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Quickroute 3.5 is a powerful, affordable and easy to use integrated schematic &
PCB design system for windows. With its multiple button bars, ' tool tips' and parts- NEW Now with RouteASSIST
bin you will find that Quickroute helps you to work quickly and efficiently.

Whichever version of Quickroute you choose, you can be sure of getting value

for money! Quickroute is available with multi-sheet schematic capture,
1-8 layer auto-routing, copper fill, engineering change,

and a range of popular file import/export features %

allowing connection fo simulators and other software | 15" e e
packages (details on request). See the table for a | Dodgn Ruie Checking
selection of features. St ety Shoen
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Prices range from £68 to £399. Post and packing is £5 otk a vcage
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WWW: www.quickroute.co.uk EMail: info@quicksys.demon.co.uk Phone Now

Quickroute Systems Ltd., 14 Ley Lane, Marple Bridge, Stockport, $K6 5DD, U.K. For Nore

Information
DENMARK 45 33 25 0017 GERMANY 49 711 62 7740 NORWAY 22 16 7045 PORTUGAL 351 813 1975 8146230 SWEDEN 46 8 740 5500

Prices and specifications subject to change without notice. All trade marks are acknowledged & respected.




.

Volume 25 No.9

Features
Projects

Regulars

Wave Power 9

Douglas Clarkeson looks at the sites around the UK where different
technologies are being used to harness the power locked into waves by the
wind.

50 Hertz magnetic field detector 22

If magnetic fields generated by your mains wiring are stronger than they
should be, Robert Penfold’s detector will tell you.

Fool’s Paradise
Keyboard and Keypad Emulator 29

Older equipment can be adapted using Tim Parker’s PIC-controlled emulator
interface, described here with a keyboard and a keypad.

8031/80535 Single Board Computer (Part 5) 38

In the final part of his single board computer project, Dr. Pei An describes
how extra power can be added by using the 80C535 motherboard.

The ‘Chopper’ Tremolo 46

Robert Penfold responds to requests for a more extreme musical effect by
‘chopping’ the signal to give a synth-like sound.

Process Timer and Controller (Part 2) 54

Tim Parker's PIC16C54 process timer project comes to the power supply,
which also provides an external I/O interface.

Pre-Hertzian Radio -
the Needles and Fastnet System 60

In the 1890s an ingenious system was invented to bring radio telegraphy to
lightships using the sea as part of the circuit. George Pickworth describes
the system and an experiment to test it.
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POWER AMPLIFIER MODULES-TURNTABLES-OIVIMERS-

LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

f] AT &
SERVICE * LARGE (A4) 8.A.E, 60p STAMPED FOR CATALOGUE *

OMP MOS-FET POWER AMPL
HIGH POWER, TWO CHANNEL 19 INCH RAC

THOUSANDS PURCHASED
‘BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *independent power supplies with two toroldal transtormers & Twin L.E.D. Vu melers #
Level controls % llluminated on/oft switch % XLR connectors * Standard 775mV inputs % Open and short circuit
proof # Latest Mos-Fets for siress free power dellvery into virtually any load # High siew rate # Very low
distortion # Aluminium cases % MXF600 & MXF300 fan cooled with D.C. loudspeaker and thermal protection.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:- MXF200 W19"xH3%2" (2U)xD11”
MXF400 W19 xH5 %" (3U)D 12"
MXF600 W19 xH5%" (3U)xD13"
MXFS00 W19 xH5 " (3U)xD14%"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

Advanced 3-Way Stereo Active Cross-Over, housed in a 19™ x 1U ¢ase. Each channel has three level controis:
bass, mid & top. The removabie front fascia allows access lo the programmable DIL switches 1o adjust the
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/SKHz, all at 24dB per octave. Bass Inveit swilches
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack ampllfier and modules.

Price £117.44 + £5.00 P&P

{OMP MOS-FET POWER AMPLIFIER MODUL SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a r lor quality, and performance at a realistic price. Four
models are available to sult the needs of the prolessional and hobby markel .. Industry, Leisure, Instrumental and Hi-Fi
eic. When comparing prices, NOTE thal all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and
drive circuits to power a3 compatibie Vu meter. All models are open and shor circuit proot.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. Into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Outpul power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x.100mm.

PRICE £81.75 + £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, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Slew Rate 75V/uS, T.H.D. typicai
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

* ECHO & SOUND EFFECTS*

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with taik-over
switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor. 8
Sound Effects. Useful combination of the
following inputs:- 3 turntables {mag), 3
mics, 5 Line for CD, Tape, Video etc.

Price £144.99 + £5.00 P&P

SIZE: 482 x 240 x 120mm

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100K Mz. |
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH 50K Hz. ORDER STANDARD OR PEC.

(I JF Y4, LARGE SELECTION OF SPECIALIST LOUDSPEAKERS

AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.

O \

Join the Piezo revolution! The low dynamic mass (no volce coll) of a Plezo tweeter produces am improved
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover Is not required
these units can be added to existing speaker systems of up to 100 watts {more If two are put In series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

TYPE ‘A' (KSN1036A) 3" round with protective wire mesh. Ideal for
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
TYPE ‘B’ (KSN1005A) 3':" super horn for general purpose speakers,

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8" 100 WATT R.J4.S. MEB-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.87 + £3.50 P&P
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98d8. PRICE £46.71 + £3.50 P&P
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70,19 + £3.50 P&P
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P
15" 300 WATT R.M.S. ME153-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103d8B. PRICE £73.34 + £4.00 P&P

ALL EARBENDER UNITS 8 ONMS (Except EB8-50 & EB10-50 which are dual impedance tapped @ 4 & 8 chm)

his disco and P.A. systems efc. Price £5.99 + 50p P&P.
« o TYPE ‘C' (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys-
- k tems and quality discos elc. Price £6.99 + 50p P&P.
= ’\' TYPE ‘D’ (KSN1025A) 2'x6" wide dispersion horn. Upper trequency
= E 3 response retained extending down to mid-range (2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.
TYPE ‘E' (KSN1038A) 33" hom tweeter with attractive silver finish trim.
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P.
LEVEL CONTROL Combines, on a recessed mounting plate, lewel control
- U and cabinet input jack socket. 85x85mm. Price £€4.10 + 50p P&P.
h 0 PEAKERS

A new range of quality loud S, to take ge of the latest
speaker technology and enclosure designs. Both models utillze studlo quality
12" 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

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20K Hz

ibIFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
ibIFC 12-200WATTS (100dB) PRICE £175.00 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 per pair

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8" 50watt EB8-50 DUAL IMPEDENCE. TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fi, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 93dB. PRICE £13.85 + £2.50 P&P
10" 100WATT EB10-100 BASS, H!-FI, STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB.

12" 100WATT EB12-100 BASS, STUDIO, HI-Fi, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93d8. PRICE £42.12 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5%" 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB.

6%:" BOWATY EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94d8B.

8" BOWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89d8. PRICE €12.99 + €1.50 P&P
10" BOWATT EB10-80TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98d8, PRICE £16.49 + £2.00 P&P

PRICE £30.39 + £3.50 P&P

PRICE £9.99 + £1.50 P&P

PRICE £10.99 + 1.50 P&P

S, THREE SUPERB HIGH POWER
CARSTEREO BOOSTER AMFLIFIERS
i) 150 WATTS (75 + 75) Slereo, 150W
Bridged Mono

250 WATTS (125 + 125) Stereo, 250W
Bridged Mono

400 WATTS (200 + 200) Stereo, 400W
Bridged Mono

ALL POWERS INTO 4 OHMS
Features:

* Siereo, bridgable mono * Choice of
high & low level inputs * L & R level
conlrols * Remote on-off & Speaker &

OOSTER AM

PRICES: 150W £49.99 250W £99.99
400W £109.95 P&P £2.00 EACH

POSTAL CHARGES PER DRDER £1.00 MINIMUM. OFFICIAL LAY

| ORDERS FROM SCHOOL S, COLLEGES, GOVT. BODIES, PLCs ETC.

PRICES INCLUSIVE OF V.AT. SALES COUNTER. VISA AND -27!.-
ACCESS ACCEPTED BY POST, PHONE OR FAX.

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER B80-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO I MILES, SIZE 38 x 123mm. SUPPLY 12V @ 0.SAMP.
PRICE14.85 + £1.00 PAP
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH

VERY SENS FET MIC, RANGE 106-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY.

PHOTO: aW FM TRANSMITTER

B.K. ELECTRONICS

UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR
Tel. 01702 - 527572 Fax: 01702-420243




MOONSHINE BIBLE 270 page book covefing the production of
aichohol from potatoes. rice, grains etc Drawings of simple home
made stills right gh to dal syst . £15 ref MS1
NEW HIGH POWER #INI BUG wnn a range of 800 metres or
more and up to 100 hours use from a PP3 this will be popularl Bug
measures less than 1" squarel! £28 Ref LOT102

SINCLAIR C6 MOTORS We have a new ones available without
gearboxes at £50 ref LOT25

BUILD YOU OWN WINDFARM FROM SCRAP New
publication gives step by step guide to building wind generators
Amed with this publication and a good local scrap yard could make
you seif sufficient in electneity! £12 ref LOT81

PC KEYBOARDS PS2 connector, top quality suitable for all 286/
3864486 etc £10 ref PCKB. 10 for £65.

TRACKING TRANSMITTER range 1.5-5miles, 5,000 hours on
AA battenes, also transmits info on car direction and motion!Works
with any FM radio. 1.5" square. £65 ref LOT101

ELECTRIC DOOR LOCKS Complete lock with both Yale lock
and 12v operated deadlock (keys included) £10 ref LOT99
GALLIUM ARSENIDE FISHEYE PHOTO DIODES Complete
with suggested circuits for long range communicationsiswitching
£12 complete.

SURVEILLANCE TELESCOPE Superb Russian zoom
telescope adjustable from 15x to 60x! complete with metal tripod
(imposible to use without this on the higher settings) 66mm lense,
leather carrying case £149 ref BARG9

WIRELESS VIDEO BUG KIT Transmits video and audio
signals from a minature CCTV camera (included) fo any standard
teievision! All the components including a PP3 battery will fitinto a
cigarette packet with the lens requifing a hole about 3mm diameter.
Supplied with teiescopic aenal but a piece of wire about 4° long will
still give a range of up to 100 metres. A single PP3 will probably give
less than 1 hours use £89 REF EP79. (probably not licensablel)
CCTV CAMERA MODULES 46X70X29mm, 30 grams, 12v
100mA. auto eiectronic shutter, 3.6mm F2 lens, CCIR, 512x492
pixels, video outputis 1v p-p (75 ohm). Works directly into a scart or
video input on a tv or video. IR sensitive. £79.95 ref EF137.

IR LAMP KIT Suitable for the above camera enables the camera
to be used In total darkness! £5.99 ref EF138.

REMOTE CONTROLTANDATA TD1400 MODEM/
VIEWDATA Complete system compfising 1200/75 modem, auto
dialler, infra red remote keyboard, (could be adapted for PC use?)
psu, UHF and RGB output, phone lead, RS232 output, composite

o for 1y

9WATT CHIEFTAN TANK LASERS

Doublebeam units designedtofitinthe gun barrei ofa tank, each unit
has two semi conductor lasers and motor drive units for aignement
7 mile range. full circuit diagrams, new price £50,0007 us? £349.
Each unit has two gailium Arsenide injection lasers, 1 x 9 watt, 1x
3watt, 300nm wavelength, 28vdc, 600hz pulse frequency. The units
also contain an electronic receiver to detect refiected signais from
targets. five or more units £299 ea. £349 for one. Ref LOT4.

TWO WAY MIRROR KIT indudes spedal adhesive film tomake
two way mirror(s) up to 60°x20". (glass not included) includes full
instructions. £12 ref TW1.

NEW LOW PRICED COMPUTER/WORKSHOP/HI-FIRCB
UNITS Complete protecton from faulty equipment for everybody!
tnline unitftsin standard IEC lead (extends itby 750mm), fittedinless
than 10 seconds. reset/test button, 10A rating. £6.99 each ref LOTS.
Or apack of 10 at £49.90 ref LOTS. if you want a box of 100 you can
have one for £2501

RADIO CONTROLLED CARS FROM £6
EACH!!!! All retums from famous manufacturer,
3 types available, single channel
(left,right forwards,backwards)£6 ref LOT1. Two
channel with more features £12 ref LOT2.

THOUSANDS AVAILABLE RING/FAX FOR DETAILS!
MAGNETIC CARD READERS (Swipes) £9.95 Cased with
fiyleads, designed to read standard credit cards! they have 3 wires
coming out of the head so they may write as weil? complete with
control eictronics PCB. 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
certificate enabling youto reproduce (and seil) the manuals as much
as you likel £14 ref EP74

PANORAMIC CAMERA OFFER Takes double width
photographs using standard 35mm fiim. Use in horizontal or vertical
mode. Complete with strap £7.99 ref BAR1

COIN OPERATED TIMER KIT Complete with coinslot
mechanism, adjustable ime delay, relay output, put a coinsiot on
anything you liket TV,s, videos. fidges. drinks cupboards, HIFI.
takes 50p's and £1 coins. DC operated, price just£7.99 ref BAR27.
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom,
metal construction, buiitin light, shrimp farm, group viewing screen,
lots of accessofies £29 ref ANAYLT.

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BAR34
PLASMA SCREENS 222x310mm, no data hence £4.89 ref
BARS7

NIGHTSIGHTS Model TZS4 with infra red illuminator, views up to
75 metresin full darkness ininfrared mode, 150m range, 45mm lens,
13 deg angle of view, focussing range 1.5m toinfinity. 2 AA battenes
required. 9509 weight. £199 ref BAR61. 1 years warranty
LIQUID CRYSTAL DISPLAYS Bargain prices,

16 character 2 line, 99x24mm £2.99 ref SM1623A

20 character 2 iine, 83x19mm £3.99 ref SM2020A

16 character 4 line, 62x25mm £5.99 ref SMC1640A
TAL-1110MM NEWTONIAN REFLECTORTELESCOPE
Russian. Superb astronomical ‘scope, everything you need for some

details £249 ref TAL-1

CENTRAL POINT PC TOOLS Award winning software, 1,300
virus checker, memory optimiser, disc optimiser, file compression,
low level formatting, backup scheduler, disk defragmenter, undelete.
4ca|ctlalors Dbase, disc editor, over 40 viewers, remotecomputing,
ction, enaryption, comprehensive manual supplied
e(c £25 ref lot 97 3.5" disks.
GOT AN EXPENSIVE BIKE? Youneed one of our bettte alanms,
they look like a standard water bottie, but open the top, Insert a key fo
activate a motion sensor alarm built inside Fits all standard botte
camiers, supplied with two keys. SALE PRICE £7.99 REF SA32.
GOTAN EXPENSIVEANYTHING? Youneedone ofour cased
vibration alamms, keyswitch operated, fully cased just fit it to
anything from videos fo caravans, provides a years protection from 1
PP3 battery, UK made. SALE PRICE £4.99 REF SA33.
DAMAGED ANSWER. PHONES These are probably beyond
repair so just £4.39 each. BT response 200 machines REF SA30
COMPUTER DISC CLEAROUTWeare leftwith alotof software
packs that need clearing so we are seiling atdisc vatue onlyl 50 discs
for £4, thats just 8p eachli{our choice of discs) £4 ref EPE6
IBM P82 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan etc and 200 watt power supply. £8.95 ref EP67
DELL PC POWER SUPPLIES 145 watt, +5,.5+12,-12,
150x% 150x85mm complete with switch, fiyleads and IEC socket.
SALE PRICE £8.99 ref EP55
1.44 DISC DRIVES Standard PC 3.5° drives but retums so they
will need attention SALE PRICE £4.99 ref EP68
1.2 DISC DRIVES Standard 5.25° drives but retums so they will
need attention SALE PRICE NOW ONLY £3.50 ref EPE9
PP3 NICADS Unused but some storage marks. £4.98 ref EP52
DELLPC POWER SUPPLIES (Customerretums) Standard PC
psu's complete with fiy leads, case and fan, +12v,-12v,+5v,-5v SALE
PRICE £1.98 EACH worth itfor the bits alonel refDL1. TRADE PACK
OF 20 £29.95 Ref DL2.
GAS HOBS AND OVENS Brand new gas appliances, perfect for
small flats etc. Basic 3 bumer hob SALE PRICE €24.88 ref EP72.
Basic small built in oven SALE PRICE £79 ref EP73
RED EYE SECURITY PROTECTOR 1,000 watt outdoor PIR
switch SALE PRICE £6.99 ref EP57
ENERGY BANK KIT 100 6'x6" 6v 100mA panels, 100 diodes,
connection details etc. £69.95 ref EF112.
PASTEL ACCOUNTS SOFTWARE, does everything for all
sizes of businesses, ind udes wordprocessor, repo twnter, windowing,
networkable up to 10 stations. mutiiple cash books etz. 200 page
comprehensive manual. 90 days free technical support (01342~
326009 try before you buy!) Current retail price is £128, SALE
PRICE £9.95 ref SA12. SAVE £120111
COMPLETE PC 200 WATT UPS SYSTEM Top of the range
UPS system providing protection for your computer system and
valuable software against mains power fluctuations and cuts New
and boxed, UK made Provides up to 5 mins running tme in the event
of compiete power failure to allow you to fun your system down
correctly. LAST FEW TO CLEAR AT £49 SAVE £30 ref LOT61
BIG BROTHER P8U Cased PSU, 6v 2Aoutput, 2m ofp lead, 1.5m
input lead, UK made, 220v. SALE PRICE £4.99 REF EP7

Check out our

WEB SITE

http://www.pavilion.co.uk/bull-electrical

RACALMODEM BONANZA! 1Raca MPS 1223 1200/75modem,
telephone lead, mains lead, manual and comms software, the
cheapest way onto the net! all this for just £13 ref DEC13.

4.6mw LASER POINTER. BRAND NEW MODEL NOW IN
8TOCK!, supplied in fully buiit form (looks like a nice
pen) complete with handy pocket olip (which also acts
as the on/off switch.) About 60 metres range! Runs on
2 AAA batteries. Produces thin red beam ideal for
levels, gun sights, experiments etc. just £39.96 ref
DEC49 TRADE PRICE £28 MIN 10 PIECES

BULL TENS UNIT Fully buiit and tested TENS (Transcutaneous
Electrical Nerve Stimulation) unit, complete with electiodes and full
instructions. TENS is used for the relief of pain efc in up to 70% of
sufterers. Drug free pain relief, safe and easy to use, can be used in
conjunction with analgesics etc. £49 Ref TEN/1

PC PAL VGA TO TV CONVERTER Converts a colour TV into
abasic VGA screen. Complete withbuiltin psu, leadand siware.. Ideal
for laptaps of a cheap upgrade.Supplied In kit fam for home
assembly. SALE PRICE £25 REF SA34

EMERGENCY LIGHTING UNIT Complete unit with 2 double

buib Nloodlights. builtin charger and auto switch. Fully cased. 6v 8AH
lead acid req'c. (secondhand) £4 ref MAGAP11.

YUASHA SEALED LEAD ACID BATTERIES Two sizes
currantly available this month. 12v 15AH at£ 18 ref LOT8 and 6v 10AH
(sumable for emergency lights above) at just £6 ref LOT7.
ELECTRIC CAR WINDOW DE-ICERS Complete with cable,
plug etc SALE PRICE JUST £4.99 REF SA28

AUTO SUNCHARGER 155x300mm solarpanel with diodeand 3
metre lead fittad with a cigar plug. 12v 2watt. £8.99 REF SA2S.
B8 ICRODRIVE STRIPPERS Small cased tape drives ideal for
stipping. lots of useful goodies including a smart case, and lots of
components. SALE PRICE JUST £4.99 FOR FIVE REF SA26
SOLAR POWER LAB SPECIAL You get TWO6"x6" 6v 130mA
solarceils, 4 LED's, wire, buzzer, switch plus 1 relay or motor. Superd
value kit SALE PRICE JUST £4.99 REF SA27
RGB/CGA/EGA/TTL COLOUR MONITORS 12* in good
condition. Back anodised metal case. SALE PRICE £48 REF SA168
PLUG IN ACORN PSU 13v AC 14w , £2 99 REF MAG3P 10
13.8V 1.9A PSU cased with leads. Just £9.99 REF MAG 10P3
UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motor but ok for any 12v motor up to 30A, Complete with PC8
etc. A heat sink may be required. £17.00 REF: MAG17

PHONE CABLE AND COMPUTER COMMUNICATIONS
PACK Kit contains 100m of 6 core cable, 100 cable clips, 2 line
dnvers with RS232 interfaces and all connectors etc. [deal iow cost
method of communicating between PC's overalong distance utilizing
the senal ports. Complete kit £8.99. Ref comp1.
VIEWDATA SYSTEMS made by Phillips. compiete with intemal
1200/75 mocem, keyboard, psu etc RGB and composite outputs,
menu driven, autodialler etc. SALE PRICE £12.99 REF SA18
AIRRIFLES .22 As usedby the Chinese army for training puposes.
so there s a lot about! £39 95 Ref EF78. 500 pellets £4.50 ref EF80.
PLUG IN POWER SUPPLY SALE FROM £1.60 Plugsinto
13A socket withoutputlead. three types available, Svdc 150mAE 1.50
ref SA19, 9vac 200mA £2.00 ref SAZ0, 6.5vdc S500mA £2 ref SA21
VIDEO SENDER UNIT. Transmits both audio and video signals
from either a videocamera, videorecorder, TV or Computer etc toany
standard TV wet In a 100 range! (tune TV to a spare channel) 12v DC
op. Price Is £25 REF: MAG15 12v psulis £5 extra REF: MAGSP2
*MINATURE RADIO TRANSCENERS A pair of walkie talkies
witha range up 1o 2kmin open country. Units measure 22x52x156mm.
Including cases and earp'ces. 2xPP3 req'd. £30.00 pr.REF: MAG30
*Fii TRANSMITTER KIT housed in a standard working 13A
adapter!l the bug runs directly off the mains so lasts foreverl why pay
£7007 or price is £15 REF: EF62 (kit) Transmits to any FM radio.
“FM BUG BUILT AND TESTED superior design to kit. Supplied
to detective agencies. 9v batiery req'd. £14 REF: MAG14
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT M ECHA N ISMS originally made to retail at£79 each,
these units are designed lo convert an ordinary phone into a
payphone. The units have the locks missing and sometimes broken
hinges However they can be adapted for their original use or used for
something etse?? SALE PRICE JUST £2.50 REF SA23
GAT AIR PISTOL PACK Complete with pistol, darts and pellets
£12.95 Ref EF82B extra pellets (500) £4.50 ref EF80.
67X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. SALE PRICE £4.98 REF SA24.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ret MAGSP 13 ideal for expementers! 30 mfor £12.99 ref MAG13P1

MXED GOODIES BOX OF
MIXED COMPONENTS WEIGHING 2 KILOS
YOURS FOR JUST £6.99

4X28 TELESCOPIC SIGHTS Sutable for all air rifles, ground
lenses, good light gathering properties. £19.95 ref R/7.
GYROSCOP E8 Rememberthese?wellwe havefound acompany
that still manufactures these popular scientific toys. perfect gift or for
ecucational use etc. £6 ref EP70
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised
fol blanket, reflects more than 90% of body heat, Aiso suttable for the
construction of two way mirmrors! £3.99 each ref O/L041
LENSTATIC RANGER COMPASS Oil filled capsule, strong
metal case, large luminous points Sight line with magnifying viewer
50mm dia, 86gm. £10.99 ref O/K604.
RECHARGE ORDINARY BATTERIES UP TO 10 TRAESI
With the Batery Wizard| Uses the latest pulse wave charge system
tocharge all popular brands of ordinary batteries AAA. AA. C, D, four
atatmelLed system showswhen battenes arecharged, automatically
rejects unsuitable cells, complete with mains adaptor. BS approved
Price is £21 95 ref EP31
TALKINGWATCH Yes, itactually teils you the time atthe press of
a button. Also features a voice alarm that wakes you up and teils you
what the tme is! Lithlum cell incuded. £7.99 ref EP26.
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new multiband 2000 radar detector can
prevent even the most responsible of drivers from tosing theirlicence!
Adjustable audible alarm with 8 flashing leds gives Instant warning of
radar zones. Detects X, K, and Ka bands, 3 mile range, "over the hill*
‘around berds’ and 'reartrap facilities. micro sizejust4.25°x2.5°.757,
Can pay for itself in just one dayl £79.95 ref EP3.
3" DISCS As used on oider Amstrad machines, Spectrum plus3's
etc £3 each ref BAR40O.
STEREO MICROSOPES BACK IN STOCK Russian. 200x

*BOME OF OUR PROPUCTS MAY BE UNLICENBAELE IN THE UK

p with lenses, lights, filters etc etc very comprehensive
microscope that would nomally be around the £700 mark, our price
Tull m uarantee) full details in catal

18 Just E29€ (full mongy back guarantee) full details in catalogue,
WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0802 660377
FREECATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 50P STAMP OR FREE
ON REQUEST WITH ORDER.
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e ol ' Sound and Vision Yearbook

The 1996/19&7 Sound and Vision Ysarbook s a handy sourceboox for elect-onics
SOUND & VISION nobbyists and colectors, especidly construetors and collectors intsrested in vintage
YEARBOOK wireless. By no means only for the bistoria™, however, the yearboox lists clubs,
oublicatiors, supdliers and general useful centacts in amateur TV, safellite anc radic,
—— 1996/97 — n-car en:erlainment, CB. cinema ciessic films, computers, cult TV, ephemera, fim and

TV music, gramophones and pharcgrapns, e Internet, jukebcxes, magic lanferns,
offshore and firate radio, optical *oys, phatography, pop music, radar, scientific
nstruments, former state secrets, “elephones, vintage radio, weatte- satelites and x-ray
apparatus - t2 take just a selectiar ©° samcles from the contents index.

The Sound anc Vision Yearbook, editec by Andrew Emmerson and published ty
Jonathan Hill (author of Audio! Auciol, the gu:de to classic value armplifiers) costs £3.50
‘rom Surwise Press, 2-4 Brook Street, Bampton, Tiverton, Devon EX16 9LY.

Tel 01398 331532

MicroP Course in Manchester

The Manchester Metropolitan University is running a short introductory course to designing with microcontrollers, based on the
Arizona PIC16C54 microcontroller. The course requires no previous knowledge of microprocessors, microcontrollers or assembly
language, but some knowledge of logic gates is useful. The course covers specification of the microcontroller, the instruction set,
programming and building a circuit on a custom project board. The cost is £125, which includes a reprogrammable 16C54 and
prototype board. Further courses based around other PICs are planned, and courses run year-round, including the summer.

For more details contact Course Tutor Dave Smith. Tel 0161 247 5437. Fax 0161 247 6377. Email D.W.Smith @ mmu.ac.uk at
the Manchester Metropolitan University, Alsager Campus, Hassall Road, Alsager, Stoke on Trent ST7 2HL.
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Multirouter is fast, cheap and smart

Multirouter is 3 $ast, low-cost autorouter for Number One Systems popular Easy-PC Professicnal XM PCB CAD package.

Multirouter aims to “get tracks through the design where otner autorouters fail”, using the latest fine-line routing technoiogies. Using
gridless routing enables difficult components like D-connectors and surface moun: packages 0 be included while meking the
maximum use of available space. The routing algorithm used 's shaoe-based, referring to the chosen design -ule clearances and track
width limits as the only imitatons on its routing. As each net is routed, existing tracks are moved over, or “shoved asiZ” as Nuroer
One Systems vigorously put it, to make more -oom, and if all routes appear to be blocked, Multirouter will o5erform a ‘rp up and re-try”
in problem arees until a solution is found. Multrouter uses Mutiple-passes to organise a route tnrough a difficuit beard allowing fayout
constraints tc be altered and adjusted according by the user guickly and tried again untit 100% routing is achigvea if zhis is physically
possible. Manual routing and autorouting can 2e combinec, ¢iving the user maximum control of the board design.. Crice the nets are
routed, Multirouter performs smoothing passes to widen tracks wherever
possible, mitr2 orners to 45 degrees to minimise high frequency signal
reflections, and efiminate unwanted track segments and vias. Via holes
can be compeled to a grid for users 'who need a design capable o
automatic testing, and routes can be specified to change toerd sice only
where there are component pins, to remove the need for plated vias
where necessary. Multirouter handles surface mount shapes on bo'h
sides of the oard, and repefitive memory arrays.

Number Ore Systems also offers fifetime support and free upgrades
for six months. Multirouter ccsts £295, and works with EASY-PC
Professional XM (£245). Prices are UK, ex cariage and VAT, USA grices
are £305 (US$575 including airmail) and £25€ (US$475 including airmail).
For information contact Roger Wareham Tel 01480 461779 amalil
rmw@numberone.com.

In Short

RADIO-TECH now has a World Wide Web site on the Internet at
HTTP://WWW.RADIO-TECH.Co.UK. You can look at new products and data
sheets, enter competitions join in customer surveys, access their overseas
distributors list and place crders by email. Tel 0181 368 8277 for any other
information. The 1996 National Vintage Communicatiors Fair i€ on at WWembley
Conference Centre, London, on Sunday 1st December from 10.30am to 4pm
Admission i3 £5 (under-14s are freg). About 300 dealers and collectors from
Britain and Europe are currently expected %o be exhibiting at the fair. For more
information contact Jonatran Hill Tel 01398 331532. The Public Domain and
Shareware _ibrary - Software Reference Guide issue 21 supplement 1 costs
£1.95 and lists hundreds cf low-cost programs on disk or CD ROM.

The list includes technical drawing, spreadsheets, CAD, communications
utilities and games, among others. Shareware is a good way O° building up a
library of starter software at low cost. Winscome House, Beacon Road,
Crowborougr, Sussex TN6 1UL. Tel 01892 663298 Fax 0189z 667473 BBS
(8n1) 01892 661149. The Bull Electrical Newsletter issue 961 is now out. Featuring unusual kits, fascinating davices anc some
down-to-ezrtn practical items like batteries, air rifle shooting ard sighting equipment and surveillance telescopes, the newsletter
is available from Bull Electrical Tel 01273 203500. See also advertisements in this issue cf ETI

William Hughes Ltd. of Dorset have braught out a new range of gass bead test-poirts and PCB termnas “ar the easy
testing of pratotype boards. The glass beeds provide & colour-coding, and the choice of shapes giwes a clese ‘it to the board
without damaging plated through holes. This type of test point can also be used as a saldering base for hich-temperature and
often-replaced componen:s. There are three sizes and eight colours available. Tel: 01933 363577.
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Overseas Readers

iI(

Valve radios restored

“Valve Radio Restoration” author Paul Stenning has compiled a
list of suppliers to help radio restorers.

Dealers and services

e “Anode Electronics: 80D Hyde Park Road, Plymouth, PL3
4RQ. My usual supplier of valves, components, spares and
related items - a vast range is available. Valve radios bought
and sold. Manufacturer of the Stenode Battery Eliminator, for
battery powered valve sets. Please write for details, enclosing
SAE.

¢ “S.W. Chaplin - 43 Lime Avenue, Leigh on Sea, Essex, SS9
3PA. Traditional Loudspeaker Cloth. A good range. Send £1
for samples.

* “Paul Stenning, 1 Chisel Close, Hereford, HR4 9XF. | do
valve radio repair and restoration and valve testing. Some
components available. No lists are produced, so please write
with SAE.

Magazines (subscription only)
* “405 Alive - Magazine and enthusiasts group: Andrew
Emmerson, 71 Falcutt Way, Northampton, NN2 8PH. Vintage
television
* “British Vintage Wireless Society: ¢/o Alan P Carter, Lime
Tree Cottage, Loxhill, Hascombe, Godalming, Surrey, GU8
4BQ.
* “Radio Bygones: Geoff Arnold, 9 Wetherby Close,
Broadstone, Dorset, BH18 8JB. Vintage wireless magazine,
covering mainly military and communications equipment.
* “Radiophile: Chas Miller, ‘Larkhill’, Newport Road,
Woodseaves, Staffs, ST20 ONP. Vintage wireless magazine,
High Voltage Electrolytic Capacitor Reformer July covering domestic sets. Technical and historical information,
1996 plus some lighthearted moments.

- * “Radio Review: PO. Box 46, Romford, RM1 2QE. Regular
newsletter style publication covering modern broadcasters,
pirate radio, listening figures, and related news and gossip.

MODS MODS MODS MODS

Computer Game Headphone Adaptor July 1996. Clubs and Groups

* “Sound & Vision Yearbook: Sunrise Press, 2-4 Brook St.,
Bampton, Devon EX16 9LY. Tel 01398 331532. Hobby and
heritage directory for collectors of sound and TV technology.
Annual.

* “Vintage Radio Circle (Swindon area). c/o M Williams, 28
Barton Lane, Cirencester, Gloucestershire, GL7 2EB.
Museums

* “Vintage Wireless Museum, 23 Rosendale Road, London,
SE21. Tel 0181 670 3667. Visitors welcome by appointment
only.

* “Lindfield Vintage Wireless Museum, Old Brewery, 53 High
Street, Lindfield, West Sussex. Tel 01444 484552. Telephone
for opening times.

* “On the Air: 42 Bridge Street Row, Chester. Sets bought,
sold and repaired. Museum.

SUPER NINTENDO ENTERTAINMENT SYSTEM (SNES)
OUTPUT SOCKET AUDIO CONNECTIONS

GROUND

e Woodcare products
z Fa * Colron: Sterling Roncraft, 15 Churchifield Court, Barnsley,
RIGHT OUT S70 2LJ. Manufacturer of woodcare products for furniture

GRQUND restoration, available from most DIY stores. Write for details of

full range.

Information correct at the time of writing. No liability is
accepted for the outcome of any dealings.
Corrections and additions are welcomed.
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The Life in the
CEAN wayES

Douglas Clarkson describes how the world’s undervalued wave resources
are being investigated

hile techniques of using wind power as

both a means of ship propulsion and as a

land based power source via windmills

have a relatively long documented history,

the era of obtaining power from ocean
waves is only a few decades old. Also, while the technology
challenges of solar photovoitaic and wind power are relatively
well defined and appreciated, the intricacies of wave power
have revealed a new and intriguing area of endeavour.

The field of wave power is already diverse and numerous
designs have been devised and testec at a computational or
wave tank level though relatively few designs have been built
as demonstrational systems. It is not possible to cover all the
lines of investigation being pursued though it is hoped that this
article will give a flavour of the current initiatives.

All about waves
It can be said that the best way to understand wave power is to
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understand waves. Reviews
of wave studies have given
credit to Thomas Stevenson,
the father of Robert Louis
Stevenson, for pioneering
work in the study of wave
heights around the coasts of
Britain. This was in many
ways natural, since as a
builder of lighthouses and
harbour defences, it was
appropriate for him to
assess the worst sea
conditions to which such
structures could be
subjected. Waves are, of
course, principally derived

the typical wave

WATER
DEPTH

J

w

Figure 1: Structure and definitions of

MEAN WATER LEVEL

UPWARD ZERO CROSSINGS

WAVE
HEIGHT

TROUGH

!4— WAVE LENGTH e——-

from the wind and can also
be considered as a means whereby wind energy becomes
stored in another energy form. As the wind blows on the
surface of water, it causes the surface layers to move. The
exact mechanism of wave generation is unclear. The role of thin
layers of chemical agents, natural and man-made, is thought to
have a significant effect in couping wind action into wave
energy. The restoring force for wave motion is gravity. Surtace
tension effects apply only to waves of much smaller ampliude.
The raising of water above a mean level causes gravity to
restore the water level and, as a result, the water level accuires
a sinusoidal motion.

The size of waves produced depends on the ‘fetch’ or
distance over which the waves are blown. The dimensions
associated with a typical wave are indicated in figure 1. Tre
expression widely used In wave studies is ‘significant wave
height’. This is taken as the mean value of wave height of the
highest 1/3 of all waves present in a sample series. In this
context, a wave height is the distance crest to trough.

Linked to this definition is the significant wave period, which
is the mean period of the waves involved in the significant
height definition. Wave data can be displayed in a variety of
forms. For many conventional purposes, a display of wave
height alone is adequate as indicated in figure 2, where the
significant and maximum wave heights are referenced. In this
format, the percentage exeedance is the percentage of
observing time during which the specific wave height is
exceeded. Table 1 provides data relevant to wind speed, :he
‘fetch’ or distance over which the wind blows and the
corresponding wave height.

Wind Speed Beaufort fetch significant
wave
height

approx.(r)

0.6
0.7
+0.8
1.7
1.9
2.0
3.25
3.5
3.7
5.1
55
5.8

km
250
500
1000
250
500
1000
250
500
1000
250
500
1000

W
Q
D
@

(m/s)

3
3
3
5
5
5
Vi
7
7
8
g
8

Table 1 (below left): Variation of significant wave height as
a function of fetch’ of wave and wind speed in metres per
second and also corresponding Beaufort Scale value.
(Conversion factors relevant are 1 knot = 0.5144 m/sec
and 1 nautical mile = 1.852 km.)

For moderate <0 high winds, most energy is picked up in the
first 250 km of the 'fetch’. Over long values of ‘fetch’ this
produces a lirriting wave height with a given wind speed. The
wave climate, zherefore, is a complex interaction of wind
speed, directicn and duration. Waves created by a storm can
readily propagate out of the area of immediate adverse
weather as ‘swell’ and influence sea conditions thousands of
kilometres awey.

Typical date for waves in deep water is shown in table 2.
Thus longer waves travel faster.

Period (T) seconds
Wavelength (m)

2
6.2
3.1

16
400
25.0

1.56
1.56

25.0
6.2

100
Wave speed (m/3ec) 125
Table 2: Characteristics of deep water waves.

At a location remote from a storm, it will tend to be the largest
waves that will arrive, followed by waves of lesser size. Also, it
tends to be the waves of shorter wavelength that are dispersed
more readily as they dissipate their energy while propagating.
Waves of longer period, for example storm waves with
period around 15 s which are generated in the Atlantic, have
their energies diminished as they approach the shore due to the

— - O -
100 Figure 2: Percentage exceedance
of wave as a function of wave
¥ 9% ’\ height. Hs = significant wave
w 80 height: Hmax = maximum wave
= height
z 70
& 60
¥ s0
z
£ 40
W 30
8
x 20
10
0 | |
0.5 1 2 3 4 5678910 20 30
WAVE HEIGHT (m)
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height for specific values of wave period.

POWER kWim [ >

Figure 3: Variation of wave power per metre of wavefront as a function of wave

T = 7secs

TOTAL POWER AT SURFACE (kWim) [ >

5.0

SWH (METRES) [ >

Figure 4: Wave power/depth profile for South Uist. Courtesy ETSU}
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Ilq.pl d transmit IIF lpeaﬂonal
perturbations via radio link. A long-standing
| method for deep sea vessels was to combine
~an underwaler pressure monitor with an
accelerometer to obtain relative wave height.

