter — 1.

FEATURES @ Interface ® Ingenuity Unlimited ®
Digital TV and MPEG2 @ EDWin NC Software
Review @ Circuit Surgery @ Net Work.

MAY 97

PROJECTS @ 2 Metre FM. Receiver @ EPE PIC-
A-Tuner @ Alarm Operated Car Window Winder
@ Quasi-Bell Door Alert ® PIC-Agoras — 2.
FEATURES @ Ingenuity Unlimited @ Circuit
Surgery @ Techniques — Actually Doing It ®
Great Experimenters — 1 @ Type 7660 Voltage
Converters @ Net Work.

JUNE 97

PROJECTS @ PIC Digilogue Clock ® Child
Minder Protection Zone @ Pyrotechnic
Controller ® Narrow Range Thermometer.
FEATURES @ Great Experimenters - 2 @ Circuit
Surgery @ Interface @ Reactobot and Virtual
Reality @ Ingenuity Unlimited ® Net Work.

JULY '97

PROJECTS @ Micro PEsT Scarer ® Karaoke
Echo Unit @ Infra-Red Remote Repeater @
Computer Dual User Interface ® Micropower
PIR Detector - 1.

FEATURES @ Ingenuity Unlimited @Techniques
- Actually Doing It @ Circuit Surgery @ Great
Experimenters ~ 3 @ Electronics Workbench
V5.0 Review ® Net Work.

AUG. '97

PROJECTS @ Variable Bench Power Supply
@ PIC-olo Music Maker @ Universal Input
Amplifier ® Micropower PIR Detector — 2.

FEATURES @ Interface @ Ingenuity Unlimited @
Colossus Recreated @ Circuit Surgery ® Great

ey ——

SEPT '97

PROJECTS @ PIC-Noughts & Crosses Game @
froning Safety Device @ Active Receiving An-
tenna @ Soldering Iron Controller ® Micropower
PIR Detector - 3.

FEATURES @ Ingenuity Unlimited @ Raising the
Pressure — RC4190 Switch-Mode 1.C. @ Circuit
Surgery @ Techniques - Actually Doing it @
Great Experimenters — 5 @ Net Work.

OCT '97

PROJECTS OPIC Water Descaler ® Remote
Control Finder ® Multi-Station Quiz Monitor @
Rechargeable Handlamp.

FEATURES @ ingenuity Unlimited @ It's Prob-
ably Murphy’s Law @ Interface ® Circuit Sur-
gery ® Kanda PIC Explorer Review @ Network

NOV ‘97

PROJECTS @ Portable 12V PSU/Charger @
Case Alarm @ Auto-Dim Bedlight ® EPE Time
Machine.

FEATURES @ Satellite Celebration @ Ingenuity
Unlimited ® TEACH-IN ‘98 - An Introduction to
Digital Electronics-1 @ Techniques — Actually
Doing It ® Circuit Surgery ® Net Work @ Free
Greenweld Catalogue.
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DEC '97

PROJECTS ® Safe and Sound - Security
Bleeper @ Active Microphone @ Car Immobi-
liser ® Mini Organ.

FEATURES @ TEACH-IN ‘98 - An Introduc-
tion to Digital Electronics-2 @ Circuit Surgery
@ Interface ® B2 Spice Review @ Ingenuity
Unlimited @ Alternative and Future Tech-
nologies—-1 ® Net-Work — The Internet ® Free
Giant Data Chart - Formulae.

JAN 98

PROJECTS @ Disco Lights Flasher @ Simple
M.W. Radio @ EPE Virtual Scope-1 @ Surface
Thermometer.

FEATURES @ TEACH-IN ‘98 - An Introduction
to Digital Electronics-3 @ Circuit Surgery @
Ingenuity Unlimited @ Alternative and Future
Technologies-2 ® Net Work - The Internet @
Free - Giant PIC Data Chart.

FEB '98

PROJECTS @ Water Wizard @ Kissometer @
Waa-Waa Effects Pedal @ EPE Virtual Scope — 2.
FEATURES @ TEACH-IN ‘98 - 4 @ Ingenuity
Unlimited ® Techniques-Actually Doing it @
Circuit Surgery ® Net Work - The Internet
@ Chip Special - HT7630 PIR Controller.

MAR 98

PROJECTS @ Lighting-Up Reminder @ The
Handy Thing @ Switch-Activated Burglar Alarm
@ Audio System Remote Controller.

FEATURES @ TEACH-IN ‘98 - 5 @ Ingenuity
Unlimited @ Interface ® Stripboard Magic
Review @ Circuit Surgery ® Net Work @ EPE
PIC Tutorial Supplement 1

APRIL ‘98

PROJECTS @ Simple Metal Detector ® Single
or Dual Tracking Power Supply @ Experimental
Piezo-Cable Projects ~ Distributed Microphone
- Vibration Alarm @ RC-Meter.

FEATURES @ Ingenuity Unlimited @ Patent
Your Invention ® TEACH-IN ‘98 - 6 @ Circuit
Surgery ® Net Work @ Techniques — Actually
Doing It ® EPE PIC Tutorial Supplement 2

MAY ‘98
PROJECTS @ Dice Lott ® Security Auto-Light ®
Stereo Tone Control plus 20W Stereo Amplifier
@ Improved Infra-Red Remote Repeater.
FEATURES @ TEACH-IN ‘98 - 7 ® Net Work @
EPE PIC Tutorial Supplement 3

JUNE 98

PROJECTS @ EPE Mood Changer ® Simple
SW Receiver ® Atmel AT89C2051/1051 Pro-
grammer @ Reaction Timer.
FEATURES @ 8051-based EEPROM
Microcontrollers @ TEACH-IN ‘98 - An
Introduction to Digital Electronics — 8 @ Circuit
Surgery @ Techniques - Actually Doing it @
Ingenuity Unlimited

ELECTRONICS
sid
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JULY ‘98

PROJECTS @ PIC16x84 Toolkit ® Noise Can-
celling Unit ® Low Battery Indicator ® Green-
house Computer - 1.

FEATURES @ Using the L200CV Voltage
Regulator ® TEACH-IN ‘98 - 9 @ Ingenuity
Unlimited @ Circuit Surgery @ Net Work.

AUG '98

PROJECTS @ Lightbulb Saver @ Float Charger
® PC Transistor Tester ® Greenhouse Com-
puter — 2 ® Time Machine Update.

FEATURES @ TEACH-IN ‘98 - 10 @ Circuit Sur-
gery @ Techniques - Actuaily Doing It @ In-
genuity Unlimited ® New Technology Update
@ Net Work @ IVEX PCB Cad Review.
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PINHOLE CAMERA MODULE WITH AUDIO! Superb board
camera with on boerd sound! extra small just 28mm square (including
microphons) ideaifor covert survertiance. Can be hidden inside anything
. even & matchboxi Compilete with 15 metre cable, psu and tvAxcr
connnectors. £73.95 ref CC6

BBC SELECTORS WITH SMART CARD SLOT AND VIDEO CRYPT
Interesting new ttem in this week is this Selector, Onginally made for the
BBC to send encrypted video films to your VCR at night time. The
project seems to have farled. Very complex units conststing of a smart
card slot in the front plus several switches and an IR receiver. Fully
cased and measuring 230 x 430 x 80mm, new and boxed. On the back
of the unitis a scart socket pius a UHF input and output. A channel tuning
control numbered 28 to 40 and an IR socket. Instde is a comprehensive
tuner section, smart card reader and control

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/24V 8A
TX Not %00 sure what the funcbon of these units is but they certainly
maka good stnppers! Measures 380X320X120mm, on the front are
controls for scan speed, scan delay, scan mode, ioads of connections
ontherear. Inside 2 x 6v 10AH sealed lead acid batts, pcb's and a 8A?
24v torroudial transformer (mains in). sokd as seen, may have one or
two broken knobs etc due to poor storage. £9.95 ref VP2X
SOLAR MOTORS Another new line for us are these tiny motors
which run quite happily on voltages from3-12vdc. We have tned one
on our 6v amorphous 6 panels and you can run them from the sunt
32mm dia 20mm thick. £1.50 each

TELEPHONES Just In this week is a huge delivery of telephones,
all brand new and boxed. Two piece construction with the following

pius a power supply section.. These units are soid as stnppers but we
Imagine you could use one to convert a montor into a TV or maybe use
the videocrypt side of things for something eise. Supplied compiete with
manual and mains lead. Clearance price just £9.85 ref BBC1X.
INLINE RCB UNITSThis in line minature earth leakage unit
instantly shut off the mains supply In the event of any current flowing
between live and earth thus preventing a potentially lethal shock IEC
plug one end, socket the other, ﬁmdmseoonds reset button. The
ultmate safety axd when workang on puters
etc. As these units are fitted with an in-line IEC plug on one end and
socket on the other than could even be used to extend standard IEC
computer leads Pack of 3 £9.99 ref LOTSA
THE ULTIMATE ENCLOSURE for your projects must be one
of these!Well made ABS screw together beige case measunng 120 x
150 x 50mm. Already fitted with rubber feet and front mounted LED.
Inside I1s & peb fitted with other bits and preces you may find useful. Soid
etther as & pack of five for £10 ref MD1,pack of 20 for £19.95 ref MD2
17 WATT 12V SOLAR PANEL A solar panel designed to give a
nominal 12v. The solar celis are laminated within & high qualtty resin
matenall which offers excelient protection against UV and moisture
Mounted on tempered glass in an alauminium frame. The panet ts ideal
for charging sealed lead acid batterles and a protection diode in the
circuit prevents reversed current flow. Mounting is by four adjustable
hooks and connection is by screw terminats. Max power 17 wattts, 35
cells, 17vde peak. 433x402x15mm, 1000mA max, 1.9kg Solar panel
£115 ref SOL4
SOLAR POWERED AM/FM RADIO A compact, AM/FM mono
radio complete with earphone and a solar panel that recharges the built-
in battery when placed in direct sunlight or under a strong lamp.it
features a rotary Volume/On/Off control (which must be set to "Off for
recharging), AMFM selector switch, rotary tuning control, metal belt clip
and socket for external 3V DC supply. Solar Radio £7.95 ref SR23
MOTOR CYCLISTS RADAR DETECTOR New in is the VWhistier
1560 Laser/Radar detector complete with a speaker for motorcycle
heimets. Super wid band covenng X,K and Ka pius lasers at 950nm+/
-10nm 360 deg total pertmeter protection, detects laser, radar and VG-
2 wherever they come from. £159.95 ref RD4
MAGIC EAR Unlike previous ‘sound-magnifiers’ we have offered,
Magic Ear fits unobtrusively behind the ear itself. Magic Ear's micro
technology 15 very advanced, Its built-in microphone s extremely
sensitive and there's also a volume control to heip you adjust to al)
condmons In use, Magic Ear is startlingly effective. it'll help you to follow
every word of conversation even at a distance, and enjoy theatre,
cinema of Iive music with stunning new sound. Comes fitted with 3 long
Ifte batteries, a free travel pouch, plus a choice of 3 difterent ear pleces
designed to fit all shapes of ear. Magic ear £16.99 ref MAGE3
RADIO METER Perhaps the best of the sclentific knick-knacks of
the past and well overdue for revivall Fascinating, soothing and edu-
cational. In the vacuum inside the inverted bulb like container the vanes
revolve, driven round by light particles alone! {each vane ts biack on
one side white on the other). Radiomaeter £9.99 ref SC1208
SATELLITE NAVIGATION £119 The GARMIN~ GPS 38~ is the
one navigational tool for the great outdoors that offers big features in
a small, ightweight package - ali at a truly affordable pnce. Mark your
favorite fishing spot, tree stand or camp site. Or retrace your steps back
to the safety of your starting point using our ati - new TracBack feature.
The GPS 38 shows you exactly where you are, where you've been and
where you're going. The GPS 38 features easy, one-thumb operation
and weighs only 2559. There's a resettable tnp odometer, graphic
compass' and highway And it provides up to 20
hoursduseonase!dleanenes. TMGARMINGPSSB The
affordable way to bnng you back £119 ref GPS1
DIFFERENTIAL THERMOSTAT KIT An electronic self as-
sembly kit designed for use in solar heating systems, heat recovery
systems etc. The pnnciple of the kit is that it has two thermstors that
are placed on the ltems to be measured (typically a solar panel and &
water storage tank) the controller then operates a reiay all the time
one temperature 15 higher than the other. The temperature difference
is adjustable A typical use would be to operate a pump all the tme a
solar panel was at a higher temperature than the water storage tank.
Differential thermostat kit £29 ref LOTS3.
10 WATT SOLAR PANEL Amorphous silicon panel fitted in &
frame. Panel 3 by 1" with screw termi-
nats for easy connecton. One of these paneis will run our solar water
pump in full sunlight gh we would that for
performance two paneis would be prefereable. 3'x 1° solar panel £55
ref MAG4S
12V SOLAR POWERED WATER PUMP Perfect for many 12v DC
uses, ranging from solar ft to o Small and P
yet powerful Will work direct from our 10 watt solar panel in bright
sunlight. Max head:17 ft Max flow rate : 8 1pm Current :1 5A (Ref AC8)
£18.99
BOOST CELL PHONE RECEPTION ON THE MOVE!
Compared to high-powered carphones, hand-portable mobtie phones
don't aways work too well in moving vehicles. Sometimes the signal
‘drops out’ dunng a call, other imes there's too much interterence to get
mrougnmall However, menﬂurdabeeColl Patch provides a major
signal ion without wires or
betteries. The 9.5 x 9.5cm (3.3* X 3.3") microthin antenna adheres to
your car vAndow sunvisor, ideally within 61-122cm (2-4') of the handset,
or can be carried in a pocket. Worls with alil types of portabie celluiar
phone. Cell Patch £11.99 ref CEL1
CAT SCARER produces a blanket of high sonic and low uttrasonic
sound, which 1s inaudible to humans, birds and fish - so it 1s ideal where
you want to protect your bird table or fish pond against feline predators.
It will deter cats from your garden and other protected areas it will aiso
deter foxes. mains operated, 10 m of cable. Running cost will be
approximately 1 p per day. Garden watcher £42 45 ref GW2

fi keypad, nice clear easy to use keypad, tone or
puise {swichable), reacall, redial and pause, hightow and off nnger
switch and qualrty construction. Each telephone Is finished in a smart
off whits colour and Is supplied with a standard Internatonal lead
(same as US or modem card sockets) if you wish to have a BT lead
supplied to convert the phones these are also available at£1.55 each
ref BTLX Phones £4.99 each ref PH2

INFRARED CAR PHONE KIT £7.99 interesting box of
goodies! this kit was designed to convert car phones to enable hands
free dialling, the kit comains the following tems. 1) A keypad designed
to mount in the centre of the steering wheel, it requires a 9v PP3
battery and transmits the numbers using three on board high power
infra red LEDs. 140 x 120mm 2) An infra red recerver module
conaining a IR photo diode, IR fiter and control electronics 60 x 30
x 15mm (cased). 3) Control box (nice case} 100 x 170 x 35mm which
we understand is the interface between the infra red and the car
phone, ttis aiso supposed to adjust the volume of your car stereo at
the same tme! made for Phillips car phones {but we don't know the
model}Complete kit is £7.99 ref CP1

Hi power 12v xenon strobe vanabie rate flasher modules and
tubes £6Useful 12v PCB fitted with control electronics and a powerful
Xenon tube! just apply 12v DC 1o the input and the tube will flash. On
the board is a small potentiometer which can be used to vary the flash
rati PCB measures just 70x 55mm and could be incorporated into
many interesting projects! £6 ref FLS1 Pack of 10 is £49 ref FLS2
WANT TO MAKE SOME MONEY? Stuck for an idea? We
have collated 140 business manuals that give you information on
setting up different businesses, you peruse these at your leisure
using the text editor on your PC. Also included is a certificate enabling
you to reproduce the manuals as much as you likel£14 ref EP74
TALKING WATCH Yes, it actuaily tells you the ime at the push
of a button. Also features a voice alarm that wakes you up and teits you
what the time is! Lithium cell included. £8.99 ref EP26A
POWERBEAM INFM RED Lamp All this iamp gives outis mfm red
Iige, oft! p

equipment. MostmonoOCTdeeo elmorasnru mfra red sensrrve
80 used In conjunction with this lamp would greatly enhance their
operating performance. Water resistant case and rubber covered
switch make this unh perfect for all weathers. Krypton bulb. 4 D cells
required. Powerbeam lamp £29 ref PB1

GIANT SCREEN VIEWERTum your TV picture into a supersize
screenl This high precision Fresnel lens converts even the smallest
screen up to & massive 26', giving a crystal clear picture at 8 traction
ot the cost of a big TV. Easily fited in minutes Also ideal for PC
monitors etc £26.95 ref SVGA2

NOGALIGHT NIGHT VISION £129 Open up a new world of
adventures and experiences. Wildlife enthusiasts and adventurers in
the wildemess, amateur astronomers, hunters, wargamers, private
eyes on surveiliance, all find Nightspy indispensable for their use.
Nightspy's unique features include a special tube protection device,
to eliminate over exposure, and infrared illuminator used in total
darkness, such as in cave exp‘orabon and operations In dark rooms
The Nightspy Is light and hand heid, or can be mounted on a standard
tripod. It uses two standard AA batteries and can be operated by left
or right hand users, with of without optical glasses.
Optcal:Magnffication: X 1.7 Field of View. 10Degrees Focusing
Range:25cm to infinity objective Focal Length: 50 mm F/N: 1.6
Diopter Range: +/- 3 Mechanical:Length. 182 mm Width: 65mm
Height 100 mm Weight 700 gr. Etectncai: Power Source; 3VDC, 2AA
betteries Battery Life. 40 hours Infra-red llluminator: built-in Imaging
Device: Night Vision image Intensifier Tube. £129 ref NOGA

Register with us at
www.bull-electrical.com
for your free e-mail

NEWSLETTERS!

