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

RADIATION DETECTOR SYSTEM Designed to be wall
mounted and connectedintoa PC,ideal for remote monitoring, whole
building coverage etc. Complete with detector, cable and software.
£19.95 ref BARTS.

WIRELESS VIDEO BUG KIT Transmits video and audio
signals from a minature CCTV camera (included) to any standard
television! All the components including a PP3 battery wilt fitinto a
cigarette packet with the lens requinng a hole about 3mm diameter.
Supplied with telescopic aenal but a piece of wire about 4° long will
stilf give a range of up to 100 metres. A single PP3 wilt probably give
less than 1 hours use. €99 REF EP79. (probably not licensable!)
CCTV CAMERA MODULES 46X70X29mm, 30 grams, 12v
100mA. auto electronic shutter, 3.6mm F2 lens, CCIR, 512x492
pixels, video outputis 1v p-p (75 ohm). Works directlyinto a scart or
video input on a tv or video. IR sensitive. £79.95 ref EF137.

IR LAMP KIT Suitable forthe above camera enablesthe camera
to be used in total darkness! £5.99 ref EF138.

REMOTE CONTROLTANDATA TD1400 MODEM/
VIEWDATA Complete system comprising 1200/75 modem, auto
dialler, infra red remote keyboard, (could be adapted for PC use?)
psu. UHF and RGB output, phone lead, RS$232 output, composite
output. Absolute bargain for pars alone!!£9.95 ref BAR33.

9 WATT CHIEFTAN TANK LASERS Double beam units
designed to fitin the gun barret of a tank, each unit has two semi
conductor lasers and motor drive units for alignement. 7 mile range,
full circuit diagrams, new price £50,000? us? £349. Ring for info.
TWO WAY MIRROR KIT includes special adhesive filmtomake
two way mirror(s) up to 60°x20". (glass not included) includes full
instructions. £12 ref TW1.

NEW HIGH POWER RF TRANSMITTERS

AMPLIF IERS Assembled PCB transmitters, 4 types available,
12.6vdc 90 watt 1.5-30mhz 75 ohm infout FM/AM £7 5 ref RF 1
12.6vdc 40 watt 50-200mhz 50 ohm infout FM/AM £65 ref RF2
28vdc 125 watt 1.5-30mhz 75 ohm infout FM/AM £85 ref RF3
28vdc 100 watt 50-200mhz 50 ohm infout FM/AM £75 ref RF4

A heat sink will be required, ring for price and availability.

If you intend using these as audio transmitters you will need a also
need a preamp. Complex module available at £40 ref RF5,
COMPUTER/WORKSHOP/HIFI RCB UNITS Complete
protecton from faulty equipment for everybodyl inline unit fits in
standard IEC lead (extends it by 750mm), fitted in less than 10
seconds, resettest button, 10A rating. £9 each Ref MM5,
RADIO CONTROLLED CARS FROM £7
EACH!'H

THOUSANDS AVAILABLE RING/FAX FOR DETAILS!
MAGNETIC CARD READERS (Swipes) £9.95 Cased with
flyleads, designed to read standard credit cards! they have 3 wires
coming out of the head so they may write as well? 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 glve you
information on setting up different businesses, you peruse these at
your leisure using the text editor on your PC. Also included is the
ceftificate enabling youto reproduce (and sell) the manuals as much
as you like! £14 ref EP74

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

COIN OPERATED TIMER KIT Complete with coinslot
mechanism, adjustable time delay, relay output, put a coinslot on
anything you like! TV,s, videos, fndges, dnnks cupboards, HIFI.
takes 50p's and £1 coins. DC operated. price just£7.99 ref BAR27.
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom.
metal construction, builtin light, shAmp farm, group viewing screen,
lots of accessories. £29 ref ANAYLT.

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BAR34
PLASMA SCREENS 222x310mm, no data hence €4.99 ref
BAR67

NIGHTSIGHTS Model TZ54 withinfra red illuminator, views up to
75metresin fultdarkness ininfrared mode, 150m range, 45mm lens,
13deg angle of view, focussing range 1.5m toinfinity. 2 AA batteries
required. 9509 weight. £210 ref BARE1. 1 years warranty

MEGA AIR MOVERS 375 cubic feet per min!, 240v 200 watt,
2,800 rpm, reversable, 7"x7* UK made, new, Aluminium, current list
price about £180 ours? £29.95 ref BAR35,

LIQUID CRYSTAL DISPLAYS Bargain prices,

16 character 2 line, 65x14mm £1.99 ref SM1612A

16 character 2 line, 99x24mm £2.99 ref SM1623A

20 character 2 line, 83x19mm £3.99 ref SM2020A

16 character 4 fine, 62x25mm £5.99 ref SMC1640A i
TAL-t 11OMM NEWTONIAN REFLECTOR TELESCOPE
Russian. Superb astronomical’scope, everything youneedfor some
serious star gazing! up to 169x magnification. Send orfax for further
details £249ref TAL-1

GOT AN EXPENSIVE BIKE? Youneedone ofourbottie aiarms,
they look like a standard water bottle, but open the top, insert a key
to activate a motion sensor alarm builtinside. Fits all standard bottie
camers, supplied with two keys. SALE PRICE £7.99 REF SA32.
GOT AN EXPENSIVE ANYTHING? You need one of our
cased vibration alarms, keyswitch operated, fully cased just fit it to
anything from videos to caravans, provides a years protection from
1 PP3 battery, UK made. SALE PRICE £4.99 REF SA33.
DAMAG ED ANSWER PHONES These are probably beyond
repair so just £4.99 each. BT response 200 machines. REF SA30.
COMMODORE GAMES CONSOLES Just a few of these left
to clear at £5 ref SA31. Condition unknown.

COMPUTERDISC CLEAROUTWe areleftwith alotofsoftware
packs thatneed clearing sowe are selling atdiscvalue only! 50 discs
for £4, thats just 8p each!!(our choice of discs) £4 ref EP66

I1BM PS2 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan etc and 200 watt power supply. £9.95 ref EPE7
DELL PC POWER SUPPLIES 145 watt, +5.-5+12-12,
150x150x85mm complete with switch, flyleads and IEC socket.

SALE PRICE £9.99 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 EP63

PP3 NICADS Unused but some storage marks. £4.99 ref EP52
DELLPC POWERSUPPLIES (Customerretums) Standard PC
psu's complete with fly leads, case and fan. +12v,-12v,+5v,-5v SALE
PRICE £1.99 EACH worth itfor thebits alonel refDL1. TRADE PACK
OF 20 £29.95 Ref DL2.

GAS HOBS ANDOVENS Brand new gas appliances, perfect for
small flats etc. Basic 3 burner hob SALE PRICE £24.99 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
sizesof businesses,indudes wordprocessor, repoftwnter, windowing,
networkable up to 10 stations. multiple cash books etc. 200 page
comprehensive manual. 90days free technical support (0345-326009
try before you buy!) Current retail price is €129, SALE PRICE £9.95
ref SA12. SAVE £120H

MINIMICRO FANS 12V 1.5" sq SALE PRICE £2. Ref SA13.
12V2AMP LAPTOP psu’s 110x55x40mm (includes standard IEC
socket) and 2m lead with plug. 100-240v IP. €6.99 REF SA15.
COMPLETE PC 300 WATT UPS SYSTEM Top of the range
UPS system providing protection for your computer system and
valuabte software against mains power fluctuations and cuts.New
and boxed, UKmade Provides up to 5 mins running ime In the event
of complete power failure fo allow you to run your system down
correctly. LAST FEW TO CLEAR AT €59 SAVE €30 ref SEP149P1
SOLAR PATH LIGHTS Low energy walklights powered by the
sun!builtin PIR so they work whenyou walk past. Includes solarpanel
& rechargeable bat. SALE PRICE £19.95 REF EP62

BIG BROTHERPSUCased PSU, 6v 2Aoutput, 2m ofplead, 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! 1Racal 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. BRANDNEW MODEL NOW IN

STOCK!, supplied In fully built form (looks like a nice

pen) complete with handy pocket clip (which also acts

as the on/off switch.) About 50 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 built and tested TENS (Transcutaneous

Electrical Nerve Stimutation) unit, complete with electrodes and fuill |

instructions. TENS is used for the relief of pain etc in up to 70% of
sufferers. Drug free pain relief, safe and easy to use, can be usedin
conjunction with analgesics etc. £49 Ref TEN/1

COMPUTER RS232 TERMINALS. (LIBERTY)Excellent
quality modern units, (ike wyse 50,s) 2xRS232, 20 function keys, 50
thro to 38,400 baud, menu driven port, screen, cursor. and keyboard
setup menus (18 menu's). £29 REF NOV4.

RUSSIAN MONOCULARS Amazing 20 times magnification.
coated lenses, carryng case and shoulder strap.£29.95 REF BAR73
PC PAL VGA TO TV CONVERTER Converts a colour TVinto
abasic VGAscreen. Complete with builtin psu, leadand siware.. deal
for laptops or a cheap upgrade.Supplied in kit form for home
assembly. SALE PRICE £25 REF SA34

EMERGENCY LIGHTING UNIT Complete unit with 2 double
bulb floodlights, builtin charger and auto switch. Fully cased. 6v 8AH
lead acid req'd. (secondhand) £4 ref MAG4P11.

SWINGFIRE GUIDED MISSILE WIRE. 4,200 metre reel of
ultra thin 4 core Insulated cable, 28Ibs breaking strain, less than 1mm
thick! Ideal alarms, intercoms, dolls house's etc. €13.99 ref EP51
ELECTRIC CARWINDOW DE-ICERS Complete with cable,
plug efc SALE PRICE JUST €4.99 REF SA28

AUTO SUNCHARGER 155x300mm solarpanel with diodeand 3
metre lead fitted with a cigar plug. 12v 2watt €8.99 REF SA25.
ECLATRON FLASH TUBE As usedin police car flashing lights
etc, full spec supplied, 60-100 flashes a min. €6.99 REF SA15B,
24v AC 96WATT Cased power supply. New. £9.99 REF SA40
MILITARY SPEC GEIGERCOUNTERS Unused anstraightfrom
Her majesty's forces. SALE PRICE £44 REF SA16

*SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

F

MICRODRIVE STRIPPERS Small cased tape dnves ideal for
strpping, lots of useful goodies including a smart case, and lots of
components. SALE PRICE JUST €4.99 FOR FIVE REF SA26
SOLARPOWER LAB SPECIAL You get TWO6'x6" 6v 130mA
solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or motor. Supert
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 €49 REF SA 16B
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10
POWER SUPPLY fully cased with mains and ofp leads 17v DC
900mA output. Bargain price £5.99 ref MAGEP9
ACORN ARCHMEDES PSU +5v @ 4.4A on/off sw uncased,
selectable mains input, 145x100x45mm £3.99 REF MAG7P2
13.8V 1.9A PSU cased with leads. Just £9.99 REF MAG10P3
UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motorbut ok for any 12v motor up to 30A. Complete with PCB
elc. 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
drivers with RS232 interfaces and all connectors etc. {deal low cost
method of communicating between PC's overalong distance utilizing
the senal ports. Complete kit £8.99. Ref comp1.
VIEWDATA SYSTEMS made by Phillips, complete with intemal
1200/75 modem, keyboard, psu etc RGB and composite outputs,
menu driven, autodialler etc. SALE PRICE €12.99 REF SA18
AIRRIFLES .22 Asusedbythe Chinese armyfor training puposes,
sothere is alot about! £39.95 Ref E F78. 500 pellets £4.50 ref EF80.
PLUG IN POWER SUPPLY SALE FROM £1.50 Piugs in to
13Asocket with outputiead. three types available, 9vdc 150mA£1.50
ref SA19, 9vdc 200mA £2.00 ref SA20, 6.5vd¢c 500mA £2 ref SA21.
VIDEO SENDER UNIT, Transmits both audio and video signals
from either avideo camera, videorecorder, TV or Computer etctoany
standard TV set ina 100' range! (tune TV 1o a spare channel) 12vDC
op. Priceis £15 REF: MAG15 12v psu is £5 extra REF: MAGS5P2
*MINATURE RADIO TRANSCEIVERS A pair of walkie talkies
witha range up 1o 2kmin open country. Units measure 22x52x155mm.
Including cases and earp'ces. 2xPP3req'd. £30.00 pr.REF: MAG30
*FM TRANSMITTER KIT housed in a standard working 13A
adapter!l the bug runs directly off the mains so lasts forever why pay
£7007? or price 1s £15 REF: EF62 (kif) Transmits to any FM radio.
*FM BUG BUILT AND TESTED supenor design to kit. Supplied
to detective agencies. 9v battery req'd. £14 REF: MAG14
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT MECHAN ISMS originally made toretail at£79 each,
these units are designed to convert an ordinary phone into a
payphone. The units have the locks missing and sometimes broken
hinges. Howeverthey can be adaptedfor theiroriginal use or used for
something else?? 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.

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. SALE PRICE €4.99 REF SA24.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAG5P 13 ideal for experimenters! 30 m for £12.99 ref MAG13P1
MIXED GOODIES BOX OF
MIXED COMPONENTS WEIGHING 2 KILOS
YOURS FOR JUST £5.99

lenses, good light gathenng properties. £19.95 ref R/7.
RATTLE BACKS Interesting things these, small piece of solid
perspex like matenal that it you try to spin it on the desk it only spins
oneway! in fact if you spin itthe 'wrong' way it stops ofits own accord
and go's back the other way! £1.99 ref GI/JO1.
GYROSCOPES Rememberthese?well we have found acompany
that still manufactures these popular scientific toys, perfect gift or for
educational use etc. £6 ref EP70
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised
foil blanket, reflects more than 90% of body heat. Also suitable for the
construction of two way mimors! £3.99 each ref O/L041.
LENSTATIC RANGER COMPASS Oil filled capsule, strong
metal case, large luminous points. Sightline with magnifying viewer.
50mm dia, 86gm . £10.99 ref O/K604.
RECHARGE ORDINARY BATTERIES UP TO 10 TMES!
With the Battery Wizard! Uses the latest pulse wave charge system
1o charge all pop ular brands of ordinary battenies AAA, AA, C, D, four
atatime!Led systemshowswhenbatteries arecharged, automatically
rejects unsuitable cells, complete with mains adaptor. BS approved.
Price 1s £21.95 ref EP31.
TALKING WATCH Yes, itactually teils you the time at the press of
a button. Also features a voice alarm that wakes you up and tells you
what the time is! Lithium cell included. £7.99 ref EP26.
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new muitiband 2000 radar detector can
preventeven themostresponsible of drivers from losing their licencel
Adjustable audible alarm with 8 flashing leds gives instant warning of
radar zones. Detects X, K, and Ka bands, 3 mite range. ‘over the hill
‘aroundbends’ and 'reartrap facilities. micro size just4.25°x2.5"°x.75",
Can pay for itself in just one day! £79.95 ref EP3.
SANYO NICAD PACKS 120mmx14mm 4.8v 270 maH suitable
for cordless phones etc. Pack of 2 just £5 ref EP78.
3" DISCS As used on older Amstrad machines, Spectrum plus3's
etc £3 each ref BAR400.
STEREO MICROSOPES BACK IN STOCK Russian, 200x
complete with lenses, lights. filters etc etc very comprehensive
microscope that would normally be around the £700 mark, our price
Is just £299 (full money back guarantee) full details in catalogue. Ref
95/300.

WE BUY SURPLUS STOCK

FOR CASH
BUYERS DIRECT LINE 0860 425692
FREECATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 50P STAMP OR FREE
ON REQUEST WITH ORDER.
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DOLBY PRO-LOGIC DECODER FREE cover-mounted booklet
Recreate that amazing ““cinema sound” in your living room. Full

constructional details for the only d.i.y. kit in the world for the Dolby

Pro-Logic surround-sound system. It's the project of the Decade!

BAT-BAND CONVERTER by Bill Mooney 262
Have you got bats in your belfry, or anywhere else for that matter? Allows the
bat’s ultrasonic calls to be heard through an ordinary a.m. radio.

MIND MACHINE Mk lII - 2 by Andy Flind

Relaxing with our low-cost Mind Entrainment aid is made easier by adding
on its easy-to-program sequence generator

EVENT COUNTER by Max Horsey

Keep count of the score, whether it’s zapper guns, sheep or . . . whatever.
A Teach-In '96 project

HEARING TESTER by John Becker 310
Find out how good your hearing really is. This customised sig-gen drives stereo
headphones and quantifies amplitude and frequency thresholds.
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CIRCUIT SURGERY by Alan Winstanley 267
Wheatstone bridge; CMOS 555 astable; etchant disposal; BNC;
flashing l.e.d.s.; UK Sources FAQ; sites for sore eyes!
TEACH-IN '96 - A Guide to Modular Circuit Design - 6 282
by Max Horsey
Showing how simple modules can be used as the building blocks for larger
designs. Switch debouncer, monostables, binary/BCD counter, |.c.d.
decoder/driver and display module
— INTERFACE by Robert Penfold 304
An RS232C serial port and a UART lets you interface to the outside world
AMATEUR RADIO by Tony Smith G4FAl 324
Is Morse relevant?; FASC; campaign for 7MHz; amateur search for ETI;
developments in China
EDITORIAL 261
NEW TECHNOLOGY UPDATE by lan Poole 271
New methods of packaging i.c.s; high power SMDs and improved heat loss
INNOVATIONS 272
Everyday news from the world of electronics
FOX REPORT by Barry Fox 280
Windows pain; reMorseless frustrations
BACK ISSUES Did you miss these? 294
VALVES TODAY by lan Pocle 296
The trusty thermionic valve still has a role to play. We examine its nature,
history and present day use.
SHOPTALK with David Barrington 306
Component buying for EPE projects
OHM SWEET OHM by Max Fidling 306
Never mind quality, when it comes to professionalism, colour speaks loudest!
ELECTRONICS VIDEOS 309
Our range of educational videos
CHROMO-FLORISTICS by Zola McMalcolm 316
' Software controlled illumination modifies flower colourings during growth
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Wimborne Publishing Ltd 1996. Copyright in all A wide range of technical books available by mail order
rawings, photographs and articles published in PRINTED CIRCUIT BOARD SERVICE 322
EVERYDAY PRACTICAL ELECTRONICS is fully PCBs for EPE projects
protected, and reproduction or Imitations in
whole or In part are expressly forbidden. ADVERTISERS INDEX 328
Our May '96 Issue will be published on Thursday, Readers Services ® Editorial and Advertisement Department 261
4th April 1996. See page 251 for details.
249

Everyday Practical Electronics, April 1966



Surplus always
wanted for cash!
LOW COST PC's -

SPECIAL BUY

AT 286 40
A0Mb HD + 3Mb Ram ey

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
Made in lhe USA to an industrial specification, the system was
designed for total refiability. The compact case houses the mother-
board, PSU and EGA video card with single 5% 1.2 Mb fioppy disk
drive & Integral 40Mb hard disk drive 10 the front. Real time clock
with battery backup is provided as standard. Supplied in used
condition complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 90 DAY Fuil Guarantee. Rea?/ to Run!

Orderas HIGRADE 286 ONL Y £129.00 (e

Optional Fitted extras: VGA graphics card £29.00
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb} £19.95
NE2000 Etherne! (thick, thin or twisted) network card £39.00

LOW COST 486DX-33 SYSTEM

Limited quantity of this 2nd user, supurb small size desktop unit.
Fully featured with standard simm connectors 30 & 72 pin. Supplied
with keyboard, 4 Mb of RAM, SYGA monitor output, 256k cache and
integral 120 Mb IDE drive with single 1.44 Mb 3.5% fioppy disk drive.
Fully tested and guaranteed. Only

Many other options avaiable - call for details. £399.00 )

FLOPPY DISK DRIVES 3%:" - 8"

54" or 3%" from only £18.95!

Massive purchases of standard 5%~ and 3%" drives enables us to
present prime product at industry beatin? 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 voltages and are of standard
size. All are IBM-PC compatible (if 3%" supported on your PC).

3%" Panasonic JU363/4 720K or equivalent RFE £24.95(B)
3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B)
3%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(B}
5%" Teac FD-55GFR 1.2 Meg (for IBM pc’s) RFE £18.95(8)
§%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £22 95(B|

5%" BRAND NEW Mitsubishi MF501B 360K £22.95
Table top case with integral PSU for HH 5%* Flopp or HD E29 .95(B
8" Shugart 800/801 8" SS refurbished & tested E 00(E.

MEm e

8" Shugart 810 8" SS HH Brand New £195. OO(E
8" Shugart 851 8° double sided refurbished & tested £250.00(E
Mitsubishi M2894-63 8" double sided NEW £275.00(E)
Mitsubisht M2896-63-02U) 8" DS slimline NEW £285.00(E)
Dual 8" cased drives with integral power supply 2 Mb £499.00(E)

HARD DISK DRIVES

End of line purchase scoop! Brand new NEC D2246 8" 85 Mbyte
drive with Industry standard SMD interface. Ultra hi speed data
transfer and access times, replaces Fujitsu equivalent model.

Complete with full manual. Only £299.00 or 2 for £525.00 (E)

3%" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C
3% CONNER CP3024 20 mb IDE i/F (or equiv JRFE £69.95(C
3%" CONNER CP3044 40mb IDE I/F (or equiv.)RFE £69.00(C
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acorn)  £99.00(C
3%” WESTERN DIGITAL 850mb IDE I/F Brand New  £185.00(C’

£49.95(C
£69.95(C

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

5%* CDC 94205-51 40mb HH MFM |/F RFE tested £69.95(C
8" FUJITSU M2322K 160Mb SMD I/F RFE lested £195.00(E
Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBOX

Convaerts your colour monitor into a QUALITY COLOUR TVt
TV SOUND &

VIDEO TUNER
CABLE COMPATIBLE *

The TELEBOX is an attractive fully cased mains powered unit, con
taining ail electronics ready to plug into a host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD ete. The composrte
video output will also plug directly nnlo most video recorders, allowing
reception of TV channels not normally receivable on most televi-
sion receivers® (TELEBOX MB). Push button controls on the front
panel allow reception of 8 tully 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 output is located on the rear pansl
for direct connection to most makes of monitor or desktop computer
video systems. For compiete compatibility - even for monitors with-
out sound - an integral 4 watt audio amplitier and low level Hi Fi
audio output are provided as standard.

TELEBOX ST for composite video input type monitors

TELEBOX STL as ST but fitted with integral speaker

TELEBOX MB Muitiband 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
to a cabte type service. Shipping code on atl Teleboxe's is (B)

DC POWER SUPPLIES

Vlrtually every type of power
supply you can imagine.Over
10,000 Power Supplies Ex Stock
Call for info / lis

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 FA3415€TKL 14" SVGA Multisync colour monitor with fine

028 dot pitch tube and resoltion of 1024 x 768. A
vanety of nputs allows connection [0 a host of comput-
ing 1IBM PC's in CGA, EGA, VGA & SVGA

facephate, text swiching and LOW RADIATION
specthication. Fully guaranteed, supplied in EXCEL-
condtion
Tilt & Swivel Base £4.75

Only £119 & urseve
VGA cabie for IBM PC included.