Satellites such as ERS-1 and ERS-2 have the
ability to scan almost all of the world’s oceans

T T T T 1T T 1T T 11
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at regular intervals to provide much more
extensive wave height data. Such global
surveys provide insight into the global
distribution of wave energy. The southern

160

mechanism of seabed friction. A wave of 4 metres and period
15 s will be begin to disturb fine sediments on the sea bed at a
depth of 140 metres. This is why there is specific interest in
wave power technology in seeking to abstract power from
ocean waves in deep water where wave energies are greater.

The power in the wave

Within a wave, energy is exchanged between potential energy
of gravity and kinetic energy of motion. At the boundary of a
wave on the sea floor, the motion of water is oscillating
backwards and forwards. In higher sections of the wave, the
motion of water particles is elliptical. Over recent years, the
basic properties of waves has been rigorously investigated in
order to determine the most efficient and effective means of
abstracting the power that is present.

The power in a wave can be expressed as :-

P=0.55H TkW/m

where H is the significant wave height T is the period of the
wave in seconds.

oceans have the highest mean significant
wave heights at around 4.75 m in winter and 4.5 m in summer.
In the North Atlantic the corresponding figure for winter is 4.5
m and 2.0 m for summer.

The 50 year wave

All ventures that are at the mercy of the sea plan for the largest
waves that might be expected. This is of crucial importance for
ship design and off-shore oil and gas installations. This wave
size is often referenced as the 50 year wave. In terms of
probability, it is the largest wave that is likely to be produced in
a storm that lasts 12 hours within a 50 year time period and
corresponds to a relative probability of 0.0000274. This value
can readily be predicted from analysis of wave date of one or
two years at a specific site. In the North Sea, values range
between 15 and 25 metres. In the Atlantic west of the Outer
Hebrides, the 50 year maximum wave height is estimated to
be 35 m. Such freak waves, however, tend to exist not as a
single entity but as the reinforcement in a moment of time of a
multitude of individual waves of varying heights and
wavelengths - after the fashion of constructive wave
interference. Such apparentty robust predictions, however,
should be treated with caution. Recent studies, especially in

Thus, the term varies as the square of the wave height and the Norway, indicate that storm frequencies have significantly
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increased during the 1980s
and thai, consequentty, 50
year wave predictions may
have to be increased.

Figure 5: Design of the Islay
Oscillating Wave Converter

Mapping the UK
wave energy
resource

A key aspect of any future
utilisation of ‘wave energy is
to accurately evakiate the
size of tha resource. An 18
month project was initiated in
1989 to assess the near
shore (around 20 m depth)
and shoreline (5 to 10 m
depth) of the UK's western
seaboard. Assesament was
carried cut by the Queen’s
University of Belfast and
chiefly used the
Meteorological Office’s wind-
wave computer model in association with actual data from
wave observational sites. The effect of sea depth was
introduced by means of data from Admiralty Charts. While the
annual powes dersity of waves in the North Atlantic in more
than 100 m cf water is approximately 70 kW/m, the available
energy decreases progressively with recucing water depth.
This effect is principally due to sea bed friction.

Figure 4 indicates the wave power/depth profile fqr South
Uist. In the favourable wave climate of the western side of the
Outer Hebrides, the near-shore power density falls 1o around
20 kW/mr . The location o® shoreline or n2ar-shore inztallations
needs to be carzfully researched in order to I>zata schemes at
optimised sites.

The fu ccriractor’s report is avaiable from ETSU. The
combinalions of wave diraction, topagrephy of sea and ocean
bottom, aignment of ciffs etc can irteract to produce so-
called ‘ha” spats’ or areas of heightened wave ectivty. Factors
of two or ~hrea can be introduced bv this mecharism

In coatal ardscapes for examgle, the location of gullies
tend to czince with area of heightened wave activity, with
the shore line becoming eroded where & is subj2ct t= higher

M

OUTGOING AND INCOMING
_ AIR DRIVES TURBINE

e

PRVES COMPRESE
AIR IN CHAMBER (

wave activity. Also, such areas tend to coincide with areas of
active fishing.

How much is out there?

In estimafons of levels of wave power available, consideration
is usually given to the good sites of wave energy off the North
West of Scotland where energy densities in excess of 50 kW
per metre of wavefront are estimated to be present. Assuming
a total coflection length of 400 km and an efficiency of 30%,
then this corresponds to 6000 MW or about 10% of the UK'’s
total curent nstalled generation capacity.

Witk the inclusion of other localities, such as west of
Cornwall anc possible improvements in conversion efficiencies,
values as hizh as 25% of the UK's total current installed
generazion cagacity have been referenced.

These & Jso, no doubt, the potential to collect significant
amounts of €nergy of® the West coast of Ireland. It is very clear,
however, tha: the UK has the most significant reserves of wave
energy n =usope and nence the most to gain from developing
them. £t & cbbal level, the resource is estimated at 400 GW.

In terrs =f recovering successfully such a large energy

resource, it will tend to be technology and

Figure 6 View of klay OWC showing column FlructU'e. turbine hov<ing and switch
plant (Ceurtesy ETSU)

not environmental sensitivity (as with
windfarms) that will be the limiting factor.
Wavepower is therefore a vast engineering
challenge. As device efficiencies improve,
however, then the size of the avallable
resource will increase also.

On-shore, near-shore and
off-shore

With on-shore systems, such as the
Oscil ating Water Column system, the
generating unit and associated grid
connsaction is land based. Access for
construction and maintenance is relatively
convenient. Near-shore systems would
gererally be in water up to 40 m depth but
reascnably accessible for maintenance and
power take off. Off-shore systems, however,
whi'e able to access potentially greater levels

Continued on p. 14

ELECTRONICS TODAY INTERNATIONAL

12




ALL THE ABOVE ITEMS ARE MANUFACTURED BY SERVISOL

IF YOU PURCHASE MORE THAN ONE SERVISOL PRODUCT POSTAGE & PACKASE WILL BE
CHARGED AS FOLLOWS: 300p FOR 5 CANS

450p FOR MORE THAN 5 CANS

GRANDATA LTD

K.P. HOUSE, UNIT 15, POP IN COMMERCIAL CENTRE,

SOUTHWAY, WEMBLY, MIDDLESEX, ENGLAND HAS OHB
Telephone: 0181-900 2329 Fax: 0181-903 6126
OPEN Monday to Saturday.

Times: Mon-Fri 9.00-5.30 Sat 9.00-2.00

* Original Remote not required
[order Cods: 8 WAY Price: 1450P + 4AT |

PART PRICE | PART PRICE | PART PRICE | PART PRICE TIME LAG {20mm) QUICK BLOW (20mm)
BU105 80P | BU408D 75P | BUT18AF 80P | MJ15024  400P | [CURRENT RATING | ORDER CODE___ PRICE ORDER CODE PRICE
BU108 100P | Bu409 85P | BUT30V  1700P | MJ15025  700P |[100mA FUSE36 75p FUSE37 60P
BU109 80P | BU426A 70p | BUT56A 100P | MJE13004  100P |]160mA FUSEO1 75P FUSE17 60P
BU10 90P | BUS0SDF  120P | IRF450 650P | MJE13005  60P | [250mA FUSE02 75P FUSE18 60P
BUI11 Y00P | BUSOBAPH 80P | 'RF520 150P | MIE13007  100P 3(‘)(5,’": ;32509‘3 72; ;Ugg 9 gog
SB}%‘Q Wb | B0eAE oF IAFa40 Jo0p | MiEI3009  100P 500mA FUSEOS [ FUSE21 oop
BUS08APH 80P MJE15028  200P |{630mA FUSE06 75P FUSE22 60P
BU126 65P | Bus08D p | IRF610 150P
BU133 1250 | BOS0oDF 398 | mes30 12op | MJE15020  200P | [800mA FUSEO7 60P FUSE23 60P
BU137 1500 | BusoebR  1a0p | IRF840 soop | MIE1s030  250P [[1A FUSE08 60P FUSE24 60P
BU180 100P | Bys08v 110p | IRF730 175p | MUEISO31  400p || 1-22A FUSET0 oo FUSEat 2P
s 1907 | Busosve  100p | IRETS0 o 1258 1)2a FUSE11 S0P FUSE27 60P
U204 5P IRF820 150 2.5A FUSE12 50P FUSE28 60P
BU205 70P | Booct 78 |mees0  22sp | oc29 250p |{3¥sa FUSE13 55P FUSE29 S0P
BU206 100P | goao7 gop | IRF840 200P | OC35 asop | |4 FUSE14 55p FUSE30 50P
BU207 150P | pioctan  1a0p | IRF9530 400P | OC36 250p | 15A FUSE1§ 60P FUSE31 50P
BU208 70P IRF9540 300P | s2000A3 1750 | |6.3A FUSE1€ 60P FUSE32 50P
BU2508AAF  130P 00 5
BU208A 75P BU2508D 130P IRF9610 200P S2000AF 175P -
BU20BAT  200P | BUERRTR.  (oop | 1RF9620 225P | so058A 175P CERAWMBC PLUG TOP
BU208D 130P IRF9630 325P
BU209 gop | BU2520AF  225P | |progsp  azsp | S2059AF  200P
BU2520DF 225P 2N3053 18P CLRRENT RATING ORDER CODE I PRICE
BU225 120P IRFBC30 200P X FUS
8U226 120p | BU2525AF  325P | |mFCao a00p | 2N30s4 40P 3 USE33 100P
BU312 gop | BUH315 200P | mu2501 100p | 2Naoss 38P ?/;A gggggg }88;
BU325 s5p | BUH515 200P | pmy2955 g5P | 2N3055H 50P
BU326A 75p | BUHS517 275P | MJ15003  250P | 2N3440 45P
BU406 60P | BUH715 425P | MJ15004 300P | 2N3441 175P 20mm CERAMIC TIME LAG 32mm CERAMIC SLOW BLOW
BU406D 85P | BUT11AF 55P | MJ15015 250P | 2N3442 85P
ool AL A R R il -l M | i - 3 B
4 2N3772 90P
BU408 60P | BUT18 80P | MJ15023 400P | oN3773 100P ?SA FFggSg :gsz
6.3A FUSE38 100pP 5
8A FUSE39 1o0pP 15A FUSE46 185P
A P REPAIR 10A FUSE40 100P 20A FUSE47 210P
3.15A FUSEA41 85P
Experience shows that 50% of all receiver power supplies ‘bounce’ Lnless the g: ;ggg:g gg::
correct precautionary measures are taken when being serviced. A kit of all the
;i%%rlrérr;e;/r;cgggrﬁ:r:hsi;? supplied for the most popular models, which whan fitted 38mm CERAMIC TIME LAG
MAKE & MODELS ORDER CODE PRICE f::““’ fame ::::;CWE I 8":;25
PACE PRD800, PRDS00 SATPSU1 650P
PACE SS900, 9200, 9010,9210, 9020, 9220 | SATPSU2 650P
AMSTRAD SRD510, SRD520 SATPSU3 650P I **ALL THE ABOVE PRICES ARE ARE FOR PACKS OF 10 FUSES"J
TP
ﬁmggﬁg 222328, SRX345, SRX350 gﬁTngg 228,5 NB. ALL FUSES ARE MADE IN THE UX AND FULLY MEET BS4265 & BS1362 SAFETY
PAGE D1007150 SATPSUG 850P STANDARDS AND SHOULD NOT BE COMPARED WITH CHEAP IMPORTED TYPES.
CHcl:JRCHILL D2MAC gATPSU? 650P
PACE MSS100 ATPSUS 730P
PACE MSS200/300 APPOLLO SATSPU9 650P SOLDER"\G ACCESORIES
PACE MSS500/1000 SATPSU10 1230P
FERGUSON SRD4 SATPSU11 g35p | —ANTEX SOLDERING IRONS
ECHOSTAR SR5500 SATPSU12 1735P DESCRIPTION CODE PRICE
ECHOSTAR 6500/7700/8700 SARPSU13 3125P 25 WATT 240 VAC (XS25W 240V) S101 900P
AMSTRAD SRD600 SATPSU14 3125P 15 WATT 240 VAC (XS 15W 240V) $102 900P
MIMTEC (Surensen) SATPSU15 775P 25 WATT SPARE ELEMENT S$103 450p
AMSTRAD SRD700/SR950/SRX100/302 15 WATT SPARE ELEMENT S104 450p
SRX501/502/1002/2001/SRD2000 SAT250 | SATPSU16 730P
PACE 9000 SWITCH MODE TRANSFORMER SOLDERING STAND & SPONGES
| DESCRIPTION CODE PRICE
[ ORDER CODE; PACE9000 PRICE 800p SOLDERING STAND (MADE BY ANTEX). S108 350p
[ SERVICEAIDS e T
SOLDER
DESCRIPTION VOLUME CODE PRICE | [DESCRIPTION CODE PRICE
VIDEG HEAD CLEANER 75 ML SPo1 7300 | [18 SWG £00 GRAMMES Si10 500P
gwﬁ% :l(-::;lx_g ﬂ_EE'/:NER 2(7)2 m gggg sggg 20 SWG £00 GRAMMES Sint 650P
1 I3
oy A T o 4 1508 | [22.5WG £00 GRAMMES Si12 700P
Bl WEARE e <o 170F | DESOLDERING AIDS
I M 4 220P
FREEZE IT 400 ML SP16 550P ||DESCRIPTION CODE __ PRICE
iﬁﬁﬁs%%érqsn ‘1“5)8 mt gggg };gg SOLDER TA0P STANDAR GUAGE 1.2mm x 1.5 METRE 5107 BOP
1 3
A Sade —— i, x5 SOLDER AROP 1 2mme 13 METFE Sia 400P
AERO DUSTER 150 ML P08 220p ||DESOLDERING PUM Stos  320P
AERO DUSTER 400 ML SP17 s550p |LSPARE NOZZLE Slo6 ___60P
[y Alh, g oy ol \vay PREPROGRAMMED |
LASS NE 50 M P1 160P
COLDKLENE 250 ML SP13 200P Universal remote Contro
E POLISH 80 ML SP1 0P v .
AéﬁgélvE 120 igg ML SP‘g }SOP A single remote control to perate The Optimum 8 way universal remote control
L'E?:ﬁ'h REMOVER 130 208 ML s;zo 240»; Televisions, Videos and Satellite ggempgggémf:gfg "00’ %gfe'a‘;:nps lgr%gg;e;n ¢
R B 140 400ML SP21 240P | Receivers. Plus Auxilary Cptions!! ¢ : 'S, ;
TUBE SILICON GREASE 50 GRAMMES SP11 200P g‘;‘:,,aées u;,’ e ’,‘;mrg(ef with ,l,-.e Sateliite Receivers. Plus Auxilary Optionsi!
TUBE SILICON SEALANT WHITE 75ML SP22 280P | « gimole 4 digit setup routine : Pre-programmed with leaming capability
TUBE SILICON SEALANT CLEAR 75 ML Sp23 280P | , 2MP gi.saip O3 Replaces up 1o 8 remotes with one
TUBE HEAT SINK COMPOUND 25 GRAMMES SP12 150p Controls 1000's of models * Jog/Shuttle thumb control
DRIVE CLEANER 200ML SP24 150p | * Teletext unctions with Fastext t lluminated key pad
SCREEN CLEANER 200 ML SP25 150P | * Clear (large key) layout - g'ea' key layout
COMPUTER CARE KIT SP26 2100P | * Code Search Facility " Easy access secondary keypad
ANTI STATIC FOAM CLEANER 400 ML SP28 175p | * Stylish and easy to operate ’ g?yll?i?hnaﬁdF::; let:g tt,ur::?:
AR DUSTER 400 ML SP29 d00E 1 8 Replace broken or lost remotes o

Replace broken or lost remotes
* Original Remote not required
* Freefone Helpline (UK Only)

lOvdev Code: OPTIMUM 8 _Price: 2100P + VAT|

PLEASE PHONE US FOR TYPE NOT LISTED HERE AS WE ARE
HOLDING 30,000 ITEMS AND QUOTATIONS ARE GIVEN FOR
LARGE QUANTITIES
Please send £1 P&P and VAT at 17.5%. Govt, Colleges, etc.

Orders accepted. Please allow 7 days for delivery. Prices quoted are subject
to stock avallability amd may be changed without notice.

TV and video parzs sold are replacement parts.

Access & Visa Card accepted
WE STOCK TV AND VIDEO SPARES, JAPANESE TRANSISTORS AND TDA
SERIES. PLEASE RING US FOR FURTHER INFORMATION.
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Figure 8: View of Wells turbine of Islay System during construction (Courtesy ETSU)

Continued from p. 12

wave activity, are more at the mercy of all vagaries of the
weather. Some off-shore systems are designed to operate in a
submersed mode and so are less vulnerable than surface
floating constructions.

Environmental considerations

Studies of wave power systems have anticipated generally
positive environmental impact. Coastal erosion would, for
example, be reduced behind off-shore devices. Marine colonies
could also find the relative shelter of off-shore structures a
benefit. There would also be safer conditions for shipping and
fishing.

Mechanisms of wave energy conversion
What is apparent in the field of wave energy is the range of
energy conversion devices. It makes sense, however, to
describe initially the most widely used device so far, the
Oscillating Water Column (OWC) for on-shore and near-shore
systems.

The Islay Oscillating Water Column

A device such as that shown in figure 5 represents a system
currently operating on the Isle of Istay. The water level in the
chamber rises and falls due to wave action and outgoing and
in coming air is driven through a Wells turbine.

This design of turbine allows air with oscillating velocity to
drive the turbine in a constant direction and was invented by
Professor A. Wells of Queen’s University, Belfast.

Construction of the Islay wave station was begun in 1987
with the unit being connected to the grid in early 1991. in good
conditions, the station generates around 20 kW, though in
better conditions around 50 kW can be produced. Figure 6
shows the system on the Islay shoreline and figure 7 the
system as viewed from the adjacent shore. Figure 8 shows the
Wells turbine during construction work.

It was the successful implementation of a similar wave
power system in Norway during 1985 that rekindled interest in
wave power within the UK context and subsequently also
within a wider European framework.

Systems such as the one at Islay have not only to cope with
the anticipated greatest wave heights, but it also has to cope
with the tidal variations. Such Oscillating Water Columns would
be simpler to build in areas with smaller tida! variations and, in
fact, systems have been installed in islands in the Pacific - by
Norwegian companies. Here, perhaps, is a clue to an
underlying economic reality within the wave power scenario.

The efficiency of the Islay system has been less than
anticipated. This, however, has been partly attributed to the
roughness of the sides of the gully along which waves are
propagated. Also, the tidal currents tend to reduce wave
amplitude. The Islay system, however, has been built as a
demonstration project and has provided extensive data to
enhance efficiencies of future systems. In particular, it is now
appreciated that the constructing of ‘harbour walls’ could
enhance the efficiency of such systems by a factor of four as
wave energy from a wider aperture is collected and converted.

ART Osprey

It is, of course, understood that there is more in the way of
wave energy off-shore. One of the main difficulties to deep
water implementation of OWCs is that the whole structure
would tend to bob up and down with the waves and so
efficiency would be significantly reduced. Also, exposed
structures would be vulnerable to large seas.

A compromise system would be to develop a device that
was seated on the sea bed in relatively shaliow water and
which could tap into the higher wave energy off-shore
compared to an on-shore based device.

This was the concept behind the development of Osprey -
Ocean Swell Powered Renewable Energy. The final design of

Continued on p. 16
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DC TO DC CONVERTERS
DRM58 input 10-40vdc output Sv BA £15
DRM128 input 17-40vdc output 12v 8A £50
DRM158 input 20-40vdc output 15v 8A £50
DRM248 Input 29-40vdc output 24v 8A £40
DRS123 input 17-40vdc output 12v 3A £20
DRS153 input 20-40vdc output 15v 3A £20
DRS243 input 29-40vdc output 24v 3A £15
SOLID STATE RELAYS
CMP-DC-200P 3-32vdc operation, 0-200vdc 1A £2.50
SMT20000/3 3-24vdc operation, 28-280vac 3A £4.50
SMT20000/4 3-24vdc operation, 28-280vac 4A £5.00
ZRABO025F 28-280vd/ac operabon, 28-280vac 25A £7.00
200 WATT INVERTERS Nicely cased units 12v input 240v
output 150watt continuous, 200 max. £49 ref LOT62.
6.8MW HELIUM NEON LASERS New units, £65 ref LOT33
COINSLOT TOKENS Youmay have a use for these? mixed bag
of 100 tokens £10 ref LOT20.
PORTABLE X RAY MACHINE PLANS Easy to construct
plans on a simple and cheap way to bulld a home X-ray machine!
Effectve device, X-ray sealed assemblies. can be used for
experimental purposes. Not a toy of for minors! £6/set. Ref F/XP1
TELEKINETIC ENHANCER PLANS Mystify and amaze your
friends by creating motion with no known apparent means or cause
Uses no electncal ormechanical connections, no speaal gimmicks
yetproducespositivemotonand effect Excellentfor 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 Thisdata shows
severai ways to put subjects under your control. Induded is a full
volume reference text and several construction plans that when
assembled can produce highty eflective stimull, This matenal must
be used cautiously. Itis for use as entertainment at parties eic only,
by those experienced in its use. £15/set. Ref F/EH2.
GRAVITY GENERATOR PLANS This unique plan
den asimple | phenomena thatproduces an anti-
gravity effect. You can actualty bulld a small mock spaceship out of
simple matenals and without any visible means- cause itto levitate
£10/set Ref F/GRA1
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up to 750,000 volts of
discharge, experiment with extraordinary HV eftects, 'Plasma In a
jar. StEimd's fire, Corona, excellent science project of conversation
piece. £5/set Ref F/BTCIAGS.
COPPER VAPOUR LASER PLANS Produces 100mw of
visible green light. High coherency and spectral quality similar to
Argon laser but easier and less costly to build yet far more efficient
This pari cardesignwas developed atthe Atomic Energy Commision
of NEGEV in Israel. £10/set Ref F/CVL1.
VOICE SCRAMBLER PLANS Minature soiid state system
tums 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 FAV/S9.
PULSED TV JOKER PLANS Litte hand heid device utilises
pulse techniques that will completety disrupt TV picture and soundi
works on FM tool DISCRETION ADVISED. £8/set Ref F/TJ5.
BODYHEAT TELESCOPE PLANS Highly directional long
range device uses recent technoiogy to detect the presence of living
bodles. warm and hotspots, heatleaks etc. | ntended for security, law
enforcement, research and development, etc. Excellent 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 melting materals over
a considerable distance. This laser is one of the most efficent,
converting 10% input power into useful output. Not only is this device
aworkhorse in weiding, cutting and heat processing matenals but it
is also a likely candidate as an effective directed energy beam
weapon against missiles, aircraft, ground-to-ground, etc. Partide
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 Is easily applicable to burning and etching
wood, cutting, plastics, textiles etc £12/set Ref F/LCT.
MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple
concept. Objects ficat in air and move to the touch. Defles gravity,
amazing gift. conversation piece, magic trick or science project. £6/
set Ref FIANTIK.
ULTRASONIC BLASTER PLANS Laboratory source of sonic
shock waves. Blow holes In metal, produce "coid’ steam, atomize
liquides Many cleaning uses for PC boards. jewllery, coins, small
parts etc. £6/set Ref FAULBY.
ULTRAHIGHGA IN AMP/STETHOSCOPIC MIKE/SOUND
AND VIBRATION DETECTOR PLANS Ultrasensitive device
enables one to hear a whole new world of sounds. Listen through
walls, windows, floors etc. Many applications shown, from |aw
enforcement, nature listening, medical heartbeat, to mechanical
devices £6/set Ref F/HGAT
ANT! DOG FORCE FIELD PLANS Highly eflectve circuit
produces ime varable puises of accoustical energy. that dogs
cannot tolerate £6/set Ref F/DOG2
LASER BOUNCE LISTENER SYSTEM PLANS Aliows you
1o hear sounds from a premises without galning access. £12/set Ref
FLLISTY
LASER LIGHT SHOW PLANS Dottyourseif plans show three
methods. £6 Ref F/LLS1
PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld, has large transducer and battery capadity with extemai
controls. £6/set Ref F/PSP4
INFINITY TRANSMITTER PLANS Telephone line grabber/
room .The ffice security and safety! simple
to use! Call your hame or office phone, push a secret tone on your
tetephone to access either: A) On premises sound and voices or B)
Existing conversation with break-In capability for emergency
messages. £7 Ref F/TELEGRAB.
BUG DETECTOR PLANS Isthat someone getting the goods on
you? Easy to construct device locates any hidden source of radio
energy! Sniffs out and finds bugs and other sources of bothersome

BD1

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

PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds and voices, open windows, sound sources In *hard to get' or
hostile premises. Uses satellite technology to gather distant sounds
and focus them fo our u'tra sensitive electronics. Plans also show an
optionai wireless link system. £8/set ref F/PMS

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS
Operates on 8- 12vdc, many possible experiments. £18 Ref FAHVM7/
TCLA4.

INFINITY TRANSMITTERS The uttimate “ug' fits to any

phone or line, undetectable, listen 1o the conversatons in the room
from anywhere in the world] 24 hours a day 7 days a week! just call
the number and press a button on the mind comtroller esupplied) and
you can hear everythingl Monitor conversations for es long as you
choose £249 each, complete with leads and mini controllert Ref
LOTY. Undetectable with normal RF detectors, fitted I seconds, no
batteries required, lasts forevert

SWITCHED MODE PSU'S 244 wat, +532A, +126A.-50.2A, -
120.2A There s alsoen optional 3.3v 25A rail availatie. 120/240v I/
P. Cased, 175x90x145mm. IEC Inlet Suitable for PC use (€ d/drive
connectors 1 mboard}. £10 ref PSU1.

VIDEO PROCESSOR UNITS?/86v 10AH BATTS/12V 8A
TX Not too sure what the function of these units is bu- they certainly
make good strippers! Measures 390X320X120mm, on the front are
controls for scan speed, scan delay, sc de,joads of ctons
onthe rear. Inside 2 x 6v 10AH sealed lead acid batts, pcb’'s and a 8A7
12v torroidial transfonr.er (mains In). Condition not knewn, may have
one or two broken knoos due 10 poor storage. £17.50 ref VP2
RETRON NIGHT SIGHT Recognition of a standing man at 300m
in 174 moonlight, hermatically sealed, runs on 2 AA batteries, B0mm
£1.5 lens, 20mw inframed laser induded. £325 ret RETRON.

MINI FM TRANSMITTER KIT Very high gain preamp, supplied
complete with FET eiectret microphone. Designed & cover 88-108
Mh2z but easily changed to cover 63-130 Mhz. Works with a common
9v (PP3) battery. 0.2W RF. £7 Ref 1001

3-30V POWER SUPPLY KIT variable, stabllized power supply
forfab use Shortcircuprotected, sui for profe | oF

use 24v 3A transformer is needed to complete the kit £14 Ref 1007
1 WATT P TRANSMITTER KIT Supplied with piezo electiic
mic. 8-30vdc. At 25-30v you will get nearty 2 wattsi £12 ref 1009.
FM/AM SCANNER KIT well not quite, you have © tumn the knob
your self but you will hear things on this radio that youwould nothear
on an ordinary radio (even TV). Covers 50-160mhz on both AM and
FM. Built in 5 watt amplifier, Inc speaker. £15 ref 1013,

3 CHANNEL SOUND TO LIGHT KIT wireless system, mains
operated, separate sensitivity adjustment for each channel, 1,200 w
power handiing. microphone included. £14 Ref 1014,

4 WATT Fid TRANSMITTER KIT Small but powerful FM
transmitter, 3 RF stages, microphone and audio preamp Included

SOUND EFFECTS GENE RATOR KIT Produces sounds ranging
from bird chips to sirens. Complete with speaker, add sound effects
to your projects for just £9 ref 1045,

16 WATT Fif TRANSMITTER (BUILT) 4 stage high power,
praamp requiied 12-18vdc, can use ground plane, yagi of open
dipole. £69 =f 1021.

HUMIDIMY METER KIT Bullds into a precision LCD humidity
mazter, 9 ic &@sign, pcb, lcd display and all components Included. £29
PC TMER KIT Four channel output controlled by your PC, will
switch high surrent mains with relays (supplied). Software supplied
80 you can program the channels to do what you want whenever you
want. Minimum system configeration is 286, VGA, 4.1,640k. senal
port. hard dive with min 100k free. £24.99

FM CORDLESSMICROPHON E This unitis an FMbroadcasting
station In manature, 3 transistor transmitier with electret condenser
mc+fetamg design resultin maximum sensilivityandbroadfrequency
response. SO-105mhz, 50- 1500hz, 500 foot range in open country!
P23 battery required. £15.00 ref 15P42A.

NAGNETC MARBLES They have been around for a number of
yearsbutstigive rise to curiosity and amazement. A pack of 12isjust
£399 ref G/R20

NICKEL PLATING KIT Proflesional electroplating kit that will
transform rusting parts into showpieces in 3 hours! Will plate onto
steel, lron, bronze. gunmetal.copper, weided, silver soldered or brazed
jaints Kitindudes enough to plate 1,000 sginches. You will also need
a 12v supply, a container and 2 12v light bulbs £39.99 ref NIK39.
Minature adjustable timers, 4 pole c/o output 3A 240v,
HY 12308, 12vDC adjustable from 0-30 secs. £4.99
HY1260M, 12vDC adjustable from 0-60 mins. £4,99
HY2405S, 240v adjustable from 0-5 secs. £4.99
HY24060m, 240v adjustable from 0-60 mins. £6.99
BUGGING TAPE RECORDER Small voice activated recorder,
uses micro cassettecomplete with headphones £28 .99 ref MAR29P1.
POWER 3UPPLY fuly cased with mains and o/p leads 17v DC
900mA outout. Bargain price £5.99 ref MAGEP9

9v DC PCWER SUPPLY Standard piugin type 150ma 9v DC with
lead and DZ power plug. price for two is £2.99 ref AUG3P4.
COMPOSITE VIDEO KIT. Converts composite video Into sepa-
rate H syne, V sync, and video. 12v DC. £8.00 REF: MAGBP2.
FUTURE PC POWER SUPPLIES These are 295x135x60mm,
4 ditive comectors 1 mother board connector. 150watt. 12v fan, lec
inlet and on/off switch. £12 Ref EFS.

VENUS FLY TRAP KIT Grow your owncamivorous ptantwith this
simple kit £3 ref EF34.

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. Bargain price just £5 99 ea REF MAGEP12.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAGS5P 13 ideal for experimenters! 30 m for £12.99 ref MAG13P1
ROCK LIGHT S Unusual things these, two pleces of rock that giow
when rubbed togethert belived to cause rainl€£3 a palr Ref EF29.

3’ by 1" AMORPHOUS SOLAR PANELS 14.5v, 700mA 10
watts, aluminium frame, screw temminals, £44.95 ref MAG45
ELECTRONIC ACCUPUNCTURE KIT Buildsintoan electronic
version instead of needies! good 10 expenment with. £7 ref 7P30
SHOCKNG COIL KIT Build this little battery operated device Into
all sorts of things. also gets worms out of the ground! £7 ref 7P36.
FLYING PARROTS Easily assembied kit that builds a parrot that
actually figps its wings and flies! 50 m range £6 ref EF2.

HIGH POWER CATAPULTS Hinged am brace for stability,
tempered steel yoke, super strength latex power bands. Departure

£20 Ref 1028.

STROBE LIGHT KIT Adjustable from 1-60 hz (a lot faster than
conventional strobes). Mains operated. £16 Ref 1037
COMBINATION LOCK KIT 9key, programmable, complete with
keypad, will switch 2A mains. 9v dc operation. £10 r=t 1114,
PHONE BUG DETECTOR KIT This device will wam you it
somebody Is eavesdropping on your ine. £6 ref 1120.

ROBOT VOICE KIT interesting circuit that distarts your voice!
adjustable, answerthephone with a differentvoice! 12vdc£91ef 1131
TELEPHONE BUG KIT Small bug powered by the ‘phone line,
starts transmitting as soon as the phone is picked ua! £8 Ref 1135,
3 CHANNEL LIGHT CHASER KIT 800 wats per channel,
speed and direction cantroissuppiied with 12 LEDS (you can fittacs
instead to make lat mains, not supplied) 9-12vdc £17 ref 1026.
12VFLOURESCENT LAMP DRIVER KIT Lightup 4 foottubes
from your car battery 9v 2a transformer also requirad. £8 ref 1069,
VOX SWITCH KIT Sound activated switchideal formaking bugging
tape recorders etc, afjustable sensitivity. £8 ref 1033

Check out our
WEB SITE
http://www.pavliion.co.uk/bull-electrical

PREAMP MOD(ER KIT 3 input mono mixer, sep bass and treble
controls plus individual levei controls, 18vdc, input sens 100mA . £15
ref 1052.

*SOME OF QUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

speedof isinexcess of 200 miles per hourt Range ofover
200 metres! £7.99 ref R/S.

BALLOM MANUFACTURING KIT Brtish made, small blob
blowsintoalarge, longlasting balloon, hours of funl£3.99 ref GI/E9SR
9-0-8V 44 TRANSFORMERS, chassis mount £7 ref LOT19A.
2.5 KILCWATT INVERTERS, Packed with batteries etc
but as they weigh about 100kg CALLERS ONLY! £120.
MEGA LED DISPLAYS Build your seif aclock or something with
thesemega 7 seg disptays 55mm high, 38mm wide 5ona pcb for just
£4.99 ref LOT16 or a bumper pack of 50 displays for just £29 ref
LOTI7.

CLEARANCE SECTION, MINIMUM ORDER
£15, ND TECHNICAL DETAILS AVAILABLE,

NO RETURNS, TRADE WELCOME.

2000 REZ ISTORS ON A REEL (SAME VALUE) 89P REF BAR340
AT LEAST 200 CAPACITORS (SAME VALUE 98P REF BAR342
INFRA RZD REMOTE CONTROLS JUST 88P REF BAR333
CIRCUIT 3REAKERS, OURCHOICE TOCLEAR 98P REF BAR335
MICROVWAVE CONTROL PANELS TO CLEAR €2 REF BAR 329
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 80P REF BAR305
LOTTERY PREDICTOR MACHINE!! JUST £1.50 REF BAR313
HELLAL ROVER ELECTRIC HLAMPLEVELLERE2 REF BAR311
SINCLAIR C5 18™ TYRES TO CLEAR AT JUST 75P REF BAR318
LARGE MAINS 8OTORS (NEW) TO CLEAR AT 75P REF BAR310
MODEMS ETC FOR STRIPPING £2.50 EACH REF BAR324
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF BAR3I32
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF BAR323
GX4000 3AMES COSOLES JUST €4 REF BAR320

SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS
INSIDE, PCB, MOTOR, CASE ETC. BUMPER PACK OF §
COMPLETE UNITS TO CLEAR AT £2 S0(FOR 5) REF BAR 330.
2CORE MAINS CABLE 2M LENGTHS PACK OF 4 £1 REF BAR337
PC USER/BASIC MANUALS, LOADS OF INFO, €1 REF BAR304
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF BAR341

3 M 3CORE MAINS CABLE AND 13A PLUG. 60P REF BAR325

WE BUY SURPLUS STOCK

FOR CASH
BUYERS DIRECT LINE 0802 660377

FREE CATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMPS.




Figure 9: Osprey Design
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Continued from p. 14

Osprey is shown in figure 9. The device is some 28 m high
with mean sea level some 14 m high. Osprey could be
described as a near-shore device. Wave energy is designed to
be converted to electrical power as the rising and falling
column of water in the collector body drives air in alternating
directions through a series of Wells turbines. The Osprey has
been a widely reported project since it was essentially the first
one to leave the security of land. It has been developed as a
demonstration project, however, in order to assess the viability
of general design and obtain data based on power generation
in an area with well documented wave data.

The planned deployment of Osprey in the Pentland Firth is,
in part, due to the level of interest from the former Atomic
Energy Authority at Dounreay, near Thurso. This group have
made detailed studies of wave profiles and mapped the sea
bed at the location where Osprey was to be commissioned.
Also, an existing on-shore substation would have allowed
power to have been conveniently fed to the National Grid.

The Osprey saga, however, is yet to be successfully
completed. While the craft was being loaded with ballast in the
Pentland Firth off Dounreay, a large three metre swell buckled
the device and plans are afoot to build another structure -
hopefully for commissioning during 1997. One of the annoying
features of the sequence of events is that if delays had not
developed in towing the structure North due to problems with
tugs, then Osprey would have been safely loaded with ballast
and be quite likely contributing between 1 and 2 MW to the
National Grid. The Osprey project has attracted the practical
involvement and contribution from major industrial groups.
GEC Alsthom, for example, is contributing induction generators
that can generate constant frequency power from the variable
energy source of Osprey’s set of Wells turbines.

With a core of commercial backers for the project developed
by Allan Thompson of Applied Research and Technology (ART)

of Inverness, the European Union contributed around £435,000
to the project under the umbrella of the Joule initiative. The long
experience of ART of off-shore technology in North Sea oilfields,
provided a core of experience in working in such conditions.

Figure 10 shows the ART Osprey during its launch on the
2nd of August 1995 on the Clyde. One of the most dynamic
references on the subject of wave power was provided by
Allan Thompson's speech at this event.

The Salter Duck

While it is anticipated that on-shore and near-shore devices will
be the first system to be developed, the Satter Duck is
primarily designed as an open sea device designed to capture
the higher power levels available in such conditions. From its
initial conception during 1974, the system has undergone a
process of continual refinement and development - especially
in the energy conversion system. It is certainly the system

Continued on p. 18

Figure 11: Basic design of Salter Duck
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Figure 12: Diagram of the Evans cylinder
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should increase
considerably the
efficiency of power
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Continued from p. 16

which has undergone probably most external scrutiny and
review. A detailed review of the system is available from
Professor Salter’s Department - Changing the 1981 Spine
Based Ducks. A cross-section of the Duck is shown in figure
11. In a large-scale implementation, the individual Ducks will
pivot relative to a common spine, which will act as a rotational
reference point. A novel means of storing energy within the
Safter Duck was twin gyroscopes that spun in a vacuum
environment to minimise energy losses. While this provided
good smoothing of delivered power, an alternative lower cost
design using high pressure pumps is currently used. The
concept of a suitably tethered ‘Solo Duck’ is also now
receiving consideration. Also, the use of thinner concrete and
alternative joints between units and the re-use of concrete
shuttering between modules has significantly reduced
estimated costs. According to an independent reputable
source, the cost per kWh of power from such structures has
fallen from the value of 16p of the 1992 Thorpe review to a
figure more like between 4 to 5p. With further design and
material developments, this figure will likely continue to fall.

The Canary Island Initiative

in recent years, the trans-Europe co-operation in Wave Power
has come of age. An advanced Oscillating Water Column is
currently nearing structural completion in the Canary Islands
(which belong to Spain), with the contract work undertaken by
ART in Scotland and a company in Lisbon, Portugal. The wave
tank testing of the system was undertaken in Cork, ireland,
with aspects of advanced design of components being
undertaken in Professor Salter's Department in Edinburgh,
Scotland.