DRILL OPERATED PUMP Fits to any
drillin seconds, uses standard garden hose,
will pump up to 40 gallons per hour! £8.99
ref DRL3

BULL ELECTRICAL

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

ORDER TERMS: CASH, PO OR CHEQUE

WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT.
FAS ORDERS AT COST PLUS £3.50

OVERS
(ACCESS,VISA, SWITCH, AMERICAN EXPRESS)

phone orders : 01273 203500

FAX 01273 323077
Sales@bull-electrical.com

STEREO MICROSOPES BACK IN STOCK Russian, 200x
compiete with lenses, lights, fiters efc efc very comprehensive
microscope that woukd normally be around the £700 mark, our price s
Just £299 (full money back guarantee) full detalls in cataiogue.
SECOND GENERATION NIGHT SIGHTS FROM £748
RETRON Russian night sight, 1.8x, infra red tamp, 10m-inf, standard
M42 lens, 1.1kg. £349 ref RET1

MAINS MOTORS 180 RPM 90X70mm, 50X5mm 50xSmm
output shaft, start cap included. £22 ref MGM1

PC POWER SUPPLIES, CUSTOMER
RETURNS, ALL FAN COOLED, OURCHOICE,
BARGAIN AT 8 PSU'S FOR £9.99 REF XX17

LOW COST CORDLESS MIC 500 range. 90 - 105mhz. 1159,
193 x 26 x 39mm, 9v PP3 battery required. £17 ref MAG15P1
JUMBO LED PACK 15 10mm bicolour leds, plus 5 giant (55mm)
seven segment displays all on a pcb £8 ref JUM1. Pack of 30 55mm
seven seg displays on pcbs 1s £19 ref LED4, pack of 50 £31 ref LED50
12VDC 40MM FANS MADE BY PANAFLO, NEW. £4. REF
FAN12

ELECTRONIC SPEED CONTROLLER KIT For the above
motor is £19 ref MAG17. Save £5 if you buy them both together, 1
motor plus speed controlier rp is £41, offer price £36 ref MOTSA
RUSSIAN 300X MAGNIFICATION ZOOM MICROSCOPE
metal construction, built in fight, muror etc. Russian shrimp farmi,
group viewing screen, lots of accessories £29 ref ANAYLT,

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ret BAR34
RUSSIAN NIGHTSIGHTS Model TZS4 with infra red illuminator,
views up to 75 metres in full darkness in infrared mode, 150m range,
45mmiens, 13deg angle of view, focussing range 1.5m to infinity. 2AA
battenes required. 93509 weight £199 ref BARE1. 1 years warranty
LIQUID CRYSTAL DISPLAYS Bargain prices,

20 character 2 kine, 83x19mm £3.99 ref SMC2024A

16 character 4 line, 8225mm £5.99 ref SMC1640A
TAL-1, 110MM NEWTONIAN REFLECTOR TELESCOPE
Russian. Superb astronomical ‘scope, everything you need for some
senous star gazing! up to 169x magnication. Send or fax for further
information. 20kg, 885x800x1650mm ref TAL-1, £249

YOUR HOME COULD BE SELF SUFFICENT IN
ELECTRICITY Comprehensive plans with loads of info on
designing systems, paneis, control electronics etc £7 ref PV1

PHOTOMULTIPLIER TUBES Boxed and unused straight from

the ministry of defence. Made by EMI with a MOO part no of 10/CV/
5114 and packed aimost 30 years ago..| Do you have a use? do you
want to count light particles? They would look nice on the mantie
piecelOffered to you at £15 each (we think the MOD paid more than
this 15 19581 £15 each ref PM3

CLOCK CAMERA WITH AUDIO ODiscretely monitor frving
rooms, reception, office, tills or any other area. Fully worlang clock
houses an ble spy camera with audio. C lete setup
includes clock, camera, microphone, clock battery, 15 metres of cable,
power supply, adapter for either scart or phono. Everything you need,
no soldernng req . Full Easily installed in just
a few minutes. Plugs straight into VCR or TV (scart or phono)Clock
camera with audio £89.95 ref CC5

AUTO RECORD KIT This automatc system will instruct your
VCR to start g when tis d via the PIR. Re-
cording will stop 30 seconds after your visitor has left which saves
hours of tapes as the video only records what you want to see. Com-
plete system with PIR, will work with all remote control video record-
ors. €89 ref CVC2

TELEPHONE VOICE CHANGER Changes your voie to a
new or unfamiliar one. Simply place over the telephone mouth plece
and speak into the changer. Fully adjustable for difterent voices. Sup-
phed compiete with battenes, ready to go. Unit measures 90 x 60
x20mm Telephone voice changer £14.96 ref CC3

EXTERNAL CAMERA Introducing the Bulidog model 4 vandal
resistant camera in heavy steel case for interior or exterior use. Top
quality case housing a 420 line camera module. Each camera is sup-
phed with a 15m cabie terminating in Scart and 2hono plugs. Mut
angle bracket for easy instailaton In any situation. A 12vdc psu is
aiso included. Easily installed in a few minutes, plugs straight into VCR
or TV (phono or scart). Bargaln price £89.95 ref CC1

GIANT INSULATORS Just in this week are some giant ceramic
insulators, each one measures 130mm high and about 170mm diam-
ater. Finishad (0 a high gloss brown and black glaze. In the base of
each insulator is a threaded hole approx 1* diameter, rather fike a
mop/broom head thread. if you are into shortwave radio, crystal sets
or high voitage expenments then these are for you. (We've got one
as a door stop) Not too sure what their onginal purpose was, all we
know is they were made for export about 25 years ago, never ex-
ported and been in store since then. Price is £8 each ref INSX
NATO RADIATION MONITORS Interesting new linel These
are small modules that strap on your wrist {strap supplied) and mont-
tor radiation We have stnpped one apart and they contain a small
proce of “crystal” this could be something like Naphthalene or any
other rare radiation sensitive crystal. When radiation strikes the crystal,
t scintillates and a small amount of ight 1s produced n the crystal in
reachon to the radiation exposure. That light is then picked up by a
micro pv cell measuring about 2mm square] Also in the unitis a sheet
of foil, a circular metal plate (Insulation between the two) and a small
pair of addibonal parallel metal plates. NATO part no is 6665-99-225-
2314 any information gratefully recerved!! Alternatrvely if you wish to
buy one they are just £3 sach ref NATOX

WE HAD 38,000 'HITS'

ON OUR WEB SITE
IN FEBUARY '98.....

BULL-ELECTRICAL.COM
See our live camera!




Constructional Project

GREENHOUSE
RADIO LINK

COLIN MEIKLE -

Monitor the well-being of your
plants from your armchair.

HiS article describes a low power

radio link which allows the Green-

house Computer in EPE July and
August '98 to be remotely monitored.

The radio receiver and transmitter are
ready-made plug-in modules, thus avoid-
ing any complicated setting-up and adjust-
ments. Adding the transmitter to the
Greenhouse Computer simply involves
plugging a module into the existing printed
circuit board. The Receiver unit is des-
cribed here.

Information is sent to the receiver every
10 seconds and is shown on a liquid
crystal display (l.c.d.). The displayed in-
formation is very similar to that on the
computer’s l.c.d., i.e. current temperature,
soil moisture etc. The information is
formatted differently, however, and more
details are given, e.g. the current settings
are displayed.

The information is also stored at preset
intervals in an on-board EEPROM (electri-
cally erasable read only memory). An op-
tional RS232 port on the board allows you
to upload the contents of the EEPROM to
a PC-compatible computer, where it can be
stored on disk. This can then be used, for
example, to draw graphs of the tempera-
ture. The file format is suitable for loading
into most spreadsheets, for simple post-
processing.

It is not necessary, though, to have a
computer in order to use the basic monitor-
ing facilities of this radio link.

The complete unit can be powered
either from an external 9V p.s.u. (e.g. an
integrated plug type) or from a 9V battery.
This keeps the size of the unit small, even
pocket sized. Connection to a PC is only
required to upload readings, therefore the
unit does not normally require to be next
toaPC.

Operation of the system is outlined in
the block diagram in Fig. 1.

RADIO MODULES

The radio modules comprise a self-
contained receiver which operates with a
matching transmitter module. The two
modules provide a one-way communica-
tion link, over which a serial data stream
can be sent (maximum 20K Baud).

The Transmitter and Receiver operate
on a frequency of 418MHz. These mod-
ules are licence exempt and conform to the
MPT1340 standard (see later). The range
of the link is 50m to 200m, dependent
on the operating environment and antenna
configuration.

These modules are small and low
powered, no setting-up is required and,
being licence exempt, are therefore ideal
for applications like this.

ot e To P -
L RECEIVER T > m?ss:?:;z\ce TOPC
SERIAL PORT I Z
SERIAL EEPROM S
P MICROCONTROLLER LCD
(STORED READINGS) r § -
SWITCHES
I
o o

Fig.1. Block diagram for the Greenhouse Radio Link.

L

Radio Link
GREENHOUSE LINK
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The transmitter is available in 3-3V
(**F’ wversion) and 5V (‘A" version)
varieties. Either can be used, although
3.3V is assumed. If you want to use the 5V
transmitter you will need to remove the
3.3V Zener diode (D1) on the Greenhouse
Computer p.c.b.

Note that ONLY the 5V version of the
receiver module (*‘A’’ version) can be
used — there is no provision to change its
supply voltage to 3-3V.

The Transmitter circuit was shown in-
tegrated with the Greenhouse Computer in
Fig.5 (last month). It is repeated here in
Fig.2. The complete circuit diagram for the
Receiver is illustrated in Fig.3.

Referring to Fig.2, a serial data stream
is sent from pin P3.0 of the Green-
house Computer's microcontroller (ICI)

Everyday Practical Electronics, September 1998
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Fig.2. Transmitter circuit as used in the Greenhouse Computer.

via buffer transistor TR1 to the data pin of
the transmitter module (TX1). This signal
is automatically transmitted to the receiver
module (RX! in Fig.3) where a cor-
responding data stream appears on its data
output pin.

Power to the transmitter is controlled by
IC1 pin P3.1, via buffer transistor TR2. It
is turned off between transmission bursts.
Inductor L1 smooths the supply and Zener
diode D1 limits it to 3-3V.

TRANSMISSION
BLOCK

The format of each transmission data
block is shown in Table 1.

The interval between storing results is
variable between 1 and 255 minutes. With
the default time of 30 minutes between
results, up to 85 days of readings can be
stored. The interval is set via the software
running on the PC.

A serial EEPROM (IC2 in Fig.3) has
been used due to the input/output limita-
tions of the processor. Since this device is
non-volatile, if you lose power you will
not lose your readings.

A pushbutton switch (S1) is provided to
reset the Save counter if necessary. This
switch is only operational during power-
up, in normal operation it has no
function (this stops accidental resets). This

reset will not nor-

L. mally be necessary, as

Table 1. Transmission Format this function shouid be

Bytes 1 to 3AAH Instructs the receiver to “lock-on” to the done via the PC inter-

incoming data face. You may even

Byte 4 FFH Ensures that the microprocessors UART omit the switch from

isempty your design if you

Byle 5 01H tSr;?‘r;E“y;gb ilgnallmg the start of the prefer (it is omitted

Byte6  OEH Address Byte, identifying the transmitter ﬁr“’m B lEegitte
(the port is shared with the RS232 port photographs).

—the PC interface uses a different address The RS232 inter-

byte) face is a very simple

Bytes 7to 27 Data from the Greenhouse Computer design. It will work

well as long as the

Data from the Greenhouse Computer is
received in order of:

Air Temperature, Soil Temperature, Soil
Moisture, Enable Soil, Enable Water, Set
Soil, Set Temperature, Water Amount,
Water Time, Re-water, Boost

The link operates at a speed of 2400
Baud. Since only small blocks of data
are being transmitted speed is unimportant
(slow speeds increase the range).

Whereas the transmitter is only tumed
on when required, the receiver is powered
permanently. The receiver produces a ran-
dom output data stream when the trans-
mitter is off, so the microcontroller must
be careful to pick up the correct start se-
quence, as described.

GREENHOUSE
LOGGING

The greenhouse logging function is op-
tional. If you do not have a PC, you can
use the receiver purely as a remote display.

The receiver board contains an
EEPROM and a simple RS232 port. This
enables the received measurements to be
stored (up to 4088 sets of results) and then
uploaded to a PC when required.

cable length between
the receiver and the PC is kept short (this
should not be a problem since the receiver
is portable). A typical cable length of
about two metres should be satisfactory.
The microcontroller’s UART data-receive
input is shared between the radio module
and the RS232 port.

The mode switch (S2) is used to select
between the functions. It will normally be
set to the radio receiver, unless the PC inter-
face is in use. Whilst the use of a manual
switch could have been avoided by altering
the design, the use of the switch ensures
reliable operation of the serial port.

CONSTRUCTION

Component and track layout details for
the printed circuit board are shown in
Fig.4. This board is available from the
EPE PCB Service, code 2(X).

Assemble the board in the usual order
of links, diodes, resistors, capacitors etc.
There are a number of polarised com-
ponents — take care to insert them cor-
rectly. Make sure the orientation of the
resistor module (RM1) is correct, the com-
mon pin (normally a dot on the resistor) is
marked on the component overlay.

The radio receiver module (RX 1) should
be mounted in a socket. It is suggest that a
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COMPONENTS

Resistors

R1, R9 1k (2 off)

R2, R12 2200 (2 off)

R3 4k7

R4 to R6,

R10, R11 10k (5 off)

R7 10Q

R8 10002

RM1 8 x 1' Ok resistor module,
s.il.

All 0-25W 5% carbon film or better.
Capacitors

C1,C2, C7 10y radial elect. 16V
(3 off)

C3,C6 10n ceramic (2 off)

C4,C12 100n ceramic (2 off)

C5,C10 1 tantalum bead (2 off)

Cs8,C9 33p ceramic (2 off)

C11 100 radial elect. 16V

Semiconductors

D1, D2 BATS54 Schottky diode
2 off

D3 1N4148 signal diode

TR1 BC557 pnp transistor

TR2, TR3 BC547B npn transistor
(2 off)

IC1 AT89C2051
pre-programmed
microcontroller (see
text)

IC2 X25160 16K serial
EEPROM

IC3 78L05 100mA 5V
regulator

X1 12MHz crystal

X2 2-line x 20 character l.c.d.
module (0V/+5V supply)

Miscellaneous

L1 56p.H inductor

S1 push-to-make switch

S2 d.p.s.t. toggle switch

RX1 SILRX-418-A 418MHz
receiver module

TB1 4-way pin header

B2 3-way pin header

B3 14-way pin header

SK1 power supply connector,
case mounting

SK2 9-pin D-connector, p.c.b.
mounting

Printed circuit board, available from the
EPE PCB Service, code 200; 8-pin
d.il. socket; 20-pin d.il. socket; 7-pin
s.il. socket (see text); antenna (see
text); RS232 serial cable with connectors;
enamelled copper wire for aerial coil,
0.5mm diameter; 9V power supply (see
text); plastic case, 144mm x 81mm x
30mm; connecting wire; solder, etc.

Approx Cost

Guidance Only £ 7 9

excluding RS232 cable,
case and p.s.u.

7-pin s.i.l. socket is cut to make the 2-pin
and 5-pin sections needed for this.

Connector TB1 is a pin-header that
provides connections to the pushswitch S1.
If you prefer, you may solder wires directly
to the board rather than using a connector.

The lc.d. module connection is the
same as on the Greenhouse control board;
it is best to use a right-angled 14-way
header (PLI) on the p.cb. A 14-way
ribbon cable with an IDC connector can
then be used to connect to the l.c.d.

A window in the case for the Lc.d. can
be made from a plastic CD case, this will
protect the display.

If you do not need the PC interface,
omit thc components associated with the
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Fig.3. Complete circuit diagram for the Greenhouse Radio Link. X2 is a 2-line x 20 character l.c.d. module.
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RF
ANTENNA SKt POWER

0-5mm ENAMELLED COPPER WIRE
CLOSE WOUND ON 3-2mm FORMER

{ ov +VE 418MHz = 26 TURNS

seeeq | ey Fig.5. Recommended helical antenna.
NAH
| 16:5cm
LENGTH OF STIFF WIRE RF

418MHz = 16-5cm TOTAL FROM
ANTENNA PIN 2

Fig.6. Alternative whip antenna.

RS232 interface and the serial EEPROM
(within the dotted boxes in Fig.3). In this
case replace the Mode switch (S2) with a
link between positions | and 2. The reset
switch (S1) should also be omitted.