MITS-SVGA
Extemnal cables far other types of computers CALL

5000 Monitors from stock !
HERCULES, EGA, CGA, VGA, SVGA -6 to 26”
+ Many special items - CALL with your needs !

LENT ittie used

Just tn - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Goad SH condition - from £299 - CALL for Info

PHILIPS HCS35 {same s&le as CMB8833) aftractively 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 a:\‘r and speaker for all audlo visual uses.
Will connect direct to Amiga and Atarl BBC computers. |deal for all
video monitoring / security applications with dlrect connection
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good

used condition - fully tested - guaranleed
Dimensions: W14* x H12%" x 15%" D. on'y £95 E)

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15,625 Khz video input via SCART socket ldeal
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 powered. Only £79.00 (D)

KME 10" 15M10009 high definition colour monitors with 0.28" dot
pitch. Superb clarity and modern styling.

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 SPECIALS

Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & opfional sound input. Aftractive
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

SPECIAL INTEREST ITEMS

MITS. A FA3445ETKL 14" Industral spec SVGA monitors
2kW 10 400 kW - 400 Hz 3 phase power sources - ex stock
Broadcast Electronics Inc FX30 FM exciter 80-108 MHz
Staneico STA15 15kW RF Induction heater system

1BM 8230 Type 1, Token ring base unit driver

IBM 53F5501 Token Ring ICS 20 port iobe modules

IBM MAU Token ring distribution panel 8228-23-5050N

AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE
Trend DSA 274 Data Analyser with G703{2M) 64 o

HP APOLLO RX700 system units

HP6621A Dual Programmabie GPIB PSU 0-7 V 160 watts
HP6264 Rack mount variable 0-20V @ 20A metered PSU
HP54121A DC to 22 GHz four channel test set

HP7580A A1l 8 pen HPGL high speed drum plotter

Marconl 6310 Programmable 2 to 22 GHz sweep generator
EG-NG Brookdeal 95035C Precision lock in amp

OTC Ltd 1550 SM Stabilised IR laser calibration source
Ling Dynamics 2kW programmabie vibration test system
Computar 16mm CCTV auto iris lenses ‘C’ mount - NEW
Keithtey 590 CV capacitor / voltage analyser

Racal ICR40 dual 40 channel voice recorder system

Roken 80-250 240v single phase flow solder machine

ICl R5030UV34 Cleanline ultrasonic cleaning system

Mann Tally MT645 High speed fine printer

INTEL SBC 486/133SE Multibus 486 system. 8Mb Ram
Zeta 3220-05 AQ 4 pen HPGL fast drum plotters £1150
Nikon HFX-11 (Ephiphot) exposure control 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
Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Etmer 2998 Infrared spectrophotometer £POA
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750
Andrews LARGE 3.1 m Satellite Dish + mount {For Voyager!) £950
Thuriby LA 160B logic analyser £375
Sekonic SD 150H 18 channel dnglla| Hybrid chart recorder  £1995
Densei MUD 0185AH 1KVa UPS system with batts NEW £575
System Video 1152 PAL waveform monitor

Tast Lab - 2 mtr square quietised aooushc test cabinets
Kenwood 9601 PAL Vectorscope - NE £650
Please call for further detalls on the above items

£3750
£1200
£POA
£2200
£1200

Surplus always
wanted for cash!

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart
Less than Half Price!

Top quality 19° rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full’ height lockable 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 integrat 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 io stand singly or in multiple 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 teatures 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 barret locks. The front door
is constructed of double walled steel with a
‘designer style’ smoked acrylic front panel to
enable status indicators to be seen through the §
panel, yet remain unobtrusive. Internally the rack
features fully slotted reinforced vertical fixing
members to take the heaviest of 19” rack
equipment. The two movable vertical fixing struts
(emas available) 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
utility socket. Overall ventilation is provided by
fully louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of integrat 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 6350 x 603 W. (64" H x 25" D x 23%" W)
Sold at LESS than a third of makers price !!

A superb buy at only £1 9500 (G)

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

TOUCH SCREEN SYSTEM

The ultimate in ‘Touch Screen Technology' made by the experts -
MicroTouch - but sold at a price below cost 11 System consists of
a flat translucent glass taminated panel measuring 29.5 x 23.5 cm
connected to an electronic controller PCB. The controlier produces
a standard serial RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinates as to
where a finger is touching the panel - as the finger moves. the data
Instantly changes. The X & Y information is given at an incredible
matrix resolution of 1024 x 1024 positions over the entire screen
size 1! A host of avallable translation software enabies direct con-
nection to a PC for a myriad of applications including: control pan-
els, pointing devices, S systems, controllers for the disabled or
computer un-trained etc etc. Imagine using your finger with
Vdeows instead of a mouse " (a drver is indeed available ') The

for this g product are only limited by your
ma%nar/onll Complete system including Controlier, Power Supply

ata supplied at an incredible price of only:

Fult MICROTOUCH software support pack £145. 00 {B)
and manuais for IBM compatibie PC's £29.95 RFE - Tested

LOW COST RAM & CPU’S

INTEL "ABOVE' Memory Expansion Board. Full length 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 supplied. RFE.
Fullx tested and guaranteed. Windows compatible. 559 95(A1)
Haif 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

1MB x 9 SIMM 9 chip 120ns Only £19.50 (A1)
1MB x 9 SIMM 3 chip80ns £23.50 or 7ons  £24.95 (A1)
1MBx9 SIMM9chip80ns £22.50 or 7ons £24.00 (A1)
4 MB 70 ns 72 pin SIMM -with parity- Onty £95.00 (A1

8MB 70ns 72 pn SIMM - ng £159.00 Al

INTEL 486-DX33 CPU £55. Oé)alNTEL 486-0X66 CPU £69.00 (A

FANS & BLOWERS

EPSON DO412 40x40x20 mm 12v DC £7.95 10 / £65
PAPST TYPE 612 60x60x25 mm 12v DC £8.9510/£75
MITSUBISHI MMF-D8D12DL 60x60x25 mm 12v DC £4.95 10/ £42
MITSUBISHI MMF-08C12DM 80xB0x25 mm 12v DC £5.25 10 / £49
MITSUBISHI MMF-098120DH 92x32x25 mm 12v DC £5.95 10/ £53
PANCAKE 12-2.5 92x92x18 mm 12v DC £7.95 10/ £69
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specity 110
or240v £6.95. 80 x 80 x 38 mm - specify 110 0r 240v £5.95
tMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW £79.95
Shipping on ati fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

Issue 13 of Display News now available - send large SAE - PACKED with bargains!

-EL EL’ TRONIL: S 5

ot Open Mon-Fri 9.00-5:30
g Dept PE. 32 Biggin Way
L]

Upper Norwood
LONDON SE19 3XF

pen Mon - Sat 9:00 - 5:30
215 Whitehorse Lane
South Norwood
On 684 Bus Route
Nr.Thornion Haath &
Selhurst Park SR Rail Stations

The Original
FREE On line Database
info on 20,000 + stock itemns!
RETURNING SOON !

ALL ‘B ENQUIRIES

0181679 4414

FAX 0181 679 1927

Al prne§ for UK Maunhnd UK customers add 17.5% VAT 1o TOTAL order amount. Minmum order £10. Bona Fide account orders accepted from Government, Schools,

and Loca

- minimum acoount order £50. Cheques over £100 are subjed! to 10 working days dearance. Camage charges (A)=£3.00, {A1)=£4.00.

ESTABLISHED
25 YEARS

(B)=£5.50. (C)=£8.50, (D)—€|2m (E)=£15.00. (F)=£18.00. (G}=CALL. Alow approx 6 days for shipping - faster CALL Scotland surcharge CALL. Al goods supphed to our
!

Standard Conditions of Sale and unless stated guaranteed for 90 days Al guaranlees on a retum 1o base basis. All ights reserved to
notice. Orders subject 1o stock Discounts for volume Top CASH prices paid for surplus goods. Al trademarks etc acknowledged. © Display

ions, without prios
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MIDI ANALYSER

Know at a glance what MIDI commands are being murmured by your musical instruments.
Simply plugs into the MIDI cabling. Uses a PIC microcontroller and a 40-character 2-line I.c.d.
screen to decode and reveal the parameters in text and bargraphs, including note value, octave
number, key velocity, after-touch, channels in use, and much more. There’s even a keyboard
display of the notes played!

[ ] =2 A
mime>

PIR DETECTOR

Is there anybody there? Know for sure with this passive infra-red detector. Using a readily
concealable sensor, it can help protect virtually anything, indoors or out. It has micropower
operation and can be battery powered at a remote site. Equally ideal for the garage, garden shed

or front porch! C 0 U NTD 0 WN TIME R

With four 7-segment l.e.d.s as the display, this versatile design can count down from 99 minutes
59 seconds, or any lesser period set by thumbwheel switches, sounding an alarm at the end of
the count. Can also be used with a relay as a remote power controller.

CATHODE RAY TUBES

The cathode ray tube (c.r.t.) is one of the most successful inventions ever made. It has been in
widespread use for over fifty years, and despite the fact that other thermionic devices are rarely
used these days, the production of c.r.t.s. is still increasing.

Even now with many companies spending vast amounts of money developing other forms of
display, the c.r.t. still outperforms most of them. It offers a high definition, full colour capability,
high light output, wide angle of view, and above all it is relatively cheap to produce.

This special feature looks at its history and present day use.

EVERYDAY
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*..of all the products included here, this is my personal
favourite... Really, thats all | have to say about Quickroute -
it certainly gets my votel

Review of QR 3.0 & other products

Computer Shopper Nov 95

EASY TO USE

Quickroute 3.5 Is a powerful, affordable and easy to use
integrated schematic & PCB design system for Windows.
With its multiple button bars, ‘tool hints” and ‘parts bin’,
Quickroute helps you to design quickly and efficiently

POWERFUL

There are four different versions of Quickroute giving you a
choice of features & price. Quickroute is ovclloble with
multi-sheet schematic capture, auto-routing, ‘engineering
change’ (modification of a PCB from a schematic), copper
fill, and a range of file import/export options. See the table
for a selection of features.

AFFORDABLE

Prices are Designer (£149), PRO (£249) and PRO+ (£399). The
Personal edition is available for just £68, but has the manual
provided on disk as on-line help. Post & Packing is £5 (UK),
£8 (EC), £12 (World). VAT must be added to the total price.

1

g 7

2 @,

§ 3
PCB & Schematic Design vViv
gchemu?lc Eapture v

Auto router

Design Rule Checking

Exporl' WMF & Tango

Export Gerber/NC-Drill

Extended Libraries

SRRISRKKKIN] oud

Yango + Geiber impon

Update PCB from schematic

DXF & SPICE Export

Eopper Fill

SRRRNNRRINKKIY rou

Tel/Fax 0161 449 7101

ﬂ J Quickroute Systems Ltd., 14 Ley Lane, Marple Bridge,
STockpon‘ SK6 6DD, U.K.

email info@quicksys.demon.co.uk

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

Phone now
for more

information




SURVEILLANCE

PROFESSIONAL

QUALITY KITS
or Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters

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

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

UTX Ultra-miniature Room Transmitter
Smallest room transmitter kit in the world! incredible 10mm x 20mm including
mic. 3-12V operation. 500m range .£16.45

MTX Micro-miniature Room Transmitter
Best-selling micro-miniature Room Transmitter
Just 17mm x 17mm including mic. 3-12V operation. 1000m range

STX High-performance Room Transmitter
Hi performance transmitter with a buffered output stage for greater stability and range.
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range

VT500 High-power Room Transmitter
Powerful 250mW output providing excellent range and performance. Size 20mm x
40mm. 9-12V operation. 3000m range ...£16.45

VXT Voice Activated Transmitter
Triggers only when sounds are detected. Very low standby current. Variable sensitivity
and delfay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...€19.45

HVX400 Mains Powered Room Transmitter

Connects darectly to 240V AC supply for long-term momtonng Size 30mm x 35mm.
500m range .. IV | .£19.45
SCRX Subcarrlor Scrambled Room Transmitter

Scrambled output from this transmitter cannot be monitored without the SCOM decoder
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range £22.95
SCLX Subcarrier Telephone Transmitter

Connects to telephone line anywhere, requires no batteries. Output scrambled so
requires-SCOM connected to receiver. Size 32mm x 37mm. 1000m range

SCDM Subcarriar Decoder Unit for SCRX
Connects to receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9-12V operation

ATR2 Micro Size Telephone Recording Intertace

Connects between telephone line (anywhere) and cassette recorder. Switches tape
automaticaily as phone is used. All conversations recorded. Size 16mm x 32mm.
Powered from line ...

*% % Specials * %%

DLYX/DLRX Radie Contre! Switch
Remote control anything around your home or garden, outside lights, alarms, paging
system etc. System consists of a smaii VHF transmitter with digital encoder and receiver

unit with decoder and relay output, momentary or afternate, 8-way dil switches on both”

boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x
90mm. Both 9V operation. Range up to 200m.

Complete System (2 kits)
individual Transmitter DLTX
Individual Receiver DLRX

MBX-1 Hi-Fi Micro Breadcaster

£50.95
£19.95
£37.95

Not technically a surveltlance device but a great ideal Connects to the headphone output

of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your

favourite music anywhere around the house, garden, in the bath or in the garage and

you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm.
9V operation. 250m range £20.95

DerT. EE

SUMA
DESIGNS

UTLX Ultra-miniature Telephone Transmitter
Smallest telephone.transmitter kit available. Incredible size of 10mm x 20mm!
Connects to line {anywhere) and switches on and off with phone use.
All conversation transmitted. Powered from line. 500m range......... )

TLX700 Micro-miniature Telephone Transmittsr

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than
UTLX. Connects to line (anywhere) and switches on and off with phone use. Al
conversations transmitted. Powered from line. 1000m range

STLX High-pertormance Telephone Transmitter

High performance transmitter with buffered output stage providing excellent stability
and performance. Connects to line (anywhere) and switches on and off with phone use.
All conversations transmitted. Powered from line. Size 22mm x 22mm.

1500M FANGL ..ot et

TKX900 Signalling/Tracking Transmitter

Transmits a continous stream ot audio pulses with variable tone and rate. ideal for
signalling or tracking purposes. High power output giving range up to 3000m. Size
25mm x 63mm. 9V operation...

CD400 Pocket Bug Detector/Locator

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you
approach signal. Gain control allows pmpolntmg of source. Size 45mm x 54mm. 9V
operation .. ...£30.95

CD600 Professional Bug Dotoctor/lnmor

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to
distinguish between localised bug transmission and normal legitimate signals such as
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation

QTX180 Crystal Controlled Room Transmitter

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and
requires the use of a scanner receiver or our QRX180 kit {see catalogue). Size
20mm x 67mm. 8V operation. 1000m range.. ...£40.95

.£15.95

QLX180 Crystal Controliéd Telephone Transmitter

As per QTX180 but connects to telephone line to monitor both sides of conversat-
tions. 20mm x 67mm. 9V operation. 1000m range ...£40.95
@5X180 Line Powered Crystal Controlled Phone Transmitter

As per QLX180 but draws power requirements from line. No batteries required. Size
32mm x 37mm. Range 500m . . £35.95

QRX180 Crystal Controlled FM Recelver

For monitoring any of the 'Q’ range transmitters. High sensitivity unit. Ali RF section
supplied as a pre-built and aligned module ready to connect on board so no difficulty
setting up. Outpt to headphones. 60mm x 75mm. 9V operation

A build-up service is avallable on all our kits if required.

UK customers please send cheques, POs or registered cash. Please add
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque
clearance. Overseas customers send sterling bank draft and add £5.00 per
order for shipment. Credit card orders welcomed on 0827 714476.

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

THe WoORKSHOPS, 95 MAIN RoAD,
BAXTERLEY. NEAR ATHERSTONE,
WARWICKSHIRE CV9 2LE

Tel/Fax:
01827 714476

VISITORS STRICTLY BY APPOINTMENT ONLY
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FREE

CATALOGUE

THINK COMPONENTS - THINK CRICKLEWOOD

@ TELEVISION & VIDEO SPARES @ RESISTORS &
CAPACITORS e HI-FI GADGETS & SPEAKERS
® TRANSISTORS & 1.C.’s @ AUDIOPHILE CAPACITORS
@ IN CAR AUDIO @ COMPUTER BOARDS @ TOOLS & TEST
EQUIPMENT e PLUGS S?CKETS & LEADS

Name S5 e TR e T
Address.... .. .

PRICES HELD INT

WE HAVE THE WIDEST CHOICE OF USED I STABILOCK um RADIO TEST SET l
OSCILLOSCOPES IN THE COUNTRY ONLY £800

HP 42004 DIQHIZNG OSCHOSCODE SOMHZ . ... A S s Freai o mm; 2y T PR & m? Sabl.....£00
e e 850 | AReoN 2437 Uwers Counter/Tmer O 100MH180\gn B

EKTRONIX 2335 Dugl race 100MHz Delay... . RACAL 9916 Frequency Counter 10Hz-520MH2... ... .
I fONm‘: e ggg%agmmm 320 | RACAL390EA Unversal CounterTimer 10H-200Me.,
TEXTRONTK 475 Duai Trace 200MHg Doy Sweep ...~ £500 | SCURTRON 7085 ©% 8 Mcroprocessr Votmetet
TEKTRON 465 DualTrace 100MHz Detay Sweep £400 | o0y ARTRON 7450 6% -3t cigt OMM with IEEE .
TEKTRONIX SC 504 Dual Trace 80MHz in TWSO3.... £400 | 50y ARTRON 7045 4% cigt Multmeter Voits/Arn
TEKTRONX 2225 Duat Trace SOMHzAnTBMagmﬁcatm o o E450 FLUKE 77 Handneld DM 3% digit with case 00
TEKTRONIX 2245 Dual Trace 60MHz Detay Sweep. o 800 | EILKE ROSO BenctvPortabie DMM 4% Gigtt T kWS, s
TEKTRONIX 2213 Dual Trace 60MHz .. .. E350 FIUKE 80104 Bench/Portable DMM 3% nTrue RS §
HAMEG 705 Dual Trace 7OMHz Delay Sweep. €375 | GOULD 138 Sine/Square Oscillator 10Hz-130kHz . £150
HAMEG 605 Dual Trace 60MHz Dew Sweeo Comoonenl Tester.....£450 ;ggogm FGB00 Sine/Sq/Tri 0-01Hz: 100‘ ) 60
TEKTRONIX 455 Dual Trace SOM 375 E 76501 -Func. Gen. 0-0005Hz-SMH2
PHIPS PM3747 Dual Trace sowz Oewswen . y e e £
KIKUSUI 55304 Oual Trace 35MHz .
COULD 05110051 Dual Trace 30MHz ..
WATSU SS5703 Dual Trace 20MHz
GOULO 05300 Dual Trace 10MHz Delay Sween ...

Deday Sween
PHILIPS PM7 Dual Trace SOMRz SCOPEMETER Dy Storage

25M/Sampes
LEADER LCD100 DMM/SCOPE 200KHz Digital Storage 246 Standard Signai Generator
CO DISDAY. ..o . £450 | KEMO Dual Vanable Fitter VBF/3 0-4Hz-10kHz

I
TEKTRONX 468002t Trace 100MHz Delay Sweep Digtal .£750 | RACAL instrumentation Recorder type Store 4
GOULD 1425 Dual Trace 20MHz Digrtal Storage Cursory/interface... £450 | RACAL Instrumentation Reconder type Store 71
HP 4741A Dual Trace 400MHz Anaiogue SLorage .. £400 | MARCONI TF2700 Urwversal Bnoge, Battery Operated.
TEKTRONIX 434 Dual Trace 25MHz Angiogue Storage. £250 mvyé(%ﬂﬁ agza Dlé;éta\ Component Meter CR.
THIS IS JUST A SANIPLE - MANY OTHERS AVAILABLE ?ﬂfg’,‘ég’é D,%mo 40‘ §001, 0-45K
HP 8620 Sweep Osciloscope with 862908 2-18-6CH.. .POA
MARCONI 2019 Synthesized AM/FM Sig Cen. B0kHz-1040MHz ... £9900 | FARNELL H30/100 0- sov 0 100A Metered .
HP 86404 AN/EM S Gen. BOKH2-1CZ0MMZ . ... —........... £750 | THURLBY ptszooMo 0-30v. 0-2A Mce Dg tal.
ADRET 71000 AM/FM S Gen. 100tz-13GHL ........ £1000 | THURIBY PL320 0-30V, o ZA Oagital
ADRET 7100A AM/FM Sig. Gen. 300KHzZ-65OMHZ ........... ... €650 | FARNELLL3C-5 0-3Qv; ‘0-5A Two Meters
HP B620C Sweeo Oscillator Main Frame only... £200 | FARNELL (Y30-2 0-30V, 0-2A Twice..
RACAL 9081 Syn. AM/FM Sig. Gen. SMH2-520MHz £450 | FARNELLL30-2 0-30V, G-UMeteed

mcommsmmm Meter 20H2-20 kHz 0-05% un-used... €225 | FARNELL (T30-1 0-30V. 0-1A Twce
MARCONI TFBY38 Audio Power Meter Sinad. €250 | FARNELL30-1 0-30V; 0-1A Metered
MARCONI TF2463 Attenuator 0C-1GHR., £400 | BRANDENBURG Model 472R +/- ZW Metered
HP BASSE Attenuator OC-18CH2: 0-7008 n 1008 Stegs ........£350 MANY OTHER POWER SUPPLIES AVAILABLE
HATFIELD 2405 Attenuator 50 Ohm 75
R&S\/deoNuseMetaUPSFZmePSFZHAOHz 10MKz . £1500 NEW EQGUIPMENT
WILTRON 6409 RF Analyser Y0MHZ- 2000042 ... Y
WILTRON 66404 Programmable Sweeocen 10Hz- 20Kz ... POA Wéeﬁwgiluggpf HM1005 Trike Trace 100MH1 =

T | W
HRA2IALCZ Mew with Test Foture .POR U race 30MHz Comp Yester..
RS VHF Fiekd Strenath Meter type HEV 25MHz-300MHz —.......€250 ILDSCOPE HM205-3  Dual Trace 20MH2 Digtal Storage ... £653

Cricklewood Electronics Ltd, 10-42 Cricklewood Broad
London NW2 3ET. Tel: 0181-150 0995 0181-208 1441

e s sciloScopes suppied wih 2 prooes
BLACK STAR EQUIPMENT (P&P i s £51
APOLLO 10 100MHZ Counterﬂmer RatJO/Penoﬂ/flme int etc .. £234

BRUEL & UOER EOUIPMENT AVAILABLE - I
ENQUIRE

APOLLD 100 100MHz (s above with more functions). 332
msw LAALAT 37 N 11
R = METEQR 600 FREQUENCY COUNTER 600MHz i
HP 1417 with 85554 & 85578 10MH-18GHZ e AR
HP 1417 with 85548 & 85528 S00KHZ-1250MHz IR OORE e T s
BT S GSSA -OUE .. oS- Mm/v‘ﬂmmm —
U S i, OSCILLOSCOPE PROBES Swiched X1 X10 4P £31. 18

Used Equi lied if ibi:
Thisg Is a VERY SMALL SAMP OF STOCK SAE or (elei&hone for lists, Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage.

PR

STEWART OF READING "™
A 110 WYKEHAM ROAD, READING, BERKS RG6 1PL IS
Tels 01734 268041 Fax: 01734 351696 Callers welcome 9am to 5 30pm MON-FRI.