According to Professor Salter, the Oscillating Water Column
design being developed is hoped to achieve significantly higher
efficiency than standard designs using Wells turbines. New
components of the system being developed in Edinburgh
include a fast shutter that can close or open in 1/20th of a
second and a variable pitch turbine that can have its blade
angle adjusted to abstract a maximum amount of energy from
individual waves. Initially, a standard turbine will be fitted,
followed by the shutter mechanism and then finally the variable

shore locations.
The Evans Cylinder
In this design, shown in figure 12, the submerged cylinder is
moved by wave action and alternately compresses hydraulic
pumps attached to the cylinder. The mathematics of this
design was initially extensively studied and subseguent tank
tests have validated the theoretical basis. It is estimated that
the typical movement or excursion of the cylinder would be
around 4 metres.
Sea water compressed by the pumps on the unit would be
used to rotate a large Pelton Wheel shared by other units. One
advantage of this design is that it mostly would be submerged
and would not be exposed to the worst sea activity.

Other designs

A range of other designs, principally of UK origin, have also
manifested. These include the Air Bag of Professor Michael
French of Lancaster University, the Circular Clam of Coventry
University and the Lillypad. David Ross's book provides a
useful account of these. An extensive wave tank study of a
‘swirling’ cylinder unit has recently been completed by Dr. Chris
Retzler at the City University in London.

The Norwegian perspective

The energy balance of Norway is, however, completely different
from that of the UK. Almost all of Norway's power is produced
by hydroelectricity. Water from melting snow produces
maximum output in the spring and summer and water is stored
in reservoirs for the following winter.

In the Norwegian context, the additional interest in wave
monitoring has revealed a dramatic increase in storm frequency
in the years 1988 to 1993. Observations, however, reveal the
significant variability of wave power even over relatively short
time periods. The average for a winter month can be some five
or ten times that of a summer month. The higher availability of
energy, however, coincides with higher demand for power.
Within Norway, companies and agencies have developed
systems for analysis of wave climate. The Norwegian company
OCEANOR can assess wave climate over any region of the
world's oceans by abstracting data from a broad range of
sources. Also, the company NORWAVE has developed
software to compute levels of wave activity in coastal areas as a
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Figure 13:
Original design
of Kvaerner
multi-resonant
owcC
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function of
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topography.

The Tapchan
Nature has given

some clues about
how some of the
energy from the
sea can be
captured on shore.
Natural blow holes,
some distance
inland from the
coast, occur when
wave action
penetrates along
gulleys and then
breaks through layers of rock to the tops of cliffs.

The concept of the Tapchan was apparently initiated by
physicists in Oslo who were working in general aspects of
wave focusing. In normal optics, for example, waves are bent
by changing their velocity by means of refractive components,
such as glass lenses. Controlled alteration of the sea depths
can also be used to focus waves towards a point of
convergence. The original design of the Tapchan planned a
system with a power capacity of 200 MW and, in one scheme,
involved the construction of a lens some 10 km from the shore
and a smaller one in-shore. The wave energy would be focused
onto a single aperture some 200 metres wide. Water would be
collected in a reservoir with a head of 12m and with a maximum
water flow of 2000 m/s - quite a frothing inferno. Such a system
would probably also have acted as an automatic fishing
machine. It was decided, however, to build a demonstration
system to verify the concepts as basic engineering technigues.
The so-called Tapchan or ‘tapered channel’ as developed by
Norwave in Norway, focuses waves over an entrance aperture
or frontage of some 60 metres to rise up a tapered channd -
gaining in height until the wave breaks over the walls of the
channel into a ralsed lagoon of area 8000 square metres. Water
from the lagoon can then be released through a 350 kW Kaplan
hydroelectric turbine to generate electricity across a 3 m head.
Around 40% of the incident wave energy is converted to electric
energy. This system has operated entirely satisfactorily since
1985. The system has been subsequently modified to verify that
a significant reduction in channel length will not adversely affect

CONCRETE

Figure 7: View of Islay OWC from adjacent shore (Courtesy ETSU)

the system efficiency. It is likely that Norway will capitalise on
its pioneering Tapchan development and sell its technology to
numerous sites around the world. Currently a ‘Tapchan’ wave
power plant of power capacity 1.1 MW is being constructed by
a Norwegian company on the south coast of Java.

Oscillating Water Column: demonstration
system

An initial design study of a wave plant of 200 MW was
undertaken by Kvaerner Brug of Oslo which involved OWC
units of 8 MW each. It was subsequently shown that smaller
units rated at 0.5 MW would be more economical. Initially the
larger units would have been 160 m apart along the coast. An
installation of total capacity 200 MW using 0.5 MW unlts and
125 metres apart would take up some 50 km of coast.

It was decided to build a demonstration system. The design
of the original Kvaerner multi-resonant OWC is shown in figure
13 at Toftestallen, 40 km north west of Bergen. The base is
constructed of concrete with a steel upper chamber. The unit
was initlally completed during 1985. The power output of the
systemn varied between 100 kW and 500 kW. The structure
was, however, dislodged from its cliff position late in 1988 by
two of the severest storm ever encountered in the region.

After the demise of the original structure in 1988, Kvaerner
Brug planned to rebuild the structure in concrete with the
power take off system securely on land. This, however, was
not to be since, In 1990, Kvaerner Brug merged with Kvaerner
Eureka and it was decided ta shelve this wave power project.

Trondheim University Wave Group

While Norway has ‘got its feet wet’ in wave power, funding for
basic research is still difficult to get. A key centre for wave
development is the University of Trondheim, Norwegian Institute
of Technology. In the Oscillating Water Column, the basic design
involves one single column of water and one single Wells
turbine. Part of the problem of efficiency matching with such
systems is that the wave periods are often longer than the
resonant frequency of the water columns in the OWC and this
reduces the conversion efficiency. By having two chambers with
valves that can be opened and closed independently by
appropriate control, as indicated in figure 14, it has been
predicted that significant additional efficiency can be achieved.
The ‘appropriate control’ would be a microcomputer that could
predict the best times to open and shut the control valves. Also,
the turbine used need not be of the self-rectifying Wells type
and so a more standard and economical unit can be utilised.
Such a system has been extensively studied at one tenth scale
in Norway. The costs of construction of the more complex unit
would be somewhat larger than a single chamber though
energy recovery would be greater.

Point absorbers

One of the refreshing things about research into wave power is
the diversity of ideas that surface within separate national
programmes. While Norway has achieved some notable firsts
in Europe with on-shore devices such as the Tapchan and
OWC at Toftestallen, a significant amount of research has been
undertaken by the physics group at Trondheim University.
Many of the current projects of this group were initiated by the
late K. Budal. Currently, the principal researcher is Dr.
Johannes Falnes. In particular, the Norwegian group has
analysed in considerable detail the performance of so-called
‘point absorbers’. In the early development of wave power,
energy converters tended to be considered as devices that
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converted the energy of the waves over the linear distance of
wave incidence upon them. Theoretical studies subsequently
have shown, however, that a so-called ‘point absorber’ can
abstract energy from a wider ‘aperture’ than just its physical
dimension. In more formal terms, the maximum power that can
be captured is equal to the incident wave transport associated
with a wave front of width one wavelength divided by two times
pi (value 6.28). Experiments have confirmed that 50 percent of
incident energy can be absorbed under best conditions by such
point absorbers. Results with one tenth scale model buoys
have indicated that values around 43% for energy conversion
can be achieved. Thus a long period wave with a wavelength of
100 m will be able to present a capture aperture of around 15
metres with a maximum recovery level of 50%. The model of
available power is complex, however, and the collectible energy
is very much a function of the incident wave spectra.

The advantage of the point absorber, however, is that such
devices do not have to be as large as the cross-section of
devices such as the Salter Duck to capture and convert the
same amount of energy. Figure 15 indicates the typical design
of a near shore oscillating buoy system. As the waves pass
over the buoy position, the buoy takes up an oscillating motion.
The buoy runs up and down the vertical support by means of
rollers. Various modes of energy take off have been proposed.
One of the simplest is to form a cylinder along the axis of the
buoy with vertical movement of the buoy compressing air intc a
pressure reservoir from which a turbine can generate electricity.

Latching action

A key design feature of such a system, however, is the
implementation of ‘latching’, a process referenced by various
wave power researchers. In this process, the motion of the
buoy is intelligently controlled so that it can derive the optimum
output from the incident wave stream. Such control is
principally achieved by periodically clamping the buoy to the
vertical support structure so that its subsequent motion can
abstract additional energy. The latching mechanism is crucial to
the efficiency of such a wave converter design. In a wave tank
study, the estimated average power production of a buoy unit
was calculated to be 14.0 kW with latching control, and 5.3
kW without it. While extensive tests have been undertaken in
test tanks and also in the sea with models, so far no
commercial sponsor in Norway has provided resources for
funding research into developing a demonstration sea-going
buoy unit. In the 'small is beautiful’ philosophy of Dr Falnes, a
200 MW near-shore wave converter system would best be
implemented by an array of 2,000 such devices, each of rated
capacity 0.1 MW. While Norwegian wave research is forward
looking, there is the impression that research and development
has not progressed to a stage which would give confidence to
construct devices for deployment in real seas. On paper, the
figures look good. What is needeéd is more commercial interest
to resolve aspects of engineering design.

Summary

After the Energy Crisis of the early 1970’s, Wave Energy in the
UK soon was seen by various key figures in the Electricity
Supply industry as a viable option as a sustainable resource for
the future. Within ten years, however, Wave Power was out of
favour - at a political level. It is regrettable that a considerable
degree of academic effort from the UK Wave Power community
had to be expended to counteract government commissioned
reports on wave power of questionable scientific and economic
correctness. Where funds have been spent by the UK

r

Figure 14: Design of two chamber OWC unit: on the left,
arrows indicate air flow with rising water, and on the right,
falling water

Figure 15: Design of oscillating buoy: S = vertical column; C
= buoy; Q = power take-off cable; H = mooring base; J =
attachment point

government on ‘Wave Research’, this has tended to fund
‘reports’ of the status of developments and designs without
acting to actively develop the effectiveness of such systems.
Because of the large potential energy resource that wave power
represents for the future, as well as its potential as a wealth
creating industry, there is every justification for greater levels of
investment than are being committed at present. Also, there
seems a bizarre conflict of financial models where nuclear
power stations are built at great cost initially and with the
prospect of future crippling cost to decommission them and
render their radioactive cores ‘safe’. Is this even sensible within
the confines of ‘market forces'?

There does appear, however, to be a greater openness on
the: part of the UK government to-accept the case that wave
power has potential. The contribution of Tom Thorpe while at
ETSU is widely acknowledged as regaining ‘the respect of the
entire wave community’. More and more, however,
commercial players unfettered by political baggage are
beginning to participate in wave power development. It is
Europe, however, that is at present funding the significant
element of current research in wave power in the UK. As the
pendulum swings towards obtaining power from renewable,
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non-polluting sources, wave power is well placed to play a
significant part in helping to stabilise our existence within an
increasingly fragile biosphere.
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Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299,00
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50Hz MAGNETIC
FIELD SENSOR

Find magnetic field overioads with Robert Penfold’s mains hum tracker

The presence of magnetic fields in the modern g
environment was something that seemed to be Figure 1. A hall effect sensor is basically Just a munite bar of

taken for granted for many years, with no serious silicon fitted with two electrodes
questioning of whether these fields had any (a} ®
harmful effects. This situation has changed in CamgnlL Flow o STt Fioy N
ico. /" Sice.
[ /—- Electrode
50 Hertz mains hum from ordinary power cables, transformers, ] / ]

etc. has come under suspicion. Electro-magnetic fields have
become a major news story, with substantial coverage in the
national press. It remains a highly controversial subject, and
seems likely to be so for some years to come.

This project is a sensitive but inexpensive 50 Hertz

Ouvtput
Yollage
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) . . ]
recent years, with numerous claims about potential problems v Slice
due to various types of electromagnetic radiation. Even humble Elaetrode— —Electrode  Elsctrode—
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magnetic field detector. While it is not intended to act as a
highly accurate scientific instrument, it does enable relative field  cable locator. The field strength is indicated via a moving coil

strengths to be gauged reasonably accurately. It is interesting panel meter, and there is also an output socket that can be
to check the field strengths around cables, transformers and used to drive a pair of medium impedance headphones.

so on, and results are often not what one would expect. If you

have any “hot-spots” around the house, it should be easy to Hall effect

track them down using this unit. Due to the small size of its The magnetic field is detected using a UGN3503U linear Hall
Hall effect sensor, the unit can be used to map out complex effect sensor. The Hall effect was discovered by E.H.Hall in
magnetic fields quite accurately. It can also act as a mains 1879, but it is only relatively recently that Hall effect devices
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Figure 3. The 50Hz magnetic filed sensor circuit.
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have become widely available. This effect is very
simple in essence, and figure 1 helps to explain the
way in which a Hall effect sensor functions. The
sensor is basically just a minute bar of silicon with
electrodes fitted on opposite faces. A current is

passed through the piece of silicon, producing a potential
gradient. In other words, the potential varies from O volts at the
bottom of the silicon chip to the full applied voltage at the top.
The electrodes are about halfway up the bar of silicon, and
about half the applied voltage is present at each electrode.

The important point to note here is that the same potential
is present at each electrode, giving a differential output voltage
of zero. This all assumes that there is no magnetic field applied
to the sensor, giving a uniform flow of current through the
piece of silicon, as in figure 1(a). If a magnetic field is applied at
one side of the silicon bar, the current carriers are deflected,
giving increased current flow through one side of the bar and
decreasad current flow through the other. This is often likened
to the beam of a cathode ray tube (crt) being deflected by a
magnetic field.

Figure 1(b) represents the distorted current flow caused by
the application of a magnetic field. This very simple setup can
act as a magnetic sensor because the deflected current fiow
causes a distortion of the potential gradient. This in turn results
in a higher voltage at one electrode, and a lower voltage at the
other. This produces a small voltage difference across the
electrodes. The output voltage is proportional to the strength of
the magnetic field, and its polarity is dependent on the polarity
of the magnetic field.

it is important to realise that the sensor will only detect a
magnetic field applied to one side or the other of the silicon
bar. A field applied to the top, bottom, front, or rear (as viewed
in figure 1) will affect the current flow, but not in a manner that
will cause an imbalance in the potentials at the electrodes. In
practice this means that the orientation of the sensor must be
adjusted to produce maximum reading from the unit if
meaningful results are to be produced. Practical Hall effect
sensors invariably include some on-chip signal processing,
such as an amplifier or some form of switching circuit. In this
application it is a linear device having a built-in amplifier that is
required. Some linear Hall effect sensors have differential
outputs, while others have a single-ended output stage.
Differential outputs are not needed in the present application,
and a simple three terminal sensor is perfectly adequate.

This unit is based on the UGN3503U Hall effect sensor,
which is inexpensive but offers good sensitivity. It is a small
three-terminal device which looks very much like a transistor in
an “E-fine” flat plastic encapsulation. The UGN3503U is very
simple to use, with the supply being connected to two of its
terminals, and the output signal being taken from the third. The
output terminal is at half the supply voltage under quiescent
conditions. The supply voltage should be within the range 4.5
to 6 volts.

System operation

The block diagram (figure 2) shows the general arrangement
used in the magnetic field sensor. The integral amplifier of the
sensor gives a useful boost In sensitivity, but the raw output of

the sensor is still far too low to drive the meter circuit.

Figure 2. The block diagram for the 50Hz magnetic field

sensor

Gain Phones

Hall Effect

L+

Sensor I—O/DW Meter
Low Noise S50Hz f ] Rect. & .
- I Preamp. I I BPF I Smpen |Smoothing| @

ELECTRONICS TODAY INTERNATIONAL

23




ses 000

L s e eww
-ooo.-.-..Oococn..-.-o---...-.

sesvesvee
s e N e

emoene o

o )
o\t /
\'_if\\ mn ////p

N

" ]

The 50Hz magnetic field sensor

A low noise preamplifier stage is therefore used
to boost the output of the sensor by more than 200 The block diagram for the 50Hz magetic field sensor.
times. The sensor has a fairly wide bandwidth, with
its actual operating range being from dc to 23kHz.
The output from the preampilifier contains a large
amount of noise across this frequency range. This
gives a high output level from the preampilifier even
under standby conditions, and any weak 50 Hertz
hum will obviously be iost in the background noise.

As we are only interested in 50 Hertz mains
hum in this application, a bandpass filter can be
used to restrict the bandwidth of the unit, removing
much of the noise in the process. Obviously the
unit would be more versatile if it was left with its full
23kHz bandwidth, but only a relatively low
sensitivity could then be used. Restricting the unit
to 50 Hertz mains hum enables much higher gain
to be used, and really weak magnetic fields to be
detected. Presumably most users will only be
interested in detecting 50 Hertz fields anyway. A
certain amount of amplification is provided by the
bandpass filter, and an amplifier stage then
provides a further boost to the signal. However,
this amplifier has a voltage gain of just two times,
and its main purpose is to provide buffering at the
output of the filter. It enables the output of the unit
to be monitored via headphones, and it also drives
the moving coil panel meter via a rectifier and
smoothing circuit.

Circuit operation

Figure 3 shows the full circuit diagram for the 50
Hertz magnetic field sensor. IC1 is the Hall effect
‘sensor, and this is powered from the 9 volt battery
supply via R1 and decoupling capacitor C2. These
provide IC1 with a supply potential of about 5
volts. The output of IC1 is coupled by C3 to the
input of the low noise preampilifier, which is an
inverting mode circuit based on IC2. In normal use
S1 is set to the open position, and the closed-loop

voltage gain of the circuit is then set at about 250
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times by B2 and R5. The sensitivity of the circuit may
sometimes be too high, and S1 is then closed. This shunts R6
across R5, giving a roughly tenfold reduction in the closed-loop
voltage gain of IC2. C5 provides a certain amount of high
frequency attenuation, and this helps to reduce noise
problems. The bandpass filter is a conventional operational
amplifier circuit based on IC3. The operating frequency of the
filter is determined by the values of C6, C7, R7, R10, and VR1.
The latter effectively operates as a tuning control, enabling the
filter to be set for optimum results with a 50Hz input signal.
The value of R7 is low in comparison to the series resistance of
R10 and VVR1, which provides the filter with a high Q value and
a moderate amount of voltage gain. IC4 is used as the output
amplifier and buffer stage. This is a non-inverting mode circuit
which has its closed-loop voltage gain set at two times by R11
and R12. C10 couples the output of IC4 to the headphone
socket via R13. The headphones should be a medium
impedance stereo type, as sold as replacements for use with
personal stereo units. JK1 is connected so that the two
phones are driven in series. R13 provides some attenuation at
the output, and also reduces the load impedance on IC4 to a
more suitable figure. C11 couples the output of IC4 to a simple
half-wave rectifier circuit which uses D1 and D2 in a standard
configuration. Using germanium diodes for D1 and D2
minimises problems with non-linearity due to the forward
voltage drop through the diodes, but it does not give truly
linear scaling. This does not really matter since the unit is
intended only to permit relative field strengths to be gauged,
rather than to permit precise measurements to be made. A
small amount of non- linearity in what is really arbitrary scaling
is therefore of no consequence. it would be possible to use a

e underside view of the stripboa-d panel.

precision rectifier circuit and to give the unit an accurate scale,
but this is only practical in the unlikely event that you have
some means of accurately calibrating the unit. The current
consumption of the circuit is approximately 15 milliamps. This
can be provided by a PP3 size battery, but it is advisable to
use one of the “high power” versions. If the unit is likely to
receive a great deal of use it would probably be more
economic to use a higher capacity battery, such as six HP7
size cells in a plastic holder.

Construction
Figure 4 provides details of the stripboard componert layout
and the hard wiring. The underside of the component panel is
shown in figure 5. The board has 50 holes by 21 copper strips,
and this can conveniently be a strip cut from a standard five
inch (127 millimetre) wide piece of stripboard. The two mounting
holes in the board should be about 3.2 to 3.3 millimetres in
diameter, and they will accept 6BA or metric M3 mounting
bolts. The breaks in the copper strips can be made using the
special tool, but a hand-held twist drill bit of about 5 millimetres
in diameter seems to do the job quite well. Make sure that the
copper strips are cut across their full widths, but be carefut not
to cut so deeply that the board becomes seriously weakened.
Although none of the integrated circuits are static-sensitive, it is
still advisable to use holders for the three 8-pin dil types. D1
and D2 are germanium diodes, and not silicon devices. They
are relatively easily damaged by heat, and extra care should
therefore be taken when fitting these components. Make sure
that both diodes are fitted with the correct polarity.

IC1 is shown as being mounted on the circuit beard, but
the unit will be easier to use if it is mounted off-board and
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connected to the board via a twin screened cable about half a
metre or so in length. The connection to the 0 volt supply is
carried by the outer braiding, with the two inner conductors
carrying the positive supply and output connections.

The UGN3503U is a slightly awkward device which has
what appears to be a symmetrical encapsulation. The only way
to identify the leadout wires is to use the face which carries the
type number as the notional front of the device (figure 6). If IC1
is mounted direct on the board, the side having the type
number faces away from C2.

The circuit board is obviously sensitive to stray pick-up of
50 Hertz mains hum, and there is some advantage in using a
metal case which will screen the board. However, results seem
to be perfectly satisfactory if the unit is housed in an
inexpensive plastic box. The exact layout used is not critical,
but choose one that enables the leads to S1 to be kept
reasonably short.

Fitting the meter onto the front panel may be awkward,
since a very large round cutout is required. For most meters a
cutout of diameter of 38 millimetres is required, but it would be
prudent to check the barrel size of your meter before making
the cutout. It can be made with a fretsaw or an “Abrafile”, but
a tank cutter (also sold simply as a “hole cutter”) is probably
the best tool for the job. Once the large cutout has been
made, the meter itself can be used as a template to locate the
positions of the 3.3 millimetre diameter holes for the meter's
built-in mounting screws. It is acceptable to use an inexpensive
“tuning” meter in an application such as this, where accurate
scaling is not involved. Any meter with a full scale sensitivity of
about 100 to 250 microamps should give good results. Details
of the small amount of hard wiring are included in figure 3. The
only unusual aspect of this wiring is that no connection is
made to the earth tag of JK1. The connections are made to
the two non-earth tags, so that the headphones are used in
series. The jack socket used on the prototype has a pair of
switch contacts, but these are not needed in this application
and are left unconnected. Stereo 3.5 millimetre jack sockets
vary significantly in style, but the retailer’s catalogue should
provide connection details if you are using a socket which is
different from the one fitted on the prototype.

In use

Start with the wiper of VR1 at a middle setting. When the unit
is switched on there will probably be a very small deflection of
ME1's pointer. This is caused by internally generated noise and
the inevitable background hum level. The sensitivity of the unit
is very high with S1 open, and the prototype can readily detect
the magnetic field generated around the mans cable of a 15
watt soldering iron. The field generated by such a low current
is very weak, but it can still be detected at a range of about 10
to 20 millimetres. With a higher current appliance, such as a
two kilowatt electric fire, the field can be detected at much
greater distances. With some mains hum detected, adjust VR1
for maximum meter reading. Remember that IC1 is directional,
and that it must be oriented so that the magnetic field is
applied to one of the large surfaces. Holding the top end of
IC1 (that is the end opposite the leadout wires) against a mains
lead will give little or no deflection of the meter's pointer. Aiming
one of the large surfaces towards the lead should provide
much better results. When searching for mains leads in walls,
remember that the lead can only be detected if it actually
passing a current. The greater the current flow, the more easily
the 1ead can be detected. In my typical “sixties semi” the 50
Hertz field levels seem to be very low in general.

Any appliance which is switched on and contains a mains
transformer can be expected to produce a strong field, as will
any mains cable that is carrying a heavy current.

However, the field strength reduces rapidly with increased
distance from the source. Even as little as one metre from a
strong source the

field strength Figure 6. Pinout details for the
seems to be at the UGN3503U
normal

background level.
This would seem
to suggest that
prolonged
exposure to high
field strengths is
unlikely in the
average home
environment, and
is easily avoided
once you have
identified the
sources of strong
50 Hertz fields.
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=|  PROFESSIONAL CIRCUIT AND PCB DESIGN AIDS FOR WINDOWS

CADFAK for Windows _ [-1-]

CADPAK is especially suited to educational,
hobby and small scale schematic and PCB
design. CADPAK includes both schematic
drawing and 32-bit PCB drafting tools but as
an entry level product, there is no netlist link
between them.
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The schematic drawing module of CADPAK,
ISIS llustrator, enables you to create circuit
diagrams like the ones in the magazines.

B Runs under Windows 3.1 making full use
of Windows features such as on-line help.

B Full control of appearance including line
widths, fill styles, fonts, colours.

Automatic wire routing & dot placement.
Fully automatic annotator.

Complete with device and
comprehensive package libraries tor
both through hole and SMT parts.

Advanced route editing allows deletion
or modification of any section of track.

Gerber, Excellon and DXF outputs as well
as output via Windows drivers. Also
Includes Gerber viewer.

Exports diagrams to other applications
via the clipboard.

CADPAK is also avallable for DOS.

CADPAK FOR WINDOWS ........ £ 149
CADPAK FOR DOS .............. ...£79

Call or fax us today for a

demo pack. Please state

whether you would like a
DOS or Windows pack.

Prices exclude postage (€5 for UK) and VAT. ISIS
ILLUSTRATOR and ARES for Windows are also available
separately. All manufacturers trademarks acknowledged.

PROFPAK for Windows

PROPAK has all of the features in CADPAK plus
netlist based integration, automatic power
plane generation and a powerful auto-router.
PROPAK Includes enough schematic capture
and PCB design functionality for all but the
most demanding applications.

PROPAK’s schematlc drawing editor ISIS
ILLUSTRATOR+ Includes even more features than
18IS ILLUSTRATOR. PROPAK’s 32-bit PCB design
tool, ARES for Windows, Is our most powerful
and easy to use yet.

B Multl-sheet and hlerarchical deslgns.

m Netlist ink between modules guarentees
consistency between schematic and PCB.

Netlists are also compatible with SPICE-AGE
and most other electronics CAD packages.

Generates a full bill of materiais.
ASCII data import facllity.
Electrical rules and connectivity checkers.

Ratsnest display with automatic update
during placement and routing.

Muiti-strategy autorouter gives high
completion rates.

B Power plane generator creates ground
planes with ease.

B PROPAK is also available for DOS.
PROPAK FOR WINDOWS ........... £ 495
PROPAK FORDOS ..........con...... £ 395
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and try before you buy.
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FOOL'S PARADISE
KEYPAD ENCODER/
EMULATOR

Or How To Use a PIC Microcontroller to “fool” existing equipment by emulating old
or obsolete devices. By Tim Parker

ere is an aspect about the introduction and
widespread use of the PIC microcontroller that
seems, in general, to have been overlooked; its
ability to be programmed to emulate the functions
of some other devices.

As a sign that times are rapidly changing - perhaps more so
now than ever before - the most impressive aspect is that it is
now cheaper to buy a PIC microcontroller, and program it for a
specific integrated task, than to actually purchase some of the
dedicated counterpart devices for which it can replace.

To demonstrate this, | have chosen not one, but two devices
which could be replaced by the same PIC16C55RC
Microcontroller. Obviously the replacement cannot be a direct
pin-for-pin substitute, but by building a small interface board
which re-configures the signals from the PIC to those expected
by the equipment, a jumper lead can be plugged between the
two boards so that the equipment is ‘fooled’ into thinking that

it is looking at the original device.

This is ideal for users or installers of older equipment, who do
not have the facilities - or funds for that matter - to re-design a
particular aspect of that equipment if it goes wrong, and the
damaged part is no longer available. So, you might not have to
write off equipment that has proved itself to be reliable for
many years (and why should you?), just because one of the
parts has now become obsolete.

The two devices concermned (and it must be stressed that no
bias or malice is intended or implied. Many other devices could
have been the subject of this article, and the two used here are
just examples) are the 74C922 and the 74C923, both of which
are keypad encoders that are used to scan an XY keypad
matrix, and produce a binary output corresponding to the
current button being pressed. The single main difference
between the two devices is that the ‘922 is a 4 x 4 matrix
encoder, and the ‘923 is a 5 x 4 matrix encoder. Although

Figures 1a and 1b: The old way: different devices had 0 be used for 4 x 4 matrix keypads and 5 x 4 matrix keypads
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Figure 2 : The new way: one PIC 16C55 is more powerful and programmable, and it can emulate

either of the old devices.

on the other hand requires a
5th binary output to cater for
the additional 4 buttons, but
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to the programmability, it is
possible to encode any size
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up to a maximum of an 8 x 4
matrix. There is no need to

ov

make full use of all available

these devices may not be quite so well known among the
analogue oriented enthusiasts, they will certainly be recognised
by the digital fraternity, not only for the fact that they were once
widely used for decoding data entry keypads on early
microprocessor systems (in fact some of the very early ones
were primarily stamped with an 8080 series MPU interface
device number), but more possibly for the fact that they started
life as expensive devices, came down in price very slightly (but
not much), and then rocketed back up again to the point
where now the price is now about £14 and £16 respectively,
and can be very difficult to obtain due to their age and the
usual lack of supply and demand aspect.

The old way
Figures 1a and 1b show the basic connections to the 74C3922
and 74C923 respectively. Although the connections to each
look very similar, neither device can be used as a direct
replacement for the other, since one is an 18 pin device and
the other a 20 pin, and the connections are made to different
pins anyway. The operational side of things, however, is
identical. When a button is pressed on the keypad the Data
Available (DA) line goes high for the duration of that button
press, returning to a low state once it is released, and the
binary code representing the button is latched onto the A-D (or
A-E in the case of the ‘923) outputs. If the Output Enable (OE)
line is low, the data can be read from the output pins. When
the OE line is high, the A-D or A-E outputs are tri-stated or
‘floating’. Even if the button is released and the DA line goes
low, the code for the last button press remains available as
long as the OE line is low, and can be read again if required.

The binary codes generated do not necessarily correspond
to the codes written on the buttons. This depends on the
wiring configuration of the keypad itself, and how those wires
are connected to the ‘922 or ‘923, which more than likely will
not be the same as shown in the diagrams.

Because the ‘922 scans 16 buttons, all 4 bits of the binary
output are used to produce codes from 00h to OFh. The ‘923

matrix lines, only utilise the
ones you need for your own purposes. There is also no need
to change in any way the hardware configuration, because
generating only the codes you require is achieved entirely
through software alterations, just ensure the keypad is
connected correctly across the X and Y axis input terminals,
but not in any particular order. That is, don’t connect two
adjacent X or Y co-ordinates of the keypad to one X and one Y
connection of the emulator board. No damage will result if you
do, it simply won’t work properly.

How it works

To scan the keypad matrix, four inputs - RAO to RA3 - and
eight outputs - RCO thru RC7 are used. Each output line of the
RC port is pulled low in turn, and the input data bit pattern is
read from the RA port. Since the RA port consists of only the
lower 4 bits, the upper 4 bits (the top nibble) are masked off,
and always read as zero’s. If the resulting data is OFh then
none of the four buttons is pressed in the column connected to
the currently active output bit, so the next column is scanned,
and so on, until either a button press is detected, or all of the
columns have been scanned.

Pressing any button will return a value less than OFh, the
exact value will depend on which, and how many of the
buttons in that column are pressed. The table below shows
the values returned for all combinations of button presses in
the right hand column. The same values apply to any other
single column of the keypad matrix, but a distinction is made
between each one by the fact that different RB output lines are
used to enable them.

By manipulating the RA port input data and RB port output
code, or by incrementing a counter each time a check is made
for a different button, it is possible to use the result as an offset
into a look-up table of binary codes to output on port lines
RCO to RC4.

Table 1
List of codes returned for all combinations of button presses jn
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Table 1: The list of codes retuend for all combinations of
button presses in any one signle column (the right-hand
column is an example. All other columns produce the same
codes.)

DECIMAL
15
14

12

 ewary | wex |
OF
0E
(1))
oc
0B
0A
09
1000 08
07
06
0101 05
04
03
02

12

d
n
(=]
(=]
[=]
(=]

alae
Q
Q
Q
Q

Table 2: The pin re-configurations needed for emulating the
two devices.

74C922

PIC16C55 SIG PIC16C55 / 74C923
PIN 18 to PIN 17 A PIN 18 to PIN 19
PIN 19 to PIN 16 B PIN 19 to PIN 38
PIN 20 to PIN 15 Cc PIN 20 to PIN 17
PIN 21 to PIN 14 D PIN 21 to PIN 16
PIN 22 fo NONE E PIN 22 to PIN 15
PIN 23 to PIN 13 OE PIN 23 to PIN 74
PIN 24 to PIN 12 DA PIN 24 to PIN 3

any one single column (Right hand column used as exampie
All other columns produce the same codes)

BUTTONS PRESSEDBINARYHEXDECIMAL -~ - - -0000 1111
OF 15 - - - F0000 1110 OE 14 - - B -0000 1101 OD
13 - - B F0000 1100 OC 12 - 7 - -0000 1011 0B 11

- 7 - F0000 1010 OA 10 - 7 B -0000 1001 099 - 7 B
F0000 1000 088 3 - - -0000 0111 077 3 - - F0000
0110 066 3 - B -0000 0101 055 3 - B F0000 0100 044
3 7 - -0000 0011 033 3 7 - F0000 0010 022 3 7 B -
0000 0001 011 3 7 B F0000 0000 000

PIN RE-CONFIGURATION REQUIRED FOR EMULATING
EACH DEVICE

PIC16C55 74C922 SIG PIC16C55 74C923

PIN 18toPIN 17A PIN 18toPIN 19PIN 19toPIN 16B PIN
19toPIN 18PIN 20toPIN 15C PIN 20toPIN 17PIN 21toP N 14D
PIN 21toPIN 16PIN 22to NONE E PIN 22toPIN 15PIN 23toPIN
13 OE PIN 23toPIN 14PIN 24toPIN 12 DA PIN 24toPIN 13

THESE ARE ALL ACCOMMODATED ON THE PRINTEC
CIRCUIT BOARD LAYOUT

Once all of the necessary signals required for emulation
purposes have been catered for, there is a spare port line -
RC7 - available on the PIC16C55 (figure 2). This can be freely
programmed for input or output and used for external control
purposes. As an input, you could, for example, detect a low
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unused pins, or actually cut the whole resistor network to the
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-way (5
are a i!emsl

S
d ac;aﬁthe

required length - 5 pins - but don't cut it from the wrong end,
the 5 pins must include the one with the pin 1 marker dot,
otherwise you're going to end up with a 2-way or 3-way
version, which will prove to be of little use for anything.

Connection

The 18 pin and 20 pin IC sockets to the right of the IC1 (notice
these face the opposite diraction to IC1) can be connected to
the '922 or ‘923 positions respectively on the target system via

a DIL header
jumper lead.
Assuming the target
systemis powered
from +58V, this,
together with the OV
line, wilt be
transferred via the
ribbon cable, and
can be used to
power the emulator
board. Alternatively,
if you wish to use
the boerd as a
stand done keypad
encoder unit, you
can orrit the IC
sockets and fit a pir
header to the left
hand set of holes of
the 20 Jin socket,
and take your
signals from this,
but remember you
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Figure 3: The component layout for
the PCB




Figures 5: Pin for pin connections between the two
boards {see also figures 2 and 4)

Figure 4: Emulation modes and connection details

RES)

T4CE23

1NN XIE LYW OVdATY ¥ X 8 OL dN

Y8
‘x Ic1 EMULATION MODE
C_ MULTI KEYPAD EMULATOR
- ST o W 1 (L z
"en"la i Uy B " 49|por A.
are going to need the OV connecting via the optior Rotub0 Tt r){ ..rl.': PN [ B
power input terminals at the top left of the board. See figure 4 RALEQUOL #gfn-.- . _|J' n -
for full details. v i [ = : RA2EQUO2 ; Port A h_— R
RA3EQUO3 ; Port A I/0 bi -
Software : W .
| ; Assign basi in the bit numbers £

There are usually two main reasons why designers make use 1 ,o‘f,;‘;”g B?SIC s |h s i
of readily available keypad encoders, of any sort, not just the "o B
two mentioned here. Either they haven't got sufficient I/O lines gggggggg i gort g if'g lbb:lft'— ‘1)|

o o ; or 7 1
avaﬂgblg on theur.system to connect all the X aqd Y ' RB2EQUO2 : Port B I/0 bit 2
terminations, or, if they have got enough, they simply don’t RB3EQUO3 ; Port B IfD bit 3
know how to actually scan the keypad, and to then convert the  RB4EQUO4 ; Port B I/0 bit 4

. ; RBSEQUOS ; Port B I/O bit 5

data in such a waY tg produce a usable‘ bpary output code. REEEQUOE S Port. @ b ERARE
Well the software listing as presented will give you at least one RB7EQUO7 : Port B IO bit 7

idea of how to do it.

LIST P=16C55, N=38, C=132, R=DEC Separaipgon 0,04

““Fools Paradise’ Keypad
Encoder/Emulator”

; Define the general registers and I/0
port addresses

Figure 6: The overlay for the keypad PCB

RTCC EQUO1l ; Real Time Clock/Counter
register address

PC EQU02 ; Program Counter address
STATUS EQUO3 ; Status register address
FSREQUO4 ; File Select Register address
PORTAEQUOS5 ; I/O Port A (lower 4 bits
only available)

PORTBEQUO6 ; I/O Port B (all 8 bits
available)

PORTCEQUO7 ; I/0 Port C (all 8 bits
available)

; Assign labels to programming constants
used in PIC assembly language.
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£1 BARGAIN PACKS
-List3

1,000 items appear in our Bargain Packs List - request one
when you next order. One ltem only per pack uniess
otherwise stated.

SOLAR CELL, wlil give I00mA of tree electricity. Order Ref:

63l.

PLASTIC FAN BLADES, 3" diameter, push on spindle,
pack of two. Order Ref: 638.

PC GAMES in cases for remaking, pack of six. Order Ref:

645,

PIEZO NOISE MAKERS, standard size, pack of two. Order
Ref: 647.

DITTO but mini, only 23mm across, pack of two. Order Ref:
648

COVERS, suit Piezo sounders, etc., need 22mm hole
ack of six. Order Ref: 65l.

I0A MICROSWITCHES with screw termminals, mains

volage, pack of two. Order Ref. 662.

PCB MOUNTED RELAY, 5/6V coll, two changeover 5A

contacts. Order Ref: 665.

CONTROLLED 4-ROCKER SWITCH, three switches

cannot be on unless the first master is on, suit. 3kW blow

heater etc. Order Ref: 666.

0.33 F 1000V CAPS, ideal to put in series with I5V 2-4W

motors, pack of four. Order Ref: 672.

COPPER CLAD PANEL, size 12" x 9” approximately, make

your own PCB or its strong enought to act as a chassis.

Order Ref: 683.

100M COIL OF CONNECTING WIRE, Order Ref- 685.

12V MOTOR, extra efficient, will worth with solar cells.

Order Ref: 687.

SUB MIN PUSH SWITCHES, pack of two. Order Ref: 688.

CERAMIC BEADS, ideal Insulation where heat or flame.

pack of 100. Order Ref: 690.