ANTENNA

The type of antenna will determine the
range of the system. The recommended
construction for a helical antenna is shown
in Fig.5. This applies to both the transmit-
ter and the receiver.

The antenna coil can be wound around
a small thin screwdriver, about 3-2mm
diameter. One end, marked as RF in the
diagram, should have the enamel scrapped
off the wire so that it can be soldered to
the p.c.b.

It should be soldered to the underside of
the p.c.b. (directly to the corresponding
pin on the module’s socket). The antenna
should be kept away from metal objects
and should be bent so that it is at least
Smm away from the p.c.b., keeping it
away from tracks and components.

When assembling the receiver into the
box, try to make sure the antenna will not
be close to any metal objects (such as a
battery) as this will affect performance.

Note that the MPTI1340 standard re-
quires that the transmitter’s antenna is a
fixed internal item, i.e. you must nol have
Left: Ready-made receiver module. an externally accessible connector for con-
necting an external antenna.

Fig.4. Printed circuit board component layout, wiring details and full size copper
track master for the Greenhouse Radio Link.

Below: The fully assembled Radio
Link in the base of its box, with the
l.c.d. module in the Iid.
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For the receiver only, an alternative to
the helical antenna is to use a whip. This
will give better range but is bigger and
more awkward to mount. An example is
shown in Fig.6.

FIRST TESTS

The receiver circuit is intended to be
powered from an external power supply
(e.g. an integrated plug type supplying 9V
d.c.). For testing, though, it is best to use a
bench supply so that the current consump-
tion can be monitored, it should consume
50mA or less.

Before applying power, visually check
the p.c.b. for shorts and check all the
polarised components, etc. Do not plug the
radio module, IC1 or the l.c.d. into the
control board yet. Using a meter ensure
there are no shorts between 5V and ground
(IC1 socket pins 10 and 20), or across the
power input.

Using a bench power supply, set it to
12V. If it has a current limit, set it to
100mA. Connect the supply to the p.c.b.
Tum on the power and verify that there is
SV across pins 10 and 20 on the ICI
socket.

Tum the power off, plug in the pre-
programmed processor (IC1) and the l.c.d.
The latter must be a single supply variety,
ie. OV/5V, the same as used with the
Greenhouse Computer board. Ensure that
the l.c.d. is plugged in correctly (it is easy
to plug it in the wrong way).

Verify that the voltage across the positive
and negative pins of the receiver is SV. If
all is ok, plug the receiver into its socket.
The lLc.d. will not display messages until it
receives a message from the transmitter.
Once the transmitter is set up, the l.c.d.
should show messages. If it does not, try
adjusting the contrast preset VRI. If nothing
appears, switch off and re-check.

TRANSMITTER

On the Greenhouse Computer control
board plug in the transmitter module,
having disconnected power from the board
first, as the battery back-up will take over
when the mains is powered off.

Reconnect the Greenhouse Computer
supply and also apply power to the
receiver: after 10 to 20 seconds it should
start to display the greenhouse information
as individual screens of data.

The transmitter module on the Green-
house Computer board.
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PC - SERIAL PORT
CONNECTOR RECEIVER - SK1
————— ———————
PIN 2 PIN 2 (TX)
PIN3 PIN 3(RX}
PINS PIN 5(GND)
CASE CASE (SHROUD)
ov) SCREEN
e
NOTE THAT THE HANDSHAKE
LINES (DSR, ETC.} ARE NOT USED

Fig.7. Connections required between
computer and receiver.

To test the RS232 interface, connect the
RS232 cable and set up the receiver to
record once every minute (see later). Leave
for 30 minutes and then try to load some
results. Remember to change the switch
setting to PC when *‘talking"’ to the PC and
back to Normal as soon as you finish.

If you do not receive any data, check that
all of the RS232 components are orientated
correctly. Ensure that you are using the
correct type of serial cable, which should be
connected as in Fig.7. The cable should
NOT have a “‘twist”, i.e. not a Laplink
cable.

SOFTWARE

The software for the receiver comes in
two parts, the software that runs on the
microcontroller (IC1) and the PC software.
The PC software is optional and is only
required if you want to log results. Both sets
of software are available through the EPE
PCB Service and via the EPE web site.

The microcontroller needs to be pro-
grammed before use. The AT89C2051
programmer in EPE June '98 is ideal
for this. Alternatively, pre-programmed
microcontrollers can be obtained from the
author — see Shop Talk page for more
information on this and the software.

Those of you with Intemet access can
also contact the author via E-mail at:
colin.meikle@virgin.net

The source code for the microcontroller
and the PC is written in C (Turbo C for the
PC and Keil C51 for the microcontroller). A
DOS executable file for the PC is also in-
cluded.

SOFTWARE USE

Install the software into a suitable di-
rectory on your PC. You should always
use the same directory, the software uses
configuration files which it expects to find
there.

Connect the serial cable between the PC
and receiver. Set the Mode switch (S2) to
PC.

From a DOS prompt navigate to the di-
rectory where you installed the software and

type:
greenrx <filename>

Filename is optional - it specifies the file
to which the results will be saved. The fol-
lowing (typical) menu should appear:

Remote Greenhouse Control Program

Recording results started FRI 23/4/98, at
22:35

No file name entered.
Using green.txt

1. Change Display Update and Save
Times

MPT 1340
COMPLIANCE

For the completed unit to conform
to the MPTI1340 standard (MPT1340
December 1987), you must meet the
following requirements:

All transmitters shall use integral an-
tennas only. Receivers may use an ex-
ternal antenna or an integral antenna. In
this specification, an integral antenna is
defined as one which is designed to be
connected permanently to the transmitter
or receiver without the use of an external
feeder.

The equipment in which the module is
used must carry an inspection mark lo-
cated on the outside of its case and be
clearly visible. The minimum dimensions
of the inspection mark shall be 10mm X
I5mm and the letter and figure height
must be no less than 2mm. The wording
shall read ‘““MPT 1340 W.T. LICENCE
EXEMPT"".

The adjustment control on the module
must not be easily accessible to the end
user. This control is factory set and must
never be adjusted.

MPTI1340 is the type approval speci-
fication issued by the RA (DTI) and may
be obtained from the RA's library serv-
ice on 0171 215 2072.

Upload Data to Screen
Upload data to file

Reset save counter

. Select COM Port (default 1)
Quit

Enter Choice >

SnEw

The first line, after the header, tells you
when the recording started.

OPTION 1

The first option allows you to change the
interval between saves and also allows the
display rate on the receiver l.cd. to be
changed. The receiver must be powered on
then off to take effect.

OPTION 2

The second option uploads the data to
the screen. You are prompted for a correc-
tion factor which is added to the data. You
should upload the data with zero for the
correction and then add an appropriate cor-
rection to correct any errors in the timing.

OPTION 3

This option allows you to upload the
readings from the receiver. The readings are
appended to the file specified when you
invoked the program. If you do not specify
a file, green.out is used as the file name.
You may wish to upload weekly and use a
separate file for each week or you may want
one large file.

The data is output to the screen as well as
written to the file. You are required to
press the ESC key when all of the data
is received. When you upload data, the
receiver's EEPROM is not cleared, it con-
tinues from where it left off. You must use
Option 4 to reset the internal counter.

OPTION 4
Option 4 resets the receiver’s EEPROM,
i.e. resets the start time. The receiver must
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be powered on/off for this to take effect.
You may wish to do this every time you
upload data.

OPTION §

Use Option S to change the COM port
to which your serial cable is attached.

When finished set the Mode switch back
to Normal.

Note: The software uses a configura-
tion file to store the start times, if you
delete the file you will get incorrect
timings. You can reset the receiver and
make it use the programmed defaults for
display and save times by pressing the
Reset switch (S1) and powering the
receiver off/on.

Temp C Molsture

Green House Graph

The timer in the processor is not very e S cmec oo oo N — o - o
accurate over a long period of time. The ggEgs§;§§§§§§§§§§§§E§§§§§§§§§
bt B ELEELE R R AL EELL L HEE B

From 13/08/97 to 17/8/97
IN USE

In normal operation, the receiver is Fig.8. Typical greenhouse data plotted by a PC.
very simple to use: just turn the power on
and the reading will be displayed (as long Air Temperature, Soil Temperature, graph in Fig.8 was produced using MS

as you are in range).

The PC software for controlling the
receiver is very basic. It does not draw
graphs but simply produces a data file in
the following format:

Moisture, Save Interval, Day:Time
e.g. 19,19, 3, 30, THUR:0:19

This can then be read into a spread-
sheet where it can be processed. The

Excel, which allows easy formatting of
the information to suit your needs.

Alternatively, readers who have any of
the Basic dialects can set up their own
plotting formats.

s TALK

with David Barri ng_;ton

PIC Altimeter

A number of components called for in the PIC Altimeter project
needed some tracking down, most successfully but one a slight hiccup.

The only source we have come across in our search for the
Sensym temperature compensated pressure sensor type SCC15AN
has been Farnell (® 07113 263 6311), code 179-275. The device
chosen for the model is the enclosed in-line pin version, denoted by
the suffix N. Some suppliers may offer a non-enclosed SCC15A and
this is perfectly acceptable.

Checking through catalogues shows that most of our components
advertisers should be able to supply suitable pushswitches. They
should be miniature or ultra-miniature types if they are to fit inside the
case, the ones in the model are RS types with round buttons. The
crystal should also be widely available.

For those readers who do not have the facilities to program
their own PIC chips, a ready-programmed PIC16F&} (PIC16C84)
microcontrolier is available from Magenta Electronics (2 071283
565435) for the sum of £15 all inclusive. They also stock the 2-line
16-character intelligent l.c.d. module, as do many of our component
advertisers.

If you wish to do your own PIC programming, the software listing
(TASM - but may be translated to MPASM using the EPE
PIC16x84 Toolkit from the July '98 issue) is available from the
Editorial Offices, see PCB Service page 692 for details. If you
are an Intemmet user, it is available Free from our FTP site:
ftp://ftp.epemag.wimborne.co.uk/pub/PICS/PICaltimeter.

The printed circuit board is available from the EPE PCB Service,
code 201 (see page 692).

This just leaves us with the case. A search was made to find a
case with a cutout slot to suit the size of l.c.d. used and none could
be found. The answer was a sloped panel case from RS which had a
larger cutout that could be masked to size with little effort. This
case is available from Electromail (& 01536 204555), quote code
222-828.

Greenhouse Radio Link

A ready-programmed AT89C2051 microcontroller for the Radio
Link is available direct from the designer (Mail Order only): Colin
Meikle, 9 Coldstream Drive, Strathaven, Lanarkshire, ML10 6UD.
Make cheques payable to him. The price is £12, inclusive of UK
postage. For overseas orders add £1.

The software is available from the Editorial offices on a
35 inch PC-compatible disk. See EPE PCB Service page for
postage charges. It is also available Free from our web site:
ftp:/itp.epemag.wimborne.co.uk/pub/8051/Greenhouse.
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The Receiver module is obtainable from Radio-Tech (& 071992
576107). it must be the 5V version, so quote order code SILRX418-
A when ordering.

The only other component that is likely to cause sourcing problems
is the 16K serial EEPROM type X25160. The only listing we have
come across is from Farnell (& 0113 263 6311), code 788-673. The
RS232 cable with connectors and pin-header connectors should be
generally available. If you experience trouble, try ESR (& 07191 251
4363), who stock a large range of connectors.

The printed circuit board is obtainable from the EPE PCB Service,
code 200.

Personal Stereo Amplifier

We had lined up a pair of low-cost, enclosed loudspeakers (used
in the model), which also came with earphones and headphones, for
the Personal Stereo Amplifier from Maplin, but unfortunately these
have now been discontinued. However, we understand that some
stores may still have stocks, so the order code to quote when you
visit your local shop is CB50E.

All is not lost, another pair of speakers that have been tried with
the unit, and from the same source, are some small “passive” multi-
media types for computers. Quote code DX32K.

As recommended in the article, it is best to stick with the
NES5534AN low-noise op.amp for best performance. If you have
trouble tracking this device down, it is currently listed by Electromail
(2 01536 204555), code 428-212.

The muiti-project printed circuit board is available from the EPE
PCB Service, code 932.

Mains Socket Tester

It is vitally important that only a capacitor rated at 250V a.c. or
better, and capable of continuous operation across the a.c. mains
supply, is used for the “mains dropper” in the Mains Socket Tester
project. The one in the prototype came from Maplin and is listed as a
Class X2 suppression type, code JEO9K.

Nearly all the power supply “plug-boxes” we located are sold with
plastic Earth pins. It is most important that you use one with a
METAL earth pin. One with a metal earth pin, and at a very
reasonable price, is being specially stocked by Greenweld (2 01703
236363). You must ask for the Metal Earth pin version when ordering.

PLEASE TAKE NOTE
PIC16x84 Toolkit (July 1998)

Page 527, Fig.1. In the circuit diagram, l.e.d. D1 is shown the wrong
way round. The cathode (k) should go to the +5V line. The p.c.b.
layout is correct.

In Fig.3 and Fig.4, the annotations for resistors R10 and R11 have
been transposed. R10 is the one that joins resistor R9. Both resistors
have the same value (100k).

Also, in Figs. 3 and 4, resistor R6 is shown as R3 connected to the
base (b) of transistor TR3. R3 is the one that goes to pin 1 of IC3.
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INGENUITY
UNLIMITED

Our regular round-up of readers’ own circuits. We pay
between £10 and £50 for all material published, depending
on length and technical merit. We're looking for novel
applications and circuit tips, not simply mechanical or
electrical ideas. |deas must be the reader’s own work and
not have been submitted for publication elsewhere. The
circuits shown have NOT been proven by us. Ingenuity
Unlimited is open to ALL abilities, but items for
consideration in this column should preferably be typed or
word-processed, with a brief circuit description (between
100 and 500 words maximum) and full circuit diagram
showing all relevant component values. Please draw all
circuit schematics as clearly as possible.

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

They could earn you some real cash and a prize!

e il in
11 e AT RS
H :?“ N

)

Lucky Numbers -
One fm a million

ITH the odds of winning the lottery a

massive 13,983,816 to 1, we could all
use a helping hand in choosing our six num-
bers. The circuit described in Fig.l (below)
does just that. by controlling two rows of
different coloured l.e.d.s, one numbered 0
- 4 (green) which represents the tens, the
other numbered 0 — 9 (red) for units.

When switch S1 is closed, capacitor Cl
discharges and allows current to flow so that
IC1 produces clock pulses for IC3, a 4017
decade counter. The carry out pulse (pin 12)
from IC3 produces one high pulse for every
ten produced by IC1, and the carry-out is used
to clock IC2. This is also a 4017 decade
counter of which the first five outputs are used,
and the result is displayed on a series of l.e.d.s
with a common current limiting resistor.

When S1 is opened, Cl starts to charge
and therefore allows increasingly less current
through it. This has the effect of gradually
reducing the frequency of ICI until it finally
stops. The time taken for this to happen
depends upon the value of C1, however, this

WIN A PICO PC BASED

OSCILLOSCOPE
¢ 50MSPS Dual Channel Storage
Oscilloscope ® 25MHz Spectrum Analyser
© Multimeter @ Frequency Meter
o Signal Generator
If you have a novel circuit idea which would be
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 I submission. In
addition, two single channel ADC-40s will be
presented to the runners up.

D.C. Fan Equaliser - A Balancing Act

BRUSHLESS-TYPE d.c. fans generally do not
run properly if wired in series, and
failure can arise if one fan stalls for any
reason. This condition can produce an excess
voltage to the other fan due to the higher stall
current flowing. In low voltage situations and
where fan noise is an issue, sometimes
neither fan will start, implying that you
cannot reduce the overall produced noise
very reliably.

The circuit diagram shown in Fig.2. was
employed on a 24V rectified circuit in order
to allow two cheaper, more commonplace
12V fans to be used. It addresses the possible
problem of reliability, and the circuit could
be extended for any number of d.c. brush-
less fans. The complementary transistor stage
(TR1, TR2) is suitable for fans rated up to
roughly 200mA.

Gerard La Rooy, New Zealand.

+24V

RY
1«5 TRt

U 4 2 x12vD.C.
IN4148 == TR2 BRUSHLESS
k FANS
BC327

R2
1S

ov

Fig.2. Circuit diagram for a D.C. Fan
Equaliser.

could lead to problems if too high a value were
used.

The circuit can operate from a 9V battery
via an on-off switch. It is a proven winner

having already netted me the huge sum of £10.
However, I can make no promises for your
good fortune!

lan Hill, Plymouth, Devon.

49V TO +12V
R1
22
sl 71 6l s
V+ DIS THR CV -
1
IC1
555
®ov_TR _OP RST - 1
1 2] 3 4| |'|
%+
i Tom
1
Qg
W RS
S8
ov
o -

D1 TO D5 (GREEN) ~ TENS (0-4)

D8 TO D15 (RED) ~ UNITS (0-9)

Fig. 1. Circuit diagram for the Lucky Numbers generator.
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Playback Amplifier
for Mlc:o-cass ttes

R 1
C

Y WIFE ans | take a ‘‘micro-cassette’’

dictation machine on holiday to record
notes which form the basis of our holiday
diary. When a ‘‘micro-cassette’’ transport
mechanism became available from a defunct
telephone answer machine, 1 made use of it
to build a footpedal-controlled two speed
transcription machine to make it easier to
write up the diary back home; commercial
machines cost £200 or more which we
couldn’t justify spending!