SEETRAX CAE

RANGER3 - DOS £2500
Windows\NT £2900

Hierarchical or flat schematic linked to artwork.
Unlimited design size, 1 micron resolution
Any shaped pad, definable outline library
Pin, gate & outline swapping - auto back annotation
Split power planes, switchable on - line DRC
COOPER & CHYAN SPECCTRA
autorouter (SP2)
Inputs: OrCAD, Cadstar,
PCAD, AutoCAD DXF

Outputs: Postscript, Windows bit map

R2 & R3 Outputs: 8/9 & 24 pin printers, HP
Desk & Laser Jet, Cannon Bubble Jet,
HP-GL, Gerber,

NC Drill, AutoCAD DXF

WITH COQPER & CHYAN AUTOROUTER

PCB DESIGN

RANGER2 £150

Upto 8 pages of schematic linked to artwork
Gate & pin swapping - automatic back annotation
Copper flood fill, Power planes, Track necking,
Curved tracks, Clearance checking,
Simultaneous multi-layer auto-router

RANGER?2 UTILITIES £250 _]

COOPER & CHYAN SPECCTRA auto-router (SPI)
Qerber-in viewer, AutoCAD DXF in & out

UPGRADE YOUR PCB PACKAGE
TO RANGER2 £60

TRADE IN YOUR EXISTING PACKAGE TODAY
Seetrax CAE, Hinton Daubnay House, Broadway Lane, Lovedean, Hants, PO8 OSG

Call 01705 591037 or Fax 01705 599036

254

+ VAT & PP

Everyday Practical Electronics, April 1996

All Trademarks Acknowledged



GREAT VALUE ON SURPLUS STOCKS!!!

POWER SUPPLY

X9040 An excellent cased PSU by Astec,
model AA16490 with buit in fan. ideally
suited for computer use..Mains IEC in/out
connectors, fuse holder, push on-off switch
and 5 connectors to motherboard, disk
dnves, etc. All sockets are numbered and a
label gives the breakdown of cumrent and
voltage to each pin of each socket Total
power 133W with maxima as follows: +5V
16.1A -6V O3A +12v 4A -12v 03A
Owerall size 175 x 157 x 95mm. £15.00

NEW RANGE OF LOW COST
EDUCATIONAL METERS

Ideal for the laboratory, these meters
have screw terminals that also accept
4mm plugs. Size 120 x 80 x 33mm.

ey

TECO100 O-1A £6,95
TEC0102 O-2A £6.95
TEC0103 O-5A £6.95
TEC0104 06V £6.95
TECO105 O-15V £6,95

COMPUTER MANUALS

From Amstrad, 4 original manuals:
X6423 PC2386 User Manual and MS-DOS
Guide.

X6424 Portable PPCS 12/640 Manual.
X6425 PC 1640 User Instructions.

X6426 PC 1640 Technical Reference Manual.
All the same price - £3.00 each, all 4
£10.00

NI-CADS AND CHARGER

X6098 6V constant current ni-cad charger
for up 1o 4 12V cells. Red LED indicates
charging at 100mA and after 14 hows. the
green LED iluminates and charging stops
_Great value at 9

X6183 8 brand new AA cells shiink
wiapped in a pack with connector, Made by
Powersonic, USA Great value - would cost
£9.60 if bought separately Special Price
£5.95

TBP305 Brand new battery pack by Ora.
measuring 90 x 58 x 19mm. Contains 6 x

PER MOTOR DEAL

One of the best parcels we have seen for some time - over
150,000 low voltage DC motors in a variety of shapes and sizes.
Ideal for modellers and experimenters, they are of the highest
quality - but at our usual low, low prices.

X6568 X6569-71

X6575 X6660

Cede [Volts | RPM Cuprent B: Ixd Spdie Ixd | Weight Price | 100+
X6568[12V_[ 13,000 | 180mA 56x29mm | 21x4mm | 113g %%60 £1.60 [090
X6569]105V | 9,000 220mA 36x19mm | 20x2.3mm | 30g 50,720 | £1.00 {060
X6570|9V 13,000 | 460mA 35x19mm 20x2.3mm | 309 13,039 | £1.00 {060
| X657 1|6V 12,000 | 600mA 36x19mm | 202.3mm | 30g 49,365 | £1.00 1060
X6572112.8V {6,000 4A 100x70mm | 30x95mm | 954g 1478 £4.00 |2 40
X55 3|12V }4.000 600mA 69x48mm 4x4mm 2879 [3418 £4.00 |2.40
XSS' 4112V [ 11,000 | 1600mA 69x48mm 1x4mm 2879 [5.081 4.00 |2 40
X55 5{7-12V|4/6.000 | 700-1450mA | 107x69mm | 30x6 3mm | 9009 15,878 | £5.00 [3.00
X6660(12v [4,000 500mA 75x62mm | 20xamm 331g {2000 5.00 |3.00

Notes:

All motors are reversible except X6575
X6568-71 and X6675 ae al made by Permanent
Magnet Motors with spade and bullet connectors

X6568 has 2x25mm dia sockets for connexion X6573-4 have tyng lead connexions 250mm fong
X6569-71 are idenfical in size and shape, but they can X6575 Connexion by fiyng leads 180mm long

quickly be identified by the coloured plastc base, white X6660 is made by Micron and is completely sealed with
grey and red respectively Connexion is by M25 studs  fypng leads 2 10mm long

VIDEO BATTERY CONDITIONER AND CHARGER

X6462 These are brand new units by Sima -
the Powermax +2. Beautifully made unit that
both reconditions and charges two 6V, 7.2V or
9.6V video ni-cads at the same time. Requires
12-16V 15A input. Discharges at O.5A charges
at 1A LED indcators display charge/discharge
for each battery. also capacity Excelient value!
Only £15.00

X6572 is made by AC Deico, and is a vetwcle fan The
plastic fan is 165mm dia. Connection is by 2m fyng lead

BATTERIES

X3523 Sim hne 6V
1000mAh battery pack
by Ever Ready. BPS5.

SUITABLE PSU

X6445 This PSU provides
13V at 1A so will charge at Size 90 x 46 x 20mm.
sightly less than 1A £5.95 £12.00

HALF PRICE 1996 DIARIES

OUR POPULAR RANGE OF DESK DIARIES PRINTED ON GOOD QUALITY PAPER

Contents:

- 1995 to 1998 Calendars

- 1986/97 Year Planner

- Staff Holiday Chart

- Public Hohday Schedule for 10 Countries

+ Metric to imperial Conversion Charts

- Dress. Trouser. Jacket and Shoe Sizes

- BR Intercity and Colour London Underground Maps

Avallable in Red, Blue, Black or Green.
(Please state 2nd/3rd choice)

ABW A5 sze, week to vew Was £1.9 Now £0.99
ABD A5 sze, page a day Was £395 Now £1.99

: m\?kcglﬁednz?ya?;r:s? :)f each doudle page MW A4 e, wesk 10 vew Wes £35 Now £1.93
- Address and Phone Number Pages A4D M sze, page a day Wes £6.95 Now £3.43

27D Park Road - Southampton - S015 3UQ
TELEPHONE: 01703 236363 - FAX: 01703 236307
INTERNET: http://www.herald.co.uk/clients/
G/Greenweld/greenweld.html.

EMAIL via Compuserve 100014, 1463

- 1995 CATALOGUE NOW AVAILABLE

Only £2.00 UK/BFPO - Overseas £4.00

196 pages of bargains - from craft accessories to power supplies.
Mrwrrm 1200 e : d
Offcial :deedrl; ”L‘Lfé’&‘ﬁé‘ %om electronic components 1o toolkits...and much more in between!
Educaton nNMUm. IVOICe

i .
GREENWELD

ELECTRONIC
COMPONENTS

2710 Aluminium mitre block 140 x 50 x
25mm with two 45 degree and one 90
degree cutting siots. Grooved base. Lip on
base to hold against workbench £5.60

e
P23 Head magnifying glass. \elcro strap
secures lightweight (110g) device to head
Double lens system with compensation glass
enables four magnificaions - 1.8, 2.3, 37
and 4.8 tmes. £19.95

SUPER TORX DRIVER DEAL

These screwdrivers are becoming an essential
tool as more and more manufacturers resort
10 using tamperproof screws. but untl now
you had to pay an arm and a leg for a set
We've ‘done a deal’ with a mapr supplier of
these and can offer them singly or in sets at
a never 1o be repeated pricel

—

X6309 Full set of 9 - T10, T15. T20, T25,
T27. T30, T40. T45 and TBO - would
normally cost around £4000. Our Price
£9.95

X6310 Small set - T10, T15, T20, T26 and
T27. £6.95

X6311 Large set - T30, T40, T45 and T5O.
£4.95

X6312 + Size Also avalable individually at
£2.00 sach.

_-..,w,

§

Also from the same source, some
other fine quality tools:

{a) Pliers

ETFN Precision flat nose pliers. 150mm long
with orange cushioned handies and spring
loaded opening. £2.95

ETNN Precision needle nose pliers, 150mm
long with orange cushioned handles and
spring loaded opening. £2.95

(b) Tweezers

STS Four piece stainless steel tweezer set -
needie point. duck bill needle point. duck bill
flat point and reverse action. £2.60

X6147 \ersatite soft padded instument case
measuring 250 x 250 x 80mm, with
expanding side pocket 176 x 80 x S0mm.
Both have welcro fasteners On one side are
two apertures, one 15 x 15mm and the
other 80 x 40mm covered by a leatherette
fiap. Strong carrying handie. Grey material
with black edgng. 100's of uses. Only
£2.95

JUST ARRIVED!!

Details in latest list™;

- 20 Pallets of Mobile Radio Accessories
- More Motors and Solenoids

- Huge Relay Parcel

- Another Job Lot of Mobile Radio Bits

- 20,000 Relays

- 800 Modems

*For just £6.00 a year, you'll be the
first to receive details of new stocks
every month - many items never

AA ni-cads rated 700mA Great value at e O e ey Our stores (over 10,000 sq. ft) have enormous stocks We are appear in  these ads, as they're
st £3.95 Swich, Access, Wsa, Connect open 8:00am - 5.30pm Monday to Soturday Come and see us! snapped up by Subscribers!
255
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ELECTRONICS PRINCIPLES 3.0

- 18 8 B Electronics Pnncuples 3.4

Basu:s Dc Theory Ac Theory Transistors Diodes Binary Ne's Digital Op - Amps

' Two's ement Numbers.
RC Parallel Circuit.
Tri-State Data Latch.

e

§ Hedratnd Hint

|
|
|

Yout = 2V

Rin = 10k
Rf = 100k
Gain (Av) =

Vin = 200m¥Y

Formulae.

Complete Package Still Only £49.95.

ELECTRONICS TOOLBOX VERSION 3.0

A Windows version of the popular Toolbox Software. Presents over a hundred commonly used formulae in a way that
makes calculations easier, thus encouraging experimentation in circuit design. Just select the formula, 'pop’ in your

values and find the result!
Only £19.95

GCSE MATHEMATICS VERSION 2.0

A series of programs covering all the major topics required by the school syllabus. An easy to use package enabling
you to study or revise in what we believe is an interesting and enjoyable way. There are over one hundred and fifty
mathematics - topics with interactive, full colour graphics, enabling a "learning through doing" approach to encourage
experimentation. As used in many schools throughout the UK.

Only £49.95  Also available MATHEMATICS PRINCIPLES 2.0 covers all the GCSE topics
but without reference to the school syllabus. Particularly useful to mature and overseas students.

EPT Educational Software, Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. Tel/Fax: 01376 514008.
E-Mail Address, Sales@eptsoft.demon.co.uk WWW Pages. http://www.octacon.co.uk/ext/ept/software. htm
Upgrades, Site Licence details or further information: Please telephone.

Add £2 per order for UK post and packing. Make cheques payable to EPT Educational Software.

Switch, Visa and Mastercard orders accepted - please give card number, expiry date.

OVERSEAS ORDERS: Add £2.50 postage for countries in the EEC. Outside EEC add £3.50 for airmail postage.
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Pico Releases PC

otential =
e t L Virtual
o J[h monprl . :
Pico's Virtual Instrumentation enable you to.use your e . ‘L’ '—"J-;"—]"L“"—L' ;n:fiw;::nt
computer as a variety of useful test and measurement B NN AR .
instruments or as an advanced data logger. I & VAT [LJ RonaTSdoeritre g
E 1

Hardware and software are supplied together as a-package

- no more worries about incompatibility or complex set-up
procedures. Unlike traditional 'plug in' data acquisition cards,
they simply plug into the PC's parallel or serial port, making
them ideal for use with portable PC's.

PicolLog
Advanced data
logging software.

Call for your Guide on 'Virtual Instrumentation’.

NEW from Pico TC-08 Thermocouple to PC Converter
8 channel ‘Thermocouple Interface

@ Connects to your serial port - no power supply required.
® Supplied with PicoLog datalogging software
for advanced temperature processing, min/max detection and alarm.
® 8 Thermocouple inputs (B,E,J,K,N,R,S and T types)
@ Resolution and accuracy dependant on thermocouple type.
For type K the resolution is better than 0.1°C .

TC-08 £ 199
TC-08 - calibration Certificate £ 224

complete with PicoLog, software drivers and connecting cable.
A range of thermocouple probes is available.

SLH-76 & SLA-52 Logic Analysers A4 D(- 700 Virtual Instrument

Pocket sized 16/32 channel Logic Analysers Dual Channel 12 bit resolution

Connects to PC serial port. . Digital Storage Scope
Up to 50MHz sampling. X Spectrum Analyser
Internal and external Dy ‘Frequency Meter
clock modes. 4 =O Chart Recorder
8K Trace Buffer. G2 Data Logger

y Voltmeter

. SLA4-716 £ 219 The ADC-100 offers both a high
Si4-52 £349 sampling rate (100kHz) and a high
with software, power resolution. It is ideal as a general
supply and cables purpose test instrument either in the

lab or in the field. Flexible input ranges
(£200mV to +20V) allows the unit to
connect directly to a wide variety of signals.
ADE-1700 with PicoScope £199

ADE-70 ) with PicoScope & PicoLog £219
1 Channel 8 bit i

@ Lowest costin the Pico range The ADC-10 gives your computer a single channel of
® Up to 22kHz sampling analog input. Simply plug into the parallel port.
@ 0 -5V.input range #DE-10 with PicoScope £49

Carriage UK free, Overseas €9 Oscilloscope Probes ( x1, x10) £10 PicoScope & PicoLog £59

| e Pico Tet_:hndlogy Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ
g Tel: (0)1954 - 211716 Fax: (0)1954 - 211880 E-mail: 100073.2365 @compuserve.com

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

PICO TECHNOLOGY
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135 Hunter Street E I
Burton-on-Trent —— include V.A.T.
Staffs. DE14 2ST e Add £3.00 per
Tel 01283 565435 Fax 546932 EE166 order p &p

All Prices

LTD

ELECTRONICS

_MAILORDERONLY ¢ CALLERS BY APPOINTMENT

F = “erEMICROCONTROLLER! WINDICATOR

1 A novel wind speed indicator with LED read-out. Kit comes I Aninnovative and exciting
P... TREASURE HUNTER complete with sensor cups, and weatherproof sensing head. | project. Wave the wand through
Mainspower unit £5.99 extra.

Lt : to 16 digits long. C e-loaded
1 of all timing functions and advancedd KIT856...........cccevviiiiviiiiiiiniiiiniiiinnneee, £28.00 O e S A o e

The latest MAGENTA DESIGN - highly
stable & sensitive — with pC control |

FSPACEWRITER @~ )
1

the air and your message appears.
] Programmable to hold any message

1 pulse separation technigues.

1 ® New circuit design 1994

) @ High stability
drift cancelling

1 @ Easy to build
& use

I @ No ground

BUCCANEER I.B.
METAL DETECTOR

An Induction Balance (l.B.) detector with
audible output. Providing good

- sensititivy and easy construction.
COMPLETEKIT-INCLUDES ALL
HARDWARE, HANDLE, SEARCH

1 1 PCB, all components & tube +

i instructions for message loading.

PKIT849.. . ... £16.99!
12V EPROM ERASER

A safe low cost eraser for up to 4 EPROMS at a time
in less than 20 minutes. Operates from a 12V supply
(400mA). Used extensively for mobile work - up-
dating equipment in the field etc. Also in educa-
tional situations where mains supplies are not al-

1 effect, works HEAD, PCB etc. lowed. Safety interlock prevents contact with UV.
in seawater CIRCUIT REJECTS IRON
! A L= L, KIT790. 000 £28.51
® Detectsgold, ! g)|yER, COPPER etc. MOSFET 25V 2.5A
! silver ferrous & I A SOLID RELIABLE DESIGN. POWER SUPPLY
1 - ! ; } , )
" metals LI AL OOl £54 .99 g;‘i’s‘ige{f&m{’v’;ﬁega":;?"m':;’s“‘]’ggi;:';°\;':n‘; o

1 @ Efficient quartz controlled
microcontroller pulse generation.

1 @ Full kit with headphones & all
i hardware

LKIT 847, £63.95

- e e e o o o e e o o o o e

DIGITAL LCD THERMOSTAT

A versatile thermostat using a thermistor probe and
having an l.c.d. display. MIN/MAX memories, -10
to 110 degrees celsius, or can be set to read in
Fahrenheit. Individually settable upper and lower
switching temperatures allow close control, or alter-

up to 200 Megohms.

components.

KIT848.........c.......... £32.95

Amps. Variable from 0-26 Volts and current limit

\ 1 OOOV & 500V I N S U LATI O N control fro? 0-_2~5A. Rugged rf)owev MOSFET out-
TEST E R put stage. Toroidal mains transformer.

y KIT 769:). .. oo 2 £56.82

Superb new design. Regulated

output, efficient circuit.

Dual- INSULATION TESTER

scale meter, compact case. Reads A reliable and neat electronic tester which checks

insulation resistance of wiring and appliances etc.,
at 500 Volts. The unit is battery powered, simple

Kit includes wound coil, cut-out and safe to operate. Leakage resistance of up to
case, meter scale, PCB & ALL 100 Megohms can be read easily. A very popular

college project.

KIT444.. . ... £22.37

ively all ide 'dead band’ to b hich
2::1;}%5{13 iﬁgua:]);/aln?ial zievgsnsaviﬁgsfvgﬁérrvu;gd M O S F ET M kl I VA R IA B LE B E N C H
t t o -
'\:vc;tuse 8::33!;20"0 o\:vr?é:'ti:bzsci?:rol. :gua?i’a?rr\%‘;r:e POW E R S U P P LY O = 2 5V 2 1 5A .

brewing, etc. Mains powered, 10A SPCO relay out-
put. Punched and printed case.

Based on our Mkl design and

preserving all the features,

KIT84T oo £29.95 P
PORTABLE ULTRASONIC
PEsT SCARER

pact hand-held case. MOSFET output drives a

special sealed transducer with intense pulses via 2€r0. Toroidal mains trans-
a special tuned transformer. Sweeping frequency former. Kit includes punched
output is designed to give maximum output with- gnd printed case and all

parts. As featured in April

out any special setting up.

KIT842..........covveeen. £22.56 1?94 EPE. An essential piece
DIGITAL CAPACITANCE i bl
e KIT845............ £64.95

higher
meters indicate Volts and

A powerful 23kHz ultrasound generator in a com- Amps. Fully variable down to

now with switching
pre-regulator for much

efficiency. Panel

DIGITAL COMBINATION LOCK

Digital lock with 12 key keypad. Entering a
four digit code operates a 250V 16A relay.
A special anti-tamper circuit permits the relay
board to be mounted remotely. Ideal car immobi-
liser, operates from 12V. Drilled case, brushed
aluminium keypad.

KIT840.......cc v £19.86

E.E. TREASURE HUNTER
P.I. METAL DETECTOR
MKI

Magenta's highly
devetoped &
acclaimed design.
Quartz crystal
controlled circuit
MOSFET coil drive.
D.C. coupled

A really professional looking project. Kit is sup- ULTRASON |C PEST SCARER

plied with a punched and printed front panel, case,

p.c.b. and all components. Quartz controlled ac- Keep pets/pests away from newly
sown areas, fruit, vegetable and
and pF ranges give clear unambiguous read out of flower beds, children’s play areas,
marked and unmarked capacitors from a few pF up patios etc. This project produces

curacy of 1%. Large clear 5 digit display and high
speed operation. |deal for beginners ~ as the uF, hF

to thousands of uF.

intense pulses of ultrasound
KIT493.........c.0vennn. £39.95 which deter visiting animals.
ACOUSTIC PROBE ' @ KITINCLUDES ALL

A very popular project which picks up vibrations by

pair of headphones or an amplifier. Sounds from
engines, watches, and speech travelling through

COMPONENTS, PCB & CASE
means of a contact probe and passes themontoa @ EFFICIENT 100V
TRANSDUCER OUTPUT
walls can be amplified and heard clearly. Useful @ COMPLETELY INAUDIBLE

RANGE

@ UP TO 4 METRES

amplification.

Full kit includes @® KITINC.
PCB, handler HEADPHONES
case &

search coil. @ EFFICIENT

CMOQOS DESIGN

® POWERFUL COIL
DRIVE

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

@ 190mm SEARCH COIL

:Jt)a’rk:‘vztl:.hanics' instrument engineers, and nosey TO HUMANS @ LOW CURRENT DRAIN @ NO 'GROUND EFFECT’
KIT740.........ccovvvei. FIG 8. KINEIERA ... c¢ccoc o pad £14.81 KIT815......oovvvervi, £45.95
Comstep PC Computer EDUCATIONAL BOOK & PACK DC Motor/Gearboxes

Interface and Driver board
Drives two motors from PC With 2-200
parallel port. Supplied with

comprehensive software. Step Motors
Needs 12Volt 1A supply.

ADVENTURES WITH ELECTRONICS

The classic book by Tom Duncan used throughout
schools. Very well illustrated, ideal first book for age 10
on. No soldering. Uses an S.DEC breadboard.

Book &Components
Book only.....c.ooevvvveviiincninninnienninienan,

Our Popular and Versatile DC motor/Gearbox
sets. Ideal for Models, Robots, Buggies

etc. 1:5to 4-5V Multi ratio gearbox
gives wide range of speeds.

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

Power Booster for Comstep

Adds to Comstep and allows With MD24
motors up to 4 Amps to be Mot
driven. Two boosters drive RIOTS)

two motors from a single Comstep. Uses standard
Comstep software.

Versatile Stepping motor

Interface

A Magenta design, gives Half and Full-Wave drive.
Up to 1Amp and 24Volts. CMOS inputs ~ Drive
from logic or computer port. Needs power supply.

Kit816..........ccnv........ £9.82

Stepping Motors

e
MD38...Mini 48 step...£8.65 R»\
MD35...Std 48 step...£12.98 | ﬁ?ﬁ) j
MD200...200 step...£16.80 &X
MD24...Large 200 step...£22.95
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PIC . DEVELOPMENT D (™ PIC 16C84
&TRAININ(E: %XHSOPLE«N DISPLAY

YOUR KEY IR b 0CuuinG, AnD wewone | DRIVER

TO ANOTHER % s £9 VAT | USESPIC16C84 to
NEW AGE OF -’ ————"1 13008 | drive a 2 UNEX16
ELECTRONICS a5 RU';%\‘/’VV'ETRHS‘:‘J";;LP\E LCD Display.