6" LENGTHS OF /4" DIAMETER PAX TUBING, make

useful test prods, efc., pack of three. Order Ref: 691

PCB PANEL, part of micro TV, has EHT generator circuit.

Order Ref: 692.

1920 VINTAGE RESISTORS, you've probably never seen

any quite like these, pack of two. Order Ref: 695.

440V A.C. CAP, 4 F aluminium cased. Order Ref: 702.

POWER SUPPLY UNIT, output 9V I00mA D.C. Order Ref:

733,
FOLD-OVER TYPE TELESCOPIC AERIAL. Order Ref:
747

AM/FM TUNING CAPACITOR, air spaced with I/4" spindie.
Order Ref: 743.
MULTI-VOLTAGE TRANSFORMER, gives 10V, 9V, 8V, 7V,
W2V or IV. Order Ref: 744.
D.P. D.T. ROCKER SWITCHES for motor reversing, efc.,
pack of two. Order Ref 745.
BLACK NOISE TRANSPARENT SPEAKER MESH 12" x 9,

ack of four. Order Ref: 746.

JIGHTEST TOUCH CHANGEOVER MICROSWITCHES,
'mains voltage, pack of two. Order Ref: 748.
PAIR PORCELAIN INSULATORS, pack of four, suitable
cabin aerials, etc. Order Ref: 749.
CASED PSU, A.C. output, I5V I50mA and 9-8V 60mA.
Order REf: 75I.
3-CHANGEOVER CONTACT RELAY with coll, sultable for
12V A.C. or 6V D.C. Order Ref: 753.
LEVER-OPERATED MICROSWITCHES, ex-equipment
batch tested, any faulty would be replaced, pack of ten.
Order Ref: 755.
PROJECT BOX, size approximately [00mmx75mmx24mm,
its lid is a metal heatsink. Order REf: 759.
EX-BT INSTRUMENT in plastic case with carrying handle,
has many useful parts. Order REf: 760.
PICK-UP ARM with diamond stylus, new and unused.
Order Ref. 764.
RUBBER FEET, fit corners of square chassis, pack of 20.
Order Ref: 769.
24V BAKELITE ENCASED A.C. OR D.C. BUZZER. Order
Ref: 774.
COMPONENT MOUNTING TAG STRIP, |4 tags each side.
Order Ref: 779.
1/2 MEG POTS each fitted double-pole switch, pack of two.
Order REf: 780.
THERMOSTAT for a refrigerator. Order Ref: 783.
C/0 MICROSWITCHES operated by a wire control to
spindle through side, pack of two. &der REf: 786.
MULTI-TAG MAINS PANEL, has I2 tags to take /4" push-
on connectors. Order Ref: 792.
REEDSWITCH, fiat instead of round so many more can be
stacked in a small area. Order Ref: 796.
VERY THIN DRILLS (0.3mm) pack of I2. Order Ref: 797.
ROCKER SWITCHES, spring loaded with changeover 10A
230V contacts, pack of two. Order Ref: 800.
MAINS CIRCUIT BREAKER, 7A , pushbutton operated.
Order Ref: 802.
IN-LINE SWITCH intended for electric blanket to give
variable heat but obviously has other uses. Order Ref: 805.
PLUG FOR CAR LIGHTER SOCKETS, each having
intemal fuse, pack of two. Order Ref: 809.
MAINS TRANSFORMER [2V-QV-12V, 6W. Order Ref: 8l
10M OF MAINS VOLTAGE FLEX with screen and outer
PVC insulation. Order Ref: 8I5.
COMPUTER GRADE CAPACITOR, 10.000 F i5v. Order
Ref: 816.
13A ADAPTORS to each take 2 plugs, pack of two. Order
Ref.820.
MAINS ISOLATION TRANSFORMER IOW. Order Ref 821.
0.0lpF 250V MAINS WORKING SUPPRESSOR, pack of
five. Order Ref: 836.
RING MAIN JUNCTION BOXES, I3A, 230V, pack of three.
Order Ref:BDI.
FLUSH PLATE LIGHT SWITCHES, 5A white, pack of two.
Order Ref: BDS.
OCTAL VALVE BASES, Paxolin, pack of four, Order Ref:

12,

GERMANIUM TRANSISTORS, ref. OCP45, pack of two.
Order Ref:5.

LIGHT SENSITIVE TRANSISTORS, ref. OCP70, pack of
two. Order Ref: 14,

LOUDSPEAKER CROSSOVER, for tweeter, mid range and
woofer. Order Ref: 23

KEY SWITCH, panei mounting with key. Order Ref: 3I.

(Electronics;

HIGH QUALITY

ELECTRONIC KITS

All kits are complete with PCB and other components in a blister pack.
We feei that most readers will know these kits, but if you want more
information about them, then we have copies of the illustrated Smart
catalague, this gives full details and circuit diagrams of each kit, price is
€1, deductable if you order kits to the value of £20.

CAT.  DESCRIPTION PRICE
No. [
1002 VU Meter, with l.e.d. display 4.60
1003 SW Electronic Siren 2.53
1004 Light Switch 3.22
1005 Touch Switch 2.87
1007 Stablized Power Supply:
3V to 30V at 2.5A 6.90
1008 SF Function Generator 6.90
010 5-input Stereo Mixer, with monitor
output 19.31
L]} Motorbike Alam 3.20
1012 Reverberation Unit 5.52
1016 Loudspeaker Protection Unit 3.22
1023 Dvnamic head preamp 2.50
1024 Microphone preamp 2.20
1025 7W HIFi Power Amplifier 2,53
1026 Running Lights 4.60
1027 Nicad Battery Charger 3.9
1029 4 sound electronic siren 3.00
1030 Light Dimmer 2.53
1032 Stereo Tone Control 4.4
1033 60W HiFi Power Amplifier 7.82
1034 Car Battery Checker 1.61
1035 Space Sound Effects 2.30
1038 AM/FM Aerial Amplifier 1.6l
1039 Stereo VU Meter 4.60
1040 IOW HiFi Power Amplifier 276
1041 25W HiFi Power Amplifier 4.60
1042 AF Generator, 250Hz-16kHz 1.70
1043 Loudness Stero Unit, 3.22
1047 Sound Switch 5.29
1048 Eiectronic Thermostat 3.68
1050 3-input HIFi Stereo Pre-ampilitier 12.42
1051 Touch Dimmer, with memory 4.60
1052 3-input Mono Mixer 6.2l
1053 Electronic Metronome 3.22
1054 4-input Instrument Mixer 2.76
1056 8V-20V 9A Stabilized Power Supply 12.42
1057 Cassette Head Pre-amplifier 3.22
1058 Blectronic Car Ignition 7.82
1059 Telephone Amplifier 4.60
1060 +40V 8A Power Supply 8.28

DESCRIPTION PRICE
£
1062 5V 0.5A Stabilized Supply for TTL 2.30
1063 12V 2A Power Supply 2.30
1064 +I2V 0.5A Stabilized Supply 3.22
1067 Stereo VU Meter, with l.e.d.s 9.20
1068 18V 0.5A Stabilized Power Supply 2.53
076 HiFi Pre-amplifier 7.47
1071 4-input Selector 6.90
1074 Drill Speed Controller 2.76
1077 100W HiFi Amplifie 12.50
1080 Ligid Level Sensor - Rain Alarm 2.30
1082 Car Voltmeter, with l.e.d.s 7.36
1083 Video Signal Ampiifier 2.76
1084 TV Line Amplifier 1.84
1085 DC Converter, 12V to 6V or 7.5V or 9V 2.53
1086 Music to light for your car 4.60
1087 Thyristor/Triac Tester 2.76
1083 Kitt Scanner 10.12
1089 LED Flasher/555 Tester 1.6l
1090 Stress Meter 3.22
1093 Windscreen Wiper Controiler 3.68
1094 Home Alarm System 12.42
1093 2V-30V 5A Stabilized Variable PSU 0.04
1098 Digital Termometer, with L.c.d. display .50
0,4} 2 x 18W Integrated Amplifier 18.39
03 LED Power Meter .84
110€ Thermometer, with l.c.d. display 6.90
oz Electronics to help win the pools 3.68
10s 40W HiFi Amplifier 7.36
mz2 Loudspeaker protection, with delay 4.60
m3 2 x 18W Power Amplifier 5.98
ms Courtesy Light Delay 2.07
8 Time Switch with tria 0-l0mins 4.14
23 Morse Code Generator 1.84
1124 Electronic Bell 2.76
125 Telephone Lock 3.68
26 Microphone Pre-amplifier 4.60
n2z Microphone Tone Control 4.60
i2g8a Power Flaster 12V d.c. 2.53
13¢ Telephone Bug Detector 3.20
133 Stereo Sound-to-Light 526

You Save £40

THE JAP MADE |12V IS5AH SEALED LEAD
ACID BATTERY from regular suppliers costs
£50, you can have one from us for only £I0
including VAT if you collect or £12.50 if we have
to send. Being sealed it can be used in any
positicn and is maintenance free. All in tip top
condition and fully guaranteed, Order REf;
12.5P2. Or if you want a smaller one we have
12V 2.3AH, regular price £14, yours for only £5,
Order REf: 5P258.
LASER AND LASER BITS

2Mw LASER, Helium Neon by Philips, full
spec. £30. Order REf:30PI.
POWER SUPPLY for this in kit form with case
is €15, Order Ref: I5Pi6, or in larger case to
house tube as well, £18.00, Order Ref: I8P2.
The larger unit, made up, tested and ready to
use, complete with laser tube, £69, Order REf:
69PL.

LCD 3l/2 DIGIT PANEL METER
This is a multi-range voltmeter/ammeter using
the A-D converter ship 7106 to provide five
ranges each of volts and amps. Supplied with
full data sheet. Special snip price of £12, Order
Ref: [2P19.

£4 BARGAIN PACKS

MOTORISTS LEAD LAMP, hancd grip plastic body,
gless lamp cover and heavy duty wire shield with
hanging bracket. Order Ref:4P3l.

120W TRANSFORMER 40V at 3A output. Order Ref:
4PiS.

I00W TRANSFORMER, main winding 28V at 3V/2A,
secondary winding 20V-0V-20V at IA. Order Ref: 4P34.
7.5V-OV-7.5V 6A MAINS TRANSFORMERS, upright
mounting with fixing feet. Order Ref. 4P98.

PANEL METER 0-100 A, I00mm x I00mm, complete with
giass front but less scale. Order Ref: 4P32.

DITTO but 100-0-100 A. Order Ref: 4P32A.

80W TRANSFORMER 20V-0V-20V with one winding
tage at IBV. Order Ref: 4P36.

AMSTRAD 8" L5W speaker with matching tweeter. 8
Okm. Order Ret: 4P57.

FAN {2V or lower for reduced speed, made by Jap
Nipon, body size 93mm x 93mm. Order Ref. 4P65.
STRIPPER BOARD with lots of IV's, all plug-in, ex-
Sentinal phone control unit. Order Ref: 4P67.

AR/FM RADIO, nicely cased with clip for attaching to
cycle. Order Ref: 4P72.

VENNER TIME SWITCH, 24hr, day length controlier,
ex-electricity board, Order Ref: 4P74.

EMI 2-SPEED MOTOR 100 rp.m. and 500 rp.m.,
reversible. Order Ref:4P80.

LARGE PANEL METER, scaled 20-0-40A but needs a
stunt. Order Ref: 4P9I.

2-PART METAL CASE, ideal car battery charger, etc.
Order REf: 4P89.

JAPANESE PRECISION MADE MOTOR, reversible;
1500rpm.  Order Ref: 4P94.

Prices include VAT and carriage cost If order over
£25 otherwise add £3. Send cash, uncrossed
pestal orders, cheque or quote credit card number.

PILGRIM WORKS, STAIRBRIDGE

LANE, BOLNEY, SUSSEX, RH17 5PA
Tel: 01444 881965
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I
; Scan the Keypad and put the data in "IPBUFF”. J'*‘-**""‘J"f""“'*"" S ‘. © oy
; If a button is pressed, copy “OFFSET” to T O e - it il

- 1
“LASKEY” 1 ' e e - - a -l i I!
; To protect against possible ‘glitches’ causing ; Convert the value in LLA.S.K.i‘ into a birary code I
the DDRs to change states, for output on port C. . .
; the DDRs for port A and port B are constantly ; These codes can be modified to Euit your own
updated by this routine. needs. The characters on
; the right ccrrespond to the keypad laycut saown |
SCANKP in Figure 2 of the text. v
r CLRF OPBUFF ; START WITH “OPBUFF* EMPTY | v F
CLRF OFFSET ; RESET OFFSET COUNTER TO ZZRO CONVERT
MOVLWB‘11111111° BCFSTATUS, CARRY ; CLEAR THE CARRY FLAS
TRIS PORTA; SET PORT A FOR INPUT MOVF LASKEY,W ; GET OFFSET VALUE IN ‘N’
TRIS PORTB; INITIALLY SET PORT B FCR IN20T ADDWFPC,F ; 2DD IT TO THE PROGRAM COUNTER
1 MOVWFPORTB; PRESET ALL PORT B LINES HIGH RETLWH’00’; CODE FOR 'F’ BUTTON - RAO tc RBO
MOVLWB’11111110° RETLWH’01’; CODE FOR ‘B’ BUTTON - RAl tc EBO
1 MOVWFSTROBE ; PREPARE COLUMN STROBE LINE RETLWH’02‘; CODE FOR ‘7’ BUTTON - RA2 tc EBO
SCAN2 RETLWH’03'; CODE FOR ‘3’ BUTTON - RA3 tec EBO
MOVF STROBE,W ; GET CURRENT STROBE VALUE IN ‘W’ RETLWH’(04’; CODE FOR ‘E’ BUTTON - RA0 tc ERB1
1 MOVWFPORTB; PREPARE THE PORT LINES FIRST RETLWH’05’; CODE FOR ‘A’ BUTTON - RAl t¢ EB1
TRIS PORTB; NOW ENABLE THE OUTPUTS RETLWH’06’; CODE FOR ‘6’ BUTTON - RA2 tc EB1
NOP RETLWH’07‘; CODE FOR ‘2’ BUTTON - RA3 tc EB1
NOP ; ALLOW I/0 LINES TO STABILISE RETLWH'08'; CODE FOR ‘D’ BUTTON - RAQO tc EB2
NOP RETLWH’09'; CODE FOR ‘9’ BUTTON - RAl tc ERB2
MOVF PORTA,W; GET BUTTON PRESSED COLUMN JATA RETLWH'0OA’; CODE FOR ‘5‘ BUTTON -~ RA2 tc EB2
MOVWFIPBUFF ; SAVE IT IN “IPBUFF” RETLWH’0B’; CODE FOR ‘1’ BUTTON - RA3 tc RB2
RETLWH’0C’; CODE FOR ‘C’ BUTTON - RAO tc RB3
; Now, starting from the top row of the column we RETLWH’(0D’; CODE FOR ‘8’ BUTTON - RAl tc RB3
have just sampled, . RETLWH'OE’; CODE FOR ‘4’ BUTTON - RA2 tc RB3
; check each button in turn to see if anv of thenr RETLWH'OF’; CODE FOR ’‘0” BUTTON - RA3 tc RB3
was pressed. After RETLWH'10‘’; CODE FOR ‘X’ BUTTON - RA(Q tc RB4
; each test, increment the “OFFSET” value to RETLWH’11’; CDODE FOR 'T’' BUTTON - RAl tc RB4
adjust the offset into RETLWH’12’; CODE FOR ‘P’ BUTTON - RAZ tc RB4
; the look-up ta@ble of binary output codes - ucsed RETLWH'13'; CDODE FOR 'K’ BUTTON - RA3 tc RB4
later. RETLWH'14’; CDODE FOR ‘W' BUTTON -~ RA0 tc RBS
RETLWH'15’; CODE FOR ‘S’ BUTTON - RAl tc RBS
BTFSSIPBUFF,RAQ0 ; SKIP IF NOT THE TOP ROV RETLWH’16’; CODE FOR ‘N’ BUTTON - RAZ2 tc RBS
GOTO SCAN4; OTHERWISE SORT IT OUT RETLWH'17’; CDODE FOR 'J’ BUTTON - RA3 tc RBS
INCF OFFSET ; ADD 1 TO LOOK-UP TABLE OFF3ET RETLWH'18'; CDDE FOR 'V’ BUTTON - RAO tc RB6
BTFSSIPBUFF,RAl ; SKIP IF NOT THE- 2nd RO¥ RETLWH'19'; CDDE FOR 'R’ BUTTON - RAl tc RBé6
GOTO SCAN4; OTHERWISE SORT IT OUT RETLWH'1A’; CDDE FOR ‘M’ BUTTON - RAZ tc RB6
INCF OFFSET ; ADD 1 TO LOOK-UP TABLE OFF3ET RETLWH’1B’; CODE FOR ‘H’ BUTTON - RA3 tc RB6
BTFSSIPBUFF,RA2 ; SKIP IF NOT THE 3rd ROW )
GOTO SCAN4; OTHERWISE SORT IT OUT Coatirrsed oa p. 36
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Is your PCB design package not
quite as "professional” as you
thought? Substantial trade-in
discounts still available.

Board Board




Continued from p. 34

RETLWH’1C’; CODE FOR ‘U’ BUTTON - RAO to RB7
RETLWH’'1D’; CODE FOR 'Q” BUTTON - RAl to RB7
RETLWH'1E’; CODE FOR 'L’ BUTTON - RA2 to RB7
RETLWH'1F’; CODE FOR ‘G’ BUTTON - RA3 to RB7

PR AR RS SRS RS R RS RRSRR R SRR SRR RS R AR SRR R RE 2]
7

Tk ok ko odk ok khkhkhkohkhkkddkkdhdkdhkdhdhkhkx

; Sort out the I/O signals and binary output code
required on port C.

; Location “OPBUFF” holds the binary code for
keypad data, plus the ‘DA’

; bit status for RC6. Port lines RCO to RC4 must
only be set for output

; if the OE input on RC5 is low,
must be set as inputs.

otherwise they

OUTPUT
MOVF OPBUFF,W ; GET BINARY OUTPUT VALUE
MOVWFPORTC; PREPARE PORT C BEFORE ENABLING IT
MOVLWB'10111111°’; INITIALLY SET JUST RC6 FOR
OUTPUT
BTFSSPORTC, RC5; SKIP IF 'RC5’ IS HIGH
MOVLWB’10100000’; ELSE USE KEYPAD CODE TOO
TRIS PORTC; ENABLE THE OUTPUTS

; Add a short switch debounce period to the whole
process. This
; will compensate for any worn or
on the keypad.

‘iffy” contacts

DBOUNC

DECFSZ COUNT1 ; WAIT
GOTO DBOUNC

RETLWO; TIME UP - RETURN

;************ﬁ************i***********************i

dhkkhhhkhkhhk kA ok ko kkedk b dohkk ok d

; Beginning of the main program (PROGRAM ENTRY

POINT)

START

MOVLWB’ 00000000

MOVWFPORTC; PREPARE ALL PORT C LINES LOW
MOVLWB’10111111°

TRIS PORTC; INITIALLY SET JUST RC6é FOR OUTPUT
MOVLWH’ 20’

CLRF COUNT1 ; CLEAR KEYPAD DEBOUNCE TIMER
CLRF LASKEY ; SET “LASKEY” TO ZERO

IR AR SRS SRS SRSt RS XX 2R RX XX RRRE 2 21
’

Hode dedr ook de ok ke ok k% ko ko ok ok ok ok ok ok ok

COMMAND

CALL SCANKP ; SCAN THE KEYPAD MATRIX
BCFSTATUS, CARRY ; CLEAR THE CARRY FLAG
ADDWFOPBUFF,F ; ADD CONVERTED CODE TO “OPBUFF”
CALL OUTPUT ; SORT OUT THE OUTPUT CODE

GOTO COMMAND; DO IT FOREVER

;**************************************************
khkhhkhkdkkkhkhhkhkhhkhhkhh ki kdhdk

; Set up the reset vector for the type of
processor used.

; This varies between devices but is at 1FFh on
the 16C55

ORGH’ 1FF’

GOTO START
27ZZ; END OF PROGRAM MARKER

END
A complete kit of the above parts, which includes the PCB and
a pre-programmed
PIC16C55RC/P, is available for £14. 50 from the author at the
following address
DTE MICRO SYSTEMS

112 SHOBNALL ROAD

BURTON ON TRENT

STAFFORDSHIRE

DE14 2BB

The PCB and/or a programmed PIC16C55RC/P can be
purchased separately;

Programmed PIC16C55RC/P;£10. 00

Printed Circuit Board alone;£3. 50

Alternatively, the author is prepared to program your own PICs
for £3. 50 each.

Just supply the quantity of PIC16C55RC/P devices you require
programming, with a cheque to cover £3. 50 for each one (+
£1. 50 P&P to the total order value).

Please package them carefully. Where possible, these will be
returned to you the next working day.

Cheques should be made payable to ‘DTE MICRO SYSTEMS’,
and must be in pounds sterling (£) and drawn on a British
Bank.

All item prices are inclusive. Please add £1. 50 to the TOTAL
order value to cover carriage and handling. Goods will normally
be despatched within 5 working days, but please allow up to
28 days for delivery.

Resistors
RN1, RN2 4 x 22K sn..

Capacitors
C1 22pF Ceramic
C2 1CuF/16V Radial Electrolytic

Semiconductors
16C55RC/P (programmed)
e separately; £10. 00

- 49311 SliA VA

HlGH %UALITY LOW COST
A

ERA
EXTREMELY LOW LIGHT LEVEL
AUTO ELECTRONIC SHUTTER.
COMPOSITE VIDEO OUT VIA
BNC PLUG.
SMALL DISCRETE SIZE.
CAN BE'USED WITH PC DIGITISER.

This super quality CCD camera can be con-
nected into your existing TV or video using
the AV channel and can be used for discrete
surveillance or observing your property externally using a suitable wealherproof hous—
ing. Can accommodate lighting levels ranging from daylight to street lighting using its
built-in electronic shutter. Excellent when using with an infra red source. Built-in wide
angle fixed focus lens, the camera has a resolution of 380 TVL. Can be housed inside
an empty floodlight case, (extra). Camera size only 45mm x 45mm.

Special offer price of only: £79.95 plus VAT p&p £3.00)
For full range of CCTYV products send SAE to:
DIRECT CCTV LIMITED, DIRECT HOUSE,
FLORENCE STREET, MIDDLESBROUGH,

CLEVELAND TS2 1DR
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TRANSISTORS
IN 4001

IN 4004
IN 4007
IN 3024B
IN 3155V
IN 4577AV
IN 4742A
IN 5230B
IN 5246B
IN 52538
IN 5336B
IN 5337B
IN 53408
IN 53438
IN 5346B
IN 5363B
IN 5379B
IN 53808
IN 53848
IN 5385B
IN 5386B
IN S648A
IN 5653A
IN 5656A
IN 6055A
IN 6057A
IN 6059A
IN 6061A
IN 6064A
IN 6068A
IN 6070A
IN 6072A
2N 1711
2N 2369A
2N 2484
2N 2894
2N 2905
2N 2906
2N 3419
2N 3700
2N 3725
2N 3824
IN3HTA
2N 4918
2N 5038
2N 5039
2N 5179
2N 5192
2N 5320
2N 5322
2N 5323
2N 5486
2N 6288
2N 6386
BC 108
BC 109
BC 161
BC 179B
BC 477
BC546
BC 558
BCY 59
BCY 791X
BD 175
BD 237

10p cach
3 for £1

3 for £1
3for £l

3 for £1

3 for £1
3for £1

3 for £1

3 for £1
3for £1
3for £l

3 for £1
3for £l
3for £l
3for £l
3for £1
3for £1

3 for £1

3 for £1
5p cac!

10p each
£1.60 each
£1.80 cach
20 for £1
£2.60 each
£4.80 each
£6.20 each
20p each
20p each
20p each
20p each
20p each
20 for £1

INTERGRATED CIRCUITS
HCF4000BE 35p each
HCF4(X)ZBEY 37p each
HCF4006BEY 68p each
HCF4007BEY 17p cach
HCF4008BEY 34p each
HCF4009UBEY 22p each
HCF4010BEY 20p each
HCF4012BEY 33p each
HCF4015BM 1 41p cach
HCF4016BEY 21p each
HCF4018BM | 61p each
HCF4023BM1 33p each
HCF4027BEY 50p each
HCF4035BEY 40p each
HCF4040BM | 74p each
HCF4041UBEY 34p each
HCF4054BSY 52p each
HCF4063BEY 60p cach
HCF4067BM i £3.47 cach
HCF4068BEY 32p each
HCF4071BEY 34p each
HCF4075BM | 32p each
HCF4082BEY 34p each
HCF4097BEY £3.47 each
HCF4099BEY 61p each
HCF4510BEY 86p cach
HCF4516BEY 76p each
HCF4517BEY £1.74 each
HCF4518BEY 39p each
HCF4532BEY 69p each
HCF4724BEY 58p each
HCF4010SBEY 45p each
HCF40174BM |, 62p each
M74HCUO4BIR 30p cach
M74HCU10BIR 30p each
M74HC21BIR 29p cach
M74HCT27BIR 16p cach
M74HC30BIR 24p each
M74HCS1BIR 39p each
M74HC109BIR 39p each
M74HC112BIR 90p each
M74HC137BIR £1.75 each
M74HC151BIR Sip each
M74HCI153BIR 51p each
M74HC 157BIR 51p each
M74HC158BIR 49p each
M74HC160BIR 57p each
M74HC161BIR 57p each
M74HC174BIR 53p each
M74HC175BIR 23p each
M74HC190BIR 61p cach
M74HC19INBIR 61p cach
M74HC195BIR £1.09 each
M74HC241BIR 58p each
M74HC242BIR 58p each
M74HC243BIR 58p cach
M74HC251BIR 54p each
M74HC280BIR 71p cach
M74HC299BIR £1.41 each
M74HC352BIR 55p each
M74H367BIR 22p each
M74HC3638BIR 40p each
M74HC390BIR 39p each
M74HCS34BIR 70p each
M74HCS63BIN 70p each
M74HC688BIR 86p cach
M74HC693BIN 86p each
M74HC696BIR £1.89 each
M74HC697BIR £1.89 each
M74HC698BIR £1.20 cach
M74HC4020BIR 40p cach
M74HC4028BIR 27p each
M74HC4040BIR 32p each
M74HC4075BIR 30p each
T74LS13BI 30p each
T74LS14BI 19p cach
T74L520B1 16p each
T74LS27B1 49p each
T74L.533BI1 67p cach
T74L.S37BIl 40p each
T74L542B1 87p each
T74LS51B1 32p each
T74LS74Bl1 42p cach
T74LS75BI 41p cach
T74LS86BI 28p each
T74LS93BI| £1.09 each
T74LS109B1 55p cach
T74LS125B1 37p each
T741.5132BI 42p each
T74LS133BI 41p each
T74L.5136B1 92p each
T74LS139BI 21p each
T74L5148BI 95p each
T74LS151BI 39p each
T74LS153BI 51p each
T74LS155BI 28p each
T74LS156BI 93p each
T74LS157BI 27p cach
T74LS158BI 49p each
T74LS 164BI 28p each
T74LS166Bl 35p each
T74LS174BI 53p each
T74LS175B1 23p each
T74LS191B1 69p cach
T74LS192BI 88p cach
T74L5193B1 55p each
T74L5196BI1 73p each
T74LS240BI 54p each
T?74LS241BI 54p each
T74LS251BI 54p each
T74LS260BI 82p each
T741.5266BI 80p each
T74LS279B1 25p each
T741L.5293BI £1.63 each
T74L53528B1 55p cach
T74LS353BI 70p each
T74L5366BI 60p each
T74L5367B1 22p each
T74LS368B1 40p each
T741.8378B1 61p each
T741.5390B) 60p each
T74L5393BI1 57p each

SPECIAL INTEREST

Eproms 27C4, 27C128, 27C256, 27C512, 27C1001 ... ......... £2 each.
SEI Quartz Oscillators 13.5 MHz Type QC1311/10-1A ......... £25 each
TV Tubes 20" Hitachi 501 XTB22 Grade 2 .......... cev...£60for2
High Def Wide Screen 28" Tubes Type W67 EWS001X42 .. ... .£60 each
Regulators Type LM7812CT & LM7912CT . ............. .. .. 30p each
ERD EHT Tripler Type BG2087-641-1021 ................... £2 each
MQSI EHT Tripler Type MHI209C02 .. ... .................. £2 each
Key SWitEhes; 2 Pole c/0 Igh .. « . 4 s io s obtlysaiimassa i B buuns £2 each
Briton Over Head Door Closers, Type 2004s/se . .............. £20 each
Yuasa Lead Acid Type Rechargeable Batteries, 12v, 2.1 AH in Plastic box . . . .

..................................... with charger £15 each
M3SSH7T4AHBI . ... . ... . ... e £2 each
LMI148A . . . L e e o B e mnpar <7 Falst b o al £2 each
Rittal Steel Cabinet Enclosures 800x1000x300mm . .......... £100 each.
Panel Mounted IEC Plug Filter with Switch . . . ................ £2 each
Mitsubishi 12vdc Fans Type MMF-06BI12DS ................. £4 each
Papst Fans 220vac Type 8550N .. ............ .. ... .......... £6 each
Belling Lee IEC Plug Filter Type L2133CL .. .............. .. .£1 each
Mains Filters Chassis Mounting, 5 Amp 115/250vac ........... .. £1 each
Papst Fans 8-16 vdc Type 8112K .. ... ....................... £8 each

Bulgin Panel Mounting Fuse Helder 20mm With Tool Releasable cap £1 for 4

Festoon Bulbs 28v Amber ... ... .......................... £1 for 3
Din Leads S pin Plug 180" to 5 Pin Socket240° . .............. £1 for 3
Metal Cases Two Piece Construction 220 x 125 x 95mm . . .. ... .. £9 each
Simm Sockets Dual Readout Type 382759-1 . .............. .£1.50 each
Bulkhead lights, Red Diffuser, 100 x 60mm . . ................... £1 each
Crabtree Ceiling Switches, 6Amp Retractive, RedCord ........... £3 each
TGRS TYPEIBY 206 .« o« W B . 0 a5 b« wa¥e o i s s ighoro i) £1 for 20
System Sensor Automatic Smoke Detector Model 2424E .. .. . ... .. £3 each
Polethylene Terminals Blocks, 12 Way 6Amp . ............ ... .£3for 10
Relays 11 Pin latching DPCO, 24 vdc withBases . ... ............ £10 each
Hochiki Thermal Detectors Model DFF-60ELPC . ... ............. £5 each
Robinson Nugent IC Sockets Type PLCC 68TP SMT . ............ £1] each
Capacitors Radial Electrolytic 3M3,63v . ............. ........ £1 for 20
Capacitors Radial Electrolytic 2200M, 16v . .................. £1 for 20
Capacitors Radial Electrolytic 220M,63v . ... ... .............. £1 for 20
Capacitors Radial Electrolytic 470M,50v ............. ... .. .£1 for 20
Capacitors Radial Electrolytic 470M, 35v . ...... ... ... ....... £1 for 20
Capacitors Radial Electrolytic 1000M, 16v . ................. .. £1 for 20
Capacitors Radial Electrolytic 330M, 63v . ................... £1 for 20
Bulgin IEC Mains Inlet Fused Chassis Plug Type PF0011/10/28 ... .. £1 for 5
Ceramic Trim Capacitors 20pF (red) .. ......... .. ... ........ £1 for 10
Ceramic Trim Capacitors S0pF (orange) .. ..................... £1 for 8
GD4001 .. . .. .. .. £8for100GD4013 ....... ....... £8 for 100

Crystals 12 MHz & 16 MHZ . oo £1 each

Crystals Oscillator Modules 20 MHz 28322 &32MHz . ....... £1.50 each

Capacitors Dip Poly OM01 400V 10mm ... £1 for 20
Capacitors Dip Poly IM 100V 15mm ....................... £1 for 20
Capacifors Dip Poly OM33 100V ISmm .................... £1 for 20
Capacitors Axial Electrolytic 70MFD 16v ................... £1 for 20
Capacitors Axial Electrolytic 47MFD 10v . ................... £1 for 20

Capacitors Box Poly OM047 400V 15mm . ................... £1 for 20

Transistors Type BC212L . .. ... ... ... ... ... ........ ... £1 for 100

Light Emitting Diodes SLT-35 Series Triangular Lamps 3 x 4.5mm .£1 for 10

Harwin Low Profile 10 Way IC Sockets on Sil Carriers .......... 20p each

Densitron Liquid Crystal Displays, 5 Digit, Type LSHS060RP . . .. .. £1 each

Super Twist Graphics Blue Made LCDs 320 x 240 Pixel Size

132 x 103mm Overal . ...... £5 each
Valves QQV06-40A (ExEquip) . ............................ £10 each

Victron Invertors Type VBB 48/1000, 48 vdc Input, 230 vac Output @ 1.0 KVA£260
Stepper Motor Drive Boards, 750V/5A Step and Microstep Type GS-DS00 . . . £45
Farnell Portable Synthesized Signal Generator 10-520 MHz Type PSG 520 . . L £475

Processors TS68000 CFN12 . .. £3each TS68230CP8 .. .. .. ... £3each
LIBIOCEN. o . o o veid e e 85peach 14922 .. ... ... ... £1.35 each
HCC4013FOM2RB ... . .. ... .. ... 43p each L78LOICD ... ....... 29p each
Panaflo Fans 40 x 40 x 20mm, 12vdc Model FBK-04f12L ........... £6.45 each
Papst Fans 60 x 60 x 25mm, 24vdc Model Typ614 .. ... ... ......... £5.45 each
M’Controllers 8/16-Bit Cmos Type ST90E40ZLI ............. .. £12.50 each
UPD 80C 39HC-08BitCmos CPU ... ... ............vvuinn.. £2.40 each
Resistor Packs Mixed O25W . ... oi. .3\ . covsmmmmenaesionssis s £1 for 200
Mixed Component Box Loads of Goodies, Weighing 2 Kilos (lucky dnp) ........ £6

B. BAMBER ELECTRONICS

5 STATION ROAD, LITTLEPORT, ELY, CAMBS, CB6 1QE.
TEL: 01353 860185
FAX:01353 863245

MAIL ORDER ONLY
‘TERMS; CASH WITH ORDER. DELIVERY CHARGES ARE FREE
WHEN YOUR ORDER TOTALS £30 OR MORE. IF LESS PLEASE
ADD £3.35 + VAT.

VISA AND ACCESS WELCOME.

V.AT. @ 17.5% MUST BE ADDED TO THE TOTAL
OF ALL ORDERS.
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Dr. Pei An concludes this project by

adding extra power with the 80C35
motherboard.

anhancemen:s
which significantly
increase overall
system
performance.
These
anhancemen:s
incluce increased
numbers cf /O
ports and
timer/counters, an
8-channel A/D
converter,
extensive Interrupt
facilities, and
others. The 8031
single board
computar system
was cescribed in
the April and May
issues, and th2
construction and
operaticn of the
SBC were given
in June and July
issues. The
present article
describes an
80C535
motherboard that
he 80CES35 is a high-perfzrnance singk-chip could directly “eplace the 8031 motharbeard, forming an even
microzoroller developed by Sierens and Is more powerfL 80C535 single board corrputer system. The
based on the MCS-51 arzkitecture. It Fas 1C0% complete 80C1/80C535 dngle board comouter system is
hardwars and software campatibility with VIGS- available in ki and in assembled form fror the author. Details
51 mic-ocontrolers and incorporatss a numker of  are given at the end ¢ this aricle.

sssasrIBRREsII ]}
sesgsssisasasgssg
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Figure 1 Pin out and logic symbol of the 80C535

-RESET []10 (@)
varet [J11 ss|] Pu7
vagnd []12 ss[] Pus Port1
P67 [J13 57{] P45
o6 [J14 56[] Poa vVaref ——™]
‘pes [115 ss[] Pa3
Pe.a [J16 s4f] Po2 l Vagnd Port2
ey s W SABB0C535 v
P [J19 s1] ea SA8800535
P60 [20 sof] ALE
ROP30 [J21 : 497 -PSEN PE — = Port3
T™or31 []22 4 P27 -
aNToPa2 23 47[] P2g EANDD — ™|
ANTIP3.2 [J24 4] p2s
ToPs4 25 as[] P24 RST/VPD
TIP3, —
"mczeaz&‘é;g%aass:%s—3924‘;"'3 PSEN = Fone
o~ an - co-w ALE/PRCG = |
e SRR s SRR e
;%sg;%s%%%”gE***
REREELEL Bk
é 8 8 g § Porté
(a) Pin out of the 80C535 (b) Logic symbol of the 80C535

Figure 2 The internal block diagram of the 80C535

Port 5
8-bh

de_:l e (Pin 37 and 68)

Please refer to Part | of this project for

the description of the pin functions. b~
Pins that are special to the 80C535
are described below:

Port 1 (P1,0 - P1,7, Pins 36 to 29): If
this port is used as a general purpose
8-bit 1/0 port, it is the same as the
one for the 8031 microcontroller. Each e
pin has a secondary function which is
different from those on the 8031.
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Figure 3 A detail of the SR Sl
80C memory structures Bl [

Inside the microcontroiler

42 speciel function registers

External data RAM
- External program ROM

Port 5 (P5,0 - P57 Phn!?'_men) Trtmnamgmeru
purpose 8-bit bidirectional /0 port. :

It can be configured as an input or an output port by software.
Port 6 (P6,0 - P6,7, Pins 13 to 20):

This is an 8-bit unidirectional input port for eight multiplexed
analogue mputs of the A/D converter. It can be aiso used for
digital input if voltage levels meet the specification for digital
voltages.

Va ref (Pin 11): The reference voltage for the A/D converter.
Va gnd (Pin 12): The reference ground for the A/D converter.
-PE (Pin 4): The enable pin for power saving mode.
80C535 internal structure

The internal block diagram of the 80C535 is given in figure 2.
The following blocks are fully compatible with the MCS-51

Addressable bits (16 bytes, 128 bits)

internal RAM

Working registers

microcontrollers.