The tape deck mechanism required a play-
back amplifier and the circuit diagram of my
solution is shown in Fig.3. Conventionally,
high input impedance amplifiers are used for
tapc heads to avoid attenuation of high fre-
quencies when the head impedance rises, but
I found problems with mains hum, noise
from the drive motor which is only 45mm
from the head, and a regular “‘click’” which
originated from a toroidal magnet on the feed
spindle to provide end-of-tape detection. A
low input impedance differential configura-
tion was more successful.

ICla is a differential input amplifier formed
from one half of an NESS532 low-noise
amplifier, with a gain of 29dB. The tape head
is connected to the input by a tightly twisted
unscreened pair of flexible wires.

Resistors R1/ R2 and R3/R4 are preferably
matched pairs for best common mode rejec-
tion ratio (CMRR). As the input impedance is
only 11k2 the response will roll off as the
impedance of the head rises, but tests showed
there was no advantage in increasing the
value of the resistors and every advantage in
keeping them low to reduce their noise con-
tribution. In any case the aim is intelligibility,
not hi-fi!

No input capacitors are needed which
would degrade the CMRR because the only
d.c. flowing in the head is the input offset
current, which for an NE5532 is only 10nA,
and 100nA is generally considered safe. IC1b
is the equalisation stage which presented
a problem as information regarding the
time constants used for micro-cassettes was
scarce. The values used were derived from

DVM Current Shunt - /Adds Curment

OLDER or cheaper digital multimeters
only read volts and resistance. If
desired, such meters can be converted to
read d.c. current by simply measuring the
voltage dropped across a known, low-value
*‘shunt’’ resistance.

A very simple arrangement permitting
readings from 100mA to 1A d.c. is shown
in Fig.4. The range is selectable using a
flying lead terminated in a crocodile clip or
a wander-plug. Normal switches have too
high a contact resistance, or may not be able
to cope with higher currents.

The resistors should have as tight a
tolerance as possible. Using the values
shown, a full-scale deflection (f.s.d.) of
100mV will be produced, and you can then
interpret the display as a current reading.

G.A. Bobker,
Unsworth,
Bury.

CURRENT fou
PROBES
10% 16 0.3W
o0 IN PARALLEL

[commion]
MON
o [1oomA] b1

|onRg.3w FLYING LEAD

AND WANDER
+ l

PLUG RANGE
SELECTOR
TO DVM
Fig.4. Adding a current range to older
type Digital multimeters.

ON "vOLTS® l

RANGE -

INGENUITY UNLIMITED
BE INTERACTIVE

IU is your forum where you can offer other readers the : :
benefit of your Ingenuity. Share those ideas and earn | “3*
some cash and possibly a prize!

p—

experimentation. Results are excellent, mains
hum is non-existent and motor noise is
inaudible at normal listening levels. The gain
at 1kHz is 33dB approx. The switching
configuration (S1) used to change the EQ
for the two different speeds is deliberately
chosen to avoid a momentary break of the
feedback path.

Audio Amplifier

To feed a loudspeaker, an LM386 audio
amplifier was used in a standard configura-
tion. The headphone jack wiring puts stereo
headphones in series and thus out of phase.
This is not noticeable in practice and reduces
the load on the LM386 from 4 ohms to 16

ohms if 8 ohm headphoncs are used.
The circuit required + 12V and + 8V rails.
It was convenient to use two transformers for
the power supplies, one for the NES532 using
78L12 and 79L12 regulators, with the rest
of the machine powered by the other trans-
former with a 7808 regulator for the LM386.
The only connection between the two
supplies is at pin 4 of the LM386. Because of
the high gain of the circuit (around 90dB at
low frequencies) I found it essential to avoid
ground loops and the motor supply must
come directly from the rescrvoir capacitor
and not be ‘‘daisy-chained’* onto other
circuitry.
B.J. Taylor,
Rickmansworth, Herts.

R1
TAPE 'y
HEAD

R2

5k6

*S1 CLOSED FOR 2.4crrvs
OPEN FOR 1.2cemvs

LM386 PIN 1 AND 6 LEFT OPEN

28

o

8

3=

1
1

.

Fig.3. Circuit diagram for a Playback Amplifier for a8 Micro-cassette dictation tape recorder.
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SURFING THE INTERNET

NET WORK

ALAN WINSTANLEY

£7 work is the monthly column for EPE readers having
access to the Internet. Our Intemet service has quickly be-
come an indispensable aid to many readers. Our web site keeps
you up to date with the latest news from EPE, and the FTP
server allows you to fetch a variety of files by FTP (file transfer
protocol), which is a boon, particularly for overseas readers.
This month’s PIC Altimeter and Greenhouse Radio Link project
files are available for free access from the FTP site at
pub/PICS/PICaltimeter and pub/8051/Greenhouse.

Chat Zone

Coming very soon on the web site is the EPE Chat Zone,
a web-browser based method of posting messages onto our
**whiteboard’’ for others to read and perhaps follow up. This way,
you will be able to communicate with your fellow readers and
other electronics enthusiasts from around the world. Need any
hélp? Looking for advice from other readers? Or would you like
to pass on your views?

This English-language messaging system is subject to our
**Acceptable Use Policy’” and will be monitored to ensure that
there is no abuse of any form, including the use of inappropriate
language and also prohibiting commercial advertisements or other
abuse. Students and schools are especially welcomed and we hope
you will drop in and enjoy this added-value service! Watch for the
special logos and follow the signs on the EPE web site, soon!

There is one final opportunity to register an interest for the
proposed Teach-In 98 **Meet’’ at the University of Hull. Further
background information about the series, together with a fill-in
form, is provided at our web site, or you can send a postcard
directly to the University at the address given in the final part of
Teach-In 98.

It is stressed that the neeting will only go ahead if a viable
level of interest is apparent, after allowing for an estimated
“‘drop out’’ rate. In any case, the Teach-In mailbox continues to
be open for readers following up the series at a later date. The
E-mail address is Teach_In98@epemag.demon.co.uk.

During June or July some readers will undoubtedly have
noticed a degree of disruption to the EPE web and FTP sites.
We're sorry about this. The service interruption was caused by a
major relocation of equipment by our ISP to Telehouse Europe in
London, home of LINX — the London Internet Exchange, which is
the point where this country talks to the rest of the world.

Telehouse is an ultra-high security building on the River Thames
which offers back-up facilities to many commercial and com-
munications companies, rendering them impervious to catastrophe
(e.g. fire or deliberate attacks). We also have dual-redundancy
connectivity since our ISP (unlike many) has a choice of two
bandwidth suppliers. which improves accessibility even more.

Generally, over the two years during which our Intemet site
has been established, operating problems have been impressively
rare. 1 do. however, still receive a handful of queries or com-
plaints each month concerning the availability of our Internet site.
Usually. the complaint is that the site is *‘down’’ but when I test
the sites myself using several ordinary dial-in accounts, I nearly
always fail to replicate the reported problems.

Frequently Asked Questions

Based on several years’ worth of reader feedback, here's a brief
rundown of Frequently Asked Questions related to our web and
FTP site. Ultimately, I will post this onto the web site and update
it in light of further feedback. I hope you like the **FAQ’" style.

Which version web browser should I use?

Any you like! There are some minor enhancements (colours or
scrolling text) etc. which are only supported by Microsoft Internet
Explorer. We don’t make the web site browser dependent. A
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Version 3.0 or higher will be satisfactory. You could try Opera,
which has some enhancements (e.g. zoom) for visually disabled
users.

I can’t access your web site at all.

In our experience it is very rare for our ISP servers to go
down. Several major British TV networks use the same ISP and
reliability is generally excellent. Occasionally some unexpected
maintenance may be required or there may be circumstances
beyond everyone’s control which affects our server connection.
These things happen, and if possible we will post a warning on
the Home Page. Generally we have ample local bandwidth
available at all times. Problems could well be due to general
peak-time demands on national or intemnational bandwidth. Also,
ensure you are not mis-typing our URL - it’s on the front cover of
every issue! (Note, there is no *‘u’’ in Wimborne - Ed.)

How do I access your FTP site?

We recommend using proper FTP software such as WS_FTP
Pro or Fetch for Macintosh. To use your browser, type in this
URL: ftp://ftp.epemag.wimborne.co.uk/pub then hit ‘‘enter’’
and it will display the FTP *‘public’’ directory. Drill further down
from here (not up to a higher directory), to access the required
sub-directories and folders.

I got to the FTP site, what do I do now?

Firstly, read the file ‘‘whatsnew.txt’> by clicking on the
filename with your mouse. A text file will open, describing the
latest additions to the FTP site. Also read the ‘‘readme.txt’
located in the same place, for further provisos concerning the
material stored on our FTP site. Then use your mouse to navigate
around the FTP site, by clicking on folder names to open them.

How do I fetch microcontroller files?

Open the FTP site *‘public’’ directory in your browser window
(see earlier). Click on the **PICS’’ or **8051" folder as appropriate,
then choose the project folder in question. Click it to open it - a list
of files will then display. To fetch them onto your local machine,
right-mouse click, then choose *‘Save Target As .. ."". Select where
you want to save it on your PC. Ensure you fetch all files listed. As
an ‘‘anonymous’’ user, you can’t damage our FTP site so feel free
to wander around, experimenting as needed.

I just can’t access your FTP site!

There’s a limit of 30 ‘‘anonymous’’ users at any one time.
Peaks can occur when new projects are launched early in the
month, when readers connect to fetch the source codes of
microcontroller projects. Also ensure you are spelling the ad-
dresses (URL) properly and in full. If you are on a LAN and
behind a firewall, your sysadmin may prohibit anonymous FTP
and you might need to try from another location.

What are those files that end in ‘‘.zip"’?

They are files which have been compressed for convenience.
This usually reduces their size and it groups a multitude of files
into one, which is easier to fetch by FTP. Having fetched
the file onto your system, you need a zipping/unzipping pro-
gram such as WinZip from www.winzip.com or PKZIP from
www.pkware.com. These are essential utilities for all Internet
users.

Pve still got a problem!

We’ll try to help you out — please send an E-mail to
webmaster@epemag.demon.co.uk. Include relevant information
— your browser version, any symptoms or error messages, your
local time or time GMT.

I hope that answers many questions. There is a variety of new
suggestions for web site URLs, on the Net Work page of the
on-line edition of the September issue.
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DIRECT BOOK S

The books listed have been selected by Everyday
Practical Electronics editorial staff as being of
special interest to everyone involved in electronics
and computing. They are supplied by mail order to
your door. Full ordering details are given on the

ELECTRONICS TEACH-IN 88/89

INTRODUCING MICROPROCESSORS

Mike Tooley B.A. {(published by Everyday Practical
Electronics)

A complete course that can lead ful ders to

ERVICE

FOR ANOTHER SELECTION OF BOOKS SEE THE

NEXT TWO MONTH'’S ISSUES.
Note our UK postage costs just £1.50 no matter how
many books you order! N

last book page.

the award of a City and Guilds Certificate in Introductory
Microprocessors (726/303). The book contains everything
you need to know including fult details on registering for
assessment, etc.

Sections cover Microcomputer Systems,
Microprocessors, Memories, Input/Output, Interfacing
and Programming. There are various practical
assignments and eight Data Pages covering popular
MICToprocessors.

And excellent introduction to the subject even for those
who do not wish to take the City and Guilds assessment.

80 pages Order code TI-88/89 £2.45

gemmmemaner [
ELECTRONICS COURSE So ARE

ELECTRONICS PROJECTS FREE
USING ELECTRONICS WORKBENCH
us FREE CD-ROM CD-ROM
. P. Horsey

This book offers a wide range of tested circuit mod-
ules which can be used as electronics projects, part of
an electronics course, or as 8 hands-on way of get-
tipg better a(_:quainted with Electronics Workbench. With
circuits ranging from ‘bulbs and batteries’ to complex
systems using integrated circuits, the projects will appeal
to novices, students and practitioners alike.

Electronics Workbench is a highly versatile computer
imulation package which enables the user to design, test
and modify their circuits before building them, and to plan
PCB layouts on-screen, All the circuits in the book are
proyided as runnable Electronic Workbench files on the

{published by Everyday Practical Electronics)

Alan Winstanley and Keith Dye B.Eng{Tech)AMIEE

This highly acclaimed 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 aimed speci-
fically at the novice or plete begi in el ics.
The series is designed to support those undertaking either
GCSE Electronics or GCE Advanced Levels, and starts
with fundamental principles.

f you are taking electronics 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
if you are considering a career in electronics or even
if you are already training in one. The Mini Lab and
software enable the construction and testing of both
demonstration and development circuits. These learn-
ing aids bring electronics to life in an enjoyable and
interestinqrway: you will both see and hear the electron
in action! The Micro Lab micropr add-on syst

d CD-ROM, and a sel of 15 rep
circuits can be explored using the free demo version of
the application.

Contents: Some basic concepts; Projects with switches,
LEDs, relays and diodes; Transistors; Power supplies;
Op.amp projects; Further op.amp circuits; Logic gates; Real
logic_circuits; Logic gate multivibrators; The timer;
Flip-flops, and shift regi Adders, p
and multiplexers; Field effect transistors; Thyristors, triacs
and diacs; Constructing your circuit; Index.

227 pages £1499
A BEGINNER'S GUIDE TO MODERN ELECTRONIC
COMPONENTS

R. A. Penfold

The purpose of this book is to provide practical informa-
tion to help the reader sort out the bewildering array of
components currently on offer. An advanced knowledge
of the theory of electronics is not needed, and this
book is not intended to be a course in electronic theory.
The main aim is to explain the differences b

DISCOVERING ELECTRONIC CLOCKS [ NEW ]
W. D. Phillips
This is a whole book about designing and making
electronic clocks. You start by connecting HIGH and
LOW togic signals to logic gates. You find out about
and then build and test bistables, crystal-controlled
astables, counters, decoders and displays. Al of these
subsystems are carefully explained, with practical work
sugfoned by easy to follow prototype board layouts.
il constructional details, including circuit di al

a printed circuit board pattem, are given for a digital
electronic clock. The circuit for the First Clock is modified
and developed to produce additional designs which include
a Big Digit Clock, Binary Clock, Linear Clock, Andrew’s Clock
(with a semi-analogue display), and a Circles Clock. All of
these designs are | and distincti

This is an ideal resource for project work in GCSE
Design and Technology: Electronics Product, and for
project work in AS-Level and A-Level Electronics and
Technology.
194 pages, A4 spiral bound £16.50

DOMESTIC SECURITY SYSTEMS
A. L. Brown
This book shows you how, with common sense and basic
do-it-yourself skills, you can rrotect your home. it also
gives tips and ideas which will help you to maintain and
improve your home security, even if you aiready have
an alarm. Every circuit in this book is clearly described
and il d, and ins comp that are easy to
source. Advice and guidance are based on the real ex-
perience of the author who is an alarm installer, and the
designs themselves have been rigorously put to use on
some of the most crime-ridden streets in the world.

The designs include all el ts, including sensors,
detectors, ‘a_ilarms, controls, lights, video and door entry

components of the same basic type (e.g. carbon, carbon
film, metal film, and wire-wound resistors) so that the
right component for a given application can be sel d
A wide range of cc ts are included, with the

will appeal to higher level students and those develop-
ing microprocessor projects.

ﬁrmly on those components that are used a
great deal in projects for the home constructor.

Y s cover installation, testing, main-
tenance and upgrading.

192 pages £12.99
MICROCONTROLLER COOKBOOK
Mike James

The practical soluti to real pri shown in this
cookbook provide the basis to make PIC and 8051
devices really work. Capabilities of the variants are

d, and ways to enhance these are shown. A

survey of common interface devices, and a descrip-

tion of programming modeis, lead on to a section on
h t techni S{coo)

de d q Th book offers an intro-
duction that will allow any user, novice or experienced,

160 pages £3.95 170 pages £4.99

P . 19 .

Compulting :
WINDOWS 95 EXPLAINED built-in ports p;ovide what is often a much easier and

P. R. M. Oliver and N. Kantaris

I you would like to get up and running, as soon as pos-
sible, with the new Wind, i then
this is the book for you.

The book was written with the non-expert, busy person
in mind. It explains the hardware that you need in order to
run Windows 95 successfully, and how to install and op-
timize your system’s resources, It presents an overview of
the Windows 95 environment.

Later chapters cover how to work with proggams,
folders and documents; how to control Windows 95 and
use the many accessories that come with it; how to use
DOS prog and, if y. DOS ds and
how to communicate with the rest of the electronic woﬂgé

£5.

170 pages

INTERFACING PCs AND COMPATIBLES
R. A. Penfold
Once you know how, PC interfacing is less involved than
interfacing many eight-bit machines, which have tended
to use some unusual interfacing methods.

This book gives you: A detailed descrig(ign:l..of the Iinz

hassle-free way of interfacing your own circuits to a
PC. In particlar, a PC printer port plus a small amount
of external hardware provides a surprisingly versatile
input/output port. The PC “games” port is less useful for
general interfacing purposes, but it can be useful in
some applications.