PICs are being used -y - : (12V at 200mA) Another NEW P|C project from
mgre and more because ,_ i y \\ £8.99 Magenta. Supplied with PCB,

y allow complicated jobs \ t{_‘ ; [y TE—— industry standard 2 line x 16
X)Iltzt?\g (x‘:rl\:vigr(‘ig:ént?\[ep?ggémming*\ = : PC = ggrar:g(c:)tr?ér?t'g p;ig :clog\lvgs:es':lé
One PIC replaces a board full of ICs. M s-way £6.00 include in yo’ur own programs.
Saving time, space, power, and MONEY. 25-way £7.00] Full .diSpla(\j/ data anlq ;()jrc:grarln

Z e —— rvi g
Eror Camyanc pats 110" [CEReIeeT, Horrconmones | devlopmert base formetrs.
Development & Training System | A real-world application for a PIC microchip. This project can be terminals, (?8|CU|81I0nS, -
STEP 2 - Follow May & June ‘95 EPE made to do just what you chose by writing your own software. It counters, timers etc. Just waiting
e P o weoiisap o | | 'O YOUI application.
e . I rovide ni re | rIX N L
STEPs- Sy | g 6 || KIT Ref. 860......£17.99

SIMPLE PIC16C84
PROGRAMMER

Based on the design in February '96 EPE.
Magenta have made a proper PCB for this
circuit and a full kit of parts.

The PCB eliminates the risk of layout errors.
Additional contact points are provided to allow
connection to RA and unused RB pins when testing
programs.

Kit includes 1 — PIC16C84 chip, lead, connector and
all software.

680 DEVELOPMENT AND
TRAINING SYSTEM
Never before at this price! Our own 6800
board kit. Used all over the world in
schools and universities. Double Eurocard
PCB with RAM, ROM, and |/O. Full
featured MONITOR and LINE BY LINE
ASSEMBLER ON BOARD. Just needs
power, and a serial link to your PC.
Supplied with full data and applications
course. Use to learn, or as a stand-alone
computer board.

£55.00!

Kit Ref 601

Programmer Kit — with software disk, lead, connector
and PIC16C84 chip, including PCB.

Ui o7 (U £12.99
Power Supply Unit 12V-14V................ £3.99
Extra PIC16C84 Chips.........cccccceevveennnne. £7.36

We have noticed a number of customers buying the PIC 16C84 Pro-
grammer and Kit 855. This is an ideal combination. Kit 855 allows

Mains Power to be controlled safely using a PIC16C84. Experiment
with chaser patterns and dimming using phase control. Special kit
with all components and blank PIC16C84 and reprints.

Kit 855/16C84......ooiiieiiiiiieeee e — £39.95

BAT
DETECTOR

An excellent circuit which reduces 2L
ultrasound frequencies between 20 and
100 kHz to the normal (human) audible
range. Operating rather like a radio
receiver the circuit allows the listener to
tune-in to the ultrasonic frequencies of
interest. Listening to Bats is fascinating,
and it is possible to identify various
different types using this project. Other
uses have been found in industry for
vibration monitoring etc.

KIT814....coooiiiiin £21.44

Mini-Lab & Micro Lab
Electronics Teach-In7

As featured in EPE and now published as Teach-In 7. All parts
are supplied by Magenta. Teach-In 7 is £3.95 from us or EPE
Full Mini Lab Kit—£119.95 — Power supply extra — £22.55
Full Micro Lab Kit —£155.95 Built Micro Lab — £189.95

Tel: 01283 565435 Fax: 01283 546932

All prices include VAT. Add £3.00 p&p.
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4000 Series
4000 £0.17
4001 £0.20
4002 £0.17
4006 £0.40
4007 £0.18
4008 £0.31
4009 £0.19
4010 £0.23
4011 £0.20
4012 £0.16
4013 £0.24
4014 £0.30
4015 £0.24
4016 £0.30
4017 £031
4018 £0.27
4019 £0.48
4020 £0.31
4021 £0.31
4022 £0.32
4023 £0.16
4024 £0.32
£0.15
4026 £0.78
4027 £0.26
4028 £0.34
4029 £0.40
4030 £0.17
4031 £0.70
4033 £0.56
4034 £1.24
4035 £0.31
4040 £0.38
4041 £0.31
4042 £0.22
4043 £0.28
4044 £0.35
4046 £0.52
4047 £0.48
4048 £0.28
4049 £0.22
4050 £0.26
4051 £0.43
4052 £0.32
4053 £0.40
4054 £0.56
4055 £0.34
4060 £0.48
4063 £0.29
4066 £0.22
4067 £1.96
4068 £0.16
4069 £0.20
4070 £0.17
4071 £0.22
4072 £0.17
4073 £0.17
4075 £0.17
4076 £0.30
4077 £0.28
14078 £0.20
4081 £0.23
4082 £0.21
4085 £0.28
4086 £0.26
4089 £0.55
4093 £0.22
4094 £031
4095 £0.56
4097 £1.20
4098 £0.48
4099 £0.3
4502 £0.38
4503 £0.40
4508 £1.40
4510 £0.36
4511 £0.56
4512 £0.32
4514 £0.77
4515 £0.99
4516 £0.44
4518 £0.44
4520 £0.43
4521 £0.62
4526 £0.40
4527 £0.40
4528 £0.40
4529 £0.44
4532 £0.32
4534 £2.48
4536 £1.00
4538 £0.37
4541 £0.33
4543 £0.49
4555 £0.34
4556 £0.40
560 £1.18
4566 £1.96
4572 £0.25
4584 £0.24
4585 £0.47
4724 £0.70
40106 £037
40109 £0.58
40163 £0.46
40174 £0.34
40175 £0.36
40193 £0.60

T4HCOO
74HC02
T4HCO3
74HC04
T4HCOB
74HCI10
74HCI11
74HC14
T4HC20
74HC27
T4HC30
T4HC32
74HC42
74

T4HC4543

74HC Series

£0.35

885553888858538588

L L L ey
3 8

£0.90

74LS Series
74LS00  £0.20

74L840

£0.14
£0.29
£0.29
£0.21

4

741542  £0.25
741847 £0.72
74LS51  £0.24
74LS73  £0.40
74L874  £025
74LS75  £0.19
741876  £0.25
74LS83  £0.31
741885 £0.35
740886  £0.20
741890  £0.44
741892  £0.35
741893  £0.42
7418107 £0.23
74LS1 £0.21
74LS112 £0.24
74LS113  £0.21
74LSti4  £0.2}
7408122 £0.31
74LS123  £0.31
415125 £0.27
T4LS126 £0.25
7418132 £0.21
7415133  £0.36
74LS136 £0.16
74LS138 £0.40
LS139 £0.25
74LS145 £0.56
74LS147 £1.26
7415148 £0.70
74LS151  £0.25
74LS153 £0.25
74LS154 £0.70
T4LS155 £0.25
7415156 £0.36
74LS157  £0.22
T74LS158 £0.21
74LS160 £0.48
74LS161 £0.32
7418162 £0.44
7418163 £0.32
7418164 £0.24
7418165 £0.48
7418170 £0.30
74LS173 £0.24
7418174 £0.24
7418175 £0.24
74LS190 £0.60
74LS191 £0.24
74LS192  £0.
74LS193 £0.24
T74LS195 £0.24
T4LS196 £0.24
T4LS197 £0.24
7418221 .40
74152 £0.32
7408241 £0.32
74LS242 £0.32
74L5243  £0.3
74L8244 £0.32
7415245 £0.60
7418247 £0.32
74L8251 £0.24
74LS2 £0.24
74LS258 £0.24
7415266 £0.14
7408273 £0.32
7418279 £0.2
74L8365 £0.21
74LS8367 £0.21
7418368 £0.21
74LS373  £0.33
7418374 £0.34
7418375 £0.34
7418377 £0.32
74LS378 £0.62
T4LS390 £0.25
74LS393 £0.24
7418395 £0.26
74LS399 £0.62
74LS670 £0.69
Linear ICs
ADS24AD £23.04
AD548IN  £1.62
AD590JH  £5.40
ADS592AN £4.52
ADS95AQ £14.64
AD620AN  £9.88
AD625IN  £16.20
AD633JN  £8.25
ADG648IN  £2.57
AD652AQ £14.88
AD654IN  £7.25
ADG698AP £23.28
ADTO7TIN  £2.36
AD708IN £5.69
AD7i1IN  £1.51
AD7I12JN £2.38
36N  £8.75
AD795IN  £5.94
AD79TAN £8.
ADBIIN  £6.73
AD8I2AN £6.32
AD8I3AN £8.81
ADBI7AN £3.85
AD820AN £3.24
82 £5.20
AD826AN £5.33
AD829IN  £6.41
ADS30AN £6.14

ADB4TIN £6.50
AD969%KN  £1.73
ADEL2020AN £5.06
ADM222AH £3.55
ADM232AAN £3.55
ADMA8SIN  £2.97
ADMG6%OAN  £5.13
ADM69IAN  £6.48
ADMG9SAN  £6.48
ADM699AN  £3.58
AMPO4 £10.94
BUFD4GP  £8.56
CAT41CE £0.26
CA747CE  £039
CA3 £0.37
CA3059 £1.16
CA3080E £073
CA3130E £098
CA3140E £0.51
CA3189E £1.22
CA3240E .12
DG211CJ £i55
2124 £1.55
DG411D) 11
DG412D]  £4.19
EL2020CN  £4.99
EL2030CN  £5.67
7106 80
ICL7611DCPA £1.06
ICL762i £1.70
ICL8038 £5.25
ICMT555 £0.36
ICM7556 £0.98
L165V £263
1272M £1.80
1297 37
1298 £6.99
LE34IN £0.86
LF35IN £0.43
LF353N £0.42
LF3356 £0.84
(M301A £025
308 £0.5
IM3IINS  £0.32
LM318 £128
LM319N-14 £0.96
M324 £0.30
352 £152
LM339N £024
LM348N £031
LM358N £027
377 £2.57
IM38ON-14  £1.12
LM38IN £
LM386 £0.79
LM392N £0.7
LM393N £021
7 £0.79
733 £1.04
[M748CN-8  £037
[M579CP  £338
LM1458 £037
1881 £522
M2917N8  £3.10
LM3900N £0.72
LM3909N £1.76
(M3911 £2.56
LM39i4 £2.30
(M3915 £270
13 £1.66
(MC660CN  £2.16
LMC6032IN  £1.55
C6042IN  £1382
LP31IN £0.74
324N £0.74
LP339N £0.73
2CPE  £2.97
MAX208CNG  £6.99
MAX220CPE  £5.06
MAX222CPE  £5.06
MAX232CPE  £2.16
MAX238CNG £6.8
MAX242CPE  £5.51
MAX631ACP £4.99
MAX63SACP £4.99
C1488 £0.39
MC1489 £0.39
MC3302 £0.5
MC3340P  £1.
MC4558P  £0.36
MVSOODP  £2.63
MV60IDP  £297
NES31 £1.47
NE555N £0.25
NES56N £0.36
NES565 £1.84
NES66N £0.90
NE567N £0.39
NES7IN £247
592 £0.62
NE5532N £0.80
NE5534N £0.64
OPOTCN £1.42
OP27CN £2.90
OP77GP £236
P £311
7FP £243
OPII3GP  £344
OPIT6GP  £2.09
OPI7IGP  £1.89
OPISIGP-  £3.44
2 £5.60
OP213FP £5.20
OP2T5GP  £2.57
OP282GP  £227
OP283GP £520
OP290GP  £5.40
OP295GP 73
OP29TGP  £5.74
£11.81
OP46IGP  £13.74
OP49SGP  £8.69
PMIOI2GP  £5.20
RC4136 £1.00
SAAI027 £4.46
$G3524N £1.08
5G3543 £6.88
SL486 £4.12
SL4 £4.05
SSM2017P  £3.38
SSM2131P  £4.19
SSM2131P  £421
SSM2142P  £6.40
SSM2143P  £3.78
TBA120S £0.90

TBASOO £0.70
TBABI0S £0.64
TBAS20M £0.39
TDA1024 £1.49
TDA1170S £1.83
A2 1.04
A2l 11
TDA2030 £1.18
TDA2050V ~ £3.98
TEAS115 £3.11
TLO61 £0.35
TLO62CP £0.60
064 £0.72
TLO7ICP £0.48
TLOT2CP £0.50
TLOT4CN £0.58
TLO8? £0.33
TLO82CP £0.54
84C] £0.63
94C] £1.49
TL7705ACP  £1.62
TLC271 £0.54
TLC272 £0.88
1FP £5.60
UA2240CN  £2.30
ULN2003 £0.52
ULN2004A  £0.48
P £1.20
ULN2803 £0.90
ZN409CE £1.89
ZN414Z £1.16
ZN416E £1.99
ZN1034E £3.11
EPROM’s
2716 £4.46
2732 £4.84
2764-25 £4.20
27C64-25 £3.44
7C010 £5.74
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27128-20 £4.08
27C128-20
272

56-20 £4.85
27C256-20  £3.68
27Cs512 £3.42
RAM
4164-15 1.78
6116-10 £1.53
6264-10 .16
41256-10 £2.80
62256-10 £5.35
511000-8 £8.54
514256-8 £6.88

A/D Converters
Data Acquisition
AD420AN " £25.38
ADSSTIN  £8.75
ADST4AIN £]8.48
AD767TIN  £20.88
AD77SIN  £18.48
AD7226KN £25.69
AD7528JN  £8.63
AD7545AKN £14.04
AD7581JN  £25.80
AD7828KN £20.33
784, 14.04

SIN  £14.
ICL7109CPL £7.75
TLC549IP  £3.51
ZN42SE £5.94
ZN426E £3.13
ZN427E £8.78
ZN428E £5.94
ZN439E8  £7.13
ZN448E £7.02
Voltage
Regulators
7805 £0.44
7808 £0.50
7812 £0.38
7815 £0.38
7905 £0.40
7912 £0.38
915 £0.38
7924 £0.38
78L05 £0.26
78L08 £0.23
78L12 £0.23
78L15 £0.24
78124 £0.39
T9LOS £0.
T9L08 £0.28
9L12 £0.28
T9L15 £0.28
79L24 £0.30
ADM666AN  £3.44
L200CV £1.24

96 £8.13
L387A £3.24
P2 £2.30
LM317T £0.58
LM323K £2.84
334Z £1.35
LM338K £5.52
723 £0.29
LP2950CZ £297
REFUICP £3.44
REFQ2CP £4.66
F12Z £1.28
REF195GP  £4.72
F252 £1.24
REF50Z £1.22
TL43ICP £0.45
423 £1.55
ZN458B £1.89
Diodes ¥
IN914 £0.0
IN916 £0.0
IN4001 £0.0
IN4002 £0.0
1N4003 £0.07
1N4004 £0.07
1N4005 £0.07
1N4006 £0.08
1N4007 £0.08
IN4148 £0.05
1N4149 £0.06
INS: £0.09
IN5401 £0.09
1N5402 £0.10
IN5404 £0.11
IN5406 £0.12
IN5407 £0.14
IN5408 £0.15
BA157 £0.10
BAI58 £0.10
BA159 £0.10

BY126 £0.13  ACI28 £0.40 BC338  £0.10 BDXS3C £0.47
BY127 £0.18  ACI87 £0.48 BC338-25 £0.10 BDX54C £0.50
BY133 £0.10  ACI88 £048 BC348B £0.14 BFI80  £031
0A47 £028  ACYI17 £384 BC357 £025 BFI82  £031
A £007  ADI149 £167 BC303  £0.73 BFI85  £0.58
0AS} £0.10  ADI6l £092 BC414C £0.13 BFI194  £03f
0A200 £0.10  ADI62 £0.92 BC441  £040 BFI%B  £0.19
0A202 £029 BCIO07 £0.16 BC461  £0.40 BFI95  £0.19
Zeners 2.7 to 33V BCI07B £0.17 BC463  £029 BF24a  £0.35
400mW £0.08 108 £0.14 BC478  £032 BF244B  £0.35
1.3W £0.14  BCI08A £0.14 BC479  £032 BF2 £0.35
Bridge Rectifiers BC108C £0.16 BC490  £024 BF257  £033
W005 1.5A 50V £0.19 BC109 £0.17 BCS516  £022 BF259  £033
W02 1.5A 200V £0.20 BC109C £0.18 BC517  £020 BF337  £0.40
W04 1.5A 400V £0.22 BCl14 £0.41 BC527 £020 BF355  £0.38
W06 1.5A 600V £0.22 BCIIS £0.41 BC528  £020 BF423  £0.13
W08 1.5A 800V £0.27 BCI16 £041 BC537  £0.20 BF451 £0.19
WO10 1.5A 1kV £0.24 BC1I8 £041 BC546B £0.08 BF459  £0.33
BR32 3A 200V £0.36 BCI132 £0.36 BC54 £008 BF469  £0.36
BR34 3A 400V £0.40 BCI34 £036 BC547B £0.09 BFX29  £0.29
BR36 3A 600V £0.33 BCI35 £036 BC347C £0.09 BFX84  £031
BR62 6A 200V £0.70 BCl £025 BC548C £0.08 BFX85  £0.32
BR68 6A 800V £0.59 BC14l £027 BC549C £0.10 BFYSO  £0.30
1004 10A 400V £1.39 BC142 £0.31 BCS550C £0.10 BFYSI  £025
2502 25A 200V £1.68 BCI43 £034 BC556A £0.08 BFYS2  £028
2506 25A 600V £1.75 BC149 £02] BCS57TB  £0.08 BSI07  £02(
Thyristors BC154 £036 BCS57C £0.08 BSI70  £023
POID2AA  £030  BCI157 £0.12 BC558C £0.08 BSW66  £135
TIC106D £036  BCIS9 £0.12 BC559C £0.08 BUI26  £1.32
TIC116D £066  BC160 £028 BCS60A £009 BU20S  £1.4]
TIC126D £0.77  BCI70 £0.16 BC560B £0.09 BU20BA £1.24
c BCi70B £0.16 BC637 £021 BU3 1.40
ZOl05DA  £042  BCI71 £0.11 BC638 £021 BU £1.54
TIC206D £0.65  BCl71B £0.16 BC639  £021 BUS08A £142
TIC226D .73 C172 £0.13 BC640  £021 BUS0S8D £1.44
BTAO8-600B £0.99  BCI72B £0.13 BCY70 £022 BU526 £1.74
TIC236D .96 BCI77 £0.18 BCY7l £020 BUB06  £1.06
Diac, Si. Switch  BC178 £0.18 BCY72 £020 BUT!IA £130
DB3, 32V T £0.20  BC179 £0.18 BDi24P £6.86 BUTIIAF £1.30
RY39 £1.30  BCI79A £0.17 BDI35  £021 BUX84 £0.78
Transistors 182 £0.11 BD136  £021° IRF540  £1.60
2N1613 £031  BCI82A £0.1] BDI37  £023 IRFJ £1.80
2N1711 £026  BCi82B £0.12 BDI38  £022 MI2501 £1.60
1893 £0.29 182 £0.08 BDI39  £0.26 3001 £1.80
IN2218A  £028  BCI82LB  £008 BDI40  £025 MIIIOIS €211
2N2219A £025  BCI83 £0.08 BDISOC £0.82 MI11016 £2.56
2N2222A £0.18  pCI83L £0.08 BDI6S  £0.42 MIEXM0  £0.
2646 £0.86  BCISILB  £0.08 BDI66  £0.35 MIE3S0 £0.48
2N2904A £0.25  BCIg4 £008 BDI87  £039 MPSAOS £0.14
2N2905A £025  BC|84L £0.08 BD20]1  £0.40 MPSA06 £0.12
N2907 £0.20 C186 £0.33 BD202  £040 MPSAI3 £0.12
2N2907A £0.20 C2 £072 BD203  £040 MPSA42 £0.17
2N2926 £0.16  BC206B £0.72 BD204  £0.40 MRF475 £7.28
2N3053 £0.27  BC2078B £0.74 BD222  £0.58 P29C  £031
3054 £0.85  BCI0B £0.72 BD225  £0.42 £0.31
2N3055 £0. BC209A £0.72 BD232  £0.50 TIP3IC  £041
2N3439 £0.62  pC212 £0.08 BD237 £032 TIPR2C £041
N3 £0.50  BC212L £0.08 BD238  £032 TIP33C £072
2N3702 £0.09  BC2121B  £0.08 BD2 £037 TIPAIA  £048
2N3703 £0.10  BC213 £0.08 BD243B £0.50 TIP42C  £0.52
2N3704 £0.10  BC213B £0.08 BD244A £0.53  TIP47 £0.48
2N3705 £0.10  BC2I3LC  £0.08 BD244C £0.53  TIP48 £0.62
2N3706 £0.10 214 £0.08 BD245C £1.18 TIPSO £0.53
2N3771 £1.44 1 £0.08 BD246  £1.18 TIPI2I  £035
2N3772 £1.51 C225 £0.15 BD246C £1.18 TIPI22  £0.48
2N3773 £170  BC237B £0.09 BD283  £0.61 TIPI2S  £0.46
2N3819 £033  BC238B £0.09 BD284  £0.61 TIPI2]  £0.40
2N3820 £0. BC238C £0.09 BD400  £0.79 TIPi32  £0.46
2N3904 £0.10  BC239C £0.10 BD441  £041 P137  £0.56
2N3905 £0.10  BC250A £0.15 BD442  £037 TIPI42  £1.08
N3 £0.10  pC2sI £0.13 BD534  £047 TIPI4T  £1.12
2N4036 £034  BC2s2 £0.13 BD535  £0.50 TIP2955  £0.97
2N5245 £0.80  BC261B £030 BD536  £0.65 TIP3055S £0.63
N52 £0.57  BC262B £0.24 BD58!  £0.62 VNIOKM £0.48
2N5321 £057  BC267B £0.30 BDS97  £092 VN66AFD £1.50
2N5322 £057  BC307 £0.10 BD636  £052 ZIX300 £0.16
2N3401 £0.11  BC308 £0.10 BD648  £052 ZTXS00 £0.16
2N5551 £0.11  BC319C £0.13 BD650  £0.53
Mo o paa,, 20 BE B DAY
SBS48  £030  BCIZR 0.0 pso7  f0gp DESPATCH
25D1730 £144  pC3zg-l6  £0.10 BDX32 £178 No Minimum
AC126 £0.44  pC33y £0.10 BDX33C £049 Order Value
AC127 £0.50  BC337-25 _ £0.12 BDX34C__£0.50
Electrolytic Radial Capacitors Electrolytic Axial Capacitors
BF wvyt 25v 63y 100V 450 160 | Boy 63y 100y 430v
47 o = £0.05 £0.07 —- 47— e~ — £0.15 -
1.0 - = £005 £006 £023 1.0 — — £0.11 £0.10 £0.19
22 - -  £005 £0.06 £031 22 - -—  £0.10 £0.10 £0.22
47 -  —  £005 £0.08 £039 47 —  £0.10 £0.10 —
10 £005 £0.05 £0.06 £0.08 £0.44 10 — o~ £012 £0.12 £0.57
22 £005 £005 £0.09 —  £085 22 - £0.12 £0.13 £0.17 £1.06
47 £0.06 £0.06 £0.11 —  £098 47 £0.10 £0.11 £0.16 £0.20 —
100 £0.06 £0.09 £0.11 —  — 100  £0.10 £0.14 £02} — -
220 £009 £0.12 £03] —  — 220 £0.13 £0.18 £0.42 —  —
470 £0.15 £0.19 £0.57 — - 470  £021 £0.24 £0.69 — -
1000 £0.22 £029 — — - 1000  £033 £0.40 £1.05 - -
2200 £037 £057 — o~ - 2200 £0.52 £0.64 — -  —
4700 - £I1] = o~ = 4700 £090 — — - -
Resistors
W Carbon Film 5% E12 Series 1Q-10M £0.02 Eac! 100
YW Carbon Film 5% E12 Series 10Q-10M £0.02 Eac| 100
%W Metal Film 1% E24 Series 10Q2-1M £0.04 Each. 100

Enclosed Presets. Horz / Vert. 100Q - IMO 0.15W
Skeleton Presets Horz / Vert. 1002 - IM0 0.1W £
POTS %" Shaft 25mm Dia 470Q - 2M2 Lin or Log £0.
DIL Sockets

4 Pin £0.11 16 Pin

8 Pin £0.07
20 Pin IS 24 Pin £0.19 28 Pin

£0.15
£0.22

18 Pin
40 Pin

£0.15
£0.25

New 1996 PCB

Production Catalogue

A Fully illustrated catalogue covering everthing you
require to Prototype & Design circuits and Manufac-
ture Printed Circuit Boards. From simple Stripboard
or Breadboard Development to Artwork Design, PCB
Materials, Chemicals, Equipment and Tools.