2FH
2EH
2DH
2CH
2BH

29H
28H
2TH
26H
25H
24H

22H
214

20H
1FH

18H
17H

10H
OFH

08H
O7H

00H

7F |7E |70 |7C |78 [7A 78
77 178 (75 (74 (73 |72 70
8F [6E [6D (6C 6B [6A 68
67 68 (65 64 63 (82 0
S5F [SE |SD |5C |5B [5A 58
57 |56 (55 |54 |53 |52 50
4F (4E (4D (4C 4B 4A 48
47 (48 |45 |44 (43 |42 40
3F |3E [3D (3C |3B |3A 38
37 |38 (35 (a4 (33 |32 30
2F (2E |2D |2C (28 [2A 28
27 |26 |25 (24 |23 |2 20
1F 1D [1C [1B 1A 18
17 15 (14 13 (12 10 |
OF |OE |1D (OC |0B [0A 08
07 08 |05 |04 (03 |02 00
ER7

Eno ———— Bank3

;m —— Bank2

- RO

FRT ————

;m ———— Bank1

R =———

= ——— BankO

E RO

127

47

5R &8

42
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Figure 5 The special

function register area Port 5 (P5) F8H

Register B (B) FOH
Port 4 register (P4) E8H
Register A (A) EOH

Port 8 input data register (P8) DBH
A/D converter program register (DAPR) DAH
A/D converter data register (ADDAT) DgH

A/D converter control register (ADCON) D8H

Program status (PSW) DOH

Time 2, high byte (TH2) COH

Time 2, low byte (TL2) CCH

Compare/reload/capture register, high byte (CRCH) CBH
Compare/reload/capture register, iow byte (CRCL) CAH
Timer 2 control register (T”2CON) C8H
Compare/capture register 3, high byte (CCH3) C7H
Compare/capture register 3, iow byte (CCL3) C6H
Compare/capture register 2, high byte (CCH2) C5H
Compare/capture register 2, low byte (CCL2) C4H
Compare/capture register 1, high byte (CCH1) C3H
Compare/capture register 1, low byte (CCL1) C2H
Compare/capture enable register (CCEN) C1H

Interrupt request control register JRCON) COH
Interrupt priority register 1 (IP1) BgH

Interrupt enable regitser 1 (IEN1) B8H

Port 3 register (P3) BOH
Interrupt priority O (IPO) ASH

Interrupt enable 0 (IENO) A8H

Port 2 register (P2) AOH
Serial 1/0 buffer (SBUF) 98H
Serial port control (SCON) 98H

Port 1 register (P1) 90H

Timer 1, high byte (TH1)
Timer 0, high byte (THO)
Timer 1, low byte (TL1)
Timer O, low byte (TLO)
Timer mode (TMOD)

8DH
8CH
8BH
8AH
89H

Timer/counter (TCON) 88h

87H
83H
82H
B81H

Power control (PCON)

Data pointer high byte (DPH)
Data pointer low byte (DPL)
Stack pointer (SP)

Port O register (PO) 80H

area. The upper 128 bytes of RAM and the 128 byte SRFs
share the same address locations, but they are accessed

}hrough different addressing modes.

The lower 128 bytes of RAM are accessed through direct
addressing (for example MOV A, direct; direct is an address
ranging from O to 128) or register indirect addressing {MOV A,
@RO; register RO stores a RAM address ranging from O to 128).

The upper 128 bytes RAM can only
D7| D6|Ds| D4 | D3| D2| D1 | DO | 258 be accessed through register
FF|FE|FD |FC |FB |FA |Fo |FB indirect addressing (MOV A, @RO;
E_; ‘F)g 555 ‘F): [F);‘ :: 51‘ Eg RO stores a RAM address ranging
from 129 to 255). The special
D7 | D6 |Ds | D4 (D3 | D2 | D1 | DO : !
eF| ee| epD| ec|{ eB| EA| EB | EB function registers are accessed
D7 08| Ds | D4 | D3| D2 | D1 | DO through direct addressing.
€7 €6 | E5 | E4 |E3 |E2 | E1 | EO The lower 128 bytes RAM has
byte accessible oniy the same structure as that in the
byte accessible oniy 8031 microcontrolier (see figure 4).
byte accessible only The extemal data memory can be
8D | CLK BSY | ADM| MX2 | MX1| MX0 expanded up to 64 kbytes. There are
DF DE| DD/ OC | DB| DA| D8 | D8 42 special function registers in the
8‘7’ Sg g‘; gf‘ *330 g;’ ; go SRF area (there are 21 special
function registers on the 8031). All
i e i the registers in 8031 are in the
byas svowniile SrYf 80C535 and they are located at the
byte accessible only same address.
byte accessible only The extra registers, 21 in total,
ﬁ"’“ J2ER [ TR | TeROYVIRCNE T2l1| | 20 are used to control the expanded
CPYGEpiED) CC|1GBy CA) €O} o facilities such as the /O ports, A/D
byte accessible only converter and timers, etc. These
byte accessible only registers are summarised in figure 5.
byte accessible only
byte accessible only I/0 ports
byte accessible only Ports 3, 4 and 5 can be used as
byte accessible only three 8-bit programmable /O ports
byte accessible only (Port 3 also has secondary
xral TF2 | 1Ex8] 1B | 1Exe| 1Bx3) 1EX2| 1ADC functions). Their associated
crice|cs|cajcajcalc1|co registers have the following
byte accessible onty addresses: BOH, E8H and F8H,
EX2 [swDT EX6 | EX5 | EX4 | EX3| EX2 |EADG respectively. Each bit can be
BF| BE| BD| BC | BB| BA| Bs| B8 programmed either as an input or
Par| Fa6 | P35 | P34 |P33 | P32 | P31 | PA0 as an output.
By jBe |Bs B¢ {Ba jBeT) BT [8O When the CPU issue a write
oy Sodessibi Sy command, the data from the
o |y gt L B e g b g internal bus is latched into the
P (P o — - output gnd appears at the pm.
A7 (A8 (As |A4 |A3 (A2 |A1 |AO Outputting a byte to a port is
byte accessible only achieved by writing a byte to the
SNG| SN1/SN2{REN | TB8| RBE| I | RJ corresponding special function
pF 1,860 ] 60 |.9C LSRT]IGA 195 165 register. When the CPU issues a
P17| P16 | P15 | P14 |P13 |P12 | P11 | P10 read command, the data at the
o7 (96 |95 |94 |93 |92 |@1 |90 [ k
e port pin (read-pin mode) or at the
byte aconssible only port latch (read-latch mode) can be
byte accessible only read into the CPU.
byte accessible onty Reading is achieved by reading
IGAT [C/T | N1 [NO [BAT [C/T [M1 | MO a byte from the port SRF. To
TF1{ TR1| TFO| TRO|IE1 [I1T1 | IE0 | TC configure a port bit as an input, 1
6F |8E |8D |8C (6B |BA |89 88 must be written to that port first. A
L GF1|@Fo/PD | iDL pull-up resistor pulls the pin to high
by1e aoseeniee only state, but the external circuit can
::'tt: :z:::z:: zm pull the pin to low state.
Because of this, this type of port
87 | &8 |85 |84 |83 |82 | 81 | 80 is called ‘quasi-bidirectional’ port.
The details of the hardware and

operation can be found in the

user's manual of the components.

Serial interface

The serial port enables a full-duplex serial communication
between the microcontroller and external components and it is
compatible to that of the 8031. The serial interface can work in
any of the four operation modes.
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+5V

NOTE: J7 CONNECTIONS
1 - 2: EXTERNAL ROM

2 - 3: INTERNAL ROM _INTo

+5V
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Figure 6 The circuit diagram of
the 80C535 motherboard
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Table 1 Operation mode of the RS232
interface

Modes Name Description

Synchronous Serial data transmits through
RxD, TxD is the
synchronisation clock. The
baud rate is 1/12 of the
oscillator frequency.

8-bit UART,

Variable baud rate

Data transmitted through

TxD and received through
RxD. 1 start bit (0), 8 data
bits (LSB first) and 1 stop
bit (1). Baud rate is variable

9-bit UART, fixed
baud rate (can be
used for
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multiprocessor
applications).

9-bit UART, variable
baud rate. (can be
used for
multiprocessor
applications).
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Data transmitted through

TxD and received through
RxD. 1 start bit (0), 8 data
bits (LSB first), programmable
bit and 1 stop bit (1). Baud
rate is fixed at 1/32 or 1/64 of
the oscillator.

Data transmitted through

TxD and received through
RxD. 1 start bit (0), 8 data
bits (LSB first), programmable
bit and 1 stop bit (1). Baud
rate is variable.

kot i




There are four special function registers associated with the
serial interface: the SCON(98H) for configuring the serial port,
SBUF99H) for buffering the transmitted or received data,
PCON (87H) selecting the baud rate, and ADCON (D8H) being
the o‘her register for selecting the baud rate for Modes 1 and
3. Tha details of the hardware and operation of the RS232
interface can be found in the user’s manual.

Timers
80CE35 has three timers, timers 0, 1 and 2. Timer 0 and 1 are
compatible to that for 8031.

Trey can be configured as timers or counters. In time~
functon, the counter register is incremented every machine
cycle Therefore the count rate is 1/12 of the oscillator
frequancy. In counter function, the counter register is
incremented in response to a 1-to-0 at the external input pin,
TOor T1.

Each timer/counter has four modes. Timer 2 is a powarful
peripaeral unit of the 80C535. It combines the functions f
compare, capture and reload and is used for applications such

Figure 7 The component layout of the
80C535 motherboard
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as digitai signal generation (i.e. puise generation and pulse
width modulation) and event capturing (i.e. pulse wvidth
measurement).

On-board A/D converter
“he 80C535 provides an A/D converter with the fdlowing
features.

The A/D converter is of & successive approximation type
ard has an 8-bit conversior accuracy. It is equipped with eight
multiplexed input cha1nels.

The internal reference valtage (both the reference voltage
and ground) can be programmed. An A/D conversion requires
13 mactine cycles. There are three special functions register
associated with it.

They are the ADCON register (A/D conversion control
segister), ADDAT (A/C converter data register) and DAPAR (A/D
converter program reJister). A write-to-DAPR starts a new
conversion cycle.

The conversion begins with the next mactine cycle and a
busy status (BSY) in ADCON becomes 1.

After 12 machine cycles, the conversion is completed, the
result is written to the ADDAT register and BSY goss tc 0. In
continucus mode, a new conversion is triggered after a
sonversion is completed.

ADCOM register is allocated at D8H and is used for
shoosing single or ccntinucus conversion mede far each
analog channel. Bit fanctior:s of the ADCOM regiszer are
3hown as follows:

Table 2 Bit functions and bit addresses
of the ADCON register

Bit address DFH DEH
Function /BD// //ICLK/ ¢

JDH DCH DBH DAH D9H D8H
BSY ADM MX2 MX1 MX0

In this table, MX0, MX1 and MX2 select one of the 8 input
analogue input channzls (00D for ANO, 111 for AN7 etc). If
ADM=1, a continuous A/D conversion is performed, f ADM=0,
the conwersion stops after one conversion.

BSY becomes high when the converter is busy. After a
sonversion it goes low. BD and CLK are not used “or the A/D
converter. The special function register ADDAT is ocated at
D3H. It holds the corversion result. The data remains in the
register until it is overwritten by the next converted data. Register
DAPR has an address of DAH and it has two functions

Firstty, writing a data to “his register starts the A/D
conversion. Secondly, it cortrols the internal programmable
voltage reference. Its bit funztion is shown below:

Table 3 Bit functions of the DAPR register

DB7 to DB4: Programmirg of V int AREF
Programming of V nt AGND

DB3 to DBO:

The internal reference voltage can be programmed in 16
steps by the DB7 to DB4 cf the register.

The internal reference ground is programmed in 16 steps
by the DB3 to DBO.

The following egLation s used for obtaining tre internal
reference voltage and ground:

Vi, acaw = Vagrp+ Yalue o l{lg 0DBO (V) p- Vaczvn)
Viwo arer= Vagnp + Yalue o 11867 to DB4 ( ™ KGND)
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y IDC connector (J6).
Port 6 which s the analogue input gital i

port is available from another 10-way IDC connector (J2).

the connector for the RS232 serial cable. 1

I L
The pin functions of all connectors are shown in figure 7.
The board is also designed for use with other 80535 series

microcontrollers, such as 80C515 which has an 8 kbyte on-

board ROM. To enable the on-board ROM or the external ROM,

a jumper switch (J7) is used.

If the microcontroller fetches data fROM an external ROM,
Pins 1 and 2 of J7 should be connected using jumpers.

If it fetches data from the internal ROM (for 80C515 only),
Pins 3 and 2 should be connected.

Construction

The motherboard is constructed on a single-sided PCB board.
The component layout is shown in figure 7 and the completed
board is shown in photograph 1.

General guidelines in constructing the board were given in
‘Construction Notes’ in Part 3 of this series.

As the complete SBC system consumes about 0.5 A, a
heat sink must be installed on the voltage regulator to prevent
it from overheating.

The board is simple to construct and there is no adjustment
needed. Hence, it should work straight away once it is properly
constructed.

Further references

For further information about the hardware and instruction set
of the MCS-51 series and 80535 microcontrollers, please refer
to the following books.

1. User’'s manual of MCS-51 microcontroller families. Siemens
semiconductors

2. User’s manual of SAB 80515/SAB 80C515 family 8-bit
single-chip microcontrollers. Siemens semiconductors

Technical support
The complete 8031 single board computer is available in kit
and assembled form from the author at a price of £97
including P&P.

The 80C535 motherboard costs £36.
Please direct your enquiries to
Dr. Pei An, 58 Lamport court, Manchester M1 7EG, U.K.
Tel/Answer/Fax: +44-(0)161-272-8279.

)
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. RADIO DATA MODULES
SYSTEMS & ACCESSORIES

UK, E.E.C, Scandinavia, Eastern Europe, North & South America,
Middle East, South Africa, New Zealand, Far East or Australia.

Wherever you are, we have a module on the right frequency for you !
F.M Transmitter & Receiver Starter Kits
* Construct quality F.M remote controls, data links, wire-free alarms *
* Range up to 200M with dipole, SKM with RX Yagi *
* Available on UK 418MHz to MPT1340. Export 433.92MHz, 403Hz. *

* SILRX- Receiver includes, audio, digital data, carrier detect o/p *
* RXM- as SILRX + signal strength RSSI, tamper and jamming det *

* Kit Prices inclusive of VAT and Postage: *

* TXM-418-A + SIL-418-A + Data/Application Sheets: Only £29.95 *
* TXM-418-A + RXM-418-A + Data/Application Sheets: Only £34.95 ¥
* Decoder Board for RXM or SIL ¢/w HT-12-D: Only £15.00 *

- s

TXM-418-A/F Transmitter  SHLRX-418-A/F Receiver RXM-418-A Receiver

NEW ! High Data Rate (-F) 20,000 bps, 3V Version:
* Same o/p Power but twice as fast as the - A version, up to 20,000 bps
* Drives directly from PIC port, reducing component count & size *

* TXM-418-F + SILRX-418-F + Manual: Only £29.95 *
Add Wire-Free Panic to Your-Existing Wired Burglar Alarm

1CH-403-8 é

Complete Kit Comprising : Assembled and Tested F.M Pendant Transmitter and PEN-403-A
Alarm Receiver Board, Transmitter Battery and Instruction Manual: Only £49.95.

Long Range VHF Modules for the UK, Australia and Beyond

¢ Suitable for Home of Industry, Over 10,000 Sold *

* Hand Heid Transmitter Permits Operation Anywhere *
* > 100M range Meets BS6799 Class Il Specification *

* UK Manufactured, Avallable on 418, 433 or 403MHz *

o

* UK, 173MHz to MPT1344 & MPT1328 Licence Exempt *

* F.M Operation: With 3V 1mW and 5V 10mW Versions *

* Range up to 1 or 3 Km line-of-site *

VHF Starter Kits Inclusive of VAT and Carriage :

1mW TXM-173-(1) + RXM-173 + Manual: Only £54.95
10mW TXM-173-(10) + RXM-173 + Manual: Only £59.95

40,000bps Modem Transceivers + RS232 Interface

Exclusive: The wonld leading BIM high speed transceiver is
now avallable with a RS232 interface and integral 2-wire
RS232 controller board. The BIM-RS232 automatically takes
care of tasks such as fiow control permitting the construction
of a simple but reliable radio modems capable of operation
over ranges of up to 200M. EMC approvais of finished prod-
ucts are simplified by the totally screened RF design and ESD
protected RS$232 port. Ideal for PC-PC networks and EPOS
applications. Available on 418MHz and 433.92MHz. Prices 1+
£79,95 each. Combined 2M Interface & Power Cable £6,95 each,

e
%

|

BIM-XXX-RS§232
New High Power 433.92MHz Transmitter
* Offering > 10mW o/p into 50 Ohms *
* Operates with Extisting Receivers * H
* 6-9V Operation, Range up to 1Km * I' f

* Intended for Export Markets *
* Prices 1+£16.50, 100+ £8.25 *

Data Module Prices, Inclusive of UK Postage !

Transmitters {1 + Price) Antennas (1+ price)
XM-418-A 0.25mW ...£12.50 | Helical-173MRAz .. .
XM-433-A 0.25mW . .£12.75 | [1/4 Wave 418MHz..,

M-418-F 0.25mW ._.£12.75| [Pipole 418MHz ...

TXM-433-F 0.25mw..... £12.75 | [VHF Whip Antenna..

TXM-433-HP

8
0
o
=
+

£4.
.£4.90
£23.50
£35.00

SILRX-418-A..£22,50
RXM-418-A.. . £29.05
SILRX-433-A _£23.95
SILRX-403-A..£23.95

XM-403-A 0.25mW. . £12.75 JUHF End Fed Dipole...£35.00| [RXM-403-A... .£29.05
SILRX-418-F...£23.95

[TXM-173-4689 1mW._. £22.50
SILRX-433-F. £23.95
[TXM-173-4689 10mW...£24.50 | 1/4 wive a1amiz anopoe  |RXM-17360.. £31.62

XM-184-4689 10mW. .£29.95

‘Pnces unless otherwise stated ex-
clude VAT. Carmiage free on all non-
account mainland UK orders.
Insurance available at aoditional cost.

RXM-184-60....£31.62

Credit Card Payments Wel-
come. 2/4 day delivery by
DHL Service Available. All

k prices in Pounds Sterling

Corporate Web Site http://www.radio-tech.co.uk
Radio-- Tech Limited, Overbridge House, Weald Hall Lane

e

Thornwood Common, Epping, Essex CM16 6NB.
Sales +44 (0},181 368 8277 Fax +44 (0) 181 361 3434
International +44 (0) 1992 57 6107 Fax +44 (0).1992 56 1994

ELECTRONICS TODAY INTERNATIONAL

a4




T E L N E T

8 CAVANS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF

Tel: 01203 650702

Fax: 01203 650773

IARIEl  Mobile: 0860 400683

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

Gould 0S3000/ADVANCE 3000 — 30MHz Dual ch..
Gould 5110 — 100MHz Intelligent oscilloscope E
Gould 1602 — 20 MHz D.S.0Q. with printer {cursors) .............
Hameg — 203/203-4/203-5/203-6 - 20 MHz Dual Channel .
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch
Hewlett Packard 1707A, 1707B — 75MHz 2ch
Hewlett Packard 54201A - 300MHz Digitizing ... =
Hewlett Packard 54501A - 100MHz - Digitizing 4 channel
Hewlett Packard 541000 - 1GHz Digitizing .
Hewlett Packard 180D — 4 channel - 100 MHz.
Hewilett Packard 182C — 4 channel - 100 MHz
Hitachi V650F — 60 MHz Dual Channel......
Hitachi VC6265 — 100 MHz Digital Slora%e (AS NEW) GPIB.
Intron 2020 — 20 MHz Digital Storage (NEW) .............
Kikusul COS 6100 — 100MHz, § Channel, 12 Trace...
Meguro - MSO 1270A - 20 MHz Digltal Storage (NEW)
Nicolet 3091 - LF D.S.O...

Panasonic VP5741A - 100 MHz D.S.0. with’ Dlgllal readout - waveform analysns TV
Signal Analysis Function - G.P. - R ——— -..£2500
Phillips 3211, 3217, 3240, 3243 3244 3261

3262 (2ch + 4ch).
Philips 3219 - 50MHz with analogue storage
Philips 3302 - 20MHz - Digital Storage ...
Philips PM 3295A - 400MHz Dual Channel ..
Philips PM 3295 - 350MHz Dual Channel
Philips PM 3315 - 60MHz - D.S.0...
Tektronix 468 - 100MHz - D.S.0.
Tektronix 2213 — 60MHz Dual Channel ..
Tektronix 2215 60MHz dual trace...
Tektronix 2335 Dual frace 100MHz (ponable)
Tektronix 2445 150 MHz - 4 Channel . .
Tektronix 2225 — 50MHz dual ch
Tektronix 455 - 50MHz Dual Channel ........
Tektronix 464/466 — 100MHz An storage
Tektronix 465/465B — 100MHz dual ch.
Tektronix 475 - 200Mhz Dual Channel...
Tektronix 7313, 7603, 7613, 7623, 7633
Tektronix 7704 — 250MHz 4ch.
Tektronlx 7904 — 500MHz .........
Tektronlx 7934 500MHZ with storage .
Tektronix TDS 320 100 MHz. Dl?l!al Storage (NEW)

from £350
from £350

Telequipment D83 - 50MHz Dual Channel ] £200
Other scopes available oo
SPECIAL OFFER
HITACHI V212 - 20 MHZ DUAL TRACE £180
HITACHI V222 - 20 MHZ DUAL TRACE + ALTERNATE MAGNIFY £200

SPECTRUM ANALYSERS

Advantest 4133A — 100KHz — 20 GHz . ......£6995
EatorvAiltech 757 — 10KHz — 22 GHz... ....£2750
Hewlett Packard 3580A — -5Hz- 50KHZ.. ...£995

Hewlett Packard 37098 - Constellation Analyser with 156709A ngh lmpedance
Interface (As New) ..................

Hewlett Packard 1827 with B8559A (10MHz 21GHz)
HP 3582A — 25KHz Analyser, dual channel ...................
Hewlett Packard 35601A - Spectrum Analyser Interface.
Hewlett Packard 141T + 8552B + 8555A - (10MHz — 18GHz,
Hewlett Packard 8505A - Network Analyser (S00KHz — 1.3GHz)
Hewlett Packard 3562A Dual Channel Dgnamlc Sig. Analyser
Hewlett Packard 8590A 15 10KHz-1.5

Marconi 2370 — 110MHz
Marconl 2371 — 30KHz - 200MHz ...
Meguro MSA 4901 - 1-300 GHz (AS
Meguro MSA 4912 - 1-1 GHz (AS NEW)
Polrad 641-1 — 10MHz — 18GHz

Rohde & Schwarz — SWOB § Polyskop 01 = 1300MHz
Tektronix 2710 9Khz - 1.8 GHZ .............cccc.e
Tektronix 7218 with mainframe (1.5-60GHZ with external mlxers)

AVO RM215 - L/2 - AC/DC Breakdown, Leakage + lonisation Tester..
ANRITSU ME 4628 DF/3 Transmission Analyser .
Anritsu MG642A Puise Pattern Generator ...
Calitornla 7517C - AC variable Power Source....
Datalab DL 1080 Programmable Transient Recorder...
Dyanpert TP20 Intelliplace — Tape peel Tester — lmmacua te con
£.1.P. 548A - Frequency Counter (26.5 GHz)......
EIP 331 - Frequency counter 18GHz

Farnell AP70-30 Power Supply {0-70v/30A) Auto Ranging.
Farnell $8G-520 Signal Generator (520 MHZ)...............
Farnell TSV 70 Mkil Power Supply (70V-5A or 35V-10A)
Heiden 1107 — 30V-10A Programmable Power Supply { EEE)
Hewlett Packard 3437A System voltmeter.............ccoinices
Hewlett Packard 3456A Digital voltmeter
Hewlett Packard 3438A Digital multimeter... P ——
Hewlett Packard 3711A/3712A/37918/37938 Link Analyser
Hewlett Packard 3325A - 21MHz Synthesiser/Function Gen .........
Hewilett Packard 3488A - HP - 1B witch control unit

(various Plug-ins available)..............
Hewlett Packard 334A - Distortion Analyser
Hewlett Packard 339A - Distortion Measuring Set....
Hewlett Packard 3581A Wave Analyser ..

Hewlett Packard 3455A 61/2 Digit M/Meter (Autocal) AAAAA
Hewlett Packard 3776A - PCM Temminal Test Set
Hewlett Packard 3779 A/C - Primary Multiplex Analyser .
Hewilett Packard 4342A - ‘Q' Meter ...
Hewlett Packard 4954A - Protocol Analyser... - -
Hewlett Packard 4953A - Protocol Analyser
Hewlett Packard 432A — Power Meter (with r)..
Hewlett Packard 435A or B Power Meter (with 8481A/8484

Hewlett Packard 4948A - (TIMS) Transmission impairment M/Set ..
Hewlett Packard 4729B - Carrier Noise Test Set...
Hewlett Packard 4261A - L.C.R. Metwr (Digital) .
Hewlett Packard 42718 - L.C.R. Meter (Digital) .
Hewlett Packard 5420A Digital Signa! Analyser ...
Hewlett Packard 5342A - Frequency Counter 18 GHZ ...
Hewlett Packard 5314A - (NEW) 100MHZ Universal Counter .
Hewlett Packard 5183 - Waveform Racorder...
Hewlett Packard 5238A Frequency Counter 100MHz .
Hewlett Packard 53B5A Frequency Counter - 1GHz - (HP1B)
with OPTS 001/003/004/005...
Hewlett Packard 6623A Tnple put system power supply
Hewlett Packard 6253A Power Suppty 20V-3A Twin
Hewlett Packard 6181C D.C. current source............
Hewlett Packard 6255A Power Supply 40V - 1.5A Twin
Hewlett Packard 6266B Power Suppfy 40V-5A
Hewlett Peckard 62718 Power Supply 60V-3A .
Hewlett Packard 6002A - Autoranging P.S.U. 50V - 10A ..
Hewlett Peckard 6034A - O 60V-1%A System P.S.U.

HEWLETT PACKARD 6261 B

Power Supply 20v-50A £450 Discount for Quantities

Hewlett Packard 8403A - Modulator ....................
Hewlett Packard 86600 - Synthesised Sig Gen 10-K|
Hewlett Packard 8349B - Microwave Broadband Ampllller {as new) 2 4
Hewlett Packard 8165A - 50 MHZ Programmable Signal Source........................ £
Hewlett Packard 83508 - Sweep Oscillator Mainframe (vanious Plug-Ins avallable) extra ..£2650
Hewlett Packard 8656A - Synthesised Signal Gen (100KHz — 990MHz) ... £1750
Hewlett Packard B683A - Microwave Signal Gen (2.3 6.5GHz)........ -]
Hewlett Packard 8801B - Modulation Analyser {(150KHz — 1300MH1)
Hewlett Packard 8152A - Optical Average Power Meter ..

Hewlett Packard 8158B - Optical Attenuator (OPTS 002 + 011)
Hewlett Packard B3554A - Wave Saurce Module 26.5 to 40 GHz ..
Hewlett Packard 8444A - Tracking Generator ......
Hewlett Packard 8011A Puise gen. Q.1Hz-20MHz ..
Hewlett Packard 8620C Sweep oscillator mainframe ..
Hewlett Packard 8750A Storage normaliser.............
Hewlett Packard 8684A 5.4GHz to 12.5GHz Sig-Gen.
Hewlett Packard B011A Pulse gen. G.1Hz-20MHz ...
Hewlett Packard 8620C Sweep oscillator mainframe .....
Hewlett Packard 8750A Storage normall

Hewlett Packard B754A - Network Analyser 4 - 1300MHz ...
Hewlett Packard 853A with 8558A - (0.01 — 21GHz) ...
Hewlett Packard 8565A - (0.01 — 22GHz) ..............
Hewlett Packard 86B4A 5.4GHz to 12.5GHz Slg-Gen
Hewlett Packard B903A - Audio Analyser (20Hz — 100KHz).
Hewlett Packard 8958A - Cellular Radio Interface ..............
Hewlett Packard P382A Variable Attenuator
Krohn-Hite 2200 Lin/Log Sweep Generator .

Krohn-Hite 4024A Oscillator ... .
Krohn-Hlte 6500 Phase Meter .
Marconi 2432A 500MHz digital lreq rneler
Marconi - 2019A - 80KHz - 1040MHz - SynlheS|sed Slgnal Generator ..
Marconi 2871 Data Comms Analyset.
Marconi 6500 Automatic Amplitude Analyser.......................
Marconi 2018 - 80KHz - 520MHz SyntheslsedAM/FM Signal Generator
Philips PM 5167 10MHz function gen .
Phillips 5190 L.F. Synthesiser (G.P.1.B. )

Phillips 5390 Pro?rammable R/F Signal Gen (1020 MHZ) ...
Prema 4000 - 6 1/2 Digit Multimeter {(NEW) ..

Racal Dara 9242D Programmable PSU 25V-2A.
Racal Dara 9246S Programmable P3U 25V-10A ...
Racal Dana 3100 40-130MHz synthesiser....
Racal 1992 - 1.3GHz Frequency Counter ...
Racal Dana 9081 Synth. sig. gen. S2MHzZ....................
Racal Dana 9084 Synth. sug/'gen 104MHz. .
Racal Dana 9303 True RMS/RFevel meter ...
Racal Dana 9917 UHF frequency meter 560MHz .
Racal Dara 9302A R/F millivoltmeter (new version)
Racal Dara 9082 Synthesised anvfm sig gen (520MHz)
Racal 9085 Low Distortion Oscillator.............. .
Racal 9301 A - True RMS R/F Millivoltmeter .
Racal 9921 - 3GHz Frequen% unter..
Rohde & Schwarz AMF 2 Demodulator ...
Rohde & Schwarz LFM 2 - 60 Mhz Group Delay
Rohde & Schwarz UPSF 2 - Video Noise Meter...
Rohde & Schwarz - Scud Radio Coce Test Set
Rohde & Schwarz SUF 2 Noise Generator.......
Schatfner NSG 203A Line Voltage Variation Simulator
Schaffner NSG 222A Interferance Simulator...........
Schatfner NSG 223 Interterance Generator
Schiumberger 4021/4022 Radio Test Sets...
Schlumberger S.). 4040 Stabilock - High aocuracy '1GHz Radio Test Set ..
Schlumberger 4923 Radlo Code Test Set ..................
Schlumberger 2720 1250 MHz Frequency Counter .
Stanford Research DS 340 - 15 MMz Syntesized Function (NEW)
and arbitrary waveform generator -
Systron Donner 6030 - Microwave Frequency
Telequiprment CT71 Curve Tracer

Tektronix TM5003 + AFG 5101 Arbitrary Function Gen...
Tektronlx 1240 Logic Analyser
Tektronix 651 HR Monitor .......
Tektronix DAS9100 — Series Lognc Analyser
Tektronix — Plug-ins — many available such as 80504 SW503 SG502
PG508, F(G504, FGS03, TG501, TRE03 + many more..........

Tektronix 5T7 Curve Tracer . ... ...........ccoooooovwvrverrenes
Tektronix AMS503 + TM501 + P6302 - Current Probe Amplifier ...
Tektronix PG506 + TG501 + SG503 4+ TM503 - Oscilloscope Calibrator ...
Tektronix CG5001 - Programmable Oscilloscope Calibrator Generator'
Time 9811 Programmable Resistance ...... e SBO0
Time 9814 Voltage Callbrator .

Toeltner7720 - Programmable 10 MHz Fun on Gen (AS NEW) ...
Wavetek 172B Programmable Sig Source (0.0001HZ-1 3MHZ)
Wavetek 3010 — 1- 1GHz Signal Gemserator .....
Wiltron 560 Scalar Network Analyser ... ...
Wiltron 6620S - Programmable Sweep Generator (3.6 - 6.5GMZ) .

MANY MORE ITEMS AVAILABLE -
SEND LARGE S.A.E. FOR LIST OF EQUIPMENT
ALL EQUIPMENT IS USED -
WITH 30 DAYS: GUARANTEE.
PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING = CARRIAGE & VAT TO BE ADDED
TO ALL GOODS
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“CHOPPER”

TREMOLO EFFECT

A more extreme musical effects unit fram Robert Penfold.

ne of the advantages of the do-it-yourself

approach to musical effects units is hal you are

not restricted to tha “standard” effects. You are

free to experiment with other &ffects, and they

can be as mild or extreme as you desire.
Feedback from readers suggests that nost p-efer do-it-
yoursalf effects units tha: enable them to go seyond the limits
of commercial units with somz very extreme sffects being
proa.ced. This efects unit was produced as a result of a few
requests for a trRmolo Lnit that would produsz a more vclent
effect than the rermel tvoe, wad produces one of the mildes:
of musical effects.

Rise and fall

The remolo effect is aroduced by amplitude mod siating the
inpu- signal with tre outcut frem an Ifo (ow trequercy
oscifator). The fatter usually operstes in he range 0.1 to -0
Hertz. Conventionaly. the output wavefarm of the Ifo is ore
whic) has a low harmonic cortan:, and Jives smooth
variations in volLmz In practice this gensrally mezns a
sinewave signal cf g triangular typ3. This gives a mid effact,
and 2 final result which argely r3tains the chaacterstics of the
original sound. =gtrel helps 10 =xplain the modlatiorn
procass, which reelly jus: uses the low freguancy oscillator to

contral the volume of the output signal. The waveform in {a) is
the autput of the o, which in this case is a triangular
waveform. Fig.1(b) shows the output signal obtained with an
input signal at a constant amplitude. When the modulation
signal is at its peak negative level, the amplitude of the output
signéel is very low. Most tremolo units never actually cut off the
oulput signal comr cletzly, and the maximum attenuation would
typically be about 2C  40dB. |1 other wordg, the ampltide of
the sgral woud be reduced by a factor of between ten and
100. As the ampidtud3 of the madulation sigral falls back
towarde zero, the emgilitude of the output sigial steadily
increases. The leve! o7 tha output signal continues to increase
as the emplitude of the modulation signal rises in a positive
direczon. Once the madulation signal reaches its peak pcsitive
valug, the process s reversed, with the output signal beng
steadily reduced i leval until the modulation waveform reaches
its oeek negatise salue once agan. This process continues
indafritaly, with the valume of the output sigral being varied at
a rate controlled by the modulation signal from the Ifo This
gives quite a mild effest, with a sart or rhythrric “throbbirg”
sound keing introduced 1o the processed signal. Manudly
operatirg a swal J2del at a rate of a few Herz would ac—_ally
give exectly the same affect (buz would not be a very prastical
way of generatnjizl). A more intense effect can be obteaired
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Figure 1: Waveforms for a conventional tremolo unit (a and b), and the chopper effects unit (c and d)
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simply by using a modulation waveform that has a high
harmonic content, such as a squarewave or pulse signal, and
by using greater modulation depth.

This results in the signal being switched on and off, or
“chopped” as this type of thing is sometimes termed. The
waveforms of Fig.1{a) and (b) show a squarewave modulation
signal and the resuftant output signal. Although the two output
waveforms of figure1 may look similar, the actual sounds
produced are very different indeed.

The conventional tremolo effect leaves the original sound
largely intact, but the “chopping” effect tends to dominate the
sound of the final output. A guitar plus tremolo gives a sound
that is still unmistakably that of a guitar, but a guitar plus
choppling gives a sound that is more into the realms of the
synthesiser. This is either good or bad, depending on your
musical tastes and preferences. One problem with chopping a
signal is that it tends to produce switching “clicks”. In the
waveform of figure 1(d) the signal is always switched on at the

beginning of a half cycle, which gives glitch-free results. The
signal is switched off at its peak negative or positive level,
which gives the worst possible glitch. The signal is instantly
switched from its peak level to zero volts. In practice the
degree of glitching on each transition is purely random, and
can be anything from one of these extremes to the other. it is
possible to use various means of reducing the glitching, or it
can simply be accepted as part of what will always be a rather
extreme effect.

System operation
The block diagram of figure 2 helps to explain the way in which
the “chopper” effects unit functions. The main signal path is
through the amplifier at the input, the electronic switch, and the
buffer amplifier.

The input amplifier simply acts as a buffer stage when the
unit is used with a high output guitar pickup, or another high
level signal source. It can be used to provide voltage

Ingi Electronic

Switch

Amplifier

Buffer
Amplifier

f§ Output

Frequency

Amplifier

Figure 2: The chopper effects
unit block diagram

Rect. & §
Smoothing &

Trigger
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Figure 3: The full circuit diagram for the chopper effect
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amplification if the unit is used with a low output guitar pickup.
This ensures that the electronic switch handles a high signal
level, and that any breakthrough of the switching signal Is kept
down to a relatively low level.

The electronic switch is controlled via a side-chain of four
stages. One of these stages is the low frequency oscillator. On
the face of it, this is the only additional stage that is required. In
practice there is a slight problem if the Ifo is simply allowed to
run freely. When the initial note of a piece is played, the signal
might be cut off, and it could remain cut off for what, in
musical terms, is a long period of time.

With this extreme form of tremolo it is best to avoid very low
modulation frequencies, but even with a middling modulation
frequency of 2Hz it is possible for a delay of up to 250
miliseconds to occur before the music would start! The
additional stages are used to ensure that the signal is always
switched on when the first note of a piece is played.

The first stage in the side-chain is an amplifier, and this is
followed by a rectifier and smoothing circuit. The output from
the smoothing circuit is a positive dc signal that is roughly
proportional to the strength of the input signat.

This drives a simple trigger circuit, which produces a high
output level if the signal from the smoothing circuit is much
more than about 0.8 volts or so. It will be below this figure
under standby conditions, but it will be above this voltage while
the guitar is being played.

Under standby conditions the output of the trigger stage is
low, and the Ifo is turned off. The output of the Ifo is low, and
the electronic switch is also turned off. The output of the
trigger stage goes high as soon as the first note is played on
the guitar, and the Ifo is then activated. The design of the Ifo is
such that once activated it always starts on a half cycle with
the output high.

The input signal is therefore coupled through to the output
initially, and there is no embarrassing silence when the first
note is played!

The smoothing circuit has a decay time of a second or so,
and only a modest input level is sufficient to keep the Ifo
activated. However, once the playing has ceased and the input
signal has fallen to a very low level, the Ifo and the output
signal will be cut off. This gives the unit built-in noise gating.

The circuit
The full circuit diagram for the “chopper” effects unit appears in

figure 3. IC3 is an operational amplifier which is used as the
basis of the input amplifier. It operates in the non-inverting
mode, and provides an input impedance of 47k. This provides
a good match for any normal type of guitar pickup. IC1 has its
closed-loop voltage gain set at 11 times by feedback resistors
R4 and R5.

The output levels of guitar pickups vary enormously. A
voltage gain of about eleven times should give good results
with low output pickups, although with the lowest output types
it might be better to raise the value of R4 slightly in order to
obtain higher gain. With high output pickups it is likely that no
amplification will be required. R5 and C4 can then be omitted,
and R4 should be replaced with a link-wire.

IC2 is a CMOS 4016BE guad spst analogue switch. In this
case only one of the switches is actually utilised, and no
connections are made to the other three.

The 4066BE analogue switch is pin-for-pin compatible with
the 4016BE, and in some respects has a superior
specification. However, the 4066BE is not recommended for
use in audio circuits, where it can produce switching “clicks”.
Therefore, only a 4016BE should be used in this circuit.

R1 and R2 provide a centre-tap on the supply lines which is
used to bias the input amplifier. It is also used to hold the
output of the electronic switch at half the supply voltage when
the switch is in the “off” state.

The coupling to the bias circuit is provided by R6. If
preferred, a sample and hold action can be obtained by using
a 10n capacitor in place of R6. When the electronic switch
turns off, the voltage at its output will then be held at whatever
voltage happened to be present at the instant the switch
opened. In practice there seems to be little difference between
the effect obtained using these two methods. IC3 is used as a
simple voltage follower that provides the output buffering. IC4
is driven from the output of IC1, and it boosts the input signal
to a level that is adequate to drive the rectifier and smoothing
circutt. It is another non-inverting mode circuit, and its voltage
gain can be adjusted by means of VR1.