This book provides a number of useful PC add-on
ircuits including the following: Digital input/output ports;
Analogue to digital converter; Digital-to-Analogue Con-
verter; Voltage and current measurement circuits; Resis-
tance meter; Capacil meter; Temp
ment interface; Biofeedbach itor; g
model train controller; Pulsed model train controllers;
Position sensor (optical, Hall effect, etc.); Stepper motor
interface; Relay and LED drivers; Triac mains switching

interface.
Order code BP385 £4.99

M

179 pages

HOW TO EXPAND, MODERNISE ANO REPAIR PCs

AND COMPATIBLES (Revised Edition)

R. A. Penfold

Not only are PC and compatible computers very ex-

present on the PC bus. A di

dable, but before long most users actually wish to

the physical characteristics of PC expansion cards. The
1/O map and details of the areas where your add-on can
be fitted. A discussion of address decoding techniques.
Practical add decoder circuits. Simple 8-bit input
and output ports. Details of using the 8255 parallel inter-
face adaptor. Digital to gue converter circuits. In fact
everything you need to know in order to produce success-

ful PC add-ons.
£3.95

80 pages

EASY PC INTERFACING

R. A. Penfold

Although the internal expansion slots of a PC provide
full access to the computer’s buses, and are suitable for

take ad ge of that dability and start upgrad-
ing their PC system. Some aspects of PC upgrading
can be a bit confusing, but this book provides advice
and guidance on the popular forms of internal PC ex-
pansion, and should help to make things reasonably
straightforward and_painl Little b ledge of com-
puting is d. The only ption is that you can
operate a standard PC of some kind (PC, PC XT, PC AT,
or an 80386 based PC).

The subjects covered include: PC overview; Memory
up?(rades; Adding a hard disk drive; Adding a floppy
disk drive; Display adaptors and monitors; Fitting
a maths co-processor; ll.(oy.bo.'nrds; Ports; Mice and

user add-ons, making your own expansion cards re-
quires a fair amount of expertise and equipment. The

digitisers; Mai g pre main-
) and Repairs, and the increasingly popular

subject of d.i.y. PCs.

156 pages £5.99
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to make the most of microcontrollers,
£19.99

Order code NE26

A BEGINNER'S GUIDE TO TTL DIGITAL ICs

R. A. Penfold

This book first covers the basics of simple logic circuits
in general, and then progresses to specific TTL logic
integrated circuits. The devices covered include gates,
oscillators, timers, flipflops, dividers, and decoder cir-
cuits. Some practical circuits are used to illustrate the
use of TTL devices in the “real world”

142 pages E4.99

240 pages

ELECTRONIC MODULES AND SYSTEMS FOR
BEGINNERS

Owen Bishop

This book describes over 60 modular electronic circuits,
how they work, how to build them, and how to use
them. The modules may be wired together to make
hundreds of different el ic syst bot log
and digital. To show the reader how to begin build-
ing sy from dules, a selecti of over 25
electronic systems are described in detail, covering
such widely differing applications as timing, home

security, audio {including a simple radio
receiver), games and remote control.
200 pages Order code BP266 £3.95

PRACTICAL ELECTRONICS CALCULATIONS AND
FORMULAE
F. A. Wilson, C.G.1.A., C.Eng., FL.EEE. FLERE. FB.LM.
Bridges the pli d technical theory,
and “cut-and-tried” methods which may bring success
in design but leave the experimenter unfulfilled. A
strong practical bias - tedious and higher mathematics
have been avoided where possible and many tables
have been included.

The book is divided into six basic sections: Units and
Constants, Direct-Current Circuits, Passive Components,
Alternating-Current Circuits, Networks and Theorems,

Measurements,
256 pages £3.95
689




Theory and Reference

Bebop To The Boolean Boogie

By Clive (call me Max)
Maxfield
ORDER CODE BEB1

£24.95

470 pages. Large format

Specially imported by EPE -
Excellent value
An Unconventional Guide to
Electronics Fundamentals,
Components and Processes

This book gives the "big picture” of
digital electronics. This 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-Mulier 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 important
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, extremely 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....

BeBOP I

BOOIEN
BOOGE

DIGITAL ELECTRONICS - A PRACTICAL APPROACH FREE
With FREE Software: Number One Systems - EASY-PC SOFTWARE

Professional XM and Pulsar (Limited Functionality)
Richard Monk

Covers binary arithmetic, Boolean algebra and logic gates, combina-
tion logic, sequential logic including the design and construction of
asynchronous and synchronous circuits and register circuits. Together
with a considerable practical content plus the additional attraction of
its close association with computer aided design including the FREE
software.

There is a ‘blow-by-blow’ guide to the use of EASY-PC Professional XM
(a schematic drawing and printed circuit board design computer package).
The guide also conducts the reader through logic circuit simulation using
Pulsar software. Chapters on p.c.b. physics and p.c.b. production tech-
niques make the book unique, and with its host of project ideas make it an
ideal companion for the integrative assignment and common skills com-
ponents required by BTEC and the key skills demanded by GNVQ. The
principal aim of the book is to provide a straightforward approach to the
understanding of digital electronics.

Those who prefer the ‘Teach-In approach or would rather experiment
with some simple circuits should find the book’s final chapters on printed
circuit board production and project ideas especially useful.

250 pages £16.99

Bebop Bytes Back | &,

By Clive “Max" Maxfield
and Alvin Brown

ORDER CODE BEB2

£29.95

Over 500 pages. Large
format

Specially imported by
EPE - Excellent value

An Unconventional Guide
To Computers

Plqu ll:IREE CD-RC’)Ilvl which li:?clt:’des:
ully Functional Internet-Ready o !
Virtual Computer with Interactive 5‘:',,7‘;";;;“,’52,7;‘“
Labs Interactive Labs

This follow-on to Bebop to the
Boolean Boogie is a multimedia ex-
travaganza of information about how
computers work. It picks up where “Bebop |” 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-cool multimedia, the accompanying CO-ROM (for
Windows 95 machines only) contains a virtual microcomputer, simulating
the motherboard and standard computer peripherals in an extremely
realistic manner. In addition to a wealth of technical information, myriad
nuggets of trivia, and hundreds of carefully drawn illustrations, the book
contains a set of lab experiments for the virtual microcomputer that let
you recreate the experiences of early computer pioneers. If you're the
slightest bit interested in the inner workings of computers, then don't dare
to miss this one!

Bebop BYTES Back

An Unconventional Guide to
Computers

DIGITAL GATES AND FLIP-FLOPS

lan R. Sinclair

This book, intended for enthusiasts, students and technicians, seeks to
establish a firm foundation in digital electronics by treating the topics of
gates and flip-flops thoroughly and from the beginning.

Topics such as Boolean algebra and Karnaugh mapping are explained,
demonstrated and used extensively, and more attention is paid to the
subject of synchronous counters than to the simple but less important
ripple counters.

No background other than a basic knowiedge of electronics is assumed,
and the more theoretical topics are explained from the beginning, as also
are many working practices. The book concludes with an explanation of
microprocessor techniques as applied to digital logic.

200 pages £8.95

B Audio and Music

AN INTRODUCTION TO LOUDSPEAKERS AND
ENCI.OSURE DESIGN

V. Cape

This book explores the vanous features, good points
and snags of speaker designs. | the whys and
wherefores so that the reader can understand the
principles involved and so make an informed choice of
design, or even design loudspeaker enclosures for him —
or herself. Crossover units are aiso explained, the
various types, how they work, the distortions they
produce and how to avoid them. Finally there is a
step-by-step description of the construction of the
Kapelimaeister loudspeaker enclosure,

148 pages £3.99

ACOUSTIC FEEDBACK - HOW TO AVOID IT
V. Capel

Feedback is the bane of all public address systems.
While feedback cannot be completely eliminated, many
things can be done to reduce it to a level at which it is
no longer a problem.

Much of the trouble is often the hall itself, not
the equlpmem but there is a simple and practncal
way of greatly improving Some
are prone to feedback while others are not. Certain
loudspeaker systems are much better than others, and
the way the units are positioned can produce a reduced
feedback. All these matters are fully explored as well as
electronic aids such as lizers, fr
and notch filters.

The special requirements of live group concerts are
considered, and also the related problem of instability
that is sometimes encountered with large set-ups. We
even take a look at some unsuccessful attempts to cure
feedback so as to save readers wasted time and effort
duplicating them.

q Y

690

Also included is the circuit and layout of an inexpen-
sive but highly successful twin-notch filter, and how to
operate it,
92 pages Temporarily out of print
PREAMPLIFIER AND FILTER CIRCUITS
R. A. Penfold
This book provides circuits and background information
for a range of preamplifiers, plus tone controfs, filters,
mixers, etc. The use of modern low noise operational
amplifiers and a specialist high performance audio
preamplifier i.c. resuits in circuits that have excellent
performance, but which are still quite simple. All the
circuits featured can be built at quite low cost (just
a few pounds in most cases). The preamplifier cir-
cuits featured include: Microphone preamplifiers {low
impedance, high impedance, and crystal). Magnetic

But fear not, setting up and using a computer-based
music making system is not as difficult as you might
think.

This book will help you learn the basics of computing,
running applications programs, wiring up a MIDI system
and using the system to good effect, in fact just about
everything you need to know about hardware and the
programs, with no previous knowledge of computing
needed or assumed. This book will help you to choose
the right components for a system to suit your personal
needs, and equip you to exploit that system fully

174 pages £8.95
ELECTRONIC PROJECTS FOR GUITAR
R. A, Penfold

This book contains a collection of guitar effects and
some general purpose effects units, many of which are

caﬂndge pick-up preamplifiers with R..A.A.

ble for beg to project building. An introduc-

tion. Crystal/ceramic pick-up preamplifier, Guitar plck up
preamplifier. Tape head preamplifier {for use with com-
pact cassette systems).

Other circuits include: Audio limiter to prevent over-
loading of power amplifiers. Passive tone controls.
Active tone controls. PA filters {highpass and low-
pass). Scratch and rumble filters. Loudness filter. Audio
mixers. Volume and balance controis,

92 pages £4.99

COMPUTERS AND MUSIC - AN INTRODUCTION

R. A. Penfold

Computers are playing an increasingly important part in
the world of music, and the days when computerised
music was strictly for the fanatical few are long gone.

If you are more used to the black and white keys of a
synth keyboard than the QWERTY keyboard of a com-
puter, you may be understandably confused by the jar-
gon and terminology bandied about by computer buffs.

tory chapter gives guidance on construction.

Each project has an mtroducnon, an explanation of
how it works, a circuit diagram, instr
on stripboard layout and assembly, as well as notes
on setting up and using the units. Contents include:
Guitar tuner; Guitar preamplifier; Guitar headphone
amplifier; Soft distortion unit; Compressor; Enveiope
waa waa; Phaser; Dual tracking effects unit; Noise
gate/expander; Treble booster; Dynamic treble booster;
Envelope modifier; Tremelo unit; DI box.
110 pages Temporarily out of print

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION

R. A. Penfold

Practical construction details of how to build a num-
ber of audio power amplifiers ranging from about 50
to 300/400 watts r.m.s. includes MOSFET and bipolar

transistor designs.
Order code BP277 £3.99

96 pages
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Testing, Theory, Data and Reflerence

SCROGGIE'S FOUNDATIONS OF WIRELESS

AND ELECTRONICS - ELEVENTH EDITION

S. W, Amos and Roger Amos

Scroggie’s Foundations is a classic text for anyone work-
ing with electronics, who needs to know the art and craft
of the subject. It covers both the theory and practical
aspects of a huge range of topics from valve and tube
technology, and the application of cathode ray tubes
to radar, to digital tape systems and optical recording
techniques.

Since Foundations of Wireless was first published over
60 years ago, it has helped many thousands of readers to
become familiar with the principles of radio and elec-
tronics. The original author Sowerby was succeeded by
Scmggle in the 1940s, whose name became synonymous
with this classic primer for practitioners and students
alike. Stan Amos, one of the fathers of modern electronics
and the author of many well-known books in the area,
took over the revision of this book in the 1980s and it is
he, with his son, who have produced this latest version,

400 pages £19.99
ELECTRONICS MADE SIMPLE
fan Sinclair

Assuming no prior knowledge, Electronics Made Simple
presents an outline of modern electronics with an em-
phasis on und ding how syst work rather than
on details of circuit diag and calcul It is ideal
for students on a range of courses in electronics, includ-
ing GCSE, C8G and GNVQ, and for students of other
subjects who wil! be using electronic instruments and
methods.

Contents: waves and pulses, passive components,
active components and ICs, linear circuits, block and
circuit diagrams, how radio works, disc and tape record-
ing, elements of TV and radar, digital signals, gating and
logic circuits, counting and correcting, microprocessors,

calculators and computers, miscellaneous systems,
Page 199 (large format) [mﬁ] £12.99

TRANSISTOR DATA TABLES
Hans-Gunther Steidle

The tables in this book contain information about the
package shape, pin connections and basic electrical data
for each of the many thousands of transistors listed. The
data includes maximum reverse voltage, forward current
and power dissipation, current gain and forward transad-
mittance and resistance, cut-off frequency and details of
applications.

A book of this size is of necessity restricted in its scope,
and the individual transistor types cannot therefore be
described in the sort of detail that maybe found in some
larger and iderably more ive data books. How-
ever, the list of manufacturers’ addresses will make it
easier for the prospective user to obtain further informa-
tion, if necessary.

Lists over 8,000 different transistors, including f.e.t.s.

£5.

200 pages Order code BP401

MORE ADVANCED USES
OF THE MULTIMETER
R. A. Penfold
This book is primarily
intended as a follow-up to
BP239, (see below), and
should also be of value
to anyone who already
understands the basics
of voltage testing and
simple component testing.
By using the techniques
described in Chapter 1
you can test and analyse
the performance of a
range of components with
just a multimeter (plus a
very few inexpensive com-
ponents in some cases).
Some useful quick check
methods are also covered.
While a multimeter is supremely versatile, it does have
its limitations. The simple add-ons described in Chapter 2
extended the capabilities of a multimeter to make it even

more useful,
Order code BP265 £2.95

84 pages

ELECTRONIC TEST EOUIPMENT HANDBOOK
Steve Money
The principles of operation of the various types of test
instrument are explained in simple terms with a minimum
of mathematical analysis. The book covers analogue and
digital meters, bridges, oscilloscopes, signal generators,
counters, timers and frequency measurement. The practi-
cal uses of the ingtruments are also examined.

Everything from Oscillators, through R, C & L measure-
ments (and much more) to Waveform Generators and
testing Zeners.

206 pages £8.95

GETTING THE MOST FROM YOUR MULTIMETER

R. A. Penfold

This book is primarily aimed at inners and those of
limited experience electronics. Chapter 1 covers the
basics of analogue and digital multimeters, discussing the
relative merits and the limitations of the two types. In
Chapter 2 various methods of component checking are
described, including tests for transistors, thyristors, resis-
tors, capacitors and diodes. Circuit testing is covered in
Chapter 3, with subjects such as voltage, current and con-
tinuity checks being discussed.

In the main little or no previous knowledge or ex-
perience is assumed. Using these simple component and
circuit testing techniques the reader should be able to
ggnhdemlv tackle servicing of most electromc projects.

pages £2.95
NEWNES ELECTRONICS TOOLKIT- SECOND EDITION
Geoff Phillips

The author has used his 30 years experience in industry to

to help the engineer when designing, developing, evaluat-
ing, fault funcjJ ing and repairing electronic circuits. The
result is this handy workmate volume: a memory aid,
tutor and reference source which is recommended to all
electronics engineers, students and technicians.

Have you ever wished for a and comprehen-
sive guide to electronics concepts and rules of thumb?
Have you ever been unable to source a component, or
choose between two alternatives for a particular applica-
tion? How much time do you spend searching for basic
facts or manufacturer's specifications? This book is the
answer, it covers resistors, capacitors, inductors, semicon-
ductors, logic circuits, EMC, audio, electronics and music,

Memory; Binary and h {; Addressing; Di
logic; Microprocessor action; vo' control; C T control;
Dynamic RAM; Fault finding digital systems; Dual trace
oscilloscope; & replacement,

2. £18.99

74 pages Order code NE22

AN INTRODUCTION TO LIGHT IN ELECTRONICS
F. A. Wilson
Thns book is not for the expert but neither is it for the
Y unir d. ltis d the reader has some
basnc knowledge of electronics. After dealing with sub-
jects like Fundamamentals, Waves and Particles and The
ature of Light such things as Emitters, Detectors and

telephones, electronics in lighting, thermal consid
connections, reference data.

58 pages £1299

PRACTICAL ELECTRONIC FAULT FINDING AND
TROUBLESHOOTING

Robin Pain

This is not a book of theory. It is a book of practical
tips, hints, and rules of thumb, all of which will equip the
reader to tackle any job. You may be an engineer or tech-
nician in search of information and guidance, a college
student, a hobbyist building a project from a magazine, or
simply a keen self-taught amateur who is interested in
electronic fault finding but finds books on the subject too

or 8p

The book covers: Basics - Voltage, current and resis-
tance; Capacitance, inductance and impedance; Diodes
and transistors; Op-amps and negative feedback; Fault
finding - Analogue fault finding, Digital fault finding;

are di d. Chapter 7 details four different

tgpes of Lasers before concluding with a chapter on Fibre
ptics.