Many New Products and all at LOW Prices

.... with any order over £7.50 when requested.
(Please quote Order Code 000-120 to recieve a copy)

... send a S.A.E (A4 & stamps to the value of 47p)

o

ORDERING INFORMATION - All Prices Exclude Vat (1712%), Add £1.25 carriage & Vat to all orders. Send Payment with Order. PO / Cheques
payable to ESR Electronic Compenents. Credit Card Orders Accepted. NO Credit Card Surcharges. Trade discount for Schools & Colleges.
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Editorial Offices:

EVERYDAY PRACTICAL ELECTRONICS EDITORIAL
ALLEN HOUSE, EAST BOROUGH, WIMBORNE
DORSET BH21 1PF

Phone: Wimborne (01202) 881749

Fax: (01202) 841692. DX: Wimborne 45314

Due to the cost we cannot reply to orders or queries by

Fax.
See notes on Readers’ Enquiries below — we regret lengthy
technical enquiries cannot be answered over the telephone.

Advertisement Offices:

EVERYDAY PRACTICAL ELECTRONICS

ADVERTISEMENTS

HOLLAND WOOD HOUSE, CHURCH LANE

VOL. 25 No. 4 APRIL *96

GREAT HOLLAND, ESSEX CO13 0JS
Phone/Fax: (01255) 850596

WORK SMARTER!

These days most businesses are being bombarded with information on how ‘‘new”’
communications systems can help them be more efficient, or sell more competitively, or
deal more intelligently with customers, etc. We, of course, are not immune to this —
although we tend to go our own way.

Our initial Internet link-up is via our contributor Alan Winstanley and EPE has had a
presence on the Net for some time now, answering technical queries and providing
information for interested parties around the world. Our name features on other pages
on the WWW as well; for instance Jake Rothman’s Simple Theremin project (Sept. 95)
is noted-on the Theremin site, etc. Alan has also produced his own FAQ (frequently
asked questions) which lists UK suppliers of all things electronic for the designer and
constructor. See Circuit Surgery for more details on the FAQ and on EPE Internet.

INSTANT ACCESS

We are also presently working on a new Fax On Demand service for past projects. We
hope to make this service available to readers in about a month’s time. The idea is that
you will be able to instantly access any project published over the last year (this might
be extended to cover earlier issues if response is good) via a fax machine and pay a
premium rate for the ’phone call. It will not replace our Back Issues Service (see page
294) but it will allow you to get an article almost instantly.

DEVELOPMENT

Both of these services — EPE Internet and Fax On Demand — will be gradually
developed over the coming months. While we do not see these methods of providing
articles replacing the printed magazine — at least not in the next decade — they will
certainly add to the availability of information and should add to the overall vatue of the
publication. Qur Internet connection has already resulted in plenty of interest, and a
number of new subscription orders, from the other side of the Atlantic. It is very
rewarding to see the response of American readers when they compare EPE with their
“‘home grown’’ titles.

While we may not all like computers and computing they have become a necessity
for modern communications; but, rest assured, even if you want nothing to do with
PCs, MACs or whatever else comes along, EPE will continue to cater for your needs
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READERS’ ENQUIRIES

We are unable to offer any advice on the use,
purchase, repair or modification of com-
mercial equipment or the incorporation or
modification of designs published in the
magazine. We regret that we cannot provide
data or answer queries on articles or projects
that are more than five years old. Letters
requiring a personal reply must be accom-
panied by a stamped self-addressed en-
velope or a self-addressed envelope and
international reply coupons. Due to the cost
we cannot reply to queries by Fax.

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

COMPONENT SUPPLIES

We do not supply electronic components or
kits for building the projects featured, these
can be supplied by advertisers.

We advise readers to check that all parts are
still available before commencing any project
in a back-dated issue.

We regret that we cannot provide data, or
answer queries, on projects that are more
than five years old.

ADVERTISEMENTS

Although the proprietors and staff of
EVERYDAY PRACTICAL ELECTRONICS take
reasonable precautions to protect the inter-
ests of readers by ensuring as far as
practicable that advertisements are bona fide,
the magazine and its Publishers cannot give
any undertakings in respect of statements or
claims made by advertisers, whether these
advertisements are printed as part of the
magazine, or in inserts.

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

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

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

Use your a.m. portable radio
and this novel desigrn to tune-in
to the secret world of bats.

HIS small unit will convert the

I ultrasonic sounds or calls emitted by

bats into a medium wave signal for
reception on a portable a.m. radio. No
electrical connection is required between
the radio and the Bat Band Converter.

The main interest in sound above the
audio range is for listening to bats but an
ultrasound detector has many uses and can
reveal a world of sound normally closed
to human perception. The jingle of coins
or the rattling of keys in your pocket
produces surprising amounts of ultrasound.

Tearing paper and bursting bubbles in
lemonade are trivial sources of ultrasound
but there are serious commercial uses for a
detector, like listening for engine wear and
finding leaks in pipes. Ultrasound also has
some obscure applications, for example
the effectiveness of textile or paper sof-
teners can be assessed by measuring the
amount of ultrasound it produces when
compressed or flexed.

BAT CHATTER

If the high frequency sound vibrations
produced by bats are detected and con-
verted to electrical signals by a transducer,
the result is a band of signals from about
15kHz to about 110kHz. Most radio
receivers don’t cover such Very Low
Frequency (v.1.f.) bands and so a converter
is required.

In radio terms, a 100kHz range is rela-
tively narrow and it can easily fit into a
quiet corner of the medium wave band. In
this converter the *‘bat band’’ is translated
to the space around IMHz (one mega-
Hertz), just over half way up the tuning
dial. The radio receiver does most of the
work, saving on costs and greatly simplify-
ing the project.

On the author’s portable radio the bat
band covers about 0-5cm of tuning range,
only a small adjustment is therefore re-
quired to scan the whole band. You won’t
wear out the mechanism or your fingers by
searching over such a small range.

Bats are helpful to us in this respect
because they chatter over quite a wide
frequency range. In practice, for use as a
simple bat detector, the radio can be set to
about 50kHz and only occasional tweaking
is required.

The Bat Band Detector is based on a
40kHz ultrasonic transducer of the type
used for security or remote control ap-
plications. The result is a peak in sen-
sitivity around 40kHz.

In its basic form the bat signal is
envelope detected as though it was an
amplitude modulated signal. A Beat Fre-
quency Oscillator (B.F.O.) can be added to
the system later — see next month. This
can have an interesting effect, adding
‘‘colour’’ to the sound from most sources.

Some bat signals will then be heard as
bursts of a high pitched chirps or clicks
rather than a low frequency tone.

Surface mount (SMD) construction has
been used for simplicity and compactness,
and for the fun of it. The completed p.c.b.
for this project is slim enough to fit inside
most portable radios. This would eliminate
the need for use of a separate battery. But
it would mean adding an on/off switch
and so on. All the SMD bits are avail-
able and important constructional points
are covered as required.

BAT BAND

The limits of the bat band extend
from about 12kHz to 150kHz worldwide,
depending on the species. There can be
some overlap with humans at the lower
end. This is heard as a high pitched
crackling but io most of us, bats are silent.

The constant frequency pulse of the
Lesser Horseshoe is about 110kHz and the
Greater Horseshoe about 85kHz, both last-
ing for approximately 20ms. The pulses
from ordinary bats decrease in frequency
from a peak at about 80kHz.

It has been found that the number of
pulses per second and their duration varies
and three phases can be identified as:
Search, Approach and Terminal. As the bat
locates, homes-in and captures its prey there
is a general speeding up of pulse activity.
The pulse rate increases, the frequency
drops faster and pulses get shorter.

In the course of one pulse the frequency
drops to half or one third of its starting
value. For example from 80kHz to 40kHz
or 35kHz.

] 10kHZ HIGH ]l 300B PRE-AMP
D | PASS FILTER “JLOow-NOISE (‘gxyzamggmﬂz
FERAITE
- AERIAL
ULTRASONIC .
TRANSDUCER

| e )))>>

COLPITTS IMHz
OSCILLATOR

INTERNAL FERRITE ROD

PORTABLE MEDIUM
WAVE RADIO

i

OUTPUT 1MHz ¥ - BAT BAND
BAT BAND | 10kHz - 110kHz
SUM 1.01MHz - 1.11MHz
DIFF 0.99MHz - 0.80MHz

Fig. 1. Block diagram showing the functional elements of the Bat Band Converter.
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Ordinary or common bats will emit
somewhere in the region of 10 to 35 pulses
per second in normal flight but the rate can
increase rapidly to over 100 pulses per
second at the ‘‘home-in’’ phase. Since the
pulses from ordinary bats are so short, a
few milliseconds, the detector/receiver will
produce clicks, thuds and tones rather than
whistles.

HOW IT WORKS

The functional elements of the Bat Band
Converter are shown in the block dia-
gram of Fig. 1. The audio component of
the signal from the ultrasonic transducer
is attenuated in the simple input filter.
The remaining ultrasonic signals are then
boosted slightly before reaching the mixer
where they are combined with a 1MHz
local oscillator.

Sum and difference mixer products
are produced and coupled to the Radio
Receiver by a tuned ferrite rod which acts
as a transmitting aerial. Obviously a
medium wave receiver with a built in
ferrite rod aerial is a must.

Our bat band is therefore translated to
two places on the radio dial. This is quite
useful as we can choose the quietest range
at any one time.

Low bat band frequencies are closest to
the 1MHz oscillator which can be received
as a useful marker. Tuning away from this
in either direction will correspond to the
higher frequency ultrasonic signals. The
lower band is inverted so that when we tune
lower in frequency on the radio we will be
covering higher frequency bat signals.

The portable radio provides most of the
gain and filtering along with the ability
to tune over the bat band. The receiver
also provides envelope (or product) detec-
tion, automatic gain control (a.g.c.), and
finally power to drive a loudspeaker or
headphones.

SUPERSONIC

INPUT

ENVELOPE

DETECTOR’\ " I\M

BAT PULSE TRAIN RANDOM
NOISE

Fig. 3. Envelope detection in an a.m.
radio

ENVELOPE
DETECTION

The result of envelope detection is shown
in Fig. 3. If a series of say 50kHz pulses
lasting say 20ms is received then for each
burst we get a corresponding 20ms en-
velope.

If 20 of these are received in d second
then a 20Hz buzz will be heard from the
radio. Similarly, a burst of ultrasonic noise
will produce an audio envelope from the
radio.

There is no correct way to decode
the high frequency mechanical vibrations
produced by a bat. The signals contain
phase, harmonic and directional com-
ponents which cannot be translated faith-
fully to human audio. The addition of a beat
frequency oscillator to give a simple form
of product detection will give a slightly
different representation.

Everyday Practical Electronics, April 1996

ABOUT BATS

Bats are an important group of animals
representing about one quarter of all mam-
mals. On a world wide basis there are 19
families and some 950 different species. In
Britain we have two types of horseshoe bat
and about a dozen types of ordinary bats.

Scientifically, bats are known as
chiropetra or hand-wing because thelr
wings are in fact an evolution of the hand
with the membrane extended between the
five fingers. The thumb remains easily
discernable as a strong bat characteristic
protruding from the front edge of the wing.

They all catch insects and avoid objécts
in flight by use of an echo location sys-
tem. This involves emitting short ultrasonic
pulses and then listening for and interpret-
ing the echoes in the silence between the
pulses.

The horseshoe bats emit their sound
through a specially shaped nose and have
a pig like appearance. Ordinary bats emit
the pulse through the mouth and have dog
like features.

The native bats of Britain and Ireland
are listed in Table 1. The Pipistrelle is the
smallest and the most common. The Noc-
tule is the largest and can emerge before
dark to hunt with swifts and other insect
predators.

The horseshoe bats use fixed frequency
pulses. All others bats have pulses which
are lower and variable in frequency.

ULTRASOUND

The ultrasonic pulse is emitted from the
bat as a cone in front of the animal. On
reaching the target some of the mechanical
energy is absorbed and some is scattered
in all directions. A tiny portion returns to

T T

itdy g i
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Fig 2. Wave/engtbmoﬂfnsound in air on
log scale.

Table. 1. Bats found in Britain and Ireland

the bat. Their ears are relatively large of
necessity, and the inner ear mechanism is
highly spegialised for high frequency sen-
sitivity and spatial resolution.

Thé short wavelength of ultrasound is
required for bats to locate, identify and
catch often very small insects. A Pipistrelle,
for instance, can locate and devour a tiny
2mm long fruit fly in a fraction of a second.
An evening's catch can amount to well
over 500 insects.

it is evident that bats are capable of
using all the information in the returned
echo such as doppler, phase shifts and
harmonic pattems to characterise the tar-
get. The wavelength (I} of sounds of dif-
ferent frequencies (f) are given in Fig. 2.

This graph uses the commonly accepted
velocity of sound in air (c) of 344 meters
per second and the relationship is: | = c/.
We can see from this that bats favour
wavelengths of a few millimetres which is
similar to the size of their prey.

BAT WATCH

Under the Wildlife and Countryside Act
1981 it is illegal for anyone without a
licence to intentionally kill, injure or handle
a bat of any species in Great Britain; to
possess a bat, whether alive or dead
(unless obtained legally); or to disturb a bat
when roosting.

Ringing or marking bats or photo-
graphing them (except when in flight
outdoors) requires a licence from the
nature Conservancy Council. It is also an
offence to sell or offer for sale any bat,
whether allve or dead, without a licence.

Left: Pipistrelle
40-50kHz

Location:
Throughout
Great Britain
and Ireland

Right: Greater/
Lesser
Horseshoe
80-100kHz

Location:

S/W England,
Wales, North to
Yorkshire.

FOR FURTHER INFORMATION CONTACT:
Nature Conservancy Council, Northminster
House, Peterborough, PE1 1UA. Tel: 01733
40345 or your local bat group

Bat type Abundance Region Wingspan Body
(cmj} (cm}

GREATER Scarce SW England 34 64

HORSESHOE

LESSER Common Wales, SW 25 4

HORSESHOE England, W. Eire.

PIPISTRELLE Abundant & All Eng, Scot, 22 35

Widespread Wales, Eire & Ni

NOCTULE Common All Eng. (except for 36 75
north). All Wales.

LEISLERS Rare Central England 30 35

SEROTINE Common S & E England 36 64
up to Midlands

COMMON Abundant & All Eng, Wales 25 45

LONG-EARED Widespread Scot (except northern
areas). All Eire & NI

NATTERER'S ‘Common All Eng & Wales, SW 28 45
Scot. All Eire & NI

BARBASTELLE Uncommon SE & mid England, 27 4-5
S. Wales.

MOUSE-EARED Very rare (Extinct?)  Sussex, Dorset 40 7

BECHSTEIN'S Very rare Dorset 28 4-5

WHISKERED Common All Eng, Wales, S. Scot 24 4

DAUBENTON'S Widespread All Eng, Wales. Most 25 45

Scot, Eire-except SW
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Cionperter

Across the outputs is a parallel tuned cir-
cuit consisting of coil L1 and variable
trimming capacitor TCI. [

The coil L1 is wound on a short fer-
rite rod which acts as a transmitting aerial
and couples the mixer products to the radio
receiver. The trimmer TCI1 allows the out-
put circuit to be tuned, but in practice the
response is very broad and the setting is
not critical.

Every effort has been made to minimise
the current drain of the circuit. With a
fresh alkaline battery at 9V it draws
4-6mA and the device will go on working
down to 6V at 3-7mA. In fact, reasonable
results were noted at 3-5V supply. The
series resistor R6 limits the maximum
voltage to IC1 to 8V, which is its design
limit.

0 - SURFACE CONTACT TOPCB.

TR1
BSR58

(93]
in

TRANSDUCER

Rt R2 a3

1ok

{—

[lonvoFF] 81

AN

5 LINK
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70 TURNS

FERRITE ROD

OUTPUTAERIAL == ====

"SCREEN
REVERSE SIDE
OFRCAB.

Fig. 4. Full circuit diagram for the Bat Band Converter. Note that the small squares are the p.c.b. “surface mount” pads.

A typical portable radio will have a
bandwidth of 8kHz. The response will drop
off slowly beyond this central flat region,
extending out to 15kHz to 20kHz.

A 100kHz bat band will therefore be
covered in just a few tuning steps. This is
aided by the wide bandwidth occupied by
bats so that at least part of the call is likely
be caught even if the radio is well off tune.

CIRCUIT DESCRIPTION

The full circuit diagram of the Bat
Band Converter is shown in Fig. 4. All
components, with the exception of the
transducer X1, On/Off switch and fer-
rite rod aerial, are surface mount devices
(SMDs).

The signals from the ultrasonic
transducer X1 are very small, microvolts
rather than millivolts. A low noise fe.t.
input stage, TRI, has minimal loading
effect on transducer X1 and provides a low
impedance source for the passive high pass
filter.

This simple filter consists of capacitors
Cl, C2, and resistor R3. It attenuates sig-
nals below about 15kHz but the *‘roll off”’
is very gradual. Mid-range and lower fre-
quency audio is strongly reduced.

The falling sensitivity of transducer X1
further limits the audio frequencies reaching
the mixer IC1. Despite this level of attenua-
tion a little audio still gets through the sys-
tem but it has no effect on the ultrasonic
operation.
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When the receiver is tuned close to the
I1MHz local oscillator a little audio feed-
back will be heard. This is a real help with
tuning-in because it readily identifies the
low frequency end of the bat band.

The transistor TR2 is a low noise
amplifier and the SMD type BCX70H
works well in this circuit. IC1 is a double
balanced mixer and Colpitts oscillator in
one package. The signal inputs at pin 1
and pin 2 are used in unbalanced mode,
with pin 2 decoupled by capacitor C4.

COLPITTS
OSCILLATOR

The components around pin 6 and pin 7
are the frequency determining elements for
the Colpitts oscillator. This runs at IMHz
with the values given and makes use of a
miniature SMD inductor (L2), eliminating
the need to wind a coil.

Operation will therefore be spot-on fre-
quency first time. The trimmer capacitor
TC2 allows the frequency to be altered
slightly, about 50kHz, so that at least one
of the bat band ranges can be placed on a
relatively quiet spot near to 1IMHz on the
medium wave. This oscillator is very for-
giving and you can pick a quieter fre-
quency just by altering the capacitors as
required.

The NE602 mixer, ICI1, is a flexible
device in terms of input and output op-
tions. The output, pin 4 and pin 5, are used
in a balanced configuration in this design.

CIRCUIT BOARD

The circuit is fabricated with surface
mount components (SMDs). This makes
printed circuit board population possible
without drilling a single hole. The pro-
cedure for producing a p.c.b. ready for
population is essentially the same as that
for through-hole components.

The printed circuit board component
layout and full size copper foil master is
illustrated in Fig. 5. This board is available
from the EPE PCB Service, code 984.
(This includes next month’s B.F.O. board.)

CONSTRUCTION

To solder the ‘‘chip’* components on the
p.c.b. a fine-nosed pair of tweezers will be
helpful. You can go to town on equipping
yourself for SM work and it all makes life
easier and more productive. But for a **one
off’’ project you can manage with a stan-
dard fine tipped soldering iron and solder as
used for through-hole construction.

A magnifying glass will help if the
eyesight is not so good. A test of this is
whether you can read the code number on
the chip resistors. Chip capacitors appear to
have no markings on them.

The soldering procedure is to anchor one
end of the component first. Place the chip in.
the position required and hold it there with
the tweezers whilst soldering one end.

A little solder has to be carried on the
iron to the joint for this. Normally the
flux would have evaporated in the short
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Resistors
R1,R4 1M (EIA code 105)
R2 4k7 (EIA code 472
R3 10k (EIA code 103
R5 3k9 (EIA code 392
Ré6 2204 (EIA code 221)
All surface mount (SMD), See
size 1206 C’ZT;"."'\.LI’I_E)
Capacitors TALK
C1,C2,

Page
C3  1n COG dielectric, %V (3 off?
C4, C8 100n X7R dielectric 50V (2 o
C5, C6 220 COG dielectric, 50V (2 of
Cc7 330p COG dielectric, 50V
(All above SMD size 1206)
C9 47 SMD tantalum, 10V
TCH,
TC2 50pF sealed or open SMD
trimmer (2 off)

Semiconductors

TR1 BSR58 n-channel low-noise
fet., SMD -SOT23

TR2 BCX70H npn low-noise
amp. transistor, SMD —
SOT23 package

IC1 NE602AD mixer/oscillator,
SMD — SO8 package

Miscellaneous
L1 470pH 70 turns 30a.w.g.
Kynar wire on 6:-5cm
ferrite rod (see text)
L2 220pH fixed, SMD type
CM32 or similar
Printed circuit board available from EPE
PCB Service, code 984a/b conv/B.F.O.
(next month); plastic box, size 75mm x
50mm x 25mm; piece of screened lead;
30a.w.g. Kynar insulated wire; PP3 bat-
tery and connector; multistrand connect-
ing wire; solder etc.

time it takes to get
to the component
but the flux coat-
ing on the p.c.b.
replenishes it to
some extent and
a reasonable joint
is possible. The
use of a wooden
toothpick to hold
the chip in place
for soldering is
probably a better
alternative to the
tweezers.

Having sol-
dered one end, the
chip is anchored
and the second
end can be
soldered at leisure.
Try not to use too much solder as this will
reduce the reliability of the joint.

This method can also be used for the
transistors and the i.c. Just anchor one or
two pins whiist holding it down. Note the
pin identifications given in Fig. 5. Pin 1
of IC1 is indicated by a line, a dot or a
bevelled edge. The BSR58 f.e.t. transistor
has the pinouts as indicated. If you sub-
stitute it for another type the connections
may differ.

Don'’t forget to make a connection from
the circuit-side ground to the reverse side
copper plane which will act as a useful
screen. Note that resistor R3 crosses a
track and will need a little care in place-
ment. It is not a bad policy to clean the
p.c.b. free of flux with proprietary p.c.b.
cleaner after population is completed.

FERRITE COIL

The off-board components pose no
problems except perhaps for coil L1. This
is made by cutting down a standard 10mm
dia. ferrite rod to a length of about 6-5cm.

To do this, simply scribe the rod right
around its circumference with a small file
and then snap it off. Sharp edges can then
carefully be filed down.

The coil consists of 70 turns of 30a.w.g.
Kynar insulated wire close wound. This
wire is the type used for *‘wirewrap’® and
is invaluable for SM work. It is silver
plated and is easy to solder.