The closed loop gain varies from roughly three times with
VR1 at minimum resistance, to about 24 times with VR1 at
maximum resistance.

The voltage gain setting has to be something of a
compromise. It must not be set too low, which would result in
the output being cut off while the input signal was still at a fairly
high level. On the other hand, it must not be made so high that
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Figure 4: The component layout for the stripboard, which has 50 holes
by 30 strips.
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the output signal.
~ The reset input of IC5 (pin 4) is awanﬂoml'hhe
outﬂut of the trigger drcuit, and is held low |llaer
standby conditions.

This results in the esallator keing held in he off
state, with C9 discharged, and H‘mﬁput of ICS
(pin 3) held low.

This results in the electronic 3witch being turned
off, and the output signa beong‘suppressad under
standby conditions.

When the output cf the trigg=r circuit takes pin 4
kigh, C9 starts to charge and the output at gin 3
gces high.

This results in the a&ectrorwc switch closing
immediately when the first note is olayed.

When the input sicna has la-gely decayed and
the output of the trigcer “eturns to the low state, IC5
is taken back to the reset condlion, with C9 being
held discharged and the output set low.

This turns off the €lectronic switch and provides
a noise gate action. F18 and CG10 provide scme
lowpass filtering at the output of IC5.

This sightly slows ug the transitions of the
electronic switch, and g ves more click-free
operation.

C10 can be omitted if a faster switching action
and a slightly harsher effect are preferred.
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Surplus always
LOW COST PC's
SPECIAL BUY o

'AT 286’
40Mb HD + 3Mb Ram ‘“Ssessgg.,

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
Made in the USA to an industrlal specification, the system was
designed for total reliability. The compact case houses the mother-
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk
drive & integral 40Mb hard disk drive to the front. Real time clock
with battery backup is provided as standard. Supplied in good used
condltion complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 90 DAY Full Guarantee. Ready to Aun |

Order as HIGRADE 286 ONLY £’29_ 00 (E)

Optlonal Fitted extras: VGA graphics card £29.00
1.4Mb 3%° floppy disk drive {instead of 1.2 Mb) £18.95
Wordperfect 6.0 for Dos - when 3%" FDD option ordered  £22.50
NE2000 Ethernet (thick, thin or twisted) network card £29.00

LOW COST 486DX-33 SYSTEM

Limlted quantity of this 2nd user, supurb small size desklop unit.
Fully featured with standard simm connectors 30 & 72 pin. Supplied
with keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and
integral 120 Mb IDE drive with single 1.44 Mb 3.5" floppy disk drive.
Fully tested and guaranteed. Fully expandable Only
£399.00

Many other options avaiable - call for detalls.

FLOPPY DISK DRIVES 3%:" - 8"

5%" or 3%" from only £18.95 !

Massive purchases of standard 5%° and 3%* drives enables us to
present prime product at industry beating low prices! All units (uniess
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested. aligned and shipped to you with a 90 day
guarantee and operate from standard voftages and are of standard
size. All are IBM-PC compatible (if 32" supported on your PC).

3%" Panasonic JU363/4 720K or equivalent RFE £24.95(8
3%" Mitsubishl MF355C-L. 1.4 Meg. Laptops only £25.95(8
3%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(8
5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95(8
5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B)
5%" BRAND NEW Mitsubishi MF5018 360K £22.95 B}

Table top case with Integral PSU for HH 5%" Flopp or HD £29.95(B
8" Shugart 800/801 8° SSrefurbished & tested £195.00(E
8" Shugart 810 8° SS HH Brand New £1 95.00}5
8" Shugart 851 8° double sided refurbished & tested £250.00(E
Mitsubishi M2894-63 8" double sided NEW £275.0
Mitsubishl M2896-63-02U 8" DS slimiine NEW

Dual 8" cased drives with ral power supply 2 Mb

HARD DISK DRIVES

End of line purchase scoop! Brand new NEC D2246 8° 85 Mbyte
drive with industry standard SMD interface, replaces Fujitsu
equivalent model. Full manual. Only £299.00 or 2 for £525.00 (E)

3%" FUJI FK-309-26 20mb MFM {/F RFE £59.95(C
3%" CONNER CP3024 20 mb IDE I/F (or equiv JRFE £59.95(C
3!%" CONNER CP3044 40mb IDE |/F (or equiv.)RFE £69.00{C
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acom)  £69.00(C
3%" WESTERN DIGITAL 850mb IDE I/F Brand New  £185.00(C
§%° MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE  £49.95(C
5%" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95(C
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95(C
§%" HP 9754B 850 Mb SCSI RFE tested £89.00(C
5%" HP C3010 2 Gbyte SCSI differentlal RFE tested £195.00{(C
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00(E

Hard disc controliers for MFM , IDE, SCS8I, RLL etc. from £16.95

THE AMAZING TELEBO

Converts your colour monitor into a QUALITY COLOUR Tvit

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE *

The TELEBOX is an attractive fully cased mains powered unit, con-
taining all electronics ready to plug into a host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The composite
video output will also plug directly into most video recorders, allowing
reception of TV channels not normally recelvable on most televi-
sion receivers® (TELEBOX MB). Push button controls on the front
panel allow reception of 8 fully tuneable "off air' UHF colour television
channels. TELEBOX MB covers virtually all television frequencies
VHF and UHF including the HYPERBAND as used by most cable
TV operators. A composite video oul{pul is located on the rear panel
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 level Hi Fi
audio output are provided as standard.

TELEBOX ST tor composite video Input type monitors £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
*For cable / hyperband reception Telebox MB should be connected
1o a cable type service. Shipping code on all Teleboxe's is (B)

DC PO

Virtually every type of power

supply you can imagine.Over
10,000 Power Supplies Ex Stock
Call for info / list.

ER SUPPLIES

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 FOR SEMICONDUCTOR HOTLIST

VIDEO MONITOR SPECIALS

One of the highest specification

* monitors you will ever see -

At this price - Don’t miss it!!
Mitsubishi FA341SETKL 14" SVGA Multisync colour monitor with fine
0.28 dot pitch tube and resolution of 1024 x 768. A
{ | variety of inputs allows connection to a host of comput-
ers 1BM PC's n CGA EGA. VGA & SVGA
: modes, COMMODORE (includng Amiga 1200),
ARCHIMEDES and APPLE. Many features: Etched
% facepiate, text switching and LOW RADIATION MPR
specification. Fully guaranteed, supplied in EXCEL-

LENT iittle used condtion Only £119 O a6

Titt & Swivel Base £4.75 €
VGA cabile for IBM PC included. BlEovas
External cables for other types of computers CALL
As New - Used on film set for 1 week only!l
15" 0.28 SVGA 1024 x 768 res. colour monitors.
Swivel & tilt etc. Full 90 day guarantee. £145.00 (E)

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for info

PHILIPS HCS35 Is?ame sgle as CMB8833) altractively 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 amr and speaker for all audlo visual uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
video monltoring / securlty applications with direct connection
‘0 most colour cameras. High quality with many features such as
front concealed'llap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed

Dimensions: W14* 5 H12%* x18%" D, Only £95

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video Input via SCART socket. 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 H10® x 13%" D.

240 V AC mains powsred. on|y £79.00 ©)

KME 10" 15M10009 high definition colour monitors with 0.28° dot
pltch. Superb clarity and modern styling. 4 - ¢

Operates from any 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 SPECJALS

Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optfonal sound input. Attractive
teak style case, Perfect for Schools, Shops, Disco, Clubs, etc.In
EXCELLENT little used condition with full 90 day guarantee.

20"...£135 22"..£155 26"...£185(
EMS

FA3445ETKL 14" Industrial spec SVGA monitors  £245
sources - ex stock £POA

SPECIAL INTERES

MITS.
2kW 10 400 kW - 400 Hz 3 phase power

IBM 8230 Type 1, Token ring base unit driver £950
IBM 53F5501 Token Ring ICS 20 port lobe modules £750
IBM MAU Token fing distribution panel 8228-23-5050N £95
AIM 501 Low distortion Osclllator 9Hz to 330Khz, IEEE £550
Trend DSA 274 Data Analyser with G703(2M) 64 /o £POA

Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
HP1650B Loglc Analyser £3750

HPJ3781A Pattem generalor & HP3782A Error Detector £POA
HP APOLLO RX700 system units £950
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800
HP3081A Industrila workstation c\w Barcode swipe reader €175
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675
HP54121A DC to 22 GHz four channel test set EPOA
HP7580A A1 8 pen HPGL high speed drum plotter £1850
EG+G Brookdeal 95035C Precision lock in amp £650
Vlew Eng. Mod 1200 computerised inspection system £POA
Ling Dynamics 2kW programmable vibration test system  £POA

Computer controlled 1056 x 560 mm X Y table & controller £1425

Kelthley 590 CV capacitor / voltage analyser £POA
Racal ICRA0 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New batts Dec.1995  £9500
1C1 R5030UV 34 Cleanline ultrasonic cleaning system £POA
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £1200
Zeta 3220-05 AO 4 pen HPGL fast drum plotters £1150

Nikon HFX-11 (Ephiphot) exposure controf unit £1450
Motorola VME Bus Boards & Components List. SAE / CALL EPOA

Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM band printer £1950
Fujltsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 2998 Infrared spectrophotometer £POA
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750
Andrews LARGE 3.1 m Satellite Dish + mount (For Voyager') £950
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
TAYLOR HOBSON Tallysurf amplifier / recorder £750
System Video 1152 PA{ waveform monitor £485
Test Lab - 2 mir square quietised acoustic test cabinets £300
Kenwood 9601 PAL Vectorscope - NEW £65!

£
Please call for further details on the above iterns

Surplus always

wanted for cash!

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!

Top qualilg 19" rack cabinets made in UK by
Optima Enclosures Ltd. Unlits fealure
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal 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 versatile we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in muitiple bays.
Overall dimensions are: 77%" H x 32%" D x 22" W. Order as:

OPT Rack 1 Complete with removable side panels. £335.00 (G)

OPT Rack 2 Rack, Less side panels £225.00 (G)

32U - High Quality - All steel RakCab |

Made by Eurocraft Enclosures Lid to the highest possible 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 doo
is constructed of double walled steel with a
‘deslgner style’ smoked acrylic tront panel 1o f
enable status indicators to be seen through the &
panel, yet remain unobtrusive. Internally the rack §i
features fully slotted reinforced vertical fixing
members to take the heaviest of 19" rack |
equipment. The two movable vertical fixing struts
(extras avallable) are pre punched for standard
‘cage nuts’. A mains distribution panel intemal-
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched €
utllity socket. Overall ventilation is provided by <
luII‘y1 louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for titting
of integral fans to the sub plate etc. Other features include: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
mm=1625H x 635D x 603 W. ( 64" 1x 25" D x 23%" W) 1

Sold at LESS than a third of makers price !!

A superb buy at only £195.00 ©)

Over 1000 racks - 19" 22" & 24" wide
3 to 44 U high. Available from stock !!
Call with your requirements.

FICEECOVETELTELIICE

VO ECPECREICTEONIY,

TOUCH SCREEN SYSTEM

The ultimate in 'Touch Screen Technology” made by the experts -
MicroTouch - but sold at a price below cost !l System consists of
a flat translucent glass laminated panel measuring 29.5 x 23.5 cm
connected to an electronic controller PCB. The controller produces
a standard serial RS232 or TTL output which continuously gives
simple serial data contaning positional X & Y co-ordinates as to

where a finger is touching the panel - as the finger moves. the data
instantly changes. The )(q& Y information is given at an incredible
matrix resolution of 1024 x 1024 positions over the entire screen
size It A host of avallable translation sottware enables direct con-
nection to a PC for a myriad of applications including: control pan-
els, pointing devices, POS systems, controllers for the disabled or
computer un-trained etc etc. imagine using your finger with
‘Windows', instead of a mouse ! (a driver is Indeed available !) The
applications for this amazing product are only limited by your
imaginationit CompleteI system includin% Controller, Power Supply
and Data supplied at an Incredible price of only:

Full MICROTOUCH software support pack / £145. 00 {B)
8nd manuals for IBM compatible PC's £29.95 RFE - Tested

LOW COST RAM & CPU’S

INTEL '"ABOVE' Memory Expansion Board. Fulllength PC-XT

and PC-AT compatible card with 2 Mbytes of memory on board.

Card is fully selectable for Expanded or Extended (286 processor

and above) memory. Full data and driver disks sugplledA RFE.

Fully tested and guaranteed. Windows compatible. 59.95(A1)

Half length 8 bit memory upgrade cards for PC AT XT expands

memory either 256k or 512k In 64k steps. May also be used to fill

in RAM above 640k DOS limit. Complete with data.

Order as: XT RAM UG. 256k. £34.95 or 512k £39.95 (A1)

SIMM SPECIALS

1 MB x 9 SIMM 9 chip 120ns £16.50 (A1

1MBx9 SIMM 3 chip 80ns £19.50 or 70ns

1MB x 9 SIMM 9 chip 80 ns £21.50 or 70ns

4 MB 70 ns 72 pin SIMM_-with parity- Only d

INTEL 486-DX33 CPU £55.00 INTEL 486-DX66 CPU £69.00 (A1)
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £££

FANS & BLOWERS

EPSON DO412 40x40x20 mm 12v DC £7.95 10/ £65
PAPST TYPE 612 60x60x25 mm 12v DC £8.95 10/ £75
MITSUBISHI MMF-D6D120DL 60x60x25 mm 12v DC £4.95 10/ £42

MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10/ €49
MITSUBISHI MMF-09B12DH 92x92x25 mm 12v DC £5.95 10/ €53
PANCAKE 12-3.5 92x92x18 mm 12v DC £7.95 10/ £69
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110
or 240 v £6.95. 80 x 80 x 38 mm - specify 110 or 240 v £5.95
IMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL
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Figure 6: Details of the hard-wiring

solder-pins, ‘holders, and then add the
‘components. in both cases work mod'bm the
board as this reduces the risk of ¢ sm!id'ﬂmﬁ—
errors. The link wires are made from pieces pt 24 sygutn'pcd
‘copper wire.

Although some of the wires are quite long It Is nat essential
to usé sleeving over any of them.

However, they must be quite taut so that there |s no danger
of them coming Into contact with any of the component leads
or solder pins.

Fitting the components is largely straightforward, but bear in
mind that the 4016BE used for IC2 is a CMOS device, and
that it therefore requlres the standard anti-static handling
precautions. Note that IC5 has the opposite orientation to the
other integrated circuits, and that it will probably be destroyed
if it is fitted the wrong way round.

D1 and D2 are germanium diodes, and are more vulnerable
to heat damage than normal silicon semiconductors.

Take extra care when fitting these components, and make
sure that each soldered joint is completed reasonably swiftly.
C9 can be an electrolytic capacitor (with the positive lead
connected to pins 2 and 6 of IC5), but the tolerances and
leakage levels of electrolytic capacitors are both relatively high.

, a ey s | .

difficult to rapidly and accurz switch the effect in and ot
You may prefer to use a large pushbutton switch oﬂﬂb.bmt
to-break type.

With a switch of this type the effect ?s*'ndrr‘nally switched fo
but is activated while the pushbutton switch is operated.
Details of the hard wiring are provided in Figure 6.

This diagram should be used in conjunction with Fig.4 (e.g.
point “A™ in figure 4 Is connected to point “A” in figure 6).

The wiring Is very straightforward and should present no
difficulties. There Is no need to use screened leads to make the
connections from the board to the jack sockets.

The latter are shown as insulated (plastic bodied) sockets in
figure 6, but open style sockets are equally suitable. Insulated
jack sockets normally have a couple of extra tags which
connect to switch contacts.

These are of no consequence In the present application,
and they are simply ignored.

In use
The guitar connects to JK1 using standard screened jack lead.
JK2 is connected to the input of the guitar amplifier, and a
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screened lead should also be used here. Start with VR1 at a
roughly central setting. This is definitely not a subtle effect, and
with S1 set to activate the unit the effect on the output signal
should be very obvious at any setting of VR2. The best setting
for VR1 can be found by trial and error.

If it is set too far in a counter-clockwise direction the output
signal will be cut off while the input signal is still at quite a high
level. Setting it too far in a clockwise direction could result in
the unit having a reluctance to cut off when the input signal
has fully decayed.

There should be a reasonable range of in-between settings
that give good results, and the adjustment of VR1 is not
critical. Bear in mind that some of the best sounds can be
obtained by using two effects units in series.

ftis well worthwhile trying this effect in conjunction with any
form of distortion effects unit.
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ROCESS TIME
and

ONTROLLE

WITH EXTERNAL 1/0 INTERFACE

A PIC16C54 Microcontroller Application by Tim Parker

Power Supply Interface

In part 1 of this project in last month's ETI, we PIC16C84 for the main controller includes software routines to

presented the main controlier board for the Process make use of both the input and output channels in ways that

Timer which, as explained in the article, is designed will be explained shortly.

to perform the task of a darkroom timer. Here, in the Simplicity of connection between the various boards for this

second part of the project, we present the project was high on the list of priorities during the design
accompanying power supply as outlined previously. This not stage. To this end, all the interface boards are self-contained
only allows the main Process Timer board to be powered via (as far as they can be), all have the same size of expansion bus
its expansion bus connector, but also provides a single channel  connector with standardised terminations, and they can all be
input and single channel output interface. The programmed connected together using a single 34-way ribbon cable fitted

Figure 1. The circuit of the power supply and single-channel I/0 interface.
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Figure 2. Connection details to the PCB
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provides the main +5V supply output on the expansion
bus connector (terminal 1) to power the main Process
Timer and any imterface boards that are connected to it.
Capacitors C2 to C5 are placed close to IC1 so as to
reduce high frequency noise on the supply lines, and
stabilise IC1 against the possibility of oscillation.

Input and output channel

The I/O interface of the power supply makes use of the
O/P1 and I/P1 port lines of the Process Timer
expansion bus. O/P1 - on terminal 19 - is the output
signal for TR2 and TR3, which themselves form a
Darlington transistor and are used to switch the output
relay RLA1. The jumper link JP1 allows the relay to be
disabled if not required, for instance, when a different
interface is connected to the expansion bus during
software development for other purposes, where the
operation of RLA1 might become a nuisance. Resistor
R3 ensures that the relay remains in the off (de-
energised) state when the power supply is disconnected
from any form of interface - including the Process Timer.
Darlington drivers have a terrific amount of gain
compared to a single bipolar transistor, and leaving the
base floating will result in the relay ‘chattering’ due to
stray noise pickup.

The contacts of the relay have a single pole changeover
(SPCO) configuration, and are rated to carry the mains
load of the exposure lamp which is connected to them.
The two metal oxide varistors MOV1 and MOV2 provide
a degree of contact suppression in order to reduce the
amount of arcing when the relay contacts are opened
with a live load connected. These are not essential in a
lot of cases, but should prolong the life of the contacts if
an inductive load is used. Obviously, if only an ON/OFF
action is required then a single pole normally open
(SPNO) relay can be substituted, and MOV1 omitted
from the board.

For the input to the Process Timer, I/P1 - on terminal 15
- is used as a light sensor input. Connected to this is
the open collector of transistor TR1, which forms part of
the sensor input circuit based around R1, R2, C1 and

with multiple board edge connectors. If you wish to add a
further board to the expansion bus, it's simply a matter of
adding another board edge connector to the ribbon cable. This
gives us the ability to ‘plug and play’ with the Process Timer at
will. The power supply is no exception to this, apart from the
fact that only one power supply can be connected to the
expansion bus at any time.

Only the regulated +5V supply is brought out to the
expansion bus connector, which is adequate for most interface
purposes. Should you require a higher voltage to that available
on the expansion bus, then there is a connector made
available on the Power Supply board to 'tap off’ the input to
the regulator, which provides a smoothed, but unreguiated off-
load output voltage of about 10 - 12V DC.

The circuit

The basics of the power supply are pretty straightforward. The
6V AC from the transformer T1 is passed through a full wave
bridge rectifier BR1 and smoothed by C6, which results in a
DC voltage across C6 of around 12V with no load connected.
This is applied to the input of regulator IC1, which in tum
produces a stable, regulated +5V DC on its output. This

TR itself on the power supply board. The component
values shown for R1 and R2 allow an ORP12 or other light
dependent resistor (LDR) with similar characteristics to be
connected directly to the power supply board via a 2-pin
connector. The value of R1 can be altered if needed, to suit
varying light level outputs produced by different types of
exposure lamps. If anything, the value of R1 might need
increasing (up) to 100KW to compensate for ambient light.

It should go without saying that the LDR must be positioned
such that a definite change of light level occurs between the
lamp's on and off state, otherwise the Process Timer will
continue timing even when the lamp is off, because sufficient
ambient light will be hitting the LDR. If the light sensing feature
is not required then a jumper link can be fitted to the board
where the LDR would normally connect. This will keep TR1
permanently turned on, and so produce the necessary (low)
‘light on’ signal required.

In order to produce accurate exposure times, it is necessary to
time the exposure only when the lamp is actually lit. This is not
usually a problem with normal incandescent (filament) lamps,
since they light as socn as power is applied (assuming the bulb
hasn't blown, of course). But this darkroom timer application
was designed with another purpose in mind as well: that of
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1

Figure 3. The component layout for the power supply

timing the exposure of photosensitive copper-clad laminate,
used by constructors to produce their own PCBs. The
exposure units used for these purposes are almost invariably
fitted with ultraviolet (UV) fluorescent tubes, and an integral
igniter circuit, which needs time to 'strike’ before the tubes will
light. Anyone who has used these units - particularly the small,
low volume production verslons - will know that when the
tubes and starters begin to age a little, it takes more and more
time from the moment the switch is ‘thrown’ to when the
lamps actually come on. So, starting the time period from the
moment the unit is turned on results in ever-reducing exposure
times, and consequently produces under-exposed boards.
Unfortunately, this will not be discovered until the laminate gets
to the development stage, when you realise that the photo
resist is not going to come off properly. At this point you are left
with three options. The first is to give up and scrap the board
for use at a later date. The second is to start again with a new
board, and the third is to attempt to realign the transparency
over the sections of pattern that are visible, and expose the
board once more. But again, people who have done this know
that under these conditions the exposure time becomes very
critical, and generally this option is not very successful either.
Nevertheless, we still try. Don’t we?

This is where the light sensor comes in. Drilling a suitable hole
in {say) the end of the exposure unit and fitting the ORP12 in it

provides feedback to the Process Timer, which won’t begin or
continue timing until the exposure unit is lit. Furthermore, this
input is monitored continuously throughout the timing process,
so if the lamp goes out half way through the exposure time,
the Process Timer will pause what it's doing, and only continue
timing when the lamp re-lights. Note that the lamp output will
remain turned ON, even if the lamp itself goes out for any
reason during the timing sequence, and for safety reasons no
attempt is made by the software to restart the lamp by turning
it off then on again. If the failed lamp condition remains
indefinitely, the reset button can be pressed on the Process
Timer to turn off the lamp output bit and abort the timing
seqguence. By the way, this is the only button which has any
affect under these conditions.

Construction

WARNING! This is a mains powered project board carrying
potentially lethal voltages, which are accessible at various
points. The board MUST be fitted safely and securely into a
suitable enclosure to remove any possible risk of electrical
shock. It is not intended to be constructed by novice
enthusiasts or persons with no experience of this type of
project. If you are unsure about any aspect of the construction
whatsoever then ask a competent person for help - DO NOT
be tempted to build it yourself.

Ensure that all soldered joints are good, clean and free from
solder bridges. It's important to exercise care when
constructing any PCB, but even more so with mains powered
boards such as these, where nothing less than perfection will
do. There aren’t any awkward components on the board, and
everything is pretty well spaced. The most difficult component
to solder will probably be the transformer T1, since PCB
mounting versions usually have varnished or enamel coated
terminals, which will either require scraping off before soldering,
or burning off extremely well during soldering. Personally, I'd
opt for the first method because this reduces the amount of
time the molten solder is applied to the copper pads, where
excessive time spent soldering may ‘unglue’ the copper from
the board.

For safety reasons the transformer T1, relay RLA1 and the
varistors {if fitted) MOV1 & MOV2 must be soldered as close to
the board as you can possibly get them, with no excess bare
lead showing, and the fuse F1 and fuse-holder MUST be fitted
with a protective insulating cover. By doing this there should be
no easily accessible point on the topside of the board which
has mains voltages on it that could be touched with the
fingers. But this by no means implies that it is still safe to do
SO.

When fitting the board into a suitable enciosure, the safety
aspect which must be observed will dictate how the board is
to be mounted. it should be bolted to the enclosure using all
four mounting points, and nylon stand-offs used to raise the
board to a suitable height to enable the attachment of a 34-
way board edge connector. There are two possibilities for the
positioning of the board within the case. It can either be totally
enclosed inside the case, with the board edge connector
touching the inside of one end, and then a rectangular hole cut
out of the case to accept the whole board edge connector. Or,
the case could have a slot cut into one end to allow just the
edge connector part of the board to be made accessibly
externally.

The second method is better from a safety point of view,
because if the first method is used then an insulating barrier -
made from strips of plastic or nylon - must be firmly fitted
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PROTECTION BARRIER MUST BE FITTED
BOTH ABOVE AND BELOW THE PCB

END OF CASE

BOTTOM OF CASE

Figure 4. Two methods of mounting the PCB

SLOT CUT OUT

END OF CASE ’

BOTTOM OF CASE

internally above and below (so as to be in contact with the full
width of) the board to stop anyone from dropping screwdrivers,
knives, forks, spoons, bits of wire or ANY metal object which
could cause a short circuit to the mains section of the board.
We are not trying to make light of any aspect of this project, it
is a very serious matter that must have your full attention paid
to safety.

Don’t forget this bit ...

in part 1 of this project you may remember that you were
required to bridge together pins 9 & 10 of IC4 on the main
controller board, so that the Process Timer would function
correctly without the power supply/interface connected. This
solder bridge should now be removed before connecting the
two projects together. As mentioned earlier, if you don’t want
to use the light sensing facility of the power supply, simply fit a
jumper link across the two sensor input pins on the power
supply PCB. A point to bear in mind with this, is that if you are
experimenting with your own software on the main controller
and a further interface is connected to the expansion bus, this
jumper link will need removing if you are to use I/P1 as an input
signal from elsewhere. Leaving the jumper link in place will pull
I/P1 low at all times. While on the subject of jumper links, don't
forget to fit one of these to JP1, so as to enable the aperation
of the relay. If you are developing your own software for the
main controller that makes use of the input and output ports of
the expansion bus, and you do not require the use of RLA1,
but still need the power supply connected via the expansion
bus, then remove this jumper link to disable the relay.

In use

if you are currently using a different power supply, and
powering the main controller via the +Vin and OV terminals,
then remove it before connecting this power supply to the
expansion bus. Failure to do so could result in damage to the
regulator circuits on ane or other of the power supply units, not
to mention the main controlier itself.

The Power Supply connects to the Process Timer via a 34-
way ribbon cable fitted with board edge connectors at various
points along its length. If you are making up your own ribbon
cable make sure that all of the connectors are fitted in the
same orientation, that is, pin 1 on all of them connected to the
same ribbon cable strand; be careful not to get any of them
back-to-front - it's very easily done.

Programming

The following software examples demonstrate how to turn the
relay on and off, and also how to read the state of all 7 inputs.
The documented program listing available for this project has
labels defined for all constants and variables used, and is also
more structured, but here the software takes a more direct
approach. The PIC16C54 does not have port C available, but
its address in memory is available as a general purpose file
register (in RAM), so this address is used to store the current
value on the expansion bus input port.

JEDI  RRE XN R KA F AR AR AR AR IR AR A AR Nk

; SOFTWARE FOR USE ON THE DTE PROCESS
TIMER/CONTROLLER BOARD.

; (c) 1996 TIM PARKER / DTE MICRO SYSTEMS.

; SUBROUTINE TO TURN THE RELAY ON

RLYON

MOVLW E00000000°

TRIS 06 ; SET PORT B AS ALL
OUTPUTS

MOVLW (1 ; SET BIT 1 HIGH
MOVWF C6 ; PUT IT ON PORT B
MOVLW (5 ; GET IC3 STROBE LINE
MOVWF 05 ; AND PULL IT LOW
MOVLW 07 ; GET ‘ALL OFF’' CODE
MOVWF 05 ; SET ALL STROBE LINES
HIGH

RETLW 00 ; AND RETURN FROM
SUBROUTINE

; SUBROUTINE TO TURN THE RELAY OFF

RLYOFF

MOVLW B‘00000000°

TRIS 06 ; SET PORT B AS ALL
OUTPUTS

MOVLW 00 ; SET BIT 1 LOW

MOVWF 06 ; PUT IT ON PORT B
MOVLW 05 ; GET IC3 STROBE LINE
MOVWF 05 ; AND PULL IT LOW
MOVLW 07 ; GET 'ALL OFF’' CODE
MOVWF 65 ; SET ALL STROBE LINES
HIGH

RETLW 00 ; AND RETURN FROM
SUBROUTINE

; SUBROUTINE TO READ THE EXPANSION BUS INPUT PORT.
; ON EXIT, FILE REGISTER f7 CONTAINS THE 8-BIT
RESULT

READBUS

MOVLW B’11111111°

TRIS 06 ; SET PORT B AS ALL
INPUTS

MOVLW 04 ; GET IC4 STROBE LINE
MOVWF D5 ; AND PULL IT LOW

MOVF 06,00 ; GET DATA ON

PORT B IN ‘W’
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MOVWE 07 ; AND STORE IT IN f7

MOVLW 07 ; GET ‘ALL OFF’ CODE
MOVWFE 05 ; SET ALL STROBE LINES
HIGH

MOVLW B’00000001"

TRIS 06 ; AND RESTORE RBQ
FOR INPUT

RETLW 00 ; RETURN FROM SUBROUTINE

sk hhdhhhkh Ak kdhhdhhhkddhd rdhhddhdddrk
;

Other uses

The standard operation of the Process Timer as a darkroom
timer only uses I/P1 for light sensing. However, by changing
the software it is possible to make the program respond in an
entirely different way. For example, you could connect a
footswitch across the sensor input pins on the power supply,
and alter the software so that this acts as a second focus
button during the ‘Command’ mode, and as a ‘pause’ input
during the ‘Run’ mode.

The flexibility provided by software - as opposed to
hardware - modifications gives you far more control over these
types of projects than ever before. You may, for instance, want
the lamp to remain on during the ‘pause’ time, or you might

prefer the lamp to go off but leave the timer running as normal.

You might even want to pause the entire process. The use of
microcontrollers makes these modifications very easy to
implement.

Another use for the input - based on PCB production -
could be to detect whether or not the lid of the UV exposure
unit is closed before actually turning on the light and starting
the timing sequence.

This could be achieved by the operation of a microswitch
fitted to the outside of the unit, and activated via a simple
actuator arrangement. In both these examples it doesn't
matter whether the switch you use is normally open (N.O.) or
normally closed (N.C.), since this can be detected in software
and responded to accordingly.

Whatever your preference, this, and more, can all be
accommodated by re-programming the PIC. And don’t forget
that you are not limited to just one input.

The power supply only makes use of I/P1, so there are
another 6 available for you to play with, or all 7 if you leave the
sensor terminals on the power supply unconnected (open
circuit). Next month we will present a further board to
complement this project. This will be a software development
board for programmers wishing to use the main controller for
their own interface purposes, and allows software to be tested
out without connecting the Process Timer to any proposed
target interface.

KITS and BITS available

A complete kit of components for the Process Timer
PSU/Interface, which includes everything in the parts list
except items marked *, is available from the author by mail
order only at the following address:

DTE MICRO SYSTEMS
112 SHOBNALL ROAD
BURTON ON TRENT
STAFFORDSHIRE
DE14 2BB

Component kit for the Process Timer PSU/Interface: £21.50
(Kit includes the PCB and all other necessary items)
The PCB can be purchased separately if required for:£7.80

A suitable (undrilled) ABS plastic enclosure: £3.90

Parts available from Part 1 of this project. Please note although
we printed samples, the complete listing is too long to print out
in full in the magazine:

Component Kit for the process timer main controller; £29.50
{Kit includes D/S PCB and programmed PIC16C54)

The double sided PCB is available separately at: £9.00

A programmed PIC16C54 is available separately: £8.50

Fully documented Source Code text on 3.5 inch disk: £8.50
{The complete Source Code + various other files)

Fully documented Source Code listing - printed copy: £8.50.
(The complete Source Code printed out on paper)

A suitable smart (undrilled) sloping front enclosure: £8.00. (The
PCB was designed specifically to fit this case)

1 metre pre-assembled 34-way expansion bus cable: £4.00
(fitted with three 34-way expansion bus connectors)

Al prices are inclusive, but please add £2.50 to the total order
value to cover carriage and handling charges. f ordering from
overseas, payment must be in pounds Sterling (£) and
cheques/bank drafts/money orders etc. must be drawn on a
British bank. Goods will normally be dispatched within five
working days from receipt or order, but please allow up to 28
days for delivery.

7805 +5V Vi
T31,2 BC547 NPN Tr
T33 BFYS51 NPN T

I
Miscellaneous
12l 500mA 20mm Fuse
: 0.1” Jumper Link :
metal oxide varistor (2 off) *
12V SPCO PCB Relay
0-6-0-6 / 6VA PCB transformer
- 20mm PCB fuseholder
Plastic Cover To Suit Above
$ Heatsink for IC1

>12 Light Dependant Resistor

pitch PCB Terminal

n Header - 2.54mm
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OLD OFFICERS MESS,
HOO FARM, HUMBERS LANE
HORTON, TELFORD, SHROPSHIRE,
ENGLAND. TF6 6DJ
PHONE: 01952 605451

FAX: 01952 677978

7408 UHF GENERATOR 0.1-1120MHz ADRET TF2005  AF OSCILLATOR MARCONI
2230A  FREQUENCY SYNTHESIZER 1MHz ADRET HER61A — AMBLIEIER HP MK/612A  JITTER METER MEGURO
5104 DRIVING SYNTHESIZER 90-120MHz ADRET HP4B3A  MICROWAVE AMPLIFIER HP MV/823A  RF MILLIVOLT METER MILLIVAC
VM77E  AC VOLTMETER ADVANCE | HP491C  MICROWAVE AMPLIFIER Hp CAPACITANCE METER/CY PLOTTER MS|