161 pages £4.95

UNDERSTANDING DIGITAL TECHNOLOGY
F. A. Witson C.G.l.A,, C.Eng., F.LE.E., FI. Mgt
This book examines what digital technology has to offer
and then considers its arithmetic and how it can be ar-
ranged for making decisions in so many processes. It then
looks at the part digital has to play in the ever expanding
Information Technology, especially in modern transmis-
sion systems and television. It avoids getting deeply in-
volved in mathematics.

Various chapters cover: Digital Arithmetic, Electronic
Logic, Convemons between Analogue and Digital Struc-

tures, T dices explain
some of the concepts more fully and a glossary of terms
is included.

183 pages £4.95

Project

Building

ELECTRONIC PROJECT BUILDING FOR BEGINNERS

R. A. Penfold

This book is for complete beginners to electronic project
building. It provides a complete introduction to the practi-
cal side of this fascmstmg hobby, including:

Component identification, and buying the right parts;
resigtor colour codes, capacitor value markings, etc;
advice on buying the right tools for the job; soldering;
making easy work of the hard wiring; construction
methods, includmg stripboard, custom printed circuit
boards, plain matrix boards, surface mount boards and
wnre-wrappmg hmshing off, and adding panel labels;
getting “problem” projects to work, including simple
methods of fault-finding.

In fact everything you need to know in order to get
started in this absorbing and creative hobby.

135 pages £4.95

45 SIMPLE ELECTRONIC TERMINAL BLOCK
PROJECTS

R. Bebbington

Contains 45 easy-to-build electronic projects that can be
constructed, by an absolute inner, on terminal blocks
using only a screwdriver and other simple hand tools. No
soldering is needed.

Most of the projects can be simply screwed together,
by following the layout diagrams, in a matter of minutes
and readily unscrewed if desired to make new circuits.
A theoretical circuit dia%ram is also inciuded with each
project to help broaden the constructor's knowledge.

he projects included in lhls book cover a wnde range
of interests under the chap [of and
Components, Sound and Music, Entertainment, Security
Devices, Communication, Test and Measuring.

163 pages £4.95
30 SIMPLE IC TERMINAL BLOCK PROJECTS

R. Bebbington

Follow on from BP378 using ICs.

117 pages £4.99

HOW TO DESIGN AND MAKE YOUR OWN P.C.B.S
R. A. Penfold
Deals with the simple methods of copvingsprimed cir-
cuit board desngns from magazines and books and covers
alt aspects of simple p.c. b. construction including photo-
and d g your own p.c.b.s.
Temporarily out of print

80 pages

{mail order only).
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demanded. Facts, formulae, data and charts are prmmed
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TRSSNERSICHERNE CABANI BOOKS SR sins: aiusns

Our customers tell us they appreciate our speedy service and low
postage charge and they would like to be able to purchase all the books
from us and thus keep the postage charge to an absolute minimum (1.50p
for UK p&p no matter how many books you buy). We are pleased to be
able to respond; we are now able to meet all your requirements for

We now supply all the books published by Bernard Banani (Publishing)
Ltd. We have always supplied a selected list of Babani books and you will
find many of them described on the previous pages or the next two issues
of Everyday Practical Electronics (all books with a BP prefix to the order
code are Babani books). Many readers have asked us to aiso supply various
other Babani books, which have a reputation for value for money.

Babani books - if it's in print we can supply it.

Code Title Price Code Title Price Code Title Price
BP36 50 Circuits Using Germanium, Silicon and Zener BP324 The An of Soldering £3.99 BP383 U ding the M. of Ek £5.99
Diodes £1.95 BP325 A Concise Users Guide to Windows 3.1 £4.95 BP387 Windows One Step at a Time £4.95
BP37 50 Projects using Relays, SCRs and TRIACs £2.95 BP326 An Introduction to Sateliite C icati £5.95 BP388 Why Not Personalise Your PC £4.99
BP44  IC 555 Projects £3.99 BP327 DOS One Step at a Time (covers Version 6.2) £4.99 BP389 Power Point for Windows Explained £5.95
BP76  Power Supply Projects £3.99 BP328 Sage Explained £5.95 BP330 An Introduction to the World Wide Web
BP125 25 Simple Amateur Band Aerials £1.95 BP329  Electronic Music Learning Projects £4.95 for PC and Mac Users £6.99
BP132 25 Simple SW Broadcast Band Aerials £1.95 BP331 A Beginners Guide to MIDI £4.95 BP398 Sage Instant Accounting Explained £5.95
BP144  Further Practical Electronics Calculations BP334  Magic Electronics Projects £4.95 BP399  Windows ‘95 One Step at a Time £4.95
& Formulae £4.95 BP337 A Concise Users Guide to Lotus 1-2-3 BP403 The Internet and World Wide Web Explained 0.0P
BP145 25 Simple Tropical and MW Band Aerials £1.75 for Windows £5.95 BP404 How to Create Pages for the Web Using HTML  £5.99
BP182 MIDI Projects £2.95 BP341  MS-DOS Explained (covers V6.2) €09 BP405 MS Works for Windows 95 explained £5.95
BP184  An Introduction to 68000 Assembly Language  £2.95 BP343 A Concise Introduction to Microsoft BP406 MS-Word 95 Explained £6.99
8P192 More Advanced Power Supply Projects £2.95 WorkslforWindows!(Revited Edition) 595 BP4OT Excel 95 Explained £6.99
BP258 Learning to Program in C £4.95 m Getting Started in Pf'“';‘xss'"?m"'?’ T 2’0"' BP408 Access 95 - One Step at a Time £5.99
BP259 A Concise Introduction to UNIX £4.95 EP:MQ :ogr'an:'gng '2:3'"". P ClogWn E:: BP409 MS Office 95 One Step at a Time £6.99
BP261 A Concise Introduction to Lotus 1-2-3 sl e ieE BP410 35 Opto-Display Terminal Block Projects £4.99
{Revised Edition) £3.95 BP351 WordPerlect 6 Explained £5.95 BP412 A Practical Approach to Excel for Windows 95 £4.99
BP262 A Concise Introduction to Wordperfect BP352 Excel s Explainad : &P, f
. . plained £5.95 415 Using Netscape on the Internet £6.99
{Revised Edition) £3.95 BP353  WordPerfect 6.0 for Windows Explained £5.95 BP416  Practical Alarm Projects £4.99
Ehaialy rocticalElectoniciSensors OOF  BP354 Word 6 for Windows Explained £595  BP417 Explaining Microsoft Publisher for Windows 95 £5.99
8P274 A Concise Introduction to SuperCalcs BP355 A Guide 1o the World's Radio Stations BP418  Word 95 Assistant £6.99
rsuscdedical . . paped (1995/6 Edition) £595 G419 Using Microsoft Explorer on the £6.99
BP275 Simple Short Wave Receiver Construction £3.95 BP357 A Concise Introduction to Pressworks £5.95 BP420 E-Mail on the Internet £6.99
BP281  An Introduction to UHF/VHF for Radio Amateurs 0.0.P. BP360 A Practical Introduction to Sage Sterling + 2 BP421 Windows 95 Assistant “’”
BP284 Programming in QuickBASIC (revised edition)  £5.99 for Windows £4.95 s lE n ‘:‘”l‘. e s "‘ o =
8P292 Public Address Loudspeaker Systems 00P BP361  Sage Sterling + 2 for Windows Explained £5.95 e T sl T A
8P293  An Introduction to Radio Wave Propagation £3.95 BP382 Access One Step at a Time £4.95 Jicrosoft £ AR ML) g8
BP298 A Concise Introduction to the Mac System & BP363 Practical Electronic Music Projects £4.95 HR425 0 Explorer £5.99
Finder £395  BP364 A Concise Introduction to Designworks 2 g5.95  BP426  MS Office 97 Explained oo
BP301 Antennas for VHF and UHF £4.95 BP367 Electronic Projects for the Garden £4.95 B8P427 P Navig £5.99
BP305 Learning CAD with AutoSketch for Windows £5.95 BP370 The Superhet Radio Handbook £4.95 BP428  MS Word 97 Explained £6.99
BP306 A Concise introduction to Am Pro 3 (covers V3.1) €5.95 BP372 CA-SuperCaic for Windows Explained £5.95 BP429  MS Excel 97 Explained £6.99
BP309 Preamplifier and Filter Circuits £4.99 BP373 An Introduction to Networks for PC and BP430 MS Access 97 - One Step at a Time £5.99
BP311 Ani ion 10 S and S ing £4.99 Mac Users £5.95 BP432 Simple Sensor Terminal Block Projects £4.99
BP312  An Introduction to Microwaves £3.95 BP375 '|H':a szv‘;lia Radio Amateurs Examination - BP434 PC Hardware Assistant £6.99
BP313 A Concise Introduction to Sage 0.0P nd! ) o g BP435  Programming in C+ + £6.99
BP315 An inlr;duction to the Electromagnetic Wave £4.95 BP380 Advanced Projects For The Electric Guitar £4.99
BP316 Practical Electronic Design Data £5.99
BP317  Practical Electronic Timing £4.95 IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P)
EAIZ0Electioniciroiecis or¥ouBC ti SEE PREVIOUS PAGE FOR FULL ORDERING DETAILS
PROJECT TITLE Order Code Cost
MIDI Pedal 938 £7.78
Club Vote Totaliser 939 £6.05
PIC-DATS Development System {double-sided p.t.h.) 940 £9.90
EPE HiFi Valve Amplifier — JUNE'95
. - . . A ; Phase splitter 941 £6.71
Printed circuit boards for certain EPE constructional projects are available from the |
PCB Service, see list. These are fabricated in glass fibre, and are fully driled and  |_PIC-DATS 4 -channel Light Chaser 942 £7.90
roller tinned. All prices_include VAT and postage and packing. Add £1 per board HV Capacitor Reformer 943 £5.60
for airmail outside of Europe. Remittances should be sent to The PCB Service, Ramp Generator
Everyday Practical Electronics, Allen House, East Borough, Wimbome, Dorset Logic Board (double-sided p.th.) & Analogue
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to Goarditaai S 944/5 £32.00
orders or queries by Fax); E-mail: orders@epemag.wimbomne.co.uk . Cheques ard (pair) :
should be crossed and made payable to Everyday Practical Electronics (Payment Automatic Curtain Winder 946 £6.75
in £ sterling only). Windicator 947 £4.10
NOTE: While 95% of our boards are held in stock and are dispatched within Microcontrolled 3-Digit Timer 933 £6.61
:e}lien days of recelptdof orcliler. pleas?' allow e: ll;nm(lrp'um of I2'8 days for Personal Practice Amplifier 950 £6.09
elivery — overseas readers allow extra if ordered by surface mail. =
Back numbers or photostats of articles are available if required ~ see the ng—Fiange Ohmmeter Aliapste 926 £6.55
Back Issues page for details. Simple Theremin ) 952 £6.68
Please check price and availability In the latest issue. Vandata - Boot Control Unit 953 £10.52
Boards can only be supplied on a payment with order basis. Display Unit 954 £6.61
Sound Switch 915 £6.55
Multiple Project PCB 932 £3.00
S i | KN CK D WN SA LE f PCB Audio Sinewave Generator
peC a 0 S. Treble Booster
We have a few p.c.b.s left from past projects these are being offered at the Infra-Red Controller/Alarm (2 boards required)
knock down price of £2.00 each - no matter what size they are (some of Capacitor Check 955 £5.76
these boards are worth over £12.00 each) while stocks last. This price Ginormous VU Meter 956 £9.31
includes VAT and UK post — overseas orders please add 50p postage (or Muitiple Project PCB 932 £3.00
£1 per board for airmail postage). Video Enhancer — Current Tracer —
Bike Odometer (pair of boards), 836/7, 1W Stereo Distortion Effects Unit
Amplifier, 851; Visual Doorbell, 863; EPE SounDAC Digital Delay Line 958 £8.04
PC Sound Board, 868; Microprocessor Smartswitch, 50Hz Field Meter 959 £8.32
881; Print Timer, 874; Stereo HiFi Controller — Power Temperature Warning Alarm (Teach-In '96) 960 £6.15
Supply, 886 — Main Board, 887 — Expansion/Display Stereo "Cordless " Headphones
Boards, (pair) 888; Dancing Fountains — Filter, 891 ~ Transmitter 961 £8.04
PC-Compatible Interface (double-sided), 892; Seismograph — Sensor/Filter, Receiver 962 £7.66
896 — PC-Compatible Interface (double-sided), 898 - Clock/Mixer, 897; *EPE Met Office — Sensor/Rainfall/Vane 963/965 £11.33
VisualAudio Guitar Tuner, 900; Audio Auxiplexer — Control Board, 903 ~ Spiral transparency free with above p.c.b.
Receiver, 904; Power Controller, 905, 1000V/500V Insulation Tester, 906; Light-Operated Switch 966 £6.37
Active Guitar Tone Control, 907; TV Off-er (pair), 908/909; Video Modules ~ 1 Modular Alarm System (Teach-In '96) 967a/b £7.12
Simple Fader, 910; Video Enhancer, 912; Rodent Repeller, 913; Spacewriter #EPE Met Office -
Wand, 921; Universal Digital Code Lock, 922; Video Modules ~ 3 Dynamic Computer Interface (double-sided) 964 £7.69
Noise Limiter, 919 - System Mains Power Supply, 920; The Ultimate Screen Audio Signal Generator 969 £6.58
Saver, 927: Foot-Operated Drill Controller, 928; 12V 35W PA Ampilifier, 930; Mains Signalling Unit, Transmitter and Receiver 970/971 (pr) £9.09
Mutti-Purpose Thermostat, 931; #National Lottery Predictor, 935. Automatic Camera Panning (Teach-In '96) 972 £6.63
Any of the above for just £2 each inc. VAT and p&p. Printer Sharer 973 £9.93
Back numbers or photostats of articles are available see the Vari-Speed Dice (Teach-In '96) FEB'96 974 £5.69
Back Issues page for details, Mains Signalling Unit — 2 12V Capacitive PSU 975 £6.07 |
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PROJECT TITLE Order Code Cost PROJECT TITLE : Order Code Cost
Multi-Purpose Mini Amplifier EILLETE | 976 gez | | BeroiEiGontic) FRCe) MM |68 o
High Current Stabilised Power Supply 979 £6.62 ‘g‘jca\ﬁ:;, bl e‘:“‘p 170 oo
Ming Machine Mk Il - Sound and Lights 980 £7.39 ° ' - :
Infra-Zapper Transmitter/Receiver *EPE Time Machine 7 £8.34
{Teach-In '96) 981/982 (pr) | £8.01 A“‘°'EI'"‘ Bed'F',gsﬁ o = gg-g?
Bat Band Converter/B.F.0. 984ald £5.80 | Jnatisl2V PaLlChanger 8 :
Hearing Tester 985 ge.a7 | | Carimmobiiser IL_OEC o7 N INREE £7.00
Event Counter (Teach-In '96) 086 £8.39 Safe and Sound (Security Bleeper) 179 £7.32
B.F.O. and Bat Band Converter AY 96 984a/b £5.80 gpriace' Tr?eranon;‘eter ki 174 §7 o4
Versatile PIR Detector Alarm 988 £6.76 isco Lights Flasher . 178 8.30
Mind machine MK Ill - Tape Controller 989 £6.70 | | Waa Waa Pedal (Multi-project PCE) 932 £3.00
Midi Analyser 992 £6.74 #Virtual Scope - Digital Board 176 £14.49
Countdown Timer (Teach-In '96) 993 £9.44 'm'%x? Br%a'd (per board) :;g g;-gg
Sarah's Light 996 2717 | | Kiscometer - o 767
f‘;’&es;ﬁ'epm“e Link o tpr) E‘Eg-ég +#EPE PIC Tutorial 182 £7.99
VU Display and Alarm 999 £7.02 The Handy Thing (Double-Sided) 183 £6.58
e Lighting-Up Reminder 184 £5.90
Ultra-Fast Frequency Generator #Audio System Remote Controller - PSU 185 £7.05
and Counter — Oscillator/L.C.D. Driver 994/995 (pr) £ ; 272 Main Board 186 £8.29
Timed NiCad Charger 100 6.99 = i : APR'98
Single-Station Radio 4 Tuner . 101 7oz | | ° (hfl',ﬁmf;‘}’eg‘gg‘gf gaz £3.00
Twin-Beam Infra-Red Alarm —~Transmitter/Receiver  [102/103 (pr) | £10.50 Single or Dual-Tracking Power Supply 187 £7.90
+Games Compendium 104 £6.09 «RC-Meter 188 £7.66
Mono “Cordless” Headphones [AUG'96 | Security Auto-Light 189 £8.10
- Transmitter/Receiver 990/991 (pr) £10.16 Stereo Tone Control plus 20W Stereo Amplifier
Component Analyser (double-sided p.t.h.) 105 £12.18 Tone Control 190 £7.78
Garden Mole-Ester 106 £6.07 20W Amplifier 191 £8.58
Mobile Miser 107 £6.36 +Dice Lott 192 £8.05
Bike Speedo 108 £6.61 EPE Mood Changer 193 £7.75
#PIC-Tock Pendulum Clock 109 £6.31 *AT89C2051/1051 Programmer
Power Check 110 £6.42 Main Board 194 £8.50
Analogue Delay/Flanger 11 £7.95 Test Board 195 £8.69
Draught Detector 112 £6.22 #Reaction Timer __ Software only = =
Simple Exposure Timer 113 £6.63 -g|c1sxa4 Tog|kit 196 £6.96
Video Fade-to-White 114 £6.98 +Greenhouse Computer
Direct Conversion 80m Receiver 116 £7.52 Control Board 197 £9.08
Vehicle Alert 17 £6.55 PSU Board 198 £8.10
10MHz Function Generator- Main Board 118 £7.33 Float Charger 199 £6.59
- PSU 119 £5.39 Lightbulb Saver 202 £3.00
Tuneable Scratch Filter 115 £7.83 | | Personal Stereo Ampiffier 932 £3.00
# Central Heating Controller 120 £7.85 (Mutti-project PCB)
D.C. to D.C. Converters — Negative Supply Generator 122 £5.96 *Greenhouse Radio Link 200 £8.32
- Step-Down Regulator 123 £6.01 *PIC Altimeter 201 £8.15
- Step-Up Regulator 124 £6.12
EPE Elysian Theremin | DEC 9% |
(double-sided p.t.h.) 121 £22.00
#PIC Digital/Analogue Tachometer 127 £7.23 E P E so FTWAR E
Stereo Cassette Recorder Software programs for EPE projects are available on 3.5 inch PC-
Playback/PSU 128 £7.94 compatible disks or via our Intemet site. Those marked with a single
Record/Erase 129 £9.04 | | asterisk + are all on one disk, order code PIC-DISK1, this disk also
’Earrtrgrﬁeé::r?vny:r‘n?ﬁ;ect yanzzen | £1270 contains the Simple PIC16C84 Programmer (Feb '96). The EPE PIC
urrer o 2 . g Tutorial (* ) files are on their own disk, order code PIC-TUTOR. The
Wt A s LA 190 set) | £40.90 | | disks are obtainable from the EPE PCB Service at £2.75 each (UK) to
Paciic Waves 9 P 136 29' 5 cover ourrf admin costs (the software itself is b;re'e'). Overse;s; (each):
) . = ’ £3.35 surface mail, £4.35 airmail. All files can be downloaded free from
g;'%?":c&’g’:;mf‘::al ot B MARS7 | :g; ggzg our Internet FTP site: ftp://ftp.epemag.wimborne.co.uk.
Video Negative Viewer 135 £6.75
Tri-Colour NiCad Checker 138 £6.45 r-_-____-___--__________-_l
Dual-Output TENS Unit (plus Free TENS info.) 139 £7.20
«PIC-Agoras — Wheelie Meter 141 690 | ! E P E P R l NTE D C I RC U IT I
418MHz Remote Control — Transmitter 142 £5.36 | 1 ]
- Receiver 143 £6.04 | | 1
% |25  BOARD SERVICE
MIDI Matrix — PSU 147 £5.42 1
o D;;:‘:’;‘:e e :;g gg-g; : Order Code  Project Quantity Price :
2M F.M. Receiver 144 £769 1 1 ]
+ PIC-A.-Tuner 149 E7g3 | g oo :
Window Closer — Trigger 150 £4.91
- Closer 151 £4.47 N T 1 oot O B X R OO 0 1
Child Minder Protection Zone ) 1
— Transmitter 153 £6.58 1 Add [ S ... cieeieerensensecnsansansessessesnsassassasssncsscsscanssasasssssssesscsses ]
- Receiver 154 £6.42 1 1
Pyrotechnic Controller 155 803 i
#PIC Digilogue Clock 156 £7.39
a?gg;’o:::‘%‘:gg‘:':&’::’ie: :gg gggg : I enclose payment of £.........cc.covvverernnnne {(cheque/PO in £ sterling only) to: :
Infra-Red Remote Control Repeater
{Multi-project P.C.B.) 932 £3.00 : Everyday :
Karaoke Echo Unit - hEAgho BBoarc(!‘ ! gg gg.;g " ERTENRH? Practical Electronics smocazo |
— Mixer Boar 5 -
Computer Duat User Interface 161 £6.70 | 1 & Access (MasterCard) or Visa No. i
+PEST Scarer 162 £6.60 | Minimum order for credit cards £5 i
Variable Bench Power Supply | AUG 97 IEER £3.00 | i
Universal Input Amplifier 146 £6.55
Micropower PIR Detector — 2 Controller 163 g6.72 | 1 i
#PIC-OLO 164 £7.02 1 1 1
Active Receiving Antenna | SEPT'97 JIEREN £6.59 | 1 Signature...........cccoreevveveremmmerminnerescnnenes Card Exp. Date..........ccoovrvvrrrnne 1
Soldering tron Controller 157 £6.63 | 1
#PIC Noughts & Crosses Game 165 £7.82 ' Please supply name and address of cardholder if ditterent from the address shown i
Micropower PIR Detector — 3
A|a,p,: Disarm/Reset Switch 166 £5.72 | 1 NOTE: You can order p.c.b.s via our Intemet site on a secure server: |
oning Sally Device 167 ssiz) | _ o - tedvww.epemagwimborne.conk _ _ _ _ _ _
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LiEACTVE CLASSIFIED |