The project is housed in a small plastic
box measuring 75mm X 50mm X 25mm
approximately. The positioning of the
p.c.b. and off-board components are
shown in Fig. 6. All holes should be

Approx cost £ 7 g
guidance only © O)
excluding batt. - h-
. E
[ RS et
Fu{r B?ND / _JE%W E“'? Ll ﬁ - % =
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TR TR2 'fE=Re B ®
9 S : g 45 = ﬂ.l JL ! -
TOP VIEWS C i /

TWISTED PAIR
OR THIN LUEE
SCREENED LEAD

X1
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L !
r' 'E :ibh - MOUNTABLE BOX JOJ

*** ACTUAL SIZE

Fig. 6. Component layout and interwiring to off-board components. The pholograph
at the top of the page shows how, when completed, the unit will fit in the palm of
the hand.

Fig. 5. Printed circuit board component
layout and copper foil master pattern.
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drilled and de-burred before adding any
components. The p.c.b. fits nicely in the
lid of the box as it has a very low profile.

Liberal use of a glue gun is advocated
in this project. The windings of coil L1
are fixed with glue and the whole coil,
including ferrite rod, is tucked away in
the base of the box and held with glue,
see photographs. A dab of glue also holds
the transducer X1 in position and fixes
the p.c.b. to the box lid.

A couple of Terry clips are bolted to
the two holes in the specified mountable
box. The unit then clips onto the Radio
carrying handle. Unfortunately it doesn’t
slip so easily into the anorak pocket
now!

OPERATION

Getting this detector working is very
simple and probably no test gear will
be needed. Assuming you have double
checked the wiring visually, take the
plunge and apply some voltage from a PP3
battery. An alkaline type will give more
consistent performance.

It is a good idea to check the cur-
rent with a multimeter and if it is around
4-5mA there is a good chance that all is
working fine. The voltage on TR1 source
(s) copper pad should be about 2-5V. The
voltage on TR2 collector (c) pad should be
about 6V with a fresh battery but could be
around 4V as the battery runs down.

Place the Converter close to a medium
wave radio receiver tuned to around
IMHz. You should get some audio feed-
back if you have the right carrier. Now
tune up or down from this position
carefully until the feedback ceases.

Skin on skin is a remarkable source

Table 2. Sources of Ultrasound

Paper
Hair
Fizzy Drinks

Coins
Fabrics
Dry Grass

Aerosol Sprays
Pin Dropping

Expanded Polystyrene

Watch Strap Buckle

Crinkly Plastic Bags

Strong signals on squeezing
Broad band noise on tearing
Random noise on combing
Very strong clicks or roar
Metallic sound

Very loud metallic sound
Random noise on stroking
Noise when walked on
Similar to audible sound
Very strong source of noise
Metallic sound on a hard surface

of ultrasound and ideal for checking the
operation of this converter. Just rub your
thumb and finger together in front of the
ultrasonic transducer X1 and tune the radio
for maximum signal from the speaker.
Repeat the operation but tuning to the
other side of the carrier.

If neither of these positions are free
from strong stations then find the nearest
quiet spot and adjust trimmer TC2 for
maximum output from the finger test.
Don’t expect a totally quiet background as
the medium wave is fairly packed.

There is also a low level continuous hiss
at the highest sensitivity position around
40kHz. The converter has been used for
many hours and the odd background sta-
tion has not been a problem.

Incidentally, you can put the output on
top of a station which you want to listen
to. There won’t be very much interference
from the detector until a bat appears in the
vicinity.

HEADPHONE

LISTENING

A pair of headphones is probably more
socially acceptable in certain circumstances.
Walkman type earphones will also give a
better bass response than the average port-
able radio loudspeaker.

This will be useful for the lower, 10
pulses per second, bat sounds. With such
low frequency pulses it is the harmonic
content which is prominent.

Finally, the output coil can be trimmed
for optimum response using trimmer TCI.
Considerable control over the operation
can also be achieved by adjusting the
position relative to the receiver. Very close

The completed Bat Band Converter, including next month’s B.F.O. board.

proximity will reveal mixer and front end
noise from the converter. The carrier will
also begin to operate the receivers’ a.g.c.,
reducing its gain and this may help to
reduce background signals.

FIELD TRIALS

For field testing it is wise to enquire from
the local ‘‘batmen’’ as to where you are
likely to find bats. Bats can be plentiful in
an area but you can easily miss them. The
detector will receive sounds from several
meters away. On the first field test, lots of
bats were heard on the detector, but no
visual contact was made. This explains why
bat “‘detectors’”® are so called.

The time just after sunset onwards is the
best for bat activity but they are very dif-
ficult to see; a good reason for their decid-
ing to hunt at this time. In general bats
come out at dusk when it is not rain-
ing or windy. There is evidence that their
appearance correlates with low atmospheric
pressure.

Areas near healthy water where there are
plenty of weeds and possibly bushes or
trees, hence plenty of insects, are popular.
Towns also support many bats, particularly
in older established areas.

With the very short wavelength involved
here a small parabolic reflector could be
effective in extending the range of a bat
detector, but it would be more direc-
tional. Anything above about 20cm (23
wavelengths at 40kHz) should be useful.

Some interesting sources of ultrasound
are listed in Table 2. This will give you
something to do during daylight hours!

Next Month: A simple SMD add-on
B.F.O.
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CIRCUIT
SURGERY

ALAN WINSTANLEY )
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Our lucky dip into the EPE postbag (ana internet In-1ray!) of readers’
questions and comments, plus news of the new UK Sources FAQ!
Something for everyone, we hope.

UMMAGING around in the Internet

electronics newsgroups — an increas-
ingly important educational resource for
today’s students — I spotted this question
raised by a young student. It might interest
other readers.

Wheatstone Bridge

I’m a High School student working on a
class project, and 1 desperately need
all the information I can get on the
Wheatstone Bridge — i.e. how to make one,
use one, etc.? Thanks from Mead School
District 354, USA.

Imagine two resistors R1 and R2, con-
nected to form a simple potential divider,
as shown in Fig. 1. The output voltage
(Vo) is determined by the ratio of the two
resistors, using the formula shown.

+Vg

R1

R2
Ve Vo=mrimz *Vs

ov

Fig. 1. A potential divider.
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Fig. 2 Two potential dividers form a
Wheatstone bridge.

Ignoring things like output current
which upset calculations a little, if both
resistors are of equal value, then the output
is half the power supply voltage. By
adding two potential dividers together as
in Fig. 2, a Wheatstone Bridge is formed.

The output is then taken from the
‘‘middle”’, at points A and B between
which I've drawn a voltmeter, ME1. If all
four resistors were identical in value, then
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Fig. 3. (a) The classic 555 astable and (b) the CMOS version.

there would be no output voltage from the
Wheatstone Bridge — because there would
be no potential difference between A and
B. Assume a 10V rail, then both A and B
will be +5V. The voltmeter won’t register
anything.

By varying the values of any of the
resistors, the potential dividers will swing
higher or lower, and this will produce an
imbalance in the outputs. Imagine R1 is,
say, 66k{) (kilohms) and R2 is 33k{) — so
point A will therefore be at +3-3V with
respect to the OV rail. If R3 is 33k{} and
R4 is 66k(2, then B will be +6-:6V with
reference to OV. The voltage difference
between A (+33V) and B (+6-6V)
is 3-3V, and this would show on the
voltmeter.

A digital voltmeter is the best way to
measure this, since unlike a moving coil
meter, it will happily swing either positive
or negative and the digital display’s an-
nunciators will show the polarity of the
signal measured. A moving coil meter
won’t take so kindly to this treatment!

So what use has it? Well, the
Wheatstone Bridge could be made with a
variety of fixed and variable resistors, and
if you include a thermally-sensitive
resistor (thermistor), then the Wheatstone
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Bridge output will swing according to the
measured temperature, or you could use a
photo-resistor or maybe a strain gauge.

An alternative example is a typical gas
sensor which has two elements; one being
the main sensor, the other is a ‘‘com-
pensating”’ element to allow for ambient
humidity changes, etc. Such a sensor could
form one half of a Wheatstone Bridge,
the output of which would connect to an
amplifier circuit.

555 Astable — Fewer Parts

I guess that almost everyone knows how
to use the venerable 555 timer chip, but
I’ve recently noticed several examples of
the astable version cropping up using a
less familiar arrangement, where only one
timing resistor and capacitor are needed.

The classic 555 astable requires two
timing resistors as shown in Fig. 3a. The
capacitor Cl charges up through two
resistors R1 and R2, but discharges just
through R2. The internal comparators of
the chip switch the output high or low
accordingly, depending on whether the
capacitor is charging up or discharging.

A different arrangement is shown in
Fig. 3b where one resistor (R1) feeds
back between the output (pin 3) and the
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threshold (pin 6). If the CMOS version
ICM7555 is used, its high impedance
inputs allow a 50 per cent duty cycle to be
generated.

As EPE reader Luiz Marcondes of
Brazil says in an E-mail, the bipolar
NESSS version suffers a 1-4V voltage drop
from the supply rail and won’t allow a 50
per cent duty cycle. The timing formula is
f = 0-7/RC. Give it a try!

Disposal of Etchant

One or two suggestions came in con-
cerning a safe ‘‘environmentally-friendly’’
way of getting rid of spent p.c.b. etchant.

Probably the best suggestion so far
came from a Hewlett Packard employee in
the USA who advocates mixing it with
cheap concrete pre-mix, of the type bought
in small bags from DIY stores. Use the
ferric chloride instead of water. When it’s
hardened, it will have pretty well locked
up the copper and iron, and neutralised the
acid, he says. It can then be thrown into
the dustbin.

BNC - Meaning What?

Many technical expressions are in
common use and it’s interesting when you
can unravel their origins. A recent
question popped up in the newsgroup
sci.electronics.components which caught
my eye:

I am curious to know what the acronym
BNC (as in BNC connector) stands for.
1 have been told it could be Berkeley
Nuclear Connector or Bayonet Naval Con-
nector. Are either of these correct?

Erm, no! After some debate, during
which my spell-checker was rendered
insensible, including offerings of Baby
N Connector (mine, also wrong!), Baby
‘Nut Connector, Bayonet Nut Coupler,
Bloomin’ Nice Connector (!), Tom Clark
of Maryland, USA tells us that the name
actually emerged during the mid 1940s.

The connector was co-designed by
Messrs. Neill and Concellman. Hence,
Bayonet Neill-Concellman or BNC for
short. The *‘N”’ type is a Neill connector
twist-on version for “:in. co-axial cable,
whilst the ““C’’ type is the Concellman
bayonet-style for the same.

Also look out for TNC (Threaded Neill-
Concellman). You will still see BNC and
TNC connectors in widespread use today,
more than fifty years later.

Flashing l.e.d. indicators

Hmmm . . . something that crops up con-
tinually at the moment! My thanks again to
reader Mr. J. Corfield of Bishop’s Castle,
Shropshire who corresponds regarding my
simple Cycle L.E.D. Flasher (Circuit Sur-
gery, October 95 and February '96). Which
is best, an LM3909 circuit or a flashing
l.e.d.? The latter, Mr. Corfield says:

As a test, | used three “AA’’ size alkaline
batteries together with four 10mm Super
Bright leds (Maplin UK46A) - these
flashed continuously for no less than 240
hours by which time' the voltage had
dropped to 2-2V, and they were still visible!
So the proof of the pudding is in the eating!

At the risk of encouraging more
mail, another constructor reports that an
LM3909 i.c. flasher circuit with one ‘D’
cell has lasted over a year and a half,
rather approaching the shelf life of the
battery itself. Using two “‘C’’ cells in a
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fast single-l.e.d. flasher, I've managed a
good nine months, or 6,500 hours. So take
your pick!

On the same subject, Mr. Corfield noted
that flashing l.e.d.s blinked merrily away
even at 2-2V, but how do you use them if
you want a higher voltage — say a 12V car
battery? A typical flashing l.e.d. (fl.e.d.)
has a forward voltage (V) rating of 9V to
12V, 13V maximum.

Many types of f.l.e.d. have an internal
current control which is claimed to make
them unsuitable for use with a series drop-
ping resistor. If you do use a series resistor,
then another potential problem is that when
the flashing l.e.d. is in the ‘*off’’ state, there
is no voltage drop across the resistor and
therefore virtually the full rail voltage ap-
pears across the l.e.d. instead! So care is
needed to ensure that the device’s maximum
voltage ratings are observed.

RC Suppressors

My thanks to Alex Patrick and Lionel
Titchener both of whom are interested in
suppressing relay contacts against inter-
ference. Alex E-mailed a brief schematic
to Circuit Surgery. He wants to suppress
some mains relay contacts switching a UV
Exposure Unit, whilst Lionel is trying to
reduce interference created in a machine.

Often, relay contacts will “‘pit’’ and
blacken and ultimately wear out, espe-
cially if they have to switch heavy induc-
tive loads. If the relay has a transparent
case, you can often see a green-white flash
as the contacts arc over when they open.

How to help protect relay contacts using
a ‘“‘snubber’’ is shown in Fig. 4. These
are available as ready-potted 100£}/100nF
250V a.c. networks which you can apply
directly across the contacts RLA1.

The capacitor C1 quenches any con-
tact arcing and thereby prevents pitting.
Suitable parts include the RS 238-463 and
equivalents. I wasn’t surprised that Alex
suffered suppression problems with his cir-
cuit, since the contacts are switching a pair
UV fluorescent lights in a p.c.b. exposure
unit, and these can produce a considerable
‘‘spike’” when they switch off. This can
play havoc with external circuitry.

A subtle side effect is that R1C1 forms
a path for the a.c. supply in series with
the load, which will not be totally isolated
from the mains. I’ve known neon indicator
lamps to glow mysteriously even when the
load has been switched off — the snubber
was the culprit!

UK Sources FAQ

Many scores of readers asked for a
reprint of the ‘‘Nicad’’ text document
which was downloaded from the Internet. I

LO

240V
ac.

NO

Fig. 4. An RC “snubber” will suppress
Interference and lengthen contact life.

owe a big ‘‘thank you’’ to Ed.’s secretary,
Pam, who has been a blur, photocopy-
ing it to keep up with demand!
Anyone subscribing to the Internet’s
sci.electronics.components newsgroup will
have seen my UK Sources FAQ (Fre-
quently Asked Questions) posted there,
and this has been welcomed by readers
overseas and particularly by those who
depend on mail order sources to enjoy
their hobby or science.

I’ve now published a printed copy
especially for readers who don’t use the
Internet. The UK Sources FAQ has already
grown into a listing of about 200 names,
addresses, phone and fax numbers, plus
any other useful information, about
UK-based suppliers of electronic com-
ponents, software specialists, industrial
and hobbyist/educational distributors,
publishers, component and equipment
manufacturers’ names and addresses — and
more besides!

Hot off the Circuit Surgery computer,
I’ve personally researched and cross-
checked this Internet-style document
which is some 20 pages long. If you’d like
a printed copy, it costs £5.95 including
postage — please mail a cheque or PO (in
UK funds only please) made payable to:
Alan Winstanley, at the Editorial Offices.
Over a hundred hours’ work went into the
UK Sources FAQ - 1 hope you find it
useful! It is also available by E-mail, free
of charge.

Circuit Surgery appears bi-monthly. If
you have any suggestions for inclusion in
a future Surgery, please write to:
Alan Winstanley, Circuit Surgery, Wim-
borne Publishing Ltd.,, Allen House,
East Borough, Wimborne, Dorset, BH21
1PF, United Kingdom, or E-mail to
alan@epemag.demon.co.uk.

Please note we cannot deal with queries
concerning the repair or modification of
commercial equipment. A personal reply
cannot always be guaranteed but we will
attempt to offer help wherever possible.

L i

Sites for Sore Eyes!

Finally, a brief round up on the Internet: one of the most significant events
recently on our corner of the web is the opening of the WWW site for RS
Components Ltd. View it on http://www.worldserver.pipex.com/rs ~ and also
check out hitp://www famell.co.uk which is another attractive and informative
site, with links to many semiconductor manufacturers.

Meantime, several regular readers have asked, am I on ‘‘The Web’’? Sure
— mine was amongst the first to open when CompuServe started of-
fering web space — feel free to drop in on my own humble World
Wide Web home page which has been up since the end of last year —
http:llourworld.compuserve.com/homepagesialan_winstanley is the URL. You
can also E-mail me, either personally or at EPE, via this site.
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Is your PCB design package not
quite as "professional” as you
thought? Substantial trade-in
discounts still available.

Board
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New Technology

NTEGRATED circuit packaging or encap-
Isulation is far more involved than may
appear at first sight. The packages which
are widely used today range from the
traditional dual-in-line or d.i.l. varieties,
through to a host of surface mount
varieties like the small outline SO range
and quad flat-packs or q.f.p.s.

Plenty of design effort has been put into
choosing the correct outlines for each of
these packages. In addition to this, the
materials which are used to make up the
packages themselves are highly specialised,
ranging from plastics to ceramics.

Fire Hazard

In view of the specialised nature of the
materials used, relatively few companies
make them. This factor was highlighted a
couple of years ago when one of the major
factories in Japan producing these plastics
was destroyed by fire. Analysts in the in-
dustry quickly predicted major shortages
in the plastic itself, and hence in integrated
circuits.

This forced some panic buying by many
i.c. users, but fortunately the disaster was
averted because other manufacturers of
these plastics saw they could increase their
section of the market and stepped up their
output to fill the gap. Accordingly, the
predicted shortfall did not appear to be
nearly as great as was initially expected.

Plastics are the most widely used type of
material for the packages. Their properties
are normally a balance which the
manufacturers have to make between one
parameter and another. This has led to new
methods being sought to improve the
processes wherever possible.

To give an example of the problems
encountered by manufacturers, it is found
that the make up the plastic can affect
factors like moisture absorption. This is
important because it affects problems in-
cluding device delamination and long term
reliability. Unfortunately, the same features
which reduce the moisture content result in
a reduced thermal stability in the material.

Sticking Together

Adhesion is another problem which oc-
curs. It is vital that the internal com-
ponents of the circuit bond well to the
encapsulating material. Unfortunately, if
the components bond well to the plastic, it
is found that the plastic tends to stick to
the moulds, making reuse and cleaning
more time consuming and costly.

In order to help overcome these and
other problems, a company in the Nether-
lands has developed an improved method
of delivering the materials. Whilst this
may seem to be a very small innovation,
nothing could not be further from the truth.

lan Poole looks at a new method of integrated circuit
packaging and also takes the heat out of the latest

surtace mount technology.
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Fig. 1. Electrical and thermal resis-
tance of a material.

Currently, materials are normally
delivered as powder compressed into
pellets. These can absorb water very
easily, and they are also very dusty. The
other danger is that small voids appear in
the plastic during manufacture, trapping
air and moisture.

In contrast, the new material is extruded
into a large pencil form. This is then
vacuum sealed before delivery so that no
moisture or other impurities can be ab-
sorbed. The vacuum sealing material is
also used to help free the material from the
mould, reducing the problems of cleaning
the moulds after use.

In this way the new process works
across all stages of the manufacturing
process. It also allows manufacturers
greater degrees of freedom in experiment-
ing with new materials.

High Power SMDs

The revolution in surface mount
technology is continuing its rapid advance
into new areas of semiconductor technol-
ogy. High voltage operational amplifiers
(op.amps) used to be only available in
traditional through-hole packages. The
high voltages and power dissipations make
it more difficult to use smaller surface
mount packages until recently.

For some very high power op.amps,
voltages of up to 300V and peak cur-
rents of 100mA are specified. If these are
to be reliable, the large amounts of heat
produced must be removed quickly from
the device otherwise its temperature would
rise too high, possibly destroying it.

Even if the chip is not destroyed, it
may run very hot. This can reduce the
long term reliability because it is found
that the hotter any circuit runs, the less
reliable it becomes.
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In order to be able to remove the heat at
a sufficiently high rate, a very good heat
conductor is required. The base material
has to be extremely good at removing heat,
because a large amount of heat is gener-
ated in a very small space. A material
with a very low thermal resistance is also
required otherwise the flow of heat is
reduced and the temperature will rise.

Heated Exchange

When considering the heat flow aspects
of a design, there are many similarities
with the flow of current through an electri-
cal circuit. Just as there is an electrical
resistance, so there is also a thermal resis-
tance. Also, like the electrical resistance,
the thermal resistance is proportional to
the length of the item and is inversely
proportional to the area (see Fig. 1). In
other words making the item as wide and
as short as possible whilst using a material
with the lowest possible thermal resistivity
will reduce the overall resistance and in-
crease the heat conductivity.

In the case of the integrated circuit, the
problem is quite difficult. The chip itself
is small, reducing the area of contact be-
tween the chip and the heat sink. This
gives a possible area of high resistance.

The manufacturers of the new in-
tegrated circuit obtained a license for the
use of a copper based material in-
itially developed by NASA for the Space
Shuttle. Unfortunately, this base material
like many other good heat conductors
also conducted electricity.

Thermal Goat

To overcome this problem a thin insula-
tive layer was needed. This also had to be
able to be a good conductor of heat, but by
making it thin enough it would not need to
have as high a conductivity as the copper
based material.

The material which was finally chosen
was a specialised thermoplastic developed
in conjunction with DuPont, the chemical
manufacturer. With a thin film of the ther-
moplastic coating the copper based heat-
sink, it was found that the new materials
worked very well and would enable the
integrated circuit chip to be kept cool
enough to operate reliably.

Other new design aspects were incor-
porated into the package. When compared
to most standard packages the inside ap-
pears to be upside down. The chip is
mounted onto the upper surface.

This enables the heat to flow by the
shortest path to the top of the package
where it is dissipated into the air. For
greater levels of heat dissipation .a further
heatsink can be attached to the top.
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A roundup of the latest Everyday
News from the world of

electronics

FLIGH

LUE Chip Technology’s ADC-44d

PC /O Card has been chosen as
the interface for the motion sys-
tem and controls in a revolutionary
new flight simulator designed to
demonstrate flight mechanics theory
to graduates of aerodynamics and
design.

The first teaching simulator has
just been delivered to City Univer-
sity, where it is expected that student
projects will involve extending the
use of the interface card to drive
other parameters.

Designed by Merlin Products,
the simulator is a single seat
fully enclosed cockpit on a mo-
tion system with flight controls
and an in-cockpit visual display.
Capable of demonstrating the practi-
cal effects of changing aircraft
design parameters, such as wingspan,
tailspan and engine position, it also
has the distinction of being the first
simulator to use compressed air for
movement, rather than more ex-
pensive and less environmentally
friendly hydraulics.

At the heart of the simulator con-
trol is a Pentium-based PC with a
number of slots already occupied
with the multimedia sound system
and visual cards. The new single
ADC card copes with all the 1/O
(analogue and discrete) and leaves a

P e

T AND CHIPS

The revolutionary simulator which demonstrates flight mechanics theory.

slot free for the video splitter card
which drives the on-board and off-
board display.

The ADC-44d card has 16
analogue inputs, five selectable gain
ranges, covering *50mV to *10V
full scale, and with A-to-D conver-
sion of 12-bit resolution at 3us.

There are also four analogue outputs
with unipolar and bipolar operation.

For further information, contact
Tudor Roberts, Blue Chip Tech-
nology Ltd, The Leonard Build-
ing, Chester Aerospace Park, Manor
Lane, Deeside, Clwyd, CHS 3QZ.
Tel: 01244 520222.