OXYGEN ANALYZER ANACON HP5004A  SIGNATURE ANALYZER Hp D5155  AC POWER ANALYZER NORMA
215172  AC/DC BREAKDOWN LEAKAGE & IONISATION AVO HP5006A  SIGNATURE ANALYZER HP D41354  MULTI FUNCTION METER NORMA
61278 PROGRAMMABLE SCOPE CALIBRATOR BALLANTINE | HPS150A  THERMAL PRINTER Hp D4155  PRECISION WATT METER NORMA
NJZ-900-JN CELLULAR TESTER RC HP5245L  ELECTRONIC COUNTER HP PM5132  FUNCTION GENERATOR 0.1Hz-2MHz PHILIPS
82AD MODULATION METER BOONTON | HP5246L  ELECTRONIC COUNTER HP PMI3 50MHz SCOPEMETER PHILIPS
928 RF MILLIVOLTMETER BOONTON | HP5254C  FREQUENCY CONVERTER .15-3GHz He PM6613  UNIVERSAL COUNTER 250MHz PHILIPS
728 CAPACITANCE METER BOONTON | HP5256A  FREQUENCY COUNTER 8:18GHz HP PMS520  MONOCHROME TEST GENERATOR PHILIPS
236 SYNTHESIZED DIGITAL SIGNAL GENERATOR BRAOLEY | HPS302A  50MHz UNIVERSAL COUNTER HpP PM5162  SWEEP GENERATOR PHILIPS
h N3N 15MHz DUALOSCILLOSCOPE CROTECH | HPS304A  TIMER COUNTER Hp PM2423  DIGITAL MULTIMETER PHILIPS
30A DIGITAL MULTIMETER DATATECH | HPS328A  UNIVERSAL COUNTER Hp PM5715  PULSE GENERATOR 1Hz-50MHz PHILIPS
1061 AUTOCAL DIGITAL MULTIMETER DATRON HP5328A  UNIVERSAL COUNTER Hp PM3055  OSCILLOSCOPE 35MHz PHILIPS
1061  AUTOCAL DIGITAL MULTIMETER DATRON HP5335A  UNIVERSAL COUNTER "e PMB32  RCL BRIDGE PHILIPS
1065A  AUTOCAL DIGITAL MULTIMETER DATRON HP5342A  MICROWAVE FREQUENCY COUNTER He PM5018  1Hz-1MHz FUNCTION GENERATOR PHILIPS
1030 RMS VOLTMETER DATRON HP5370B  UNIVERSAL TIME INTERVAL COUNTER e PM2522  AUTOMATIC MULTIMETER PHILIPS
1030A  AMS VOLTMETER DATRON HP59301A  ASC11 TO PARALLEL CONVERTOR HP PM7821  POWER METER PHILIPS
1055 DC VOLTMETER DATRON HP59306A  RELAY ACTUATOR % PM78®  SWR METER PHILIPS
3105 PRECISION POWER 7 HARMONIC ANALYZER DRANETZ | HPS9307A  VHF SWITCH Hp PM5508  PAL COLOUR TV PATTERN GENERATOR  PHILIPS
LOWSPEED OPICAL TACOMETER DUCKLIN :.’;ggg%ﬁ YA/’!{)FCSOVKJTE::TER :,’; PE1511 g%wsn gUPELRV oA zgﬂrai -
EIP545A MICROWAVE FREQUENCY COUNTER EP 11058 |GNAL GENERATOR 80-2.4GHz
PSG1000 SYNTHESIZED SIGNAL GENERATOR 10Hz-1GHz FARNELL | HES3501A gzl%sv?é.arssgpg@?sum ROGRAMMER e At02 mxssgm gszg}gg ?,g:
TSV Wkt POWER SUPRLY FARNELL | HPMIA  DC POWER SUPPLY 020V 014 e 3159 FUNCTION GENERATOR PSI
CT587/1  INSULATION TESTER FARNELL HPE130C  DIGITAL VOLTAGE SOURCE Hp A102 WAVEFORM GENERATOR PSI
T30/2  POWER SUPPLY FARNELL HP62618 DG POWER SUPPLY Hp URV3 MILLIVOLTMETER 10KHz-2GHz RAS
™2 AC/DC MILLIVOLTMETER FARNELL HP6S518  TEST OSCILLATOR Hp SMUV SIGNAL GENERATOR 10KHz-130MHz RES
DM13t  DIGITAL MULTIMETAT FARNELL HPE75A  SWEEPING SIGNAL GENERATOR HP RACAL 9008 MODULATION METER RACAL
2085 AF POWER METER FARNELL HP676A  PHASE/AMPLITUDE TRACKING DETECTOR  HP RACAL 9916 UHF FREQUENCY COUNTER RACAL
DSG1  SYNTHESIZED SIGNAL GENERATOR FARNELL HPG920B  METER CALIBRATOR Hp RACAL 1998 FREQUENCY COUNTER RACAL
LFM2  SINE/SQUARE OSCILLATOR FARNELL HP7530A  GRAPHICS PLOTTER i RACAL 9303 TRUE RMS RF LEVEL METER RACAL
MP30-80  AOTO RANGING POWER SUPPLY FARNELL HPB00SB  PULSE GENERATOR ik RACAL 9839 UHF FREQUENCY METER RACAL
H60.50  AUTO RANGING POWER SUPPLY FARNELL HPBOOSB  PULSE GENERATOR Hp RACAL 9914 VHF FREQUENCY METER RACAL
AP100-90A AUTO RANGING POWER SUPPLY FARNELL A ?:SSE gE:E’Wg" ha RACALG301A RF MILLIVOLTMETER TRUE RMS RACAL
| oSt ARG PREL MM DSl ccomwon | oo Rl cobTe g
- f A
s BTG AT METER FEEDBACK | HPBA10A  NETWORK ANALYZER HP | RAGAL $00¢ DIGITAL MULTIMETER RAGAL
1 RTS2  RECORDER TEST SET FERAOGRAPH | HPB410A  NETWORK ANALYZER ol RACAL 5003 DIGITAL MULTIMETER RACAL
7261A  UNIVERSAL COUNTER/TIMER FLUKE HPB411A  HARMONIC FREQUENCY CONVERTOR HP RACAL 1500 DELAY PULSE GENERATOR RACAL
335D DC VOLTAGE STANARDNOLTMETER FLUKE HP8412A  PHASE MAGNITUDE DISPLAY HE RACAL 110 GPIB INTERFACE RACAL
8520A  DIGITAL MULTIMETER ’ FLUKE HPB412B  PHASE MAGNITUDE DISPLAY Hp RAGAL MA1105 BARGRAPH RACAL
S DA MOTMETER T HPB413A  PHASE GAIN INDICATOR HP S A sl R
25 DIGITAL MULTIMETER FLUKE HPB41aA  POLAR DISPLAY Hp RACAL 4800 DIGITAL VOLTMETER RACAL
19534 COUNTER TIMER FLUKE HPB4148  POLAR DISPLAY e RACAL 1200 UNIVERSAL SWITCH CONTROLLER RACAL
8000A  DIGITAL MULTIMETER FLUKE HPB418A  AUXILIARY DISPLAY HOLDER = RACAL 4023 100MHz OSCILLOSCOPE RACAL
8600A  DIGITAL MULTIMETER FLUKE HP8443A  TRACKING GENERATOR/COUNTER HP RACAL 4600 DIGITAL MULTIMETER RACAL
1 8050A  DIGITAL MULTIMETER FLUKE HPB443A  TRACKING GENERATOR/COUNTER HP RACAL 9932 INSTRUMENT INTERFACE RACAL
8010A  DIGITAL MULTIMETER FLUKE HPB444A  TRACKING GENERATOR 51.3GHz e RACAI. 9523 VLF COUNTER/TIMER RACAL
12324 TUNED AMPLIFIER 7 NULL DETECTOR GRC HPB4458  AUTOMATIC PRESELECTOR e RACAL 8105 RF MICRO WATT METER RACAL
362 200-920MHz UHF OSCILLATOR GRC. HPB4470  0.1-1300MHz AMPLIFIER Hp RACAJ. 9300 RMS VOLTMETER RACAL
GR101A  SIGNAL GENERATOR 12-18GHz GIGA HPB447F  0.1-1300MHz AMPLIFIER Hp RACAL 9058 SELECTIVE ANALYZER HF RACAL
201 20MHz PULSE/FUNCTION GENERATOR GLOBAL HPB477A  CALIBRATOR hE RACA. 9059 FREQUENCY PERIOD METER RACAL
05300  20MHz OSCILLOSCOPE GOULD HPBG14A  SIGNAL GENERATOR el RAGAL 9082H SIGNAL GENERATOR RACAL
054000  OSCILLOSCOPE GOULD HPB6260A  RF PLUGHIN 12.4-18GHz Ke RACAL 5001 DIGITAL MULTIMETER RACL
J38 SIGNAL GENERATOR GOULD HPB640B  SIGNAL GENERATOR HIE LOM52-2  LOW DISTORTION MEASURING SET  RADFORD
DSO1604 20MHz OSCILLOSCOPE GOULD HPB6BAB  SIGNAL GENERATOR §.4-12.4GHz Hp LDO4 LOW DISTORTION OSCILLATOR RADFORD
1C314  TIMER COUNTER GOULD HP86GOB  SWEEP OSCILLATOR Hp GK203N  DRIVE UNIT REDIFON
0S250A  OSCILLOSCOPE GOULD HP87098  SYNCHRONIZER HP SD1 DRIVE UNIT EDIFON
054000  OSCILLOSCOPE GOULD HP87098  SYNCHRONIZER Hp WK2142  MARINE DIGITAL WATCH RECEIVER __ REDIFON
5761 RESISTANCE BRIDGE HTINSLEY | HPB717A  TRANSISTOR BIAS SUPPLY HPp SUF2  NOISE GENERATOR RHODE & SCHWARZ
RF 2305 RECEIVER EXCITER HARRIS HPB740A  TRANSMISSION TEST UNIT Hp SIGNAL GENERATOR 10KHz-130MHz  RHODE & SCHWARZ
VC-6041  DIGITAL STORAGE OSCILLOSCOPE HITACHI HPB741A  REFLECTION TEST UNIT 0.1-2.0GHz HP DPX-2200 PLOTTER ROLAND
DMS-6430 DIGITAL MEMORY SCOPE IWATSU HP8742A  REFLECTION TEST UNIT 2.0-12.4GHz i DG-DXY-885 PLOTTER ROLAND
HP10254A SERIAL TO PARALLEL CONVERTER HP HPB7438  REFLECTION TRANSMISSION TEST UNIT18GHz HP 261 600MHz FREQUENCY COUNTER SAYROSA
HP 11713A ATTENUATOR/SWITCH DRIVER HP HPB745A  S-PARAMETER TEST SET 0.1-2.0GHz Hp 4418 FUNCTION GENERATOR SCHLUMBERGER
HP118598 AMPLIFIER SWITCH HP HP8750A  STORAGE NORMALIZER Hp A220  DIGITAL MULTIMETER SCHLUMBERGER
HP118598 AMPLIFIER SWITCH HP HPB901A  MODULATION ANALYZER Hp 7005  MICROPROCESSOR VOLTMETER SCHLUMBERGER
HP1220A 15MHz OSCILLOSCOPE HP Y5508 SOMHz OSCILLOSCOPE HTACH | {170  FREQUENCY RESPONCE ANALYZER  SCHLUMBERGER
HP1415  DISPLAY SECTION HP SAS8130  WAVEFORM ANALYZER IWATSU | 2712 UNIVERSAL COUNTER SCHULMBERGER
HP141A  OSCILLOSCOPE HP S5:5416A SYNCHROSCOPE DC-40NMHz LAl 02155 LEVEL METER SIEMENS
HP1600A LOGIC STATE ANALYZER HP KETHLEY 2000 MULTIMETER KEITHLEY | 7xpa304 WATT METER SIEMENS
HP1725A 275MHz OSCILLOSCOPE HP mn MICROVOLT DIGITAL MULTIMETER KEMTHLEY | poiss  200Hz-620KHz LEVEL METER SIEMENS
HP1727A  275MHz OSCILLOSCOPE HP 17 TRMS DIGITAL MULTIMETER KEITHLEY | TEK3G DATA ANALYZER SONY/TEKTRONIK
HP1740A 100MHz OSCILLOSCOPE HP 179/20A  TRMS MULTIMETER KEITHLEY | 37008 DISTORION MEASUREMENT SYSTEM SOUND TECHNOLOGY
HP1740A OSCILLOSCOPE HP 1.0Hz-100KHz PHASE METER KEMO 5000A SWEEPER CW 7000 DISPLAY UNIT  SYSTRON DONNER
HP1740A OSCILLOSCOPE HP KIKUSUIPLZ10 ELECTRONIC LOAD 100W 15120V KIKUSUI M107  PRECISION DC VOLTAGE SOURCE  SYSTRON DONNER
HP1741A  OSCILLOSCOPE HP TOS8850 Wil AUTO TESTER . KIKUSUI TEK 212 OSCILLOSCOPE TEKTRONIK
HP181IA  MAINFRAME C/W 1804A + 1825A HP PLZ1002W POWER SUPPLY DC INPUT 1000W KIKUSUI TEK 455 OSCILLOSCOPE TEKTRONIK
HP181A  OSCILLOSCOPE HP R ;ﬂ[‘gg '82»4%%’158‘“0 KROWNHITZ | TEK 577 CURVE TRACER TEKTRONK
P K
Hoatotn IFTBE TRANSMITTER e LOC-7005  OSCILLOSCOPE CALIBRATOR LEADER | TEKyin SIGNAL GENERATOR TEKTRONIK
HP32008B VHF GENERATOR HP LCR-740  LCR BRIDGE LEADER TEK106 SQUAREWAVE GENERATOR TEKTRONIK
HP3325A  SYNTHESIZED/FUNCTION GENERATOR HP TM3B AC MICRO VOLTMETER LEVELL TEK214 STORAGE OSCILLOSCOPE TEKTRONIK
HP3330B  AUTOMATIC SYNTHESIZER HP PG-2B PULSE GENERATOR LYONS TEK443 OSCILLOSCOPE TEKTRONIK
HP33308  AUTOMATIC SYNTHESIZER HP PG-73N  PULSE GENERATOR LYONS TEK4t5 OSCILLOSCOPE TEKTRONIK
HP3336A SUNTHESIZED/LEVEL GENERATOR HP PG7IN  PULSE GENERATOR LYONS D4  OSCILLOSCOPE TELEQUIPMENT
HP334A  DISTORTION ANALYZER HP PG-22 PULSE GENERATOR LYONS D67A  OSCILLOSCOPE TELEQUIPMENT
HP3400A RMS VOLTMETER HP i A METER MARCON! | D83 OSCILLOSCOPE TELEQUIMENT
N DI VOTMETER © VOTMETER B2 TE2010A  SIGNAL GENERATOR 80KHZ1040MHz  MARCONI | 70001 FRACKING GENERATOR TEXSOAN
HP3456A DIGITAL VOLTMETER HP TF2370  SPECTRUM ANALYZER 110MHz MARCONI | yg608 SWEEP GENERATOR TEXSCAN
HP34658  DIGITAL MULTIMETER HP TF2370  SPECTRUM ANALYZER 110MHZ MARCONI | Taz460 20MHz LOGIC ANALYZER THANDAR
HP3480D DIGITAL VOLTMETER HP TF2833  DIGITAL LINE MONITOR MARCONI | ¢5 15664 20MHz OSCILLOSCOPE TRIO
HP3490A MULTIMETER HP i ‘F’,"éﬁa'g‘é&zs“ m:gg:'l SSB LEVEL GENERATOR 10KH2-110MHz WAG
HP35677B S-PARAMETER TEST SET 100KH2-200MHz  HP L SO A MARGOM | ESI2. 200uz4 Witz LEVEL GENERATOR wag
HPas7IA TRAGKING SPECTAUM ANALYZER He OA2805A  PCM REGENERATOR TEST SET MARCONI | gpy622 SIGNAL MONITOR WwaJ
HP3571A  TRACKING SPECTRUM ANALYZER HP TF2091C  NOISE GENERATOR MARCONI | £12037 TAPE CONVERTER 84
HP3571A  TRACKING SPECTRUM ANALYZER HP TF21708  DIGITAL SYNCHRONIZER MARCONI | y758™ PROGRAMMABLE SIGNAL SOURCE  WAVETEK
HP3580A SPECTRUM ANALYZER HP TF2173  DIGITAL SYNCHRONIZER MARCONI | g07a  SIGNAL GENERATOR 7-12.4GHz AVETEK
HP3581C  SELECTIVE VOLTMETER HP TF2169  PULSE MODULATION METER MARCONI | 1g5"  5MMz INLOGIC SWEEP GENERATOR  WAVETEK
HP3562A  SPECTRUM ANALYZER HP TF2000  AF OSCILLATOR MARCONI | yi7  WF SWEEP GENERATOR AVETEK
HP3591A  SELECTIVE VOLTMETER HP Trese7  LEVELLING AMPLIFIER MARCONI | 454  30MHz SWEEP GENERATOR WAVETEK
HP3702B  IF/BB RECEIVER HP TF2424  FREQUENCY COUNTER MARCON! | Bgog  AUTOMATIC BRIDGE WAYNE KEAR
HP3762A  DATA GENERATOR HP JF2430  80MHz DIGITAL FREQUENCY METER MARCONI | gg>  COMPONENT BRIDGE WAYNE KERR
HP3763A  ERROR DETECTOR HP TF2431  200MHz DIGITAL FREQUENCY METER  MARCONI | yay04  STABILIZED RF RATIO METER WEINSCHEL
HP3770B  TELEPHONE LINE ANALYZER HP TF2432  560MHz DIGITAL FREQUENCY METER  MARCONI | 443'g 460 POWER SUPPLY WEIR
HP3780A  PATTERN GENERATOR ERROR DETECTOR HP TF65508  PROGRAMMABLE POWER METER MARCONI | 559 = | EVEL METER WILTON
HP3781A  PATTERN GENERATOR HP TFE5508/1 PROGRAMMABLE POWER METER MARCONI | paca FREQUENCY METERS: 9904M,9906,9902, 9905, 9901, 9904
HP37818  PATTERN GENERATOR HP | TE2437 * 100MHZ UNIVERSAL COUNTERTIMER  MARCONI 9918, 9912, 5911, 9915M, 9914, 9913,
HP3762A  ERROR DETECTOR HP TF2833A  DIGITAL LINE MONITOR MARCONI 9910, 9915, 1998, 9921, 5918,
HP3782B  ERROR DETECTOR HP § IEE050S |FRECUGHOGHETER MARCONI | TEKTRONIK PLUG INS: ocsos, DM501, SA18N, 5B10N, DC504,
R e A N e G OrDEH 0 TF2701  UNIVERSAL BRIDGE MARCONI 203, Decoy Fas0s. DF1. OF2. 7001,
HP3964A  INSTRUMENTATION RECORDER HP TF2828A  DIGITAL SYNCHRONIZER MARCONI DCSOSA DC502 apt 1, DMS01A, PS503A,
HP4204A  OSCILLATOR HP TF2831  CHANNEL ACCESS SWITCH MARCONI PG50, FG504, TBS3A, 7870, TA18, 7A26,
HP431C  POWER METER HP TF2830  MULTIPLEX TESTER MARCONI TAY, 7TH, 7811, 7D, 7A13, 7A12, 7880
HP432C  POWER METER HP TF2807A  PCM MULTIPLEX TESTER MARCONI TA15A, 7BSt, 7A18, 7010, 5010, SA18A,
HP4333A  DISTORTION ANALYZER HP TF2829  DIGITAL ANALYZER MARCON] 5A20N, 5B10N, 5A14N, 78924, 7001, 7685,
HP434A  CALORIMETRIC POWER METER HP Ul EES%%EIPA‘E“QWE"%H R 7887, 7A16A. 1
HP435A  POWER METER HP |
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in Europe in the iate 1e'omi s usually possible to
route lﬂ?‘lﬁm inland so as to avoid "eving 20
aoss wide river estuaries. That meant thet there was
no need to davelop wireless systere like t1ose that
were a vital gart of the telegrapt system i parts of

the Empi-e such as Inda. Nevertheless, in the UK tere was a
regl neec for a reliable wireless telegraph link to reach
lighthousss on remote islands, particularly the Needles and
Fastnet Rook, where rcugh seas and the rocky landfal mads it
impractica to tring sutmarine cables up onto “he shcre.

Electromagnetic induction systems wers reected “o- this
use because the smali surface area of the Neecles a1d Fastnet
Rock could not accommodate the widely spac=d dectroces
needed by the Preece system that was usad expermentally on
Flatholme Island in the 3evern Estuary. The waves whch
periodically swept over the islands also precluded the
inszallation of the type of large-diameter inductos Ls23 with
the Stevenson system {ntended for, but never actualy instal ed
on. Muckle Flugga r the Shetland islands).

e

—

Water

The choszn solution ‘~as to employ the sea water itsef as the
conductar over the final stretch to the islands, tus evoiding the
need to trirg a cable ashore. The original plan -equised a pair of
submarine cables exiending from shore in the form of 3 *V” t¢
emrbrace the island. However, because of what | have called the
“3€0-d=grees pnenomenon®, it was found to be possibe tc
disdense with one of these cabes. As a result, 3 single-cable
system evolved. The single cabie system was adoptec for the
Nezdles ard Fastnet, where it proved to be highiv sLcs2ssful,
and ye: this remarkable and seemingly unig.z “vdreless’ system
is row almest forgottan. So this study looks at “he plikesophy
and evoluticn of this urusual ard ingenious sys'em

The “V” system

The “V” system was conceived by Willoughby Smith as a
means of extending electric telegraphy to woozen Igtships
anchorzd offshore, whare the use of contiruoLs cables was
out of the guestion. During small scale trials, V¥ fougtby Smith
extandad a pair of cables insulated with gutta zerchatrom a
lakesids in the form of & “V". The cables terminated in a pair of
copper electrodes placed on the lake bed 30 &s to ambrace a
rowing boat. Electrodes were attached to the boat's bow and

s e By > ———

PRIMARY ELECTRODES 1
ON LAKE BCTTOM

LAKE

SECONDARY ELECTRODES
ATTACHED TO BOAT

Figure 1: Willoughby
Smith's experimental
“V" system - the watar
completes the circuit

A

stern under its waterline, and these were connected to a
galvanometer, as in figure 1.

The submarine cables and electrodes are refe-rad to in this
study as the “primary circuit”. The electrodes on the bcat or
island, together with their connecting wires, are referred ta as the
“secondary circuit”. The same applies to the singie wire systern.

The philosophy of the “V" system was that when the
primary circuit was energised, the secondary circuit would
provide a lower rzsistance path between the two prirr ary
electrodes than the intervening water, and the galvanometer
would indicate a current. However, because the resistance of
the galvanometer was higher than the intervening watsr it
merely indicated a potential difference.

Willoughby Smith found that the galvanometer indizated a
current only when the boat was aligned with the primary
electrodes. The current fell to zero when the boat was rotated
through 90 degrees. This prevented its use with lightships
which swing around their anchors.

Nonetheless, the “V” system potentially provided e ectric
telegraphy to lighthouses on rocky islands, so long as the
secondary electrodes could be aligned with the pimary
electrodes. Unfortunately this was not always feasible.

The single cable system

However, as already mentioned, the 360-degree phenomenon
made it possible to dispense with one of the two submarine
cables of the “V" system. The complementary elactrode could
be placed in the sea near the shore, as in figure 2. The single
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SECONDARY ELECTRODES ATTACHED
TO BOW AND STERN OF SHIP

DISTANT PRIMARY

ELECTRODE
s
SEA
SHIP CAN SWING 360°
AROUND IT'S ANCHOR
COMPLEMENTARY OR SHORE

END PRIMARY ELECTRODE INSLILATIED CABLE

Figure 2: The single
cable system
designed for use
with lightships

TO SHORE STATION

cable not only significantly reduced the cost of the system but,
far more significantly, the secondary electrodes could be
aligned radially at any angle with the distant primary electrode,
s0 avoiding the problems inherent in the “V” system.

If the distant electrode was placed on the sea bed adjacent
to a lightship’s anchor, signalling could continue as the ship
swung around its anchor, as it figure 3. Although the single
cable system was proposed for use with lightships, | have no
record of it actually being used; presumably this was because
wooden lightships were rapidly being replaced with steel ships.

On the other hand, the single cable system seemed
inherently suited for communication with lighthouses on rocky
islands where problems had been experienced in bringing
cables ashore. See figure 4.

360-degree conduction

The 360-degree phenomenon was observed by Trowbridge in
the USA around 1880. He found that a potential difference
occurred across a pair of fairly closely spaced probes Inserted
into the soil radially to the earthing rod of the earth return
circuit of a telegraph-land-line The potential across the probes
remained fairly constant at various radial positions to the
earthing rod, as in figure 5, a result which was surprising at the
time.

The fact that a potential developed across probes even
when they were inserted when on the “far” side of the-earthing
rods caused Trowbridge to dismiss the concept of current
flowing through the earth from one rod to the other; Trowbridge
reasoned that if this was the case, a potential would develop
across the probes only when they were aligned between the
two earthing rods.

Instead, Trowbridge visualised the earth as a massive
capacitor, where, during charging or discharging, the current
converged or dispersed radially over the earth’s surface.
Incidentally, the pioneers were puzzied as to how the current
found its way from one earthing rod to the other; the capacitor
concept offered some explanation.

Steinheil

Remarkably, Steinheil had already shown that current does
indeed flow from one earthing rod to the other, but rather than
take the short, direct route it spreads out in a pattern simitar to

the magnetic field lines of a bar magnet. See figure 6. In
modern terms, the explanation for this is that the current is
proportioned among 4ll the possible paths according to their
relative conductivity, i.e. each path may be regarded as a
separate resistor, and the current which flows in it can be
calcutated by Ohm’s law.

The electrical characteristics of the earth can be roughly
modelled as a vast grid arrangement of resistors.

Theoretically, the current flow lines extend to infinity, and this
phenomenon was studied by Steinheil and others as a possible
medium for a wireless telegraph system. Indeed, a wireless
system based on current ow lines was actually employed for
extending the telegraph system in India across rivers too wide
to be spanned by overhead cables. Nonetheless, it can be
seen in figure 6 that the current flow lines extend from earthing
rods over 360 degrees and this created the effect observed by
Trowbridge. However, this phenomenon only reaches an easily
measurable level when the distance separating the earthing
rods is much greater that that of the probes. Also, one of the
probes must be close to one of the earthing rods. There.is
clearly more current flow to be measured in the direct line
between the electrodes than in other directions, with the least
being measured in a direction directly away from the other
electrode. If the measurement electrodes are close together,
and the excitation electrodes far apart, the currents are aimost
the same, while moving the excitation electrodes closer
together increases the differences in measured current.

in the bath

To determine whether the 360-degree phenomenon occurred
in water, Willoughby Smith conducted small scale trials with
electrodes and probes in a wooden trough. | reproduced his
experiments in a domestic bath, and the following notes
ilustrates the principles of Willoughby Smith's single cable
system. The bath was partly filled with water and the primary
electrodes, consisting of 1p coins (which also have the
advantage of being cheap) were spaced along its length as
shown in figure 7a. The connecting leads were pressed against
the coins by means of plastic clothes pegs.

A pair of probes, representing the secondary electrodes on
a wooden ship or rocky island, were made up from-bare

PRIMARY
ELECTRODE

— -l

SECONDARY ELECTFODES
SEA BED

on the 360-degree phenomenon
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copper wire 1.0mm in diameter and 50mm long, attached to a
piece of plastic. See figure 7a.

Once the electrodes were energised with 6 volts, a potential
developed across the probes when they were aligned radially
at any angle with an electrode, demonstrating the 360-degree
phenomenon occurring in water, as in figure 7b.

It is interesting that the probes also allowed me to trace the
current flow lines as first visualised by Steinheil (see figure 6).

In the lake.

Impressed by the resluts of his wooden trough experiment,
Willoughby Smith moved his experiments to a lake. One
electrode was placed on the lake bed some distance from the
bank, and the complementary electrode was placed in the
water close to the bank.

The secondary electrodes were attached to the boat in the
same way as for the “V" system. As with the wooden trough
experiment, the spacing of the primary electrodes was many
times greater than that for the secondary electrodes. At that
time, many telegraph signals were read by observing the swing
of a galvanometer needle, and the lake tnals apparently
indicated that in a practical system the potential across the
secondary electrodes would be sufficient to give consistent
galvanometer readings. Furthermore, the swing of the needle
would be large enough to allow reliable signalling when the
secondary electrodes were aligned radially at any angle to the
primary electrode.

Patent
The outcome from the lake trials was that in 1887, Willoughby
Smith and W P Granville (of the Telegraph Construction

Figure 5:
Trowbridge's
demonstration of

PROBES INSERTED AT
VARIOUS POSITIONS

RADIALLY TO THE
the 360-degree EARTHING ROD
phenomenon TO GALVO
o
o
& — e e e———
~—. ) 2 O
EARTHING RODS —
OF TELEGRAPH o
RETURN CIRCUIT

EARTHING RODS

S I ——

CURRENT FLOW UNES

Figure 6: Current flow lines as visualised by Sheinheil.
Theoretically these extend to infinity

DOMESTIC BATH

TO DMM
Figure 7a: 4»(¢ u
Simple 600mm / 50mm
demonstration of the 360- 10mm
degree phenomenon
/ \ 280mv

(]
04— 300mV—p0 @ Ol 280mV 0

ELECTRODE ~ PROBES

Figure 7b: Potential across
probes at various positions
radial to an electrode

Company) secured a patent for their system. This was followed
in 1982 by the Trinity Board placing the Needles lighthouse at
the disposal of the Telegraph Construction Company so that
the practicability of the single cable system could be proved.

As the decision to go ahead with the Needles system was
based on the lake trials, 1 decided to reproduce these trials to
gain a greater insight into the operation of the system.

The Needles and Fastnet system, together with some notes
on the reproduction of the Willoughby Smith lake trials, will be
described in the second part of this article.

Practlcal appllcatlons

(NIDI

ELECTRONICS TODAY INTERNATIONAL

62



Transform your
PC into an
Oscilloscope.

Never before has it been so easy to S ——
capture information about a signal. The | ‘
ADC 200 simply plugs into the paraliel
port of your portable or desktop PC, no
complicated setting up - just run the ‘
software and start measuring. With the
advanced PicoScope Software, your
computer can be used as a high speed -
50 MSPS Dual channel Digital Storage
Oscilloscope (DSO), 25MHz Spectrum
Analyser, Frequency Meter or Voltmeter.
New scope

Fnbeaansnd |

B

The ADC 200 breaks the price/
performance barrier for DSO
( fo-' less l:hanhﬂ tht

Auto voltage
range selection

Button Bar provides
access to most frequently
used features

' The 50 MSPS unit is priced at £499.00
and the 20 MSPS unit is £359.00.

Both unils are supplied with cables, power supply
and manuals. Carriage UK £ 3.50 Overseas £ 9.00

Call for free demo disk and
catalogue on 01 954 211716

AMER |H|’I
|.h.l..l‘

Pico Technology Ltd. Broadway Housg, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ UK
Tel: + 44 (0)1954 211716 Fax: + 44 (C)1954 211880
E-mail: post@picotech.co.uk Web: http://www. picotech.co.uk/

Technology Limited

Phone or FAX for sales, ordering information, data sheets. technical support. All prices exclusive of VAT
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BSB decoders

BRUNEL

3R Cardware &
Communications
Satellite & Communication Wholesale

D2 MAC DECODERS FROM ONLY £119

BSB / D2 MAC Decoder Conversion Kits for
Phillips STU902, Ferguson SRB1 & Nokia

ORANGE PHONES & ACCESSORIES

NOKIA 2140 ONLY £69
MOTOROLA MR20 FROM ONLY £29
NEW DANCALL NOW AVAILABLE FROM ONLY £59

PIC BUSTERS FROM ONLY £49

COME AND SEE OUR COMPLETE RANGE OF
PRODUCTS AT THE FOLLOWING RADIO RALLIES
18th Aug’96. THE GREAT EASTERN RALLY
KING LYN
1st Sept ‘96. BRISTOL RADIO RALLY

8th Sept ‘96. THE LINCOLN HAMFEST
LINCOLN SHOWGROUND
15th Sept ‘96. SANDOWN EXHIBITION CENTRE
SANDOWN RACECOURSE
3R CARDWARE TEL 01246 455150 - 455945
FAX 01246 455650
anv'smm - POTTERY LANE EAST - CHESTERFIELD - DERBYSHIRE - S41 say

o

™

Ora

from only £49

CENTRE

AN5521 135 STK73410/2 595 TDA5660P 2.50
ANS732 1.40  STK73605 450 TDA7072 3.99
AN6327 9.85 STR441 14.75 TDA8370 14.00
ANEBET7 850 STR451 2500 TDA8405 8.00
BA5114 155 STR3125 550 TDA8732 5.95
BAG218 185 STR4211 550 TEA2018A 1.50
BAG6219 120 STR4090 11.15 TEA2026C 450
HA11423 1.65 STR20005 500 TEAS5170 1.40
HA13119 250 STR40090 4.00 TUA2000-4 4.25
KAB210 4.99 STR50103A 3.85 UB84B 2.35
LA3220 0.60 STR54041 3.75 U46068 5.50
LA4183 1.35 STR58041 3.75 UAA1008 3.00
LA4445 1.90 STR80001 6.00 UPC1178 1.05
LA4495 1.40 STR1706 4.75 UPC1182H 5.15
LA4588 255 STRD1806 450 UPC1278H 2.20
LA7835 2.35 STRD6008 10.00 UPC1420 4.50
LB1415 225 TA227 1.85 UPD1937 3.00
LM301 025 TA7271 250 25A814 0.7
LM317T 1.50 TA7280 225 25A839 1.40
magé%?l 4.;5 ¥A7281 220 25A1062 1.00
4 675 TA7698 5.00
M51393 595 TA8200 3.50 ELECTROLYTIC
CAPACITORS
M58655 330 TA8210 8.00 _ismrie itk
orking
MB3730 170 TA8214 3.00
1UF (5/pack) 1.00
MB3756 8.00 TA8215 3.00
4.7UF (5/pack) 1.50
STKO78 6.00 TA8205 3.95
10UF (5/pack) 1.70
STK435 4.00 TAB659 13.00
« 22UF (each 0.40
STK461 6.00 TA75339 330F {oach ise
STK2250 745 TDA1908A 200 oy oA o
STK4121/2 7.00 TDA2170 300 yooF egch) 129
STK4141/2 550 TDA2270 250 JO0UF feac! :
STK4142/2 6.50 TDA3500 499 e ack;‘g a0
STK4162/2 6.25 TDA3562A-TFK 325 ,Sn0 (g, ack) ieh
STK4171/2 8.10 TDA3562A-PAILL 325 juip oFA e
STK4191/2 850 TDA3562A-SSSG  3.00 o (ooch 0.75
STK4352 6.20 TDA3645 8.00  35UF (oach) e
STK4372 5.65 TDA3650 899 Z g
STK4803 7.05 TDA3850 1899  CERAMIC FILTERS
STK4843 7.05 TDA4400 1.75 5.5MHZ SFE (5/pack) 2.40
STK5315 585 TDA4500 3.50 6.0MHZ SFE 5/pack; 2.40
STK5332 1.80 TDA4505A 410 6.5MHZ SFE (5/pack) 2.40
STK5338 325 TDA4505B 4.0  10.7MHZ SFE (5/pack)2.40
STK5361 4.15 TDA4505M 525 5.5MHZ CDA (5/pack) 2.40
STK5372 285 TDA4505K 6.15 6.0MHZ CDA (5/pack) 2.40
STK5372H 415 TDA4660 J 6.5MHZ CDA (S/pack) 2.40
STK5412 3.75 TDA4950 10MHZ CDA (5/pack) 2.40
STK5471 3.85 pm .
STK6732 SR Please phon
STK7226 7.50 i )
STK7308 4.05
STK7308 4.05 J.J. COMPONENTS
STK7348 4.05 63 THE CHASE, EDGEWARE

STK7356

MIDDX. HAB 5ON. ENGLAND
STK7004

Hotlines No 081 381 1700/081 952 4641

STK73410 Free Fax order Line only : 0800 318498

General Fax 081 381 1700

PHONE FOR OUR FREE 1396 CATALOGUE

E HAVE THE WIDEST CH@ICE OF USED JRiseral it i

w
OSCILLOSCOPES IN THE COUNTRY  [yemmvetuioapo e

TEKTRONIX TASA85 Dual trace 100MMZ Delay/Cursors -.X1100
TEKTRONIX 2445 4Ch. $00MHZ DelayCursors.
HP. Type 54200A Dighizing Oscittoscope SOMHZ
PHILIPS PM3295 Dual Trace 350MH2 Deday Cursors.
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep..
TEKTRONIX 2215 Dual Trace 60MHz Delay Sweep.
TEXTRONIX 2213 Dual Trace 60MHz

HAMEG 605 Dua? Trace 50MHZ Delay

1500
£1000

400

PHILIPS PM3217 Dual Trace 50MHz Delay Swoep
HITACHI V423 Dual Trace 40MH Delay Sweep
GOULD 0511000 Dual Trace 30MHZ
MITACHI V223 Dusil Tiace 20MHz Delay Swaep
KIKUSUI 55304 Dual Trace 35MHz.
GOULD OS300 Dual Trace 20MHz (N0 Handbe)
HITACHI V209 Duai Trace 20MHz Mains Battery..
PHILIPS PMB7 Dual Uace SOMMZ e Dig Storage 25M'S
LEADER LCD100 DMWSCOPE 200KHZ Dig Storage LCD display
TEKTRONIX 468 Oua Trace 100MHz Delay Swoep Dxg Storage
HITACHI VC5041 Dual Track 40MHz Digral Storage
H.P. 1741A Dual Trace 100MHz Analogue Siorage
TEKTRONIX 434 Dual trace 25MHZ Analogue Storage..

THES 15 JUST A SAMPLE - MANY OTHERS AVAILABLE

MARCONI 2019 Syntheszed AMFM Sig. Gen B0KHZ- 1040MH;.......L17"
H.P. 86408 500KHZ-512MHZ Phaselock/Syn Dig Fre Readout Sig Gen
H.P. 86404 AMFM Sig Gen 10.24MHz

4H.P. 8620C Sweep Oscalator Man: Frame onty

T A

g

Y

.. £1500
WEG Selective Level Meter SPM1 1 with Hamon Distribution Analysec
PSEY

HP. 4277A LCZ Meter with Test

Fixture. £3000
MARCON! TFZ331A Disiorbon Fackor Mele« 20Hz 20KHz 0.05% unused. .. £225
MARCONI TF8938 Audio Power Mater Sinad., €250
MARCONI TF2163 Attenuator DC-1GHz 2100

RAS Video Noise Meter UPSF2 with UPSF2E2 10MHI7-40MHZ
MP 8160A Programmable Prac Puise Gen 50MHZ

H.P 4364 Power Meter with B401A £1250
PHILIPS PM5134 Swoep Func Gen 0.001Hz-20MM2 Sine/Sq/Tn etc . £500
PHILIPS PMS190 Syn Func Gen 0.001Hz-2MH: Sine/Sq/Tr 750

£1500
A

H.P. 5006 Sgnature Analyser - L _£150
HP. 50044 Sgnature Anatyse . 00
H.P. 84958 Attanuaor DC-18GH2 0-7008 in 1008 Steps £350

HATFIELD 2105 Afteualor S0ohi

RACAL 8008 Auto Mod Meter 1.5 Mhz-29Mz

SCHLUM BERGER STABILOCK 4201 Test Sar
ROBINS OM6S5 Dighal LIC Mete! - Unused

DHLOG (Seaward) RC-24 RCCB Test Unit. Un-used
DI-LOG (Soaward) LT22 Line Earth Loop Tesior Unused

BRUEL & KJOER EQUIPMENT AVAILABLE
PLEASE ENQUIRE HAMEG OSCILLOSCOPE HM1005 Tripie Trace 100MHZ
Delay T e
HAMEG OSCILLOSCOPE HM604 Dual Trace 50MH: Delay Sweep . 1653
SPECTRUM ANALYSERS HAMEG OSCILLOSCOPE HM03 Dual Trace 30MHz Comp. tester. . (422
HAMEG HMZ05-3 Dual Trace 20z Dighal Storage 553
H.P. B565A 0.01-22GH2 24000 Tooddla . a1 Gl Do
TAKEDA RIKEN CA41228 100KHz - 1500MHz 2300 . veae 3, NpeI s W 2
HP. 182 with 85588 100KHZ-1500MHz from £1500 BLACK STAR EQUIPMENT (PBP ali urvts £5)
HP. 1417 with 85554 & 85528 10MHZ - 18GMz. £1700 | APOLLO 10 100MHz Counter Timer AatoPenod/Time i atc. 222
HP. 1417 with 85548 & 85528 500KHz - 1250MHz . -£1200 | APOLLO 100 100MHz [as Above with more functions) k225
HP. 1417 witn 85538 & 8552A 1KH2 - 110MHz -=-£800 | 1325 Frequency Periad Counter 1.3GHZ. 2149
HP. 141T with 8553L 4 85524 1KHZ - 1 10MHE.. E700 | JUPITOR 500 FUNCTION GEN 0.1Hz.500kHz Sne/Sq/Th £125
WW\ROON: trmhr‘omm . :‘:&M‘:l ﬁ‘a ORION COLOUR BAR GENERATOR Pat'TVAideo -£200
. i . Black Star equipment avaiable
P, 3582A Dual Channel 25KMz. £2000 AN B S d
HLP. 3580A SHz-50KHz 1000 | OSCHLLOSCOPE PROBES Swiched X1 X10 (P&P £3) ., . £13

21750

RACAL 1998 Frequency Counter 1 3GHz (Options GPIB $High, Stab)
HP. 1991 Ureversa) Counter Tamer 160MHz 9
MARCONI 2437 Unwversal Counter/Timer DC = 100MHZ 8 0!cweu 2875

MARCONI 2430A Frequency Counter 10Hz-80MH: B digit - E125
RACAL 9916 Frequency Counter 10Hz - 520MHz. 75
HP. 34354 3172 dight Multimeter AC/DCIONMS/Curment LED. £108
RACAL 99064 Unwersa Counter Timer 10Mz - 200MHZ £250
MARCONI 2610 True RMS Voltmeter with GPIS. £850
SOLARTRON 7150 6% - 3% digt DMM with IEEE {n0 handie) £350
SOLARTRION 7045 4% dight Multmeler Yolts/ )
THANDAR 1503 4% Drgit Muftmeter with Adaplor £75
Fluk 77 Hanghekd DMM 3172 digit with case, €100
Fiuhe B050A BenchPoriable DMH 41/2 digit True RMS £228
Fluke 8010A BenchPortabie OMM 3172 digit Trus RMS £150
WAVETEK 1824 Func Gen 0.0044MHZ Sine/SQArVTTL etc
THANDAR TG501 Func Gen 0 0005Hz-SMHZSine’Sq/TvRamp/Putse/etc £175
GOULD J3B SineSquare Oscilator 10HZ - 100KHz . 150
FEEDBACK FGB00 Sina'Sq/T 0.1Hz - 1000Hz. £60
UNAOHM EPSO1 Audio Analyser £350
PHILIPS PM5565 Wavetorm Monitor £300
PHILIPS PMBS17 Videp Ling Selector £200
FERROGRAPH RTS2 Racorder Tost Set £250
KEMO Dual Varabse Fifer VBF/3 0. 1Hz - £200
LEADER LSG216 Signal Genaralor. £480
PHILIPS PM5509 Colowr Pattern Generator £250
BLACK STAR ORION Colour Bar Generator 2950
MARCON! TF2700 Urwersal Brage Battery Operated from €150

WAYNE KERR 8424 Digtal Component Meier LCR.
HEALTHKIT 1B ALC Brdge.