| PRACTICAL |

ELEGTRONIGS

Everyday Practical Electronics reaches nearly 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 thirteen 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 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,
fully variable from 1 to 20 volts. Twin

I LR

Current meters
Post £4
out. 240 volt a.c.

for easy read-
input. Fully smoothed, size 23cmx14cmx8em,

RADIO COMPONENT SPECIALISTS
E 337 WHITEHORSE ROAD, CROYDON .

SURREY, CRO 2HS. Tel: 0181-684 1665 amiikien

Lots of transformers, high volt caps, valves, output transiormers, speskers, in stock.
Phone or send your wants list for quots.

BTEC ELECTRONICS
TECHNICIAN TRAINING
GNVQ ADVANCED ENGINEERING
(ELECTRONIC) - PART-TIME
HND ELECTRONICS - FULL-TIME
B.Eng FOUNDATION - FULL-TIME
Next course commences
Monday 14th September 1998
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EPE) 20 PENYWERN ROAD

EARLS COURT, LONDON SW5 9SU
TEL: 0171-373 8721

BRAND NEW SINCLAIR SPECTRUM

& QL PARTS

ZX MICRODRIVES £15, INTERFACE ONE £20,
CARTRIDGES 10 FOR £15, 50 FOR £50.

QL BOARDS 5, 6 &7, POPULATED WITH
JS ROMS, £30; UNPOPULATED, £12; MICRODRIVES
£10 EACH. TOP & BOTTOM CASES £15,
MEMBRANES £15

HE P.C., MAC and QL’s “’Little Friend"’
MAC LINK £10 - P.C. LINK £25 - QL LINK £12

CAMBRIOGE 288 A4 NOTEBOOK
COMPUTER AVAILABLE AGAIN £99,
RECONOITIONEO £80
ONLY 1° THICK, 4xAA BATTS. 20 HOURS WORK.
LCD SCREEN, 72 Crs, 6 LINES, 32K RAM, EXTRA
RAMS & EPROMS, 9 pin D SERIAL PORT, ROM HAS
8BC BASIC, W/PROCESSOR, SPREADSHEET, DATA
BASE, IMP/EXPORT TO PC etc, V62 TERMINAL.
W.N. RICHARDSON & CO.
PHONE/FAX 01494 871319
6 RAVENSMEAD, CHALFONT ST PETER,
BUCKS, SL9 ONB.

PIC Principles Software
Now available as a separate module of
Electronics Principles 5.0. Provides a thorough
introduction and understanding of the PIC
devices and contains a huge amount of
additional information.

See EPT Educational Sofiware full-page
aadvertisement for details.

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics
enthusiasts by personal contact and
through a quarterly Newsletter.
For membership details, write to the
Secretary:
Mr. J. F. Davies, 70 Ash Road, Cuddington,
Northwich, Cheshire CW8 2PB.
Space donated by Everyday Practical Electronics

Miscellaneous

ELECTRONIC KITS

& 88-108MHz FM transmiitters from under £5

# Many educational and hobby electronic
kits covering all technical 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
http://www.btinternet.com/~dtemicrosystems

Our tiny population of The Yesterdays Techno
Club says it all and will offer a new A5 zine mix
of fun and chat for those (now rare) old system
users, general electro enthusiasts and more.
Though non-profit, it isn't free. Copious detail,
however, is now available without obligation for
a s.a.e. only. Get connected.

Send to:

The YTC/M23, PO BOX 19
Manchester M23 0YJ

ANYONE REPAIRING TOYOTA/other
engine management control units, car spares
marketing/distribution company seeks supplier.
Malcolm Jackson, Phone/Fax 0181 467 6671.

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.

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.

G.CS.E. ELECTRONIC KITS, at pocket
money prices. S.AE. for FREE -catalogue.
SIR-KIT Electronics, 52 Seven Road, Clacton,
CO15 3RB.

HUGE RANGE OF INEXPENSIVE
SCIENCE AND COMPUTING CD-ROMs for
your PC. Lists from: P.O. Box 10642, Dept. PEI,
London SW10 0ZR.

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, 120MB HDD, desk top case, key-
board and cables, 14in. VGA colour monitor,
£165. Many other systems available. Whatever
you need, Phone/Fax 0181 853 3374 for prices.
ALL THE LATEST PIC SOFWARE from the
Web. Send s.a.e. for details to: Ronald Bromley,
208 Canterbury Road, Leyton, London E10 6EH.
ELECTRONICS KITS for all abilities, plus
pre-assembled modules, electronic components,
audio/video/computer accessories, and model rail-
way electronics. Send two Ist class stamps for
catalogue: Trax Controls, P.O. Box 419, Norwich
NR1 3BZ.

43 PSU PCBs, 45 watt, input 240VAC, outputs
(DC) +5V, +12V, —12V. 13 x8cm, £5 each.
Tel: 01942 706769 (evenings).

P.C.B. ASSEMBLY JIG, RS No. 608-648,
working area 350 X 500mm, unused/boxed, £75.
Tel: 01622 730945.

VALVE ENTHUSIASTS: Capacitors and other
parts in stock. For free advice/lists please ring,
Geoff Davies (Radio), Tel. 01788 574774.

PIC-project source code files: /pub/PICS

EPE text files: /pub/docs
Basic Soldering Guide: solder.txt

UK Sources FAQ: uksource.zip
Wiriting for EPE advice: writedus.txt

EPE NET ADDRESSES

EPE FTP site: ftp:/ftp.epemag.wimborne.co.uk
Access the FTP site by typing the above into your web browser, or by 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 Unit user advice: tens.doc and tens.txt
Ingenuity Unlimited submission guidance: ing_unlt.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 ASCII transfer when
fetching text files, or they may be
unreadable.

Note that any file which ends
in .zip needs unzipping before
use. Unzip utilities can be down-
loaded from :
hitp://www.winzip.com or
http://www.pkware.com
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TRAIN TODAY FOR A BETTER FUTURE

Electrical Contracting & Installation
Electrical Engineering

C&G Basic Electronic Engineering
CAG Basic Mechanical Engineering
TV and Video Servicing

Now you can get the skills and qualifications you need for
career success with an ICS Home Study Course. Leam in
the comfort of your own home at the pace and times that
suit you. ICS is the world's largest, most experienced
home study school. Over the past 100 years ICS have
heiped nearly 10 milion people to improve their job
prospects. Find out how we can help YOU. Post or phone

Refrigeration Heating & Air Conditioning
today for FREE INFORMATION on the course of your

Motorcycle Maintenance

@ to: International Corres; gence 00IS, FH PO 882, B ot Place,
Cﬂewa Skﬁrk. Glawn G3 8BR. Tel. 0500 581 557 or TelFax: ireland 01 285 2533.
Please send me my Free information on your Electronics Courses.

m’mﬁ PLEASE) Date of Birth / / |
! |
[ Address |
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| [occupation Tel. No. ] |
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Professional 88-108 MHz FM Broadcasting Kits
m“m Schematics AL 'S L ; v : A .

High Quality Screen Printed PCBs : o 7
High Quality Components e :

FM Stereo Coders
Audio Compressor Limiters
Antennas RF Power Amps
Link Transmitters and Recelvers

Our Kits Are Also Available
Fully Assembled And Tested

VISA
AT &
WE DELIVER WORLD-WIDE AND
ACCEPT MAJOR CREDIT CARDS

e
Tel 01274 883434 Fax 01274 816200 | \Veronica
emall veronica@legend.co.uk 49 victoria St, Quesnebury FM
www.legend.co.uk/~veronice/ Bradford, BD13 1AR

w PLLFM

Service Manuals

Available for most equipment, from the earliest Valve Wireless to the latest Video
Recorder, Television, Computer Monitor, Test Equipment, Satellite, all Audio,
Amateur Radio, etc., etc. If you need a Service Manual give us a call or check out
the full stock list now on our web site. Originals or Photostats supplied as available.
For your FREE catalogue of Technical Books and repair guides
PLUS full Floppy Disc Index of manuals available send 4 X first class stamps.

MAURITRON TECHNICAL SERVICES

8 Cherry Tree Road, Chinnor, Oxon, 0X9 4QY
Tel: 01844-351694. Fax: 01844-352554.
E-mail; enquiries@mauritron.co.uk
Web site at: http://www.mauritron.co.uk/mauritron/

N. R. BARDWELL LTD (EPE)
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288 Abbeydale Road eld S7 1FL
Phone (0114) 2552886 Fax (0114) 2500689

M ost advertisements are
legal, decent, honest
and truthful. A few are not,
and, like you, we want them
stopped.

If you would like to know
more about how to make
complaints, please send for
our booklet: ‘The Do's and
Don'’ts of Complaining’.

It's free.

@® TECHNICAL INFORMATION SERVICES 22
Midlinbank Farm, Ryelands, Nr. Strathaven, ML10 6RD
Tel: 01698 883334/884585  Fax: 01698 884825

SERVICE MANUALS

PHONE NOW FOR YOUR FREE QUOTE
We have the World’s Largest Collection of

Why not join Europe’s fastest growing
“Information Library Service”

Buy ANY Service Manual for £10.00 and return any
manual no longer needed for a £5.00 credit
CALUWRITE NOW FOR FURTHER DETAILS
Initial joining fee of £65 : Thereafter £20 Yearly

Join Now: Get your first Manual FREE!