ADC

ICROCHIP’'S newest  8-bit

microcontroller provides ad-
vanced analogue features
including a low-power 8-bit
analogue to digital converter
(ADC), brown-out detection and
pulse-width modulation.

The mid-range one-time pro-
grammable (OTP) PIC16C72 of-
fer 5-MIPS (Million Instructions
Per Second) performance, small
footprint 28-lead SSOP package
(surface mount), low power con-
sumption of less than 15pA from
a 3V supply, and serial com-
munications capability.

On-chip program memory is
2048 words of Eprom and 128
bytes of data RAM. The 5-channel
8-bit ADC includes Sample and
Hold, and is accurate to +1LSB,
with a sample acquisition time of
only 16us per channel. Other
on-chip peripherals include a

22

timer

comprehensive
tem, providing a real-time clock,
two 8-bit and one 16-bit counter-

sub-sys-

timer modules, plus one-chan-
nel capture/compare pulse-width
modulation.

For more information about the
PIC16C72 and other PIC
microcontrollers, contact Arizona
Microchip Technology Ltd., Unit 6,

The Courtyard, Meadowbank,
Furlong Road, Bourne End,
Bucks, SL8 5AJ. Tel: 01628

851077. Please mention EPE

when responding.

BIOTECHNOLOGY

*‘The European Union should adopt
a positive approach to the development
of biotechnology’’, Science and Tech-
nology Minister Ian Taylor commented
recently.

Speaking at a biotechnology con-
ference in Brussels, Ian Taylor acknow-
ledged the need for regulation, but
stressed that this must be proportionate
to the risks involved and be interpreted
sufficiently flexibly to reflect scientific
progress and practical experience.

He further stressed that Europe should
be a producer of biotechnology, not
simply a consumer. This requires
encouragement for industrial R&D and
technology transfer taking place in
the EU through a more supportive
regulatory climate.

Undoubtedly, further confirmation of
the Government’s commitment to tech-
nology is welcomed. Perhaps research
into the allied subject of Chromo-
Floristics (see elsewhere in this issue)
might also receive encouragement!
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MAGNETIC FIELD SENSOR

AT last! The FGM-3 magnetic field
sensor newly introduced by
Speake & Co Ltd is bound to create
a stir amongst all designers who
have been longing for a linear
alternative to analogue Hall-effect
devices.

Based on the flux-gate principle,
the FGM-3 is a very sensitive field

sensor operating in the =50
microtesla range. It is a simple
3-terminal device which can be

powered from a singie 5V supply
and is ideal for interfacing to a
microcontroller or computer.

The device produces a robust 5V
rectangular output puise whose fre-
guency varies inversely with the field
strength (giving a period directly
proportional to the field). The typical
frequency swing for the full field
strength range is from about 50kHz
to 120kHz.

Typically, the FGM-3’s tempera-
ture coefficient is 0.003%/°C at
25°C. Since the sensitivity range
covers the earth’s field magnitude,
muiltiple sensors can be arranged to
provide compass or full 3-dimen-
sional orientation systems, using the
earth’s field as a reference.

Other applications include con-
ventional magnetometry, ferrous
metal detectors, internal vehicle
re-orientation alarm sensors, exter-
nal vehicle or ship passage sen-
sors, wreck-finders, non-contact
current sensing or measurement,
conveyor belt sensors or counters,
and in conjunction with smail
permanent magnets, movement
and proximity sensors, plus ferrous

impurity detectors for non-magnetic
alloys.

For use with applications requiring
a larger range of field strength, ex-
ternal feedback winding techniques
can increase both the sensor’'s mag-
netic range and its linearity.

interfacing is simple in that it
requires only one bit of a digital input
port per channel of measurement.
The technique is to count input
puises for a fixed period to deter-
mine the frequency of the incoming
signal. Field strength is then calcu-
lated from these results. Alterna-
tively, where a faster response is
required, the time between succes-
sive like-edges permits the direct
determination of period.

Costing £14 each (£16.45 includ-
ing VAT and post), the FGM-3 is ob-
viously a highly versatile device. We
are actively pursuing an idea for a
project using it!

To obtain more information about
the FGM-3, contact Speake & Co
Ltd, Dept. EPE, Eivicta Estate,
Crickhowell, Powys NP8 1DF. Tel:
01873 811281. Mention EPE when
asking.

Turnpike V1.11

AN early version of this British-designed Internet software package (which
contains some bought-in American know-how) for IBM PC owners was
reviewed in November 1995°s issue of EPE. I rated it highly for its extreme ease of
setting up, since it contains dial-up scripts for every known UK Internet access
provider. Although rather non-intuitive in parts, I also commended its graphical
presentation of Usenet threads, plus the ease of setting up multiple mail addresses.

Turnpike is a single-machine Windows solution for E-mail, news, and FTP (file
transfer protocol) but, very significantly, its latest incarnation (Version 1.11) now
includes a fully registered version — with no more to pay — of the Netscape World
Wide Web browser (V1.22) which can be launched at the press of an icon. The
package therefore contains everything which the mainstream Internet user is likely
to need, at least for now. Problems we experienced with occasional video driver
clashes seem to have disappeared in the latest release.

Of equal significance is the decision by service provider Demon Internet
Services to offer Turnpike as its officially-approved Windows package. Demon
have dumped their own ill-starred WinDIS suite of disjointed Windows software
(which I too abandoned, never fully configuring it successfully) in favour of
promoting Turnpike at a special price of £29.37 all inclusive, to its customers.
Turnpike originally retailed at £99 - before being slashed to half price at £49.95
to non-Demon accounts.

A self-help newsgroup Demon.IPSupport. Turnpike recently opened for users
and indeed, Turnpike’s support has been seen to put many larger software houses
to shame.

Contact Turnpike Sales on 01306 747747, or check their WWW site on
http://www.turnpike.com. Demon Sales is on 0181 371 1234, or by E-mail
on internet@demon.net, and is to be found on URL http://www.demon.net/.
Turnpike is still recommended. — Alan Winstanley.
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TECHNOLOGY
CURRICULUM

A major national conference to look at
the relationship between the culture of
designing and making in schools,
and state of the art technology in
manufacturing industries, is to be held
on Wednesday 20th March 1996
at the Beeches Management Centre,
Bournville, Birmingham.

Aimed at teachers and senior
managers in schools, the conference
concentrates on the theme of
manufacturing in the technology
curriculum. Areas to be covered include:
virtual reality, European dimensions,
communications technologies (the In-
ternet, E-mail), video conferencing, in
addition to computer-aided design and
manufacture, mechatronics and GNVQ
manufacturing.

The conference is organised by the
Technology Enhancement Programme
(TEP), which is funded by the Gatsby
Charitable Foundation and administered
by the Engineering Council. TEP aims to
enhance and enrich technology educa-
tion and training for all pupils and
students in schools and colleges in the
UK. it recognises the urgent need to
educate and train teachers and student-
teachers in the knowledge and under-
standing of the subject.

For more information, contact TEP,
The Engineering Council, 10 Maltravers
Street, London WC2R 3ER. Tel: 0171
240 7891.

LINCOLNSHIRE EVENT

The Lincolnshire AMS '96 Computer
and Electronics Show takes place on
Sunday 14th April 1996, from 10.00am to
5.00pm, at the Springfields Exhibition
Centre, Springfields Gardens, Camelgate,
Spalding, Lincs, PE12 6ET. Tel: 01775
724843 or 713253. Entry price is: Adult
£2.50, OAP £2.30, children under 14 are
free.

At the show will be a wide range
of new and second user goods, acces-
sories, electronic components, multimedia,
CDs, software, upgrades, consumables,
etc. There will also be a bring and buy
sale.

Plenty of free parking will be available,
plus a patio cafe and licensed bar.

P.C.B. MAKING

Readers who want to make their own
p.c.b.s will be pleased to know that ESR
Electronic Components have issued their
latest catalogue. Entitled 1996 PCB Produc-
tion Catalogue, it covers all aspects of p.c.b.
production for hobby, education and profes-
sional use. It is ideal for those who are
involved in prototype or small volume work.

The catalogue is fully illustrated and
claims to carry all that is required to take an
idea, on paper or from a simple prototype
on breadboard, matrixboard or stripboard,
through to the final p.c.b. layout and produc-
tion. The contents cover development, draft-
ing materials, p.c.b. laminates, p.c.b. equip-
ment, chemicals, tools, and health and safety.

Many new products are included, all
competitively priced, making this catalogue a
comprehensive one-stop source for p.c.b.
production.

For a FREE copy, send an A4 s.a.e. (with
47p of stamps) to ESR Electronic Com-
ponents, Dept EPE, Station Road, Culler-
coats, Tyne and Wear, NE30 4PQ. Tel: 0191
251 4363.
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Constructional Project —

MIND

MACHINE Mk I
PROGRAMMER

ANDY FLIND

Relax your mind with this add-on,

ser friendly’’ 16-slider
programmer. Capture that
"feel good rfactor’’ rnow!/

gram and construction of the Mind

Machine Mk III *‘Sound and Lights’’
p-c.b. was described. This produces signals
for stimulating relaxing electrical brain-
wave patterns for its user, the frequency of
these signals being controlled by a d.c.
voltage applied to the board.

For test purposes the control described
was manual through a variable resistor
(potentiometer VR3) but the circuit is
intended for use with a programmable
driver, so that a really deep relaxing
session can be enjoyed without the user
having to think about the controls at
all. This Add-on 16-Slider Programmer
project can store and supply such a control
sequence.

IN STORE

The problem with programming is to
devise a suitable way of creating and
storing the program sequences. Previous
projects from the designer have used RAM
storage, which was tricky to enter the

IN LAST month’s issue, the circuit dia-

sequence -into, magnetic tape which re-
quired good quality recording equipment
and tapes, and a computerised system

using a BASIC program which generated

the signal from lines of *‘data’’.

This last was probably the best of the
above methods and was used by the author
until quite recently, when the Sinclair Z88
computer performing the task finally ex-
pired! It was still a fiddly task to set it up
for a session though.

Attempts were made to operate the
system from a Psion Series 3a, but
it’s difficuit to obtain a suitable output
from this and most potential constructors
would not possess one anyway. However,
the author’s ‘‘dream’ of a simple, self-
contained programmable Mind Machine
refused to die and, with this project,
perhaps it has at last arrived.

SEQUENCE
PROGRAMMER

The programmer uses a row of sixteen
slider potentiometers (pots). Placed side

-

WARNING NOTICE

Photic stimulation at Alpha frequencies can cause seizures
in persons suffering from Epilepsy. For this reason such
people MUST NOT try this project.

A user who is not a known epileptic, but when using
the Mind Machine begins to experience an odd smell,
sound or other unexplained effects, should TURN IT OFF
IMMEDIATELY and seek professional medical advice.

Because of the above possibility, the Mind Machine
should not be used while on your own.

YOU MUST TREAT THIS UNIT WITH DUE RESPECT
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Part Two

by side, these display the ‘‘shape’’ of
the program graphically from their slider
positions which can, of course, be in-
stantly adjusted or changed by the user.
Favourite programs could even be stored
as stiff cardboard templates to be pressed
against the sliders for aligning them to the
required pattern.

CONTROL
VOLTAGE
- OUTPU'T WAVEFORM

- — | 1

(a)

CONTROL
VOLTAGE

RAMP

AW

COMPARATOR
[{o)] OUTPUT WAVEFORM

Fig. 1. (@) Use of an analogue com-
parator to vary auty cycle and (b)
waveforms for above circul.

In the prototype the sliders are con-
cealed internally beneath a cover plate,
leaving just basic controls for Volume,
L.E.D. Brilliance and session Time on the
front panel, with switches for On-Off, pro-
gram Reset/Run and l.e.d. Phase. The un-
cluttered panel is far more user-friendly
than earlier versions, and with careful lay-
out it is easy to operate the Mind Machine
with the eyes closed.

HOW IT WORKS

The circuit selects the control voltages
from the slider pots one by one through a
sixteen-channel analogue multiplexer i.c..
Of course, if the program were to be
implemented in just sixteen steps over half
an hour or more these would be noticeable,
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so a gradual transition between each volt-
age and the next is needed.

With such long — and variable — time
intervals this cannot be achieved easily with M
a simple integrator circuit. So, the method &8 1
used is to keep switching the multiplexer =
rapidly between each value and the suc-
ceeding one, gradually dwelling less on the
current one and more on the next, so that
with a little low-pass filtering the output
makes the smooth transition required.

This needs appropriate address gener-
ation for the multiplexer, with an oscillat-
ing *‘bit”” of gradually increasing period
that is added to the main address. Surpris-
ingly, this can be implemented with just {
seven CMOS logic chips and less than a | —
dozen passive components, making this a ! l % _—
very simple circuit to construct. '_'ﬂ %

In order to explain the way in which the 8
extra address ‘‘bit’’ is digitally produced,
it is worth taking a look at an equiv- '—'I . =
alent analogue circuit. If a series of pulses
with fixed frequency but variable pulse | g
width is needed, one way of generating
them is with a comparator and a ‘‘ramp’’
waveform, the ramp being compared with .._|
a control voltage as shown in Fig. la. 5

The response of this circuit to a RE:
gradually increasing control input, with the
output pulse width increasing with the
rising voltage, is shown in Fig. 1b. The
circuit used by this project has a similar { I ] ]
but digital equivalent of this arrangement. L =
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CIRCUIT
DESCRIPTION

The complete circuit diagram for the
Add-on 16-slider Programmer is shown in
Fig. 2. Working from left to right, the
circuit begins with IC1, an ICM7555 timer
connected as an oscillator to generate the
system ‘‘clock’’. The oscillator frequency
is controlled by rotary control VR1 over a
range of about 1250Hz down to 140Hz,
corresponding to an overall running time Nl NN
from about six minutes to an hour. 15

The clock is followed by a total of i
nineteen binary divider stages, the first 3 7
seven contained in IC2 with a further
twelve in IC3. Forgetting IC4, ICS and l
IC6 for the moment, the last four divider
outputs, taken from IC3 pins 12, 14, 15
and | respectively, form the four-bit binary
address for the multiplexer IC7. This i.c.
connects analogue signals from one of 16
inputs to a single output according to the | | %
value of the t%inary I::)1ddress supglied to — i
pins 10, 11, 14 and 13. 3

DIGITAL RAMP

The four outputs of divider IC3 im-
mediately preceding those used as the —‘“‘—% =
main address for IC7 can be thought of as
a slow ‘‘digital ramp’’, having a binary
value which rises through sixteen steps
from zero to maximum before each incre-
ment of the main address takes place. &

A similar but faster ‘‘digital ramp’’ is 7
taken from the last four outputs of IC2, a
and the two are compared by IC4. This is a =1+
CMOS 4063B four-bit ‘‘magnitude com-
parator’’, which is the digital equivalent of - -
the analogue comparator in Fig. 1. LAANA l l

The output of IC4, from pin 5, is positive
or ‘‘high” whilst the input from IC3, the
“slow ramp’’, has a higher binary value
than the fast one taken from IC2. Like the
analogue version, the output pulses have a Fig. 2. Completed circuit diagram for the Add-on Mind Machine Mk Il Programmer.
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frequency set by the fast ramp with a period
controlled by the slow one. However, the
digital version uses no parts other than the
i.c.s and is perfectly synchronised to the
main address generation.

IN ADDITION

The single-bit output from IC4 pin 5
now has to be added to the main address so
that, whilst it is high, the next input in the
programmed sequence is selected. This
addition is carried out by IC6, a CMOS
4008B four-bit ‘‘full adder’’.

The main address is connected to one
input and the single *‘bit’’ from IC4 to
the least significant bit of the other. The
remaining three bits of this input are wired
low (OV).

The result is that, when the input from
IC4 is low, the output is the same as the
main address but when it is high, the
output becomes the main address plus one.
Multiplexer IC7 correspondingly selects
¢ither the input specified by the main ad-
dress or the next one up, switching be-
tween them at reasonable frequency and
gradually dwelling less on the lower one
and more on the higher as the value of the
‘“‘slow ramp’’ rises.

The average d.c. value of the output
from IC7 therefore starts with the input
value selected by the main address and
rises in sixteen steps towards the next one,
so the voltage sequence programmed by
the user on the sixteen slider pots is ex-
ecuted in 240 steps. Some low-pass filter-
ing is needed, this is provided by resistor
R2 and capacitor C1 on the Sound and
Lights printed circuit board (last month).

END OF RUN

One half of the dual four-input NAND
gate ICS is connected to the four main
address bits to detect the end of the se-
quence. So long as at least one bit is low,
the output (pin 13) of this gate, IC5b,
remains positive, holding the *‘reset’’ pin
4 of oscillator IC1 high so that it can run.

When the final address value is reached
all four bits go high and the output of IC5b
goes low, pulling IC1’s reset low to stop
the clock and halt the program. IC5a in-
verts the output from IC5b to provide a
positive ‘‘end of run’’ signal.

This may be used to indicate to the
user that the session is complete. If it is
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connected to the ‘“End of Run’’ input of
last month’s Sound and Lights p.c.b. it will
extinguish the glasses l.e.d.s.

Switch S1 resets the program to the
beginning of the sequence by resetting
divider IC3. This reset action is not
extended to IC2 as this takes a maximum
of less than a second for a complete cycle
of all seven outputs. If S1 remains closed,
the address to IC7 stays permanently at
zero which allows the unit to be operated
manually from the first slider poten-
tiometer VR2 for testing.

The slider pots used in this project are
all 100k linear types. The sixteen of them

Completed Programmer p.c.b.

in parallel have a nominal value of 6-25k,
which is shunted (when setting-up) to
reduce the overall value to 5 kilohms (5k).
Series resistors R3 and R4 give the
required range of control voltage.

CONSTRUCTION

The component layout and full size
underside copper foil master pattern for
the Programmer printed circuit board are
shown in Fig. 3. This board is available
from-the EPE PCB Service, code 983.

Construction and testing of this board is
relatively straightforward. The eight top-
side links should be fitted first. No com-
plaints about these please — this circuit
took “shape on a piece of stripboard that
had sixty-one links!

The four resistors should be fitted next,
followed by d.i.l. sockets for the i.c.s,
the ceramic capacitors (C2 to CS5),
polyester capacitor (C1) and then the radial
electrolytic C6. To maintain a low profile
the leads of C6 are bent, allowing it to lie
horizontally on the board so a dab of glue
will help to keep it secure. The i.c. sockets
enable testing to be carried out in logical

steps to minimise the chance of component

damage should a fault be present.

Leads should be soldered to the board
for all the external connections. Two
8-way ribbon cables were used to connect
the prototype board to VR2-VRI17 slider
pot wipers; after soldering these were
secured to the board with a couple of small
cable ties to eliminate strain on their
connections.

BOARD TESTING

Following a careful check of construc-
tion and soldering, testing can commence.
Pins 13 and 14 of the socket for IC5
should be short-circuited, which can be

COMPONENTS

Resistors See

R1 12k = i
R2 100k

R3 5k TALK
R4 5600} Page

Plus: 1k (5 off); 27k; 330k shunt

resistors — see text
All 0-6W 1% metal film

Potentiometers
VR1 100k rotary carbon, lin
VR2 to

VR17 100k slider carbon,
lin. (16 off)
Capacitors
C1 47n polyester layer
C2to C5 100n resin-dipped ceramic
(4 off)
Cé6 100y radial elect. 16V

Semiconductors

IC1 ICM7555 CMOS version of
555 timer

IC2 4024B CMOS 7-stage
divider

IC3 4040B CMOS 12-stage
divider

IC4 4063B CMOS 4-bit

magnitude comparator

IC5 4012B CMOS dual 4-input
NAND gate

IC6 4008B CMOS 4-bit full
adder

IC7 40678 CMOS 16-way
analogue multiplexer

Miscellaneous

S1 sub-min. slide switch

Printed circuit board available from
EPE PCB Service, code 983; plastic
case with aluminium front and rear
panels, size 205mm x 140mm x 75mm
(see text and last month); 8-pin d.i.l
socket; 14-pin d.i.l. socket (2 off); 16-pin
d.i.l. socket (3 off); 24-pin d.i.l. socket;
8-way ribbon cable; knob; connect-
ing wire;, chassis plate (see text); M2
screws: 12:5mm (%in.) threaded p.c.b.

Approx cost

spacers (8 off); solder etc.

guidance only
excl. case and batts.
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done by pushing a loop of thin wire into
the relevant socket hole connections. This
maintains a positive voltage to ICl’s
“‘reset’’ input so that the oscillator will
run.

The variable Time control VR1 should
be connected to its leads from the p.c.b.,
then IC1 should be inserted, observing the
usual precautions against damage by static.
Power can be applied from a 9V sup-
ply. The supply current should be minimal
throughout testing — the entire board draws
only about half a milliamp. The slider pots
add a little to this when they are con-
nected, but the drain should never exceed
two or three milliamps.

SPOT CHECK

If the oscillator output, pin 3 of ICl, is
checked with a meter it should show an
average d.c. voltage of about half the sup-
ply, indicating that the oscillator is run-
ning. If an oscilloscope or frequency meter
is available the output frequency range can
be checked. It should be around 140Hz
to 1250Hz with the higher value at the
counter-clockwise end of VR1’s range.

Next, IC2 can be inserted. The input to
this is to pin 1, whilst the four outputs used
are taken from pins 3, 4, 5 and 6. The
frequencies of these are in reverse order,
i.e. pin 6 is the highest, pin 3 the lowest.
With Time control VR1 clockwise for the
lowest oscillator frequency, pin 3 should
be oscillating slowly enough for the cycles
to be observed with a meter, confirming
operation to this point.

The 12-stage divider IC3 should now
be inserted. The input to this is at pin
10. The slow operation of IC3’s outputs
makes checking more difficult, but if the

SUPPLY +VE

5x 1k RESISTORS

SUPPLY -VE

Fig. 4. Temporary input shunt resistors for testing.

oscillator is set to its highest rate with VR1
fully counter-clockwise, the output from
pin 3 can be observed changing state about
every 1-5 seconds.

Next, IC4 should be inserted and the
average value of the output from pin 5
checked with a meter, with VR1 still set
for the highest frequency. The reading
should be seen rising graduaily by steps
until it reaches the full supply voltage and
then dropping sharply back to zero before
starting to rise again.

If this works, IC6 can be fitted and the
output from pin 10 should be monitored.
This should appear to be stepping
gradually up to full supply, then gradually
down again.

Following this, the shorting link should
be removed from the socket of IC5 and
this i.c. and IC7 inserted. Whilst the slider
controls could be connected for a final test,
it’s probably more convenient to check the
circuit with a chain of one kilohm (lk)
resistors supplying voltages from the sup-
ply to the first four inputs (pins 9 to 6) of
IC7 as shown in Fig. 4.

If the circuit is now powered up and the
“‘reset’’ leads (for S1) are shorted to-
gether briefly, with a high oscillator fre-
quency the meter should show the output
from IC7 rising in an apparently smooth
progression as the first four inputs are
scanned. At slower oscillator rates the
meter may be seen jumping between the

4;! % - 3 .

[ 3- ei’..a O O
- =
e
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Fig. 3. Programmer printed circuit board component layout and full size underside copper foil master pattern. The inner group
of four holes on the right are.for the ribbon cable ties — see photograph on opposite page.
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two currently selected input values. This
completes board testing.

SLIDER ASSEMBLY

The prototype of this project used a
‘‘Verobox'* with dimensions of 205mm X
140mm X 75mm. Although this resulted
in a neat finished unit it involved quite a
bit of tricky assembly work so constructors
not so concerned with appearance might
like to devise something a little easier.
However, some construction details may
be helpful to all builders.