FARNELL LF1 Sine/Square Oscltator 10HZ-IMHZ ... ..cowmmemeimnf 7S
FARNELL LFM2 Sine/Square Oscikator 10HZ- IMHZ..

SORENSEN DCR600-4.58 0 - 500 Vois 0 - 4 SAmps £700
#4.P. 6266 0 - 40 Voits. 0 - 30Amps. £500
FARNELL APS0-50 0-60¥, 0-50A. AUto ranging. 1000
FARNELL £30/10 30 VoRs 10 Amps Vansble £150
FARNELL L30-50-30 VoRs 0-5 Amps -2 Meters 2150
FARNELL L30E 0 - 30¥oRs 0 - 5Amps Metered. £100
FARNELL L30-2 9 - 30Votts 0 - 2Amps Metered £80
FARNELL LT30-1 0-30 Vois 0-1 AMp. Twicte.... £13%0

FARNELL L30-10-30 Voits. 0-1 Amp. Metered £08
THURLBY-THANDAR TSP3222 Programmable 32V: 2Amp Twice GP1B.
-£500

Dngatal
THUALBY PL3200MD 0-30V: 0-2A Twice Digital..
BRANDENBURG Mode! 472 + 3KV Metered.

MANY OTHER POWER SUPPLIES AVAILABLE

NEW EQUIPMENT

£200

Used Equipment - Guaranteed.

This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage.

Manuals supplied if possibie.

STEWART OF READING

E 110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Tel: 01734 268041 Fax: 01734 351696 casers woicome 9am 1o 5.300m MON-FFI

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX ¢ 0131 667 2611

The supplier to use if you're looking for -
* A WIDE RANGE OF COMPONENTS AIMED AT
THE HOBBYIST »
* COMPETITIVE VAT INCLUSIVE PRICES *
* MAIL ORDER - generally by
RETURN OF POST %
% FRIENDLY SERVICE *
* 1995/96 CATALOGUE NOW AVAILABLE

Open: Monday-Thursday 9.15-6.00
Friday 9.15-5.00 Saturday 9.30-5.00

Price £2.00 %
EN ——

BADGER & BOARDS

80 Clarence Road, Erdington,Birmingham B23 6AR
Don’t call us, call talking pages.
it's free on:- 0800 600 900
Mobile 0378-296 356

Printed circuit boards from Schematic to finished

design Boards available from H.R.T. -
Radcom - Practical Wireless Short Wave Magazine -
Elektor - ETI - HiFi World and more. Prototype One -
Off PCBs. Kits Projects & Built units.
Schools, Colleges and Industry Catered for.
Club Talks.

Shop now open within half a mile
of Spaghetti Junction M6.
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SUBSCRIBE FOR ONLY

AND RECEIVE TWO EXTRA ISSUES

DON’T MISS THIS SPECIAL OFFER TO ENJOY ELECTRONICS
TODAY INTERNATIONAL ON SUBSCRIPTION FOR JUST £12.40
FOR 6 MONTHS - WITH TWO EXTRA ISSUES |- R E E

Simply complete your details below.
Direct Debit Offer
O Yes, please start my subscription to ELECTRONICS TODAY INT.
| will pay £12.40 every 6 months (6 issues) by Direct Debit from my bank.

Plus 2 FREE issues with your first payment.

O Please commence my subscription from the next available
issue. Please quote subscription number if renewing/extending.

Your Details

Name (Mr/Mrs/Miss) Initial ....... Surname
Address.............

Post Code
Telephone: ......cooooviiiiiiiiiicciiiie e,

Direct Debit Instructions

! This card instructs your bank or building society to make payments
direct from your account. Please fill in parts 1,2,3,4, & 6 and then
send to us at the address below. Banks and Building Societies may
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5. Ref. No. . (Cffice use only)
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Practically

Speaking

BY TERRY BALBIRNIE

ver the next few months, we shall look at the
topic of choosing the right connecting wire for
the job in more detail. It is assumed that this is
of the copper-core type. Resistance wire (using
materials other than copper) will be looked at
later. Also, the canfusing subject of standard wire gauge will
be discussed at a later time. A length of copper wire has a
certain resistance even though this is likely to be low. For
example, a 100 cm length of wire with a diameter of 0.5 mm
will have a resistance of some 0.09 ohm. A longer piece of
similar wire will have a proportionally greater resistance so 200
cm would have a resistance of about 0.18 ohm and so on.

A bit thick

For a given length, a thicker wire has a lower resistance than a
thinner one. This may be pictured as water finding it easier to
flow through a wide hose pipe than a narrow one.
Mathematicians will tell you that doubling the diameter of a
circle will give four times the area. In simple situations, current is
carried throughout the whole cross-section area of the copper.
Since wire usually has a circular cross-section, it may be
expected that a certain length of wire having a diameter 0.5 mm
will have four times the resistance of one having a diameter of 1
mm. There is alsc a temperature effect - the resistance of a
given piece of wire increases with temperature. Between zero
and 100 degrees C it rises by about 40%. For this reason,
figures are often quoted for 20 degrees C which is about room
temperature. When current flows through the resistance of a
wire, heat is produced and the temperature will rise. The heat is
glven off (dissipated) from the surface and passed to the air.
Although a long wire of given diameter will have a higher
resistance than a short one, the greater length provides a
proportionally greater surface area over which the heat can be
dissipated. This will usually present a smaller problem than wire
which is too thin for the purpose. This will overheat, burn the
insulation and possibly cause a fire (see photograph).

Check it out

Although 100 cm of wire having a diameter of 1 mm will have
one-quarter the resistance of the same length of some having
a diameter of 0.5 mm, this is not to say that it can carry four
times the current. This is because, although the cross-section
area is four times greater, the surface area from which the heat
escapes is only double. Readers with mathematical ability
could check this point by regarding the wire as a cylinder. The
maximum current which may be carried by a piece of wire wilt
therefore depend on its diameter in a non-linear way. For
example, a wire of diameter 0.5 mm would need a current of
more than 2A, to raise it to a temperature of 100 degrees C in
free air. A wire of 1 mm diameter would need only 5A for the
same temperature rise - not 8A as might have been expected.
An important point to note is that the current rating of a wire

will need to be reduced if it is routed in a confined space, or
where it is grouped with other wires. A bundle of wires will
have a smaller effective surface area than the wires taken
individually. The heat wil therefore find it more difficult to
escape. The rating will also be less for connecting wire where
the heat must pass through plastic insulation which is a poor
conductor of heat. Itis usually unwise to work to the limit of a
wire’s current casrying capacity.

Keeping cool

To give some practical examples. The popular type of insulated
single-strand connecting wire describedt as “1/0.6" has a single
0.6 mm diameter core. The cross section area is 0.28 mm and
the current carrying capadity is quoted as 1.6A. This is the
current at which it will still remain cool. If it was used In a
restricted space, or bundled with other wires, it would be wise to
re-rate it to, say, D.8A.

The insulated wire described as “7/0.2" - i.e. seven strands
each having a diameter of 0.2 mm has a slightly smalier cross
section area than “1/0.6" at 0.22 mm and is rated 1.4A. In
certain pieces of equipment such as battery chargers, a large
current is often encountered. Suppose the maximum current is
3A. The type of wire known as “32/0.2" (i.e. 32 strands each of
0.2 mm diameter) and having a cross section arza of 1 mm
would be a good choice. This is rated at 6A.

It's 101 the cup of tea that's smoking.
Wire can overh2et easily # it is tbo g 1‘{
lightweight for <ha currert it is carrving.
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NEW SPECIAL OFFERS

New mini waterproof TV camera 40x40x15mm
requires 10 to 20 volts at 120mA with composite video
output (to teed into a video or a TV with a SCART
é;) it has a high resolution of 450 TV lines Vertical
380 TV lines horizontal, electrordc auto Iris lor
nearly dark {1 LUX) to bright sunlight operation and a
pinhole lens with a 92 degree field of view, it focuses
down 1o a few CM. It is litted with a 3 wire lead (12v
gnd and video out).

57 + VAT = £109.95 or 10+ £89 32 + VAT = £104.95.
H»gh quality stepping motor kits {all including stepping
motors) ‘Comstep’ independent control of 2 stepping
motors by PC (Via the parallel port) with 2 molors and
software.

Kit ........£67.00 ready built . £99.00
Software support and 4 digial lnputs kit . . . . £27.00
power interface 4A kit . .£36.00
power interface BA kit £46.00

Stepper kit 4 {manual control) Includes 200 step
stepping motor and control circuit £23.00

Hand held transistor analyser it tells you which lead is
the base, the collector and emitter and if it is NPN or

PNP or (aulty £33.45
LEDs 3mm or 5mm red or green .7p each
yellow 11p each
cable ties . . . lp each £5.95 per 1000
£49.50 . peri
Rechargeable Banenes
AA (HP7) 500 mAH £0.99
500mAH with solder tags £1.55
AA 700 mAH £1.75
C (HP 11) 1.2AH .£2.20
2AH with solder tags .£3.60
D {HP2) 1.2AH .£2.60
D 4AH with solder tags £4.95
PP3 8.4V 110mAH .£4.95
1/2AA with solder tags £1.55
Sub C with solder tags .£2.50
AAA (HP16) 180mAH £1.75
1/3 AA with tags (philps CTV) . £1.95

Standard charger charges 4 AA calls in 5 hours or
4Cs or Ds in 12-14 hours + 1xPP3 (1, 2, 3 or 4 cells
Ybechar ed at a time) {

power ¢l A?er as above but charges the Cs and
Ds in 5 hours AAs Cs and Ds must be charged in 2s
or 4s £10.95
Nickel Metal Hydryde AA cells high capacity with no
memory. Il charged at 100ma and discharged at
250ma or less 1100mAH capacity (lower capacny |or
high discharge rates).
Special offers please check for availabilit
stick of 4 42 x 16mm nicad bafteries 171mmx16mm
dia with red & black leads 4.8v £5.95
5 bunon cell 6V 280mAh battery with wires (Varta
5x250DK; £245
Shaded pole motor 240Vac 5mm x 20mm shatt 80 x
60 x 55mm excluding the shaft £4.95 each
115v ac 80v dc motor 4mm x 22mm shaft S5Omm dia x
60 long body (excluding the shatt) it has replacable
lherma fuse and brushes . . £4.95 each £3.95 100+
7 segment common anode led display 12mm .£0. 45
L LM337k T03 case variable regulator £1
£1.44 1000
GaAs FET low leakage current SB873 £12.95 each
£9.95 10+ £7.95 100+
BS250 P channel mosfet £0.45, BC559 transistor .
95 per 100
BC547A transistor 20 for £1.00
74LS05 hex invertor £10.00 per 100, used 8748
Microcontrolier £3.50
SL.952 UHF Limiting amplifier LC 16 surface mounting

package with data sheel £1.95

DC-DC convertor Reliability model V12P5 12v in Sv

200ma out 300v Input to output Isolation with data

£4.95 each or pack of 10 £39.50

Hour counter used 7 digit 240v ac 50Hz £1.45

QWERTY keyboard 58 key good quality ¢ cwllchez new
6.00

Alrpax AB2903-C large stepping molor 14v 7.5’ step
270hm 68mm dia body 6.3mm shatt £8.95 or £200.00
for a box of 30
Polyester capacitors box type 22.5mm lead pitch
0.9uf 250vdc 18p each 14p 100+ 9p 1000+
fut 250vdc 20p each. 15p 100+, 10p 1000+
1uf 50v bipolar electriytic axial leads 15p each, 7.5p 100+
0.22uf 250v polyester axial leads 15p each, 7.5p 100+
Po'ypvopylene tuf 400vdc (Wima MKP10) 27.5mm
g:‘ch 32x29%17mm case 75p each 60p 100+

ilips 123 series solid aluminium axial lbads
33uf 10v & 2.2ut 40p each, 25p 100+
Philips 108 series long lite 22uf 63v axial 30p each
15p 1000+
Multilayer AVX ceramic capacitors all Smm pitch 100v
100pf, t50pt, 220pf, 10,000p! {10n) 18p each, Sp
100+, 3.5p 1000+
SOOpI compression tnmmer
40 ut 370vac motor start capacitor {dialectrol rype
conlaining no pcbs) £5.95 or £49.50 for 10
Solid cal resistors very low inductance ideal for
RF circuits
270hm 2W, 68ohm 2W 25p each 15p each 100+ we
have a range of 0.25w 0.5w tw and 2w solid carbon
resistors please send SAE for list
P.C. 400W PSU (Intel part 201035-001) with standard
motherboard and 5 disk drive connectors, fan and
mains inletoutlet connectors on back and switch on
the side (lop for tower case) dims
212x49x149mm excluding switch £26.00 each
£138.00 for 6
MX180 Digital multimeter 17 ranges 1000vdc 750vac
2Mohm 200mA transistor Hie 9v and 1/5v banegglesl

AMD 27256-3 Eproms £2.00 each, £1.25 100+
DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p each
40p 100+
Disk drive boxes for 5.25 disk drive with room for a
power suj gh( grey plastic 67x268x247mm £7.95
or £49.50 for 1
Hand held ultrasonic remote control .£3.95
CV2486 gas relay 30 x 10mm dia with 3 wire
terminals will also work as a neon light 20p each or
£7.50 per 100
Varbatim R300NH Streamer tape commaonly used on
nc machines and pnnting presses efc. it looks like a
normal cassette with a siot cut out of the top £4.95
each (£3.75 100+)
Heatsink compound tube 95p
HV3-2405-E5 5-24v 50mA regulator ic 18- 264vac
input 8 pin DIL package £3.49 sach {100+ £2.25)

LM 555 timer ic 16p, 8 pin DIL socket 6p

All products advertised as new and unused unless

otherwise stated. Wide range of CMOS TTL 74HC,

74F Linear Transislors kits. rechargeable batteries
capacthtors tools efc. always in stock.

Please add £1.95 towards P&P, vat inc. in all prices

JPG ELECTRONICS

FIELD ELECTRIC LTD

Sony new 1-44md 3-5" d/drive’s

Sony 9" super fine pitch Trinitron RGB VDU
AT keyboards for IBM compatibles

9"+12" colour SVGA 800 x 600 NEC
Marconi inst-2830 Multiplex Tester

Marconi Inst-Data Comms Tester

Marconl Inst-Digital Line Monitor

Marconi inst-Digital Analyser

Famell PSU 0-70V 0-5A/0-30V 0.10A
Tektronix DAS 9100 Digital Analysis System
Tektronix 7CT 1N Curve Tracer

Tektronix 7A 14A AMP

Tektronix 7511 DIFF-COMP-

Tektronix 7A13

Wandell & Golterman PMP20 Level Meter
12 VAC 200 watt Transformer

27 VAC 130A Transformer NEW

7 VAC 130A Transformer NEW

£14.50 c/p £2.50

£35.00 c/p £12.50

£7.00 ¢/p £3.50
from £45.95 c/p £14.00

£300.00

£385.00

£350.00

£375.00

£245.00

£175.00

£295.00

£150.00

£100.00

£140.00

£90.00

£15.00

£18.00

£18.00

Field Electric Limited, Unit 2 Willows Link, Stevenage, Herts SG2 8AB

Tel: 01438 353781 Fax: 01438 359397

%% FOR SALE **

DEFENCE & AEROSPACE INDUSTRY
ELECTRONIC EQUIPMENT & COMPO-
NENTS ALL HIGH QUALITY SURPLUS
MANY SPECIALS. WE STOCK 1000 +

ITEMS & IF WE DON'T STOCK IT WE MAY
BE ABLE TO GET IT FOR YOU

PLEASE WRITE OR PHONE FOR LISTS

OR REQUIREMENTS _

MAYFLOWER ELECTRONICS
48 BRENDON ROAD
WATCHET, SOMERSET, TA23 OHT
TEL (01984) 631825 FAX 634245

26th - 29th September 1996
Tie National
0OtIWox 1
& Furniture Exhﬂimtmm

Sandown Park, Esher, Surrey

The

‘Centre of Excellence:
Jo# all woodworkers.

Expert advice
Stunning competition displays
Top quality trade stands
Demonstrations and Lectures
FREE car parking

NEW FEATURES FOR 1996
Kitchen Build - a complete kitchen built
as you watch' - .

Question Box H!g-, experts answering -.
~ all your quesﬁons and demonstrating _'
/ techniques.

Computers for Woodworkers - experience
for yourself the latest CAD technology.

Sandown Exhibition Centre,
- Sandown Park Racecourse,

 Esher, Surrey (10'min drive from M25)

26th - 29th September 1996
Opening Times: 9.30am - 5pm daily
Entrance Prices: Adults £7.50 (£6 advance),

~ Senior Citizens & Children £5.50 (£4 advance)

~ DISCOUNT ADVANCE TICKET
HOTLINE 01442 - 244321
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SUPPLIER OF QUALITY USED

TESTINSTRUMENTS

I | 1 [

Tebruras VR S W e B8

CONTACT

Cooke International

ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, PO22 0OEB U.K.

Tel: (+44)01243 5451112 Fax: (+44)01243 542457
CATALOGUE AVAILABLE

33388
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3388
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CONTACT

Cooke International

ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 0EB U.K.
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
CATALOGUE AVAILABLE

ROBOTICS!

o
<@
LYNX ARM
ROBOT ‘(.ARMAr‘Lﬁ\ h gripper. Cc 1. Uses R/C 105
Ll - J‘]‘AM
STAMP BU e
STAMP™  Dbase ect kit i =
& im. o g

s

MUSCLE WIRES

ONTRACT WHEN ELECTRICALLY HEATED producin an
SERVO - IR - LCD CONTROLLERS
R/C servos

LCD display drivers (Al stand
IR programmabie receivers (7 o

ary T uf
mMLchin

Please call to receive further details on any of the above products

MILFORD INSTRUMENTS

Creative Products for Enquiring Minds
01977 683665, Fax 01977 681465
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CHOPPER TREMOLO

SERVICE MANUALS
& Technical Books
Available for most equipment, any make, age or model.

Return the coupon for your FREE catalogue -

MAURITRON TECHNICAL SERVICES (ETI)
8 Cherry Tree Road, Chinnor, Oxen, GX9 4QY.
Tel- 0I844-351694. Fax~ 01844 352554,

Please forward your latest catalogue for which I enclose 2 x 1ist Class Stamps.

or £3.50 for the compl Service M Is Index on PC -Dise plus catalogue.
NAME
ADDRESS
POSTCODE _
Phosocopy thia coupon if yau do not wish to cut the mmgarine g

LTD sTevenaGE

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

Do you have a requirement for any of the following services:

PCB Assembly (Conventional and  Product Design/Consultation
Surface Mount) Full Procurement Service

Wave & Hand Soldering PCB Test & "Burn In® Facllities
Complete Equipment Enclosure Design & Manufacture
Manufacture PCB Artwork Manufacture
Device Programming from hand Circuits Drawn Professionally
written shts or PC 34" disc Kit Procurement & Supply

Cable Hamess Assembly/loom Component Sales

Manufacture Refurbishment a speciality
Card Cage and Module Wiring Top Quality Work at Reasonable
Full Inspection Rates

Phone Steve on (01438) 360406 or fax details of your requirements to us
on (01438) 352742
EQT LTD, Cromer House, Caxton way, STEVENAGE, HERTS, SG1 2DF

ELECTRONICS TODAY INTERNATIONAL
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VISA

Andy Forder
01442 66551

Send your requirements to:
ETI Classified Department, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage: 75p per word (+ VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£10.50 + VAT per single column centimetre
Ring for information on series bookings/discounts.
All advertisements in this section must be pre-paid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

VARIABLE VOLTAGE
TRANSFORMERS

OUTPUT 0-260V

Price P&P

£31.90 £6.00

(244 53 inc VAT)
£7.

(256 58 inc VAT)
£59.4 £8.50
('£79 78 inc VAT)
'8.65 £8.50

(2102 40 inc VAT)
£139.15
(Plus Camiage)
Buy direct from the Importers. Keenest prices in the country
COMPREKENSIVE RANGE OF

0.5KVA 2.5 amp max
1KVA 5 amp max £41
2KVA 10 amp max
3KVA 15 amp max

5KVA 25 amp max

TRANSFORMERS-LTHSOLATION & AUTO
(110-240V Auto transfer edher cased with Amencan socket and
mains lead of open frame type. Availabie for inmediate delvery.

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquires

ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

4ft 40 watt £14.00 (callers onty) (£16.45 inc VA
21 20 watt £9.00 {callers only) {€10.58 inc VA
12in 8 watt £4.80 + 75p p&p (£6.52 iInc VAT
9in B watt £3.96 + 50p p&p (£5.24 inc VAT)

Bin 4 watt £3.96 + 50p p&p
230V AC BALLAST KIT
For either 6in, 9m or 12In tubes £6.05 + £1,40
PAp (£8.75 inc VAT)
The above Tubos are sultable lor Forged Bank Note
detection, security marking efc.,
Other Wave Lengths of U.V. TUBE avatlable please

telephaone your enquines.
-

400 WATT UV LAMP
Only £38.00 + £4.00 p&p (£49.35 inc VAT)
160 WATT SELF BALLASTED BLACK
LIGHT MERCURY BULB
Available with BC or ES fitting. Price inc VAT
12v D.C. BILGE PUMPS

500 GPH 15H head 3 amp £19.98

1750 GPH 15 head 9 amp £34.56

Also now availabie 24V D.C. 1750 GPH 15 head
§ amp £35.55. All des

& p&p and VAT £25.55
gned 1o be u
submerged. PRICES INCLUDE F&F & VAT

(£5.24 inc VAT)

2

v’

SUPER HY-LIGHT STROBE KIT
Desiged for Disco, Theatrical uses ete.
Approx 16 joules. Adjustable speed £50.00 + £3.00 p&p
{62.28 inc VAT)
Case and reflector £24.00 + £3.00 p&p (£31.73 inc VAT)
SAE for further details including Hy-Light and in-
dustrial Strobe Kits.

SKVA ISOLATION TRANSFORMER
As New Ex-oquipment tully shrouded Line Noise Suppression,
Ultra Isolation Transformer with terminal covers and Knock-out
cable enfrles Prmary 120/240V Secondary 120/240V 5060
Hz. .005 pF Capacttance. Size L.37 x W.19 x H.16cm Weight
42 Kitos. PRICE £120.00 +VAT
ex-warehouse. Camiage on requaest

“BOFFINS SPECIAL"- UNIQUE OFFER
Surptus Precision Medicat Unit, mtemally in excellent cond:tion.
Designed pnmanty to efect a precise controllable amount of fluxd
lmm a medical synnge (latter nol supplied). Contains the

ng removable componenis Dual Micro Processor Boards.

nnd EPROMS Escap Precision 12V OC Motor with 300:1 Gear
Box and omml encoaav coupled 10 a precision threadec drive

mechamsm. Mains supph ywnh&:‘ﬁleCadAA,c’Msbad
up. L.C.D. Dnghal read-out 17mm hgh with legends. Audible
warmi
These afe soid for the dismantiing of the exceptional quality
componenis, regret no Circufls availabie
Ridiculously low price: £20.00 + £4.00 psp
(£28.20 Incl VAT)

24V DC SIEMENS CONTACTOR
Type 3TH8022 DB 2 x NO and 2 x NC 230V AC 10A contacts
Screw or Din Rail fixing. Size H 120 x W 45 x 0.75mm Brand
New Price £7 63 incl. P&P and VAT,
240V AC WESTOOL SOLENIODS
TT2 Mod 1 flal. 1 MAx stroke 1/4 in. Base mounting 1/2in.
stroke 5ibs pull approx. TT6 Mod 1 Rat. 2 Max stroke 1/8 m.
Front mounting 172in. Front mounﬂv? 172 in_stroke 15lbs
mrg; Pnce inct p&p & VAT, TT2 £5.88, TT6 £8.81. SERIES
.64,

AXIAL COOLING FAN
230V _AC 120mm square X 38mm 3 blade 10 wafl Low Noise
fan. Price £7.29 incl. PAP and VAT. Other vottages and sizes
avallable from stock. Please teiephone your enquines
INSTRUMENT CASE
Brand new Manul. by Imhof L31 x H1B x 19cm deep.
Removeable front and rear panel for easy assembly of
components, Grey finish complete with case feet.
PAICE £16.45 INCL. PSP &VAT 2 off £28.20 Inclusive.
SEWING MACHINE MOTOR
Brand new 220/240v AC/DC SEW-TRIC 2 lead Brush Motor.
Stze L. 100mm x H. 720mm x W.55mm. Spindle. 1/4in. dia X 1.
long. £14.10 incl. P&P & VAT
GEARED MOTORS
71 RPM 20ib mch torque reversable 115V AC hpul ncluding
capacitor and transformer for 240V AC operation.
Pﬂca inc VAT & pap £27.73

SOLID STATE EHT UNIT ‘I

Input 230/240V AC, Output approx 15KV. Pmuung Omm spark.
Built-in 10 sec tmer. Easy modified f 0 sec

} contnuous. for boder igrition Dozans of uses in the
heid of physics and nlecvom: eg supplying neon or argon
tubes elc

£8.50 + £2.40 p&p (nzm Inc VAT) NMS

EPROM ERASURE KIT
Build your awn EPROM ERASURE for a fraction of the pnce of
a made-up unit kit of parts less case inciudes 12in 8 watt 2537
Angst Tube Ballast unit, pair of bi-pin leads, neon indicator,
on/oft switch, satety microswitch and circuit £15.00 + £2.00 p&p
(£19.98 inc VAT)
WASHING MACHINE WATER PUMP

Brand new 240V AC. fan cooled. Can be used lor a vanety of

rposes. Inlet 14, outiel 1 in. dia Pnce includes pdp & VAT.

1.20 each or 2 for £20.50 nclusive

MICROSWITCH

Pye 15 amp changeover lever microswitch, type S171. Brand
new price § for £7.05 inc VAT & p&p

Showroom open
Monday/Friday

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWICK LONDON w4 568
FAX 0181-995 0549 0181-995 156!
ACCOUNT CUSTOMERS MIN, ORDER £10

=

Ampie

Parking Space

ELECTRONIC

VALVES

(PROP JIM FISH G4MH)
Over 50,000 valves stocked,
2000 different types,
vintage, military, audio, efc.
Fast service. Send SAE for list
VALVES WANTED FOR CASH
28 Banks Avenue, Golcar, Huddersfield,
Waest Yorks HOD7 4L.2
Tel: 01484 654650/ 420774
Fax: 01484 655699

CHELMER VALVE
COMPANY
130 NEW LONDON ROAD,

CHELMSFORD

ESSEX CM2 O0RG

Tel: 01245 355296

Fax: 01245 490064

For high quality audio valves

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street
Tel: 0151 236 0982 0151 236 0154

47 Whitechapel
Tel: 0151 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5.30

£50 BT INSTRUMENT
FOR ONLY £7.50

We refer to the BT insulation tester and mult-mefer with which
you tan read insulafion directly in megohms AC volts up to 230,
4 ranges of DC volts up o 500, 3 ranges of milliomps ond one
5A tonge ond 3 ronges of resistance, These are in perfet
condition, have hod very litle use, if any, tested and fully
quoranteed (omplete with leads and prods £7.50, Order Ref
1.5P4. Carrying cose which will take smoll took o5 wei] €2 extra.
Postage €3 unless yaur order & £25 and over.

J & N Factors
Dept ETI, Pilgrim Works, Stairbridge Lane, Bolney,
Sussex, RH17 SPA
Telephone: (01444) 831965

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate settiement.
We also welcome the opportunity to quote

for compiete factory clearance
Contact:
COLES-HARDING & CO
Unit 58, Queens Road, Wisbech,
Cambs PE13 7PQ
BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 20 YEARS
Tel: 01945 584188 Fax: 01945 475216

SCIENTIFIC

SW WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW

FAX 0181 559 1114

LEN COOKE
ENTERPRISES
For the best value In Used
Electronic Test Instruments
We buy, sell and service oscilloscopes, signal
generators, frequency counters, spectrum
Analysers, Power meters, logic testers, etc.
Spare parts available for most Textronic

scopes.
Tel: 0181-813-9946
Fax: 0181-574-2339
Mobile: 0802 177752

Mall order address: Unit 5, Southall
Enterprise Centre, Bridge Road,
Southall, Middx. UB2 4Al
We engineer what we buy, we support
what we sell.

ELECTRONIC PLANS, laser
designs, solar and  wind
generators, high voltage teslas,
surveillance devices, pyrotechnics
and com-puter graphics tablet. 150
projects. For catalogue, SAE to
Plancentre Publications, Unit 7, Old
Wharf Industrial Estate, Dymock
Road, Ledbury, Herefordshire, HR8
2HS.

MHicrnoPocvereasarnements

High-resolution Virtual Instrument System

EXPERIMENT AUTOMATION AND DATA LOGGING, A RUGGED EXTRUDED CASE ETC... OUR
SYSTEM COSTS £295 BUILT AND CALIBRATED WITH SOFTWARE AND PSU, OR YOU CAN BUY
THE BOARD FOR OEM use. FOr DETaiLs, PHONE 01642 701786 or 342266.

WE PRESENT A STAND-ALONE
ANALOGUE PORT FOR THE PC wWHICH
OFFERS A UNIQUE BLEND OF Bunp
QuauTy RESOLUTION, AND PRICE. THE
MPM 22 arr (ar 15sps) ADC  Has
PROGRAMMABLE SAMPLE RATE AND GAIN,
2 INPUT CHANNELS, SELF CALIBRATION,
EASY PARALLEL PORT  INTERFACING,
PROTECTED DIGITAL /O, A PROPER
WINDOWS CONTROL ENVIRONMENT WITH
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PRINTED CIRCUIT BOARDS

PC ELECTRONIC, TECHNICAL

AND SCIENTIFIC PROGRAMS |
LOW COST SPECIALIST LIBRARY

DESCRIPTIVE CATALOGUE AVAILABLE

PRICED AT £2.50. COMES WITH £2.00 OFF
MONEY VOUCHER TO PLACE AGAINST

YOUR FIRST ORDER.

PHONE/FAX FOR YOUR CATALOGUE FROM

PDSL, WINSCOMBE HOUSE, BEACON ROAD,
CROWBOROUGH, SUSSEX TNé |UL
TEL 01892 663298 FAX 01892 667473

SMART CARD PRODUCTS
Smartcards, Readers/Encoders,
Evaluation & Development Kits...
http/iwww.gold.net/users/ct@6/epsilon.htm
E-MAIL: epsilon @ powertech.no
EPSILON ELECTRONICS
Brynsengvn.1A,
0667 Oslo, Norway

SMART CARD PCB’S
Blanks for adult/D2mac etc
Season/eurocrypt int, pcb’s
D2MAC 14 ch cards £25 ea
Or made from your design.
Boards-r-us 0121-321 2436

TEUFAX +4722640810

KINDLY | __FOR SALE |
MENTION 2 x Dataman S4
ETI Brand New
WHEN £395 each + VAT or
REPLYING TO both for £645 + VAT
ADVERTS Tel: 01503 250 354

PCB SCHEMATIC AND ART-
WORK LAYOUT, customised
product design, surface-mount
component sourcing and much
more... contact ULTRA-TECH.
Tel/Fax: 0181-472 8213 MOBILE:
0850 973555

PRINTED CIRCUIT BOARDS
manufactured from your sche-
matics or layouts. No minimum
quantity. Phone 01232-473533
anytime or post details to P. Agar,
36 Woodcot Avenue, Belfast BT5
S5JA.

BY
READING
THIS
YOU’RE
PROVING
THIS PAGE
DOES
WORK!

To Advertise in the next issue of ETI please
write to ETI Classified advertising department,
Nexus Special Interests, Nexus House,
Boundary Way, Hemel Hempstead, Herts,
HP2 7ST, or Phone on 01442 66551

ETI

Signature . . .. .........
PLEASE DEBIT MY ACCESS/BARCLAYCARD No.

Expiry Date J gus
FOR SALE COMPONENTS PLANS OTHER - PLEASE STATE

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED
ADVERTISEMENT DEPARTMENT, NEXUS HOUSE,
BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST.

Rates: Linage 75p per word + VAT minimum 15 words.
Semi-display £10.50 per single column cm plus VAT. No reimbursements for cancellations.

All ads must be pre-paid.
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hat were we talking about
before the break?

Hobbies ... and how the
hobby of electronics Is going
g to grow in the future. As well
as “how”, perhaps we should get back to basics
and ask "why?" or, more exactly, “what for?” Most
people who voluntarily spend their spare time and
money on electronics do it because they enjoy it. |
hope so, anyway, because electronics is a
demanding pastime, which gives back much more
in retumn for greater commitment. And there is a lot
to enjoy, which is often overlooked by people who
are not doing it. Not may years ago, a boffin in the
Humanities undertook a careful analysis of the
nature of happiness, partly based upon his
experiences of Scottish country dancing.
Happiness, he concluded, had a great dealto do
with participating in something Serous, which is
also agame - something to do for pleasure, but
that also needs a certain level of personal effort and
commitment. He aiso thought that the most
rewarding “serious games” seemed to involve
music, exercise, and meeting people. You can see
how the Scottish country dancing might fit in,
although strangely, it does not seem to be
everyone's idea of greatest happiness.

But where does electronics come into this
equation? The popular idea of an “electronics
hobbyist” is an eamest, probably bearded
individual, crouched over a workbench littered with
unidentifiable odds and ends, buming things with a
soldering iron; or over a computer in the depth of
the night, typing messages to unknown people on
the other side of the world; or the old stereotype of
the radio amateur forever tuning around his
shortwave receiver just in case there is a ship in
trouble in the Channel and he is needed to call out
the Coastguard.

Oddly, my earliest experience of electronics
hobbyists is not quite like this. Admittedly, they
were serious (mostly planning careers in the field)
and they did spend hours patientty soldering things
together, or persuading one of the earlier
microprocessors to accept a simple program in
primitive assembler. But they were also the only

orner

department with its own bar, and they usually
seemed to be making something that flashed on
and off and could be used at parties. Or helping to
fix some ailing piece of hi-fi, or generally bossing
their friends into letting them make their radios or
guitar amplifiers work a bit better. The engineering
bar also attracted psychology students. Now, i this
was some sort of case study, It's been a very long
one, because they stil phone up and say “my fax
won't work..." and “my computer doesn't...” and
then suggest a dinner or a barbecue. | think that
then, as now, they were looking for company, beer,
and a bit of help with their experiments. Because
somebody has to know how the machinery works.
Most of those erstwhile hobbyists are still in the

~ Business, working on projects that travel all over the

world. They still meet people while making
themselves useful and sharing a beer, and they still
run up and down flights of stairs carrying heavy
pieces of test equipment. And they all began in
electronics for the love of it, and are still motivated
by its diversity. There were two kinds of engineering
students even in those days: the ones who were
absorbed by maths, and the ones who were
absorbed by making things work. Both lots went
either straight into practical electronics or straight
into management, bringing their electronics
knowledge to the organisation of high-tech
businesses like BT and the erstwhile British Rail.
The best thing about making electronics into a
career is that you spend more time working with
electronics. The worst thing is that you get less time
to experiment with areas outside your speciality.
But however much you know, there is always more
to find out (often the hard way) and always more to
get out of it - astronomy, communications,
microcontrollers, interfacing, analogue signai
sensing, position-finding, hi-fi, battery and power
supply technology, timers, doorbells, a better car
alarm... it all starts with the tinkering, persistence
and insatiable curiosity of electronics hobbyists.
Things change and the cutting edge seems ever
harder to keep up with, but wasn't that what it was
all about? | don't think that electronics hobbyists will
die out, someone, somewhere, has to know how
things work.

The Challenge - things that electronics hasn’t fixed yet
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Design and Verify Circuits Faster

Join over 40,000 customers using the affordable mixed-signal simulator

Design faster with Electronics Workbench.

Mix the analog and digital components and ICs
in any combination. And with a click of the
mouse, try ‘what if” scenarios and fine tune your
designs. The built-in SPICE simulator gives you
real-world waveforms.

All without programming or netlist
syntax errors.

And in minutes. Not hours or days.

You'll be up and running sooner. And create
better designs faster with Electronics Workbench.
We guarantee it!

Rﬂ Robinson Marshall (Europe) Plc

Nadella Building, Progress Close, Leofric Business Park, Coventry CV3 2TF
E-mail: sales@rme.co.uk. Fax: 44 (0) 1203 233210
Shipping charges UK £6.99 All prices are plus VAT.

All trade marks are the property of their respective owners.

Electranics Workbench ia a trademark of Interactive Image Technologies Ltd.
Toronto, Canada.

Electronics Workbench: £199

* Click & drag schematic capture
Mixed analog/digital SPICE simulator
» Instant Bode plots and scrollable waveforms
50 analog components with 350 models
140 digital components and ICs in TTL and
CMOS
windows 95/NT/3.1, DOS and Macintosh versions
» Free unlimited technical support
* 30-day money-back guarantee

Engineer’s Pack: %399

Electronics Workbench
2,450 models

Import/Export SPICE netlists
Export to PCB packages

To discover more about the affordable
mixed-signal simulator, call us today at:

Fax: 44-(0)-1203-233210
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The new Maplin MPS catalogue is the essential Who said science had to be duil? Not us! The new
electronic buyers’ guide. Featuring everything from combined Maplin MPS catalogue is bursting with
cables, tools and test equipment to capacitors, exciting idéas - from a huge range of electronics
switches and optoelectronic components. And now kits, cycle computers and navigation systems, to
combining the entire Maplin and MPS product range personal hi-fi, disco gear and home video edifors. =~
under one cover, with volume price breaks, for the All at our best prices and with discounts for larger
first time ever. With over 2,000 N@W products to orders. Give your spare time a boost - reserve your
choose from you won’t want to miss our new copy of the new Maplin MPS catalogue now.

catalogue. Reserve your copy now.

The new Maplin MPS catalogue is out September 1996,
reserve your copy now \

only £3.45 (free post & packing when you reserve your copy by 31 August}

Phoneo1702 5“ 161

or visit your local Maplin store.

Also available from September at WH Smith and John Menzies.

MAPLIN - 35 locations throughout the UK
Bamsley (Wombwell), Betfast, Birmingham, Bradford, Brighton, Bristol, Cardiff, Chatham, Coventry,
Dudley, Edinburgh, Glasgow, Leeds, Leicester, Liverpool, London (Edgware), London (Forest Hilly,
London (Hammersmith), London (lford), Manchester (Cheetham Hill), Manchester (Oxford Road),

MAPLIN ELECTRONICS plc, Middlesborough, Milton Keynes, Newcastle-Upon-Tyne, Northampton, Nottingham, Portsmouth,
PO Box 3, Rayleigh, Essex SS6 8LR Preston, Reading, Sheffield, Slough, Southampton, Southend, Stockport, Stoke-on-Trent

MAPLIN MONDO SUPERSTORE now open at 3 Regent Street, LEEDS. Look out for new stores opening in your area soon!