SPECIAL £1 PACKS % EACH PACK ONLY £1 % SPECIAL £1 PACKS
2 W 2 BD244C PNP Silicon 100V Transistors
2 CA30182 mmmr+wm 2 BF179 NPN Silicon 250V Transistors
1 CAJ089E FM IF System 16-pin .1 2 BF184 NPN Siicon 180MHz Transisiors
1 Low Noise Dual Pre-ampiifier 1 NPN Silicon 1GHz Ti
The Advertising Standards Ruthority. 8 40005 CAAOS Duar o Pyt NOR Qals svvert | 3 BOX2D NP Skeos S00Mrs T
3 49218 CMOS Bstage Staic Shin Fegiter 1 BU206 NPN Siioon KV Transistor
We're here to put it ri | ERCELEE | EReEERTT
e’re here to put it right. 3 £02030% 1. tnsonus lhai : ip 000
4 74C08 CMOS Quad AND Gate 6  ZTX214 PNP Siloon 200MHz Transisiors
5 7400N TTL Quad 2-input NAND 6  ZTX4S0 NPN Siicon W Transisiors
4 7402N TTU Quad 2-input NOR Gae 4 ZTX531 PNP Siicon Tranelstons
ASA Ltd 5 7408N TTL Quad 2-nput AND Gate 3 NPN Silcon 25W Transistors
) 4 7412 TTL Triple 3.input NAND Gato 10 2N3709 NPN Siioon 100MHz Transistors
2 7413 TTL Dual NAND Schenit T 1 MOSFET
Dept Z., 1 7428N TTL Quad 2-nput NOR 9 di. Sockets
2 7482N TTL Z.bit Binary Ful Addor 1 ORP12 Light Dependent Resistor
Brook House 1 T4ISeNTTL Dusiziod o S dmmiedCles
, 4LSC2 LSTTL Quad 2-input NOR Gate 10 10uF 250V Caos.
1 ; 70“0510-.“ 4%3‘\}”[ lators g tjgepai zswmm‘m
Torrmgton Place 5 4 73151 + 15V Vokage Reguiaiors See LASTNEXT MONTH for more €1 SPECIALS.
3 7912 1A - 12V Vokage iniand UK P&P only £1 per order, No VAT,
6  BC187 NPN Silicon B5MHz Ti Cheques or POs with order 0.
This space is donated in the interests of high standards of advertising. 8 Doy HN Shicon 00 ez Tanaee sy b W=+l
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COVERT VIDEO CAMERAS Millions of quality components
. . i 1
Black and White Pin Hole Board Cameras P| a;flm;ves; e“(’ ert p"?he:‘
with Audio. Cameras in P.I.R., Radios, us f”ytr;?g » r‘:fé‘ ra” fugrcyr— p et' recct)very
Clocks, Briefcases etc. Transmitting ies Olielcli =ity [pliele Bl el it
Cameras with Receivers (Wireless). NO VAT to add on.
Cameras as above with colour Send 45p stamped self addressed label or
Audio Surveillance Kits and Ready.BuiIt S Vel C RO S
. Brian J Reed
Units, Bug Detector etc. 6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
A.L. ELECTRONICS Tel: 0181-393 9055  Mail order UK only.
Please phone 0181 203 0161 for free Cata|ogue_ Lists are updated and only 40 are sent out every 2 weeks. This
F 0181 201 5359 normally ensures that orders can be fulfiled where only a few
ax thousanld. of an d|§em is ava_;_lra:.ble. 'flPaymer]t is retumglad |L SIO|d Ol'.lt. | do
New DTI approved Video Transmitters and Receivers (Wireless) gi‘gh‘t’ﬁéﬂsc_'ebl'}t’}f‘fsghce': S S G St G
Quad speed Toshiba 1/3rd height SCSI od'-rorn 1-2MB 5% fioppy drive £10
dnves. - — £20 each, 6 for £100 | 12V d.c. 200 r.p.m. geared motor
e R ADVERTISERS INDEX
256k pipeling burst cache..... £4.50 each 1 £58
2k pipeliine cache £9 each £85
i‘mnlii"’kv%':'cam. EIZZac: 1 ‘o o £145 A.L. ELECTRONICS.........cooimicccrrcnicnnns 696
bl ey e | e il iy B. BAMBER ELECTRONICS........ccevevueeee. 628
3-device SCS| leads £3 each
:?:’:% sl mm‘:'s‘ QVI:AN'II’IT: gcgggggﬁs:vrlusﬁ ngREBL/EI(R:I_)r\[/RVg'l\_‘l[CS ............................ C ....... 6(?§
' rive IDE controller cards ....... e also buy all forms of electronic A ELECTRONICS L over (it
éé?& iﬁ:&‘:l :z':,zzg: o J%E Pt o boow adarese. Il| BRIAN J. REED.....cooeeeeeremeeeeeenereeeereerenenne 696
mixed component i .
Junoo congenent pack £ Tp%ngg'zggsfgvg;ggf !)ﬁce’prp BULL ELECTRICAL......c.c.cccuveeenee. 679/Cover (ii)
astiol i euch & | 833@%%%&"&5‘56&;%&% ......................... 628
1000 off mixed ceramic caps £7.50 6
20 off mixed crystalsfiters.... £4.95 Dept EE, COMPELEC, N IO hreuiuii it
2.0 o m:m 230 14 Constable Road, DISPLAY ELECTRONICS ..o 626
' : St. Ives, Huntingdon,
5 034 Topydive " Cambs PE17 SEQ ELECTROMAIL.....oooeceiieceeieeee e e 651
comvertey Tel/Fax: 01480 300819 EPT EDUCATIONAL SOFTWARE............... 642
ESR ELECTRONIC COMPONENTS........... 634
SHERWOOD ELECTRONICS FML ELECTRONICS......cccoeeeeeeeee e 695
GREENWELD .......oooveeeeeeieeeeeee e 629
FREE COMPONENTS
: . [0 TSRS PR 695
Buy 10 x £1 Special Packs and choose another one FREE
R e e JPG ELECTRONICS........ccovvceeeeereeeeee. 628
g;g 12 1 57 GreenLods gg}g; 2 x TLO7Y &.;:ps LABCENTER ELECTRONICS.......ccceoeveneee. 649
Sei0 100 x 418 dodes SP123 20 N0V s MAGENTA ELECTRONICS.................. 632/633
iz B ; éré:ggztguoq::s) % 3 x awgofggsis_fm B MAPLIN ELECTRONICS.................... Cover (iv)
SP20 20 x BC1B4 anssiors SP13 20 1 DIV cadi et cape. MAURITRON........oovuremeeeanmsrcenrnenseeseececeeeas 695
§§§§ g‘g’ ) gggz {::::;2282 §Ei§ 2 g,g‘gi‘:il,ﬁ;’"’g ey NATIONAL COLLEGE OF TECH................. 669
St $ gs,ﬁ;gg';s‘“" Shids n s %;&Q{;‘;@‘ﬁgﬁs NUMBER ONE SYSTEMS ..o, 651
Fx : Jo c';aeg';sn‘ps i 4 X ssmpbaﬁg;;ggx SIS THE PC SOLUTION......oeeieeeeeeee e 660
s 15 Cm”gg 3 P . 3%55[%%" e PICO TECHNOLOGY......ccceciieeierenee 631/669
4 x Cmy 4 x
B e Bl e QUICKROUTE SYSTEMS.......cceeeeeeeee 641
SP37  19x OUSSViadlelctcaps. P16 3 x Slrpboard, 14 srps x RADIO-TECH.....coeceeeeece et 628
S0 18 1 8207 anssios e 180 10 gmg%s:anﬂm SEETRAX CAE.....omoiiereeeeeeeeveecereesreeeaen. 629
X X{ (¢ X
iz 20 :Aooed‘gzswgfmeessm s 2 hg%17op?a";'§s°“ SHERWOOD ELECTRONICS........cccoco....... 696
4 20 x i 6 x '
S0 31 Mmroomdes Seies ok eCim !’:“‘:m SQUIRES........ooroemeeeeeeeneresesseeseseeesessaseeenas 628
SPi0s 18 » Tep DIl sockels P17 20 X 1hsme o SUMA DESIGNS.....cooeeeereerereeeeerereennes 630
e ;2&’53'“?‘"‘“‘5 P18z 20 L“.’;?;ov,adi?.e,ec,.m. TECHNICAL INFORMATION SERVICES....695
%Ei“: 'j :(1?:"‘?’27?:65??::5 EEg? fg i Eggggﬁagg{gg VANN DRAPER ELECTRONICS................ 669
SP116 3 x lomm Gueen oo SEIbL naannTERE VERONICA KITS....ooeieeeecereeeeieee e ee e 695
SP118 2 x Cmos 4047 SP193 20 x BC213 transistors
SP120 3 x 741593 SP194 10 x OA90 diodes
SPfaf il fecanguiac Padlack R &2 b e ADVERTISEMENT MANAGER: PETER J. MEW
SP122 6 x gegtangularGreen Leds SP198 5 x 24 pin DIL sockets ADVERTISEMENT OFFICES:
axédmm
R || G S povesevee,
- gssn':sr?n F:Alcggs-ocz-;wm e FREE with first order. ESSEX CO16 OED | '
each v = i d N
RP7 10eachsauﬁe -onoatamoo~25w £4.00 A m'zsgfdre?;d,grf P N Phone/Fax: (01255) 861161
2;}0 ;ooomlar.'v ?%2355‘% §§$‘5’ Sherwood Elecironics, For Editorial d oh B 635.
e ;gg d:/eaulﬁer: ;al SLSHMIESe8 7 Williamson St., Mansfield, or Editorial address and phone numbers see page :
RP11 1000 popular values 0-5W £8.10 Notts. NG19 6TD.
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BK ELECTRONICS

OMP MOS-FET POWER AMPLIFIERS
HIGH POWER, TWO CHANNEL 19 INCH RACK

1000's
SOLD
TO PRO
USERS

THE RENOWED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 ( 100W + 100W ) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXF900 (450W + 450W)
ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN

FEATURES: « Independent power supplies with two toroidal transtormers » Twin L.E.D. Vu Meters
* Level controls # (lluminated on/off switch # Jack/XLR inputs « Speakon outputs » Standard 775mv
inputs » Open and short circuit proof » Latest Mos-Fets for stress free power delivery inlo virtually any
load * High slew rate « Very low dislortion # Aluminium cases #* MXF600 & MXF900 fan cooled withD.C
loudspeaker and thermal protection

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC

MXF200 W19" Dir* " (2U)

SiZES.  MXF400 W1g" D12® " (3V)
T MXF600 W19" D13° H5:" (3U)
MXF300 W19" D142" H5% (3U)

PRICES:- MXF200 £175.00
MXF600 £329.00

MXF400 £233.85
MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

A
ROS

= »L ARGE {A4] S.A.E. 60p STAMPED FOR CATALOGUE

FLIGHTCASED
LOUDSPEAKERS

A new range of quality loudspeakers, designed to take
advantage of the latest loudspeaker technology and
enclosure designs. All models utilize high quality stuaio

cast aluminium loudspeakers with factory 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 mcorpogtos alarge
16 X 6 inch horn. All cabinets are fitted with the latest Speakon connectors
Five models to choose from.

for your convenience and safety.

&

PLEASE NOTE:- POWER RATINGS
QUOTED ARE IN WATTS R.M.S. FOR
EACH INDIVIDUAL CABINET.
ALL ENCLOSURES ARE 8 OHM.
15«15 inch speaker
{_:12-12 inch speaker
ibl FC15-300 WATTS Freq Range 35Hz-20KHz, Sens 101dB Slze HB695 W502 D415mm
RICE:- £299.00 per pair
ibl FC12-300 WATTS Freq Range 45Hz-20KHz, Sens 9868 Size H600 W405 D300mm
PRICE:- £249.00 per pair
ibl FC12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H600 W405 D300mm
PRICE:- £199.00 per pair
ibl FC12-100 WATTS Freq Range 45Hz-20KHz, Sens 10068 Slze H546 W380 D300mm
RICE:- £179.00 per pair
ibl WM12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB Size H418 W600 D385mm
RICE:- £125.00 EACH
SPECIALIST CARRIER DEL:- £12.50 per pair, Wedge Monitor £7.00 each

DO=~—-ZOE mMEOOmME

BaSS X MID XTOP BASS/MID XTOP\ AssX MID/TOP
CONFIGURED 3 WAY 2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED
FEATURES:

Advanced 3-Way Stereo Active Cross-Over {switchable two way), housed in a 19" x 1U case. Each channel
has three level controis: Bass, Mid & 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 1.8/3/5Hz, all al 24dB per
octave. The 2/3 way selector switches are also accessed by removing the front fascia. Each stereo channel
can be configured separately. Bass Invert Switches are incorporated on each channel. Nominal 775mV
input/output. Fully compatible with OMP Rack Amplifier and Modules

PRICE:- £117.44 + £5.00 P&P

SOUNDLAB CDJ1700 CD PLAYER ARIAB PEED

The new CDJ1700 now offers a tough build quality boasting an all new shockproof
transport mechanism, frame accurate cueing and wide range pitch control. The
CDJ1700 looks after 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:- Freq response. 20Hz-20KHz S/N ratio..>800dB THD. .<0.09%(1KHz) Channel
separation. .>B80dB(1KHz) Max output voltage..2Vrms Power .220-240Vac 50-60Hz Size W 462H 68
D 250mm Weight 4.18Kg. PRICE:-£225.00 + £5.00 P&P

STEREO DISCO MIXER MPX-7700 ECHO & SOUND EFFECTS

* 4 STEREO INPUT
CHANNELS

* 2 DJ MIC INPUT
CHANNELS

* 2X7 BAND GRAPHIC
EQUALISERS

* HEADPHONE
MONITOR WITH PFL
* ASSIGNABLE
CROSSFADE
* DIGITAL ECHO
STEREO DISCO MIXER WITH:- #2X7 GRAPHIC EQUALISERS #2 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 soum) EFFECTS «STEREO
MONO SWITCH #2 X LED VUMETERS «MASTER FADER « OUTPUT 775m
«SIZE:- 482X240X115mm «POWER:- 230V AC 50/60Hz. PRICE:- £169 00 + £5.00 P&P

« 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
mounting bracket. * Flash Rate:- Adjustable from zero to ten flashes per
second * Mains Powered complete with plugged lead * 230V AC 50/60Hz

*Size:- 125X 84X 52mm  pRICE:- £19.99 + £2.20 P&P

Optional Metal Stands PRICE:- £49.00 per pair Delivery:- £6.00
] IN-CAR AUDIO BASS BOX 10/100 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 powertul and
accurate bass reproduction.

FEATURES:- * Cabinet manufactured from MDF and
sprayed in a durable black shiny HAMMERITE finish. =
Fitted with a 10 inch loudspeaker with rolled rubber
edge and coated cone assembly # The top of the
cabinet incorporates old plated connection
terminals. SPECIFIC ATION:- 100Watts R.M.S. 200
Watts Peak (Music).Ported reflex,critically tuned.

Size:- H405 W455 D305Smm.

PRICE:- £79.00 + £6.00P&P
SUPPLIED READY

OMP MO -0 R AME R MOD BUILT AND TESTED
These modules now enjoy a workd-wide reputation for quality, rehability and performance at a realistic price. Four
models are available to suil the nceds of the professional and hobby market Le. Industry, Leisure, Instrumental and
Hi-Fi etc Whencomparing prices. NOTE that all models include toroldal power supply.integralheat sink, glass fibre
P.C 8. and drive circuits to power a compatible Vu meter. All models are open and short circuit proof
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 0.002%, input Sensitivity 500mV, SNR.
110dB. Size 300 x 123 x 60mm.

RICE:- £42.85 + £4.00 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
3dB, Damping Factor >300, Slew Rate S0V/uS, T.H.D.
typical 0.001%, Input Sensitivity S00mV, 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, Stew Rate 60V/uS, T.H.D
typical 0.001%, Input Sensitivity 500mV, S.N.R. -110dB.
Size 330 x 175 x 100mm.

PRICE:- £83.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS.
T.H.D. typical 0.001%, Input Sensitivity 500mV, SNR.
-110dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti- Thump Delay. Size 385 x 210 x 10Smm
PRICE:- £135.85 +£8.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
RM.S. into 2 ohms, 725 watts RM.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Stew Rate 75V/uS, THD. typical
0.002%, Input Sensitivity 500mV, S.N.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 MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. OR

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS)
775mV, BANO WIOTH 50KH2 ORDER STANDARO OR PEC

DELIVERY CHARGES.- PLEASE INCLUDE AS ABOVE,TO A MAXIMUM ([rmmorD
| AMOUNT £30.00. OFFICIAL ORDERS FROM SCHOOL,COLLEGES, (|
govt BODIES PLCs ETC pmces mcws:ve OF 2 A.T. SALES

NTER.CREDIT EPT] PHONE OR FAX

B.K. ELECTRONICS

UNIT 1 COMET WAY, SOUTHEND-ON-SEA,
ESSEX, SS2 6TR. @

TEL.: 01702 527572 FAX.: 01702-420243
Web:- http://www.bkelec.com E-mail:- Salesebkelec.com



PROJECTS AND
MODULES FROM

FEATURES

PROJECTS

SENTINEL FAN FAILURE ALERT

* Automatic detection of expensive CPU cooling fan failure
* No special connections or mounting required

LU73Q Fan Failure Alert Kit

Suitable for beginners
Clear audible warning
Compatible with most PCs
Plugs into PC power supply
Accessibility option
APPLICATIONS

* CPU overheat protection

% Power supply protection

% Other fan cooled equipment

* % % % %

£16.99

NATIONAL
LOTTERY
PREDICTOR

FEATURES

* lIdeal beginners
project

* Generates random
numbers

* Simple to use - one
switch operation

* Automatic switch off

saves batteries

% Full source code
available

LUG1R

AAPLIN

Lottery Predictor Kit

NATIONAL LOTTERY

PREDICTOR

.

APPLICATIONS

* Use to choose your
lottery numbers!

* Excellent introduction
to microcontrollers

% Produce random
numbers for games

£9.99

| 418MHZ AM TRANSMITTER AND
RECEIVER MODULES

APPLICATIONS

* Pagers

% Car alarms
FEATURES
TRANSMITTER (GT39N)

MODULES

* Domestic alarms

* Garage door openers
* Nurse-call systems

RECEIVER (cr7ss)

STAMP
BUG KIT

FEATURES
% Fully autonomous

* Collision detection
and avoidance

% Fully illustrated
construction manual

* Approximate size

200x50x150mm when completed

APPLICATIONS

* Educational - robotics and simple
* Hobbyist - great introduction to embedded

* Transmitting range up to
100 metres

* SAW controlled frequency
stability

* No adjustable components

* Only two connections

NW43wW 418MHz AM TxRx

* RF sensitivity typically -
105 dBm

* Extremely high accuracy
laser trimmed inductor

* Receiving range 30
metres typically

pair

control and robotics

* Novelty - thrill friends and family

NW34M Stamp Bug £86.95
NW23A Dev Kit 1 £98.70
NwW25C Dev Kit 2 £122.20
NW32K Basic Stamp 1 £32.90
NW33L Basic Stamp 2 £51.70

*
*
*
*
*
*

NRAPLIN

1.3GHZ SUPAVISION VIDEO LINK

FEATURES

Easy connection

Low power consumption
Automatic control of video
Learns video commands
Optional PIR activation
Licence exempt

APPLICATIONS

* Remote security surveillance
* Covert surveillance

% Building security

NW24B Videolink £199.99
NW20W Case £25.99
NW39N Antenna £6.99

Tel: 01702 554000, Fax: 01702 554001, E-mail: Sales@maplin.co.uk. Or write to Maplin
Electronics, PO. Box 777, Rayleigh, Essex, SS6 8LU. Or Tel: 01702 554002 for details of your
nearest Maplin store. Please quote Priority Reference Code MA066 When ordering.

For orders over £30.00 inc VAT goods are dispatched free of handling charges. A small order charge of £3.95 inc VAT is applied to
orders less than £30.00 inc VAT. All items subject to availability. All prices are inclusive of VAT and are subject to change. E&OE.