Mounting of the slider pots is the major
consideration. Those used in the prototype
were described as being 9mm wide but in
practice they were very slightly wider than
this. The ‘‘tangs’’ projected from open
slots, through which the resistive tracks
could be clearly seen, coated with a grease
to which dust and other foreign matter
might adhere.

It would be difficult enough to provide
a dust seal for one pot, let alone sixteen
in a tightly-packed row, so it was decided
to protect them by placing them inside
the case, beneath a cover, and facing
downwards to minimise the problem of
dirt and dust falling into them. They
are secured with an M2 screw at each
end; these must not project too far into
the body as this would restrict slider
movement.

The shortest screws to hand were some
3mm too long so, to avoid the task of
shortening all thirty-two, the pots were
mounted on a chassis plate cut from 3mm
thick material with a square hole provided
for the tangs to project through. A slightly
larger corresponding hole was cut in the
bottom of the case and an aluminium cover
plate made to fit into this.

The cover plate is held in place by mag-
netic strips glued to both it and the case.
This gives rapid and easy access to the
sliders. The tangs are not fitted with knobs
as there was no room — in fact they were
cut slightly shorter to provide clearance for
the cover plate.

CHASSIS PLATE

The chassis plate with the slider controls
is attached to mounting pillars in the case
with self-tapping screws. It has a cut-out at
the back so that a holder for eight AA
batteries will fit, and an aluminium bracket
keeps this in place.

Four half-inch threaded spacers are used
to hold the Program p.c.b. above the
sliders, and another four are used for
mounting the Sound and Lights p.c.b.
above it. The boards are drilled with
matching holes for this ‘‘sandwich’’ like
_construction.

If the box described is used, consider-
able care is needed to locate the pots so
that there is adequate room for the con-
trols, the two p.c.b.s above them, the out-
put sockets and the battery pack. One
small error made by the author was to
fit two slide switches too close to the
left-hand end of the front panel. These
then fouled one of the four securing pil-
lars in the lid, necessitating some delicate
‘‘plastic surgery’’!

It is, of course, perfectly in order to use
a larger case for easier assembly. One sug-
gestion is the use of a plastic storage box
with a hinged lid, perhaps a plastic *‘brief-
case’’, with all the controls on an internal
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Wiring to the siider potentiometers. The pots are mounted on a piece of clear
plastic “chassis plate” which is fixed to the base of the case.

panel for easy access. It would still look
presentable with the lid closed. Battery ac-
cess would be easier too. The prototype
uses a pack of eight AA NiCads with a
charging socket on the rear panel.

FINAL WIRING

The connections between this board and
the one described last month are shown
in Fig. 5, whilst connections to the slider
pots are shown in more detail in Fig. 6.

HOLES FOR
CABE TIES

POT METALWOR™
EARTHING

POT HGH EDS

PO L0W BES

Fig. 5. Interwiring between the two Mind Machine p.c.b.s. The boards mounted
“sanawich” fashion in the case can be seen below.
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Base access cutout for program controls.
Metal cover plate is held in place by magnelic strips.
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Fig. 6. Detalls of wiring together of the program slider pots.

Everyday Practical Electronics, April 1996

The connection of the resistor(s) used to
shunt the slider pots to a total of 5k is also
shown in this drawing.

The nominal value of these resistors is
25k, which could be made up from 27k
and 330k in parallel. However, if a DVM
is available it might be preferable to check
the value of the sixteen pots connected in
parallel and select a precise shunt value,
thus compensating for the high tolerance
allowed in potentiometer resistances.

Be very sure of the slider pot connec-
tions before wiring up the ribbon cables as
it is a time-consuming and fiddly task that
no-one would wish to repeat! The pots will
probably be dual-gang types, if so only
one side of each is used. This leaves the
useful option of transferring connections to
the other half should any become faulty!
The tags on the metal bodies of the pots
are soldered together and connected to the
negative supply rail for screening against
external interference.

IN USE

Slide switches are recommended for all
three switch functions including Reset, as
the best way to use the unit is to turn it on,
leaving it in ‘‘reset’” whilst the glasses and
headphones are set up. This allows it to
settle to the first programmed frequency.

When all is ready ‘‘run’’ is selected and
the program commences. The sockets used
for the glasses and headphones are stan-
dard Yin. types as insulated mounting ver-
sions are readily available for use on metal
panels. Headphones and glasses fitted with
smaller plugs can be used with adaptors.

This Programmer can be used with the
original Mind Machine sound and lights
board, published back in December 1991.
To do this, it should first be powered from
the + 5V regulated supply present on the
earlier board.

There are various points where this
might be tapped, but for anyone in doubt,
resistor R49 and RS0 of the older p.c.b.
could be replaced with wire links-and the
power obtained from points ‘A’ (posi-
tive) and ‘‘C”’ (negative). The output
from IC7 of the new Programmer p.c.b.
can then be connected to point ‘‘B”’
and the assembly should work without
problems.

Program sequences are for the in-
dividual to experiment with. The author’s
favourite is to start high in Beta, drop
rapidly down to Alpha, then slowly down
through Theta and perhaps briefly into
Delta, then back up to Alpha, then maybe
another trip down into Theta before return-
ing back up through Alpha to Beta. The
overall session time used is generally
around twenty to thirty minutes.

There will doubtless be some construc-
tors who would like to try programmed
operation but are reluctant to shell out for
the sixteen slider pots and attempt the
tricky business of connecting them. Next
month, details will be given of an alterna-
tive programmer using magnetic tape.

It’s not as delightfully quick and easy to
use as this project, but it’s cheap and
simple to construct and, unlike the pre-
vious tape-controlled system, it works
happily with poor-quality mono recording
equipment. :

Next Month: An inexpensive Tape
Recorder Controller.
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Windows Pain

Microsoft is now turning the screw on
people like me who do not want to
commit to Windows 95. We would prefer
to continue using DOS and the previous
version. of Windows (3.1), on the prin-
ciple that “if it ain't broke don't fix it".

Loading Win 95 can create all kinds of
problems. Sometimes this is because of
bugs in Win 95. Other times is because
there are no software drivers available
for older peripherals, such as printers
and CD-ROM drives, or because the
manufacturers of new hardware have
been slow on writing Win 95 drivers.
Even major manufacturers, including
Hewlett Packard, have been unable to
provide Win 95 drivers for new laser
printers.

The result is that systems which
worked under Windows 3.1, stubbornly
refuse to work under Windows 95. |
know, | have tried loading 95 and
run into brick walls. The manufacturers
and software publishers all blame each
other, or they blame Microsoft and bugs.
So no-one carries the can.

Unhelpful

User self-help is well nigh impossible
because ‘the manuals that come with
Win 85 are superficial, like the handbook
for a new car that only tells you where to
put the petrol, and is no help on a cold
morning when the car refuses to start.
People who have spent years getting
under the bonnet of DOS and Windows
3.1 find that by replacing both systems
Win 95 runs with a completely different
set of rules.

Win 95 also needs more memory and
hard disk space than Win 3.1, which
means that old PCs may not upgrade.
All in all it makes far better sense to wait
a while with existing hardware, DOS and
Win 3.1, until the bugs in Win 95 are
ironed out and new drivers available.
After wasting far too much time | got rid
of Win 95 by re-formatting my hard disc
and re-loading old Windows.

Soon after, Microsoft offered me the
chance to try some new CD-ROMs from
its “Home" software catalogue. But
several of them (e.g. Music Central and
World Atlas) will run only under Win 95,
not under Win 3.1. The only way to use
them is to load Windows 95, which for
mény people may mean buying a new
P

Microsoft's glib justification of this
policy is that it “rewards people who have
bought Windows 95". | say, nonsense; it
drives DOS/3.1 users into buying Win-
dows 95. And as such it stinks. But it may
help accelerate an investigation into the
way Microsoft does business.

Re-Morse-less Debate

| am not surprised that radio amateurs
get such a rotten press, and the national
newspapers ignorantly bundle serious
hams with CB after-burners.
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REPORT &

by Barry Fox

Recently | needed to report on the
“great Morse debate” for a radio
programme and - science magazine. |
knew from Tony Smith's column in EPE
(February 1996) that the President of the
Radio Society of Great Britain, Clive
Trotman, had written an open let-
ter to over 1,000 people. They had
been in touch with Trotman after
the Government's Radiocommunications

.Agency had decided to support abolition

of the ‘Morse test without discussing the
matter with the RSGB.

i tried phoning the offical rule makers,
the International Telecommununictions
Union, in Geneva. But the ITU's Morse
expert never got back to me.

| phoned the RSGB and asked if |
could talk with Clive Trotman? No. He

‘was the Past President, not the present

President. Well, could | talk to the present
president, Peter Shephard? No. That
could not be arranged either. | could only
talk with the RSGB's office staff. But
no-one was available.

Promised calls were not returned. Only
by persistence over a period of weeks did
I get a full run-down on the debate, in
lay terms. By then a national newspape
would have given up and written the story
anyway, complete with mistakes.

Historical Facts

For non-specialist readers, here are the
simple facts of a complex but fascinating
dispute:

Samuel Morse invented a digital code
of long and short pulses in the late 1830s.
It was first used to send messages down
telegraph wires and later for radio. The
beauty of the system is that it is very
robust. As long as the operator can hear
tone pulses above background noise and
static, the message gets through.

The transmitter and receiver can be
very inexpensive and the tone signal
takes up far less space in the radio
spectrum than speech or data. So Morse
is ideal for sending messages over
long distances between the six million
amateurs round the world. But Morse is
only useful if everyone can understand
the code.

The ITU allocates amateur bands in
slots of the radio spectrum, over a wide
range of frequencies. National govern-
ments police the [TU's system with a
common licensing scheme. The HF
bands, at below 30 MHz, are best for long
range communication because at these
frequencies the signals reflect off the
upper atmosphere and “skip" across
continents. The VHF and UHF bands
work only over short distances.

The [TUs scheme distinguishes be-
tween A and B licences. A “full” A licence
permits use of all frequencies, includ-
ing the sought-after HF band. A-licensed
hams can send speech and data, or use
Morse. But to get the licence they must
learn to send and receive Morse Code
at 12 words a minute. Learning is very

arduous but the obligation ensures that
anyone who sends a Morse message on
the HF bands can be sure that everyone
who receives will be able to read it. B
licence holders need not learn Morse buft
can only use the VHF and UHF bands.

Surveying Dissent

Last year the New Zealand government
broke ranks and proposed an end to
the Morse test. The UK government's
DTI and its Radiocommunications Agency
supported the move. “Morse is outdated,
we support an end to the mandatory test.
it may be better to have a technology
exam” says a DTl spokesman.

The RSGB complains that it was not
consulted. But for whatever reason the
RSGB represents only a littte more than
half the number of people in the UK who
pay the RA for a licence. But now the
RSGB is in on the act and conducting an
independent survey of all amateurs in the
UK; 32,000 members RSGB, and the
28,000 licensed operators who are not
members of the society.

Everyone will be asked to vote for
or against the Morse requirement. The
RSGB is also asking all the other ham
societies in Europe and the Eastern bloc
to carry out similar research. They can
then take an international vote at the
international Amateur Radio Conference
to be held in Tel Aviv in October. The ITU
will make its final decision at the next
World Radio Conference, planned for
1999. If New Zealand's plan is adopted,
Morse Code could be dead by the turn of
the century.

Opinions Split

“We have no mandate from our
members to give an opinion”, said Peter
Kirby, the RSGB's General Manager
when | asked. Fair enough, so | asked
amongst amateurs for a cross section of
opinion.

Bill Capstick, a Morse-user for forty
years, voices a concern that many hams
are reluctant to express for fear of being
branded elitist. "If we make it too
easy, we could open the bands to CB
operators™.

Capstick also reminds that Morse
takes up far less space on the airwaves
than speech. “And it is classless. You
can't tell someone's accent”.

Angus McKenzie won the RSGB's
Supreme Award for radio amateurs and
has used Morse for 35 years. But he
wants an end to the mandatory test. “it
is an imposition on the disabled” says
McKenzie who is blind. "It is very difficult
to pass the test because you can-
not write the words as you receive
them. The test may discourage excellent
operators".

McKenzie belleves that many people
will still choose to learn Morse.

"In an international emergency there
may be someone stranded with a weak
transmitter and an aerial in a tree, who
can only get through by using Morse.
But on any frequency there will always
be thousands of people listening, and
some of them wilt always know Morse".

Said Paul Rollin, a member of the
First Class Operators Club for amateurs
who use only Morse, “The test acts a
filter which stops the nine HF bands
getting too crowded. Without it there will
be very little new blood with Morse skills.
It will be like people driving classic cars
and waving to each other”.
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The new winter '95/96 edition has 280
pages packed with over 4000 products.

P New editions to our computer section
further extending our range of PC components and
accessories at unbeatable prices

® Free competition with a chance of winning a
Hameg 30MHz oscilloscope

P> 100’s of new products including;
Books, Component Packs, Connectors,
Switches, Test Equipment and Tools.

P New range of oscilloscopes from Hameg and extended
range of mobile phone batteries and accessories

P> Latest PIC Microcontroller IC’s and programmer

P> New 70cms mobile transceiver for the novice radio
amateur enthusiast

P> 280 pages, 26 sections and over 4000 products from
some of the worlds finest suppliers

P Available at most newsagents or direct from Cirkit

P> Send for your copy today!

Cirkit _r-

Cirkit Distribution Ltd

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ
Telephone: 01992 448899 - Fax: 01992 471314
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RADIO DATA MODULES

MODEM TRANSCEIVERS

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 !
_ * Efficient 5V operation *
New !: TXR-XXX-DTR100 js 400 to 500MHz Versions *
* Range up to 5Km *
* Compact Size ideal for Hand Helds *
* UK, North American, Australian *
* MPT, I-ETS & FCC Approval *
* Up or 64 selectable channeis *
* 100+ Price Only £115.00 *

Only 55 x 23 x 15mm
20% Discount On Evaluation Pairs
UK. US, EEC or Australian Models

Low Voltage Transmitters Simplify Interfacing !

* Reduce Component Count, Cost, Size & Power Drain *
* Twice as fast as the - A version, up to 20,000 bps *
* Drives directly from a PIC output Port 111 *
*Available UK Approved MPT1340 418MHz *
* Export I-ETS-300-220, 433.92MHz *

I fll L2
il

TXM-418-F Transmitter SILRX-418-F Receiver

* Special UK 40% Off Introductory Offer *
* Only £29.95 per pair Inc VAT *

Exclusive : South African Modules on 403MHz

* TXM-403-A, SILRX-404-A, RXM-403-A * -

* High Quality FM system > 120M Range *
RXM-403-A

* Evaluation Kits Available *

* No Price Surcharge *
* Eg : 1000 + TXM’s Only £5.95 Each *

VHF Modules for UK, Australia and Beyond !

* UK, 173MHz to MPT1344 & MPT1328 Licence Exempt * —
* Minlature Low Cost 1 & 10mW Transmitters * - —
* 173.500MHz Transmitters & Transceivers for Australia *

* PCB mount or canned, Superhet Receivers *

* Low Cost Meter Reading Transceivers on 183.8875MHz *
* Prices from < £20.00 to £340.00 each *

World Leading BIM Transceiver £84.95 per pair !

RXM-173/183-4666-60

World leading in price, performance and
size the BIM high speed transceiver has
already found a home around the World in
many wire free products from computer
networks, hand held terminals to EPOS.
Available on 418 and 433.92MHz

BIM-418-F
Approved o MPT1340 & I-ETS-300-220

* 5V Operation, PIC Compatible Logic *
* Exclusive RS232 Serial Version £79.95 *
* Packet Controller Parallel i/o Board £79.95 *
* Evaluation Kit with 2 BIM’s £149.95 *
* Volume Discounts Prices Available for OEM’s

B8IM-433-RPC

Check our Prices, Now with Free Postage ! *

Transmitters (1 + Price) Antennas {1+ price) Receivers {1+ price)
[TXM-418-A 0.25mW .._.£12.50 | {Helical-173MHz..........£.4.90 | [ SILRX-418-A.. £22.50
P XM-433-A 0.25mwW .. £14.75 | | 1/4 Wave 418MHZz ... .€4.90 || RXM-418-A . £28.05
XM -418-F 0.25mW . £.14.75 | |Dipole 418MHz......... €23.50 || SILRX-433-A...£23.95
’ VHF Whip Antenna.....£35.00| | SILRX-403-A...€23.95

M-433-F 0.25mW.....£14.75
zM-doa-A 0 Z&r:w £14.75 UHF End Fed Dipole...€35.00]| | RXM-403-A... .£29.05

-418-F...£23.
[TXM-173-4689 1mW.....£22.50 g:tg-ﬂi}ﬁ..gg.:g
[TXM-173-4689 10mW...£24.50 RXM-173-60....£31.62
[TXM-184-4689 10mW., £29.95 | 14 W 18 18Deoe | RXM-184-60... £31.62
Credit Card Payments
Welcome. Exports 2/4 day
delivery by DHL, UPS or
Air Express Available. All
prices in Pounds Sterling

*Prices unless otherwise stated ex-
clude VAT. Carrlage free on all non-
account mainland UK orders.
Insurance available at additional cost.

VHF Helical

VHF Whp  UHF End Fed

Radio - Tech Limited, Overbridge House, Weald Hall Lane
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
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TEACH-IN '96 -

Max Horsey

Part 6

e
T

modules is examined, divided into Input, Proces-
sor and Output sections. Where possible a choice

of module is offered within each section.
Each of the ten Parts of the Series is accompanied by
a constructional article explaining how a complete
project may be devised by employing the modules
described, together with a p.c.b. design. Each project
will be one of many possible ideas that could be

DURING this series of articles, a range of circuit

implemented and it is hoped that readers will design for
themselves a variety of circuits by combining modules
provided in the whole series.

The proposed range of modules covered by the
Series is detailed in Part 1, Table 1.1. Each module is
chosen to link easily with adjacent modules in the same
Part, but modules may also be linked with modules in
other Parts of the Series.

Max Horsey is Head of Electronics at Radiey College.

EACH-IN Parts 6 and 7 are related to

counters, timers and displays. The
modules are particularly suitable for a
“Pick and Mix" approach. For example,
the Decade Counter Module here is
equally suitable for use with the liquid
crystal display (l.c.d.) module also in Part
6, or the light emitting diode (l.e.d.)
display module in Part 7.

Throughout the series, circuits have
generally been designed for use with a
power supply of 12V. Note, though, that
some l.c.d.s have a maximum rating of 9V.
Check with the data in the component
supplier's catalogue. All the modules in
Parts 6 and 7 will operate on 9V if required.

DISPLAY MODULES

The more difficult and expensive l.c.d.
module has been chosen for Part 6
because it uses almost no power and
is particularly suited to battery driven
projects. So the project accompanying
Part 6 elsewhere in these pages is a
portable battery driven Event Counter —
an ideal add-on for the Infra-Zapper
project associated with Part 5.

A T7-segment l.e.d. display is less ex-
pensive and much simpler to use, but
cannot be switched on permanently if the
project is driven by batteries. Details of
l.e.d. display modules are given in Part 7.

The following is a summary of the
modules covered in Parts 6 and 7:

Part 6:

INPUT MODULE: Switch debouncer
circuits

PROCESSOR MODULES: L.C.D. in-
terface circuit — ready-made counter
module, binary coded decimal (BCD)
counter, based on a CMOS 4029B i.c.

OUTPUT MODULE: L.C.D. decoder/
driver

Part 7:
INPUT MODULES: Obtaining a clock
pulse from an a.c. mains supply, obtaining
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a clock pulse from a crystal oscillator

PROCESSOR MODULES: Diode
logic gates, divide by 100 counter, BCD
counter with le.d. 7-segment display,
based on a CMOS 40268

OUTPUT MODULE: L.E.D. 7-segment
driver based on a CMOS 4511B

ANTI-BOUNCE CIRCUITS

Switch contact bounce can be a serious
problem in electronic circuits, particularly
counting circuits. The problem occurs
because the metal contacts of switches do
not close cleanly when the switch is
pressed or turned on. Instead, they tend to
vibrate. The same condition can occur
when the switch is opened.

If a pushbutton switch is linked to a
counter module, the counter will reg-
ister correctly immediately the switch is
pressed, but the vibration of the contacts
bouncing can cause additional pulses to
be generated, as illustrated in Fig. 6.1.
Consequently, each press of the switch
can produce several counts. A counter
circuit would, in the instance of Fig. 6.1,
register four counts instead of one.

Some switches are worse than others
in this respect, but a small number,
including the Hall-effect sensor type
(which is actually an i.c. device), are
bounce free.

f I

BUTTON PRESSED BUTTON RELEASED

Fig. 6.1. Mudtiple pulses caused by switch
contacts bouncing.

SOLUTIONS

Fortunately, switch contacts only
bounce for a very short time compared
with the time for which a pushbutton
switch, for example, is generally pressed.
Therefore, a timing circuit which reacts
at the first moment of the contact being
made, but ignores subsequent vibrations,
can remove the problem.

Of course, if the time set is too long
it will be impossible to press a button
several times in quick succession. If the
time is too short the circuit may fail to
soak up all the bounces.

—
O +VE
R1 (:1l
T st
-5t QUTPUT
L o O -0

ov

Fig. 6.2. Simple switch debounce circuit.
Switch S1 is a normal open type.

A simple switch debounce circuit is
shown in Fig. 6.2. When the switch (S1)
is open (not pressed) the output will be at
OV due to the action of resistor R2.
Resistor R1 will ensure that the potential
(voltage) on each side of the capacitor,
C1, is equal. The capacitor is said to be
discharged since both sides are at the
same voltage, i.e. positive in this case.

Assuming that the values of R1 and R2
are chosen with some care, and if the
value of R2 is, say, ten times less than
R1, the output can only be about one
tenth of the supply voltage if the switch is
held closed, ignoring the effect of C1 and
the resistance of the circuit into which
the output is being fed.
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At the moment when the switch is
pressed, the output will become positive,
i.e. equal to the supply voltage, since
both sides of C1 are at this voltage.

Of course, C1 will rapidly acquire a
charge differential across it (charge up)
due to the effect of R2. In other words,
the voltage on its lower side (as seen in
Fig. 6.2) will fall towards OV, at a rate
determined by its value and the value of
R2. Therefore, subsequent bounces of
the switch cannot produce further posi-
tive pulses at the output.

When the switch is released, C1 dis-
charges again as the voltage at its lower
side becomes equal to the positive sup-
ply voltage, due to the action of R1.

The values of the components are
quite critical for a particular circuit and
the "amount of bounce to be removed.
For example, if the output is connected
to the Clock input of a CMOS counter,
and where R1 and R2 are the only resis-
tors involved in connection with that in-
put, then try values of 100nF for Cl,
100k(} for R1 and 10k(} for R2.

RESPONSE SPEED

Note that the value of R1 sets the
compulsory time interval between switch
presses, and R2 sets the duration of the
positive pulse. The capacitor value af-
fects both times equally. Also be aware
that if the minimum voltage that can
exist at the junction of R1 and R2 is too
high, then the following i.c. may not
respond to it as a logic O level (see Part 1
- Logic Gate Switch).

A further problem exists: the voltage
change across the capacitor is designed
to be a slow one. As explained in Part 1
(Logic Switches), slowly changing volt-
ages on the input of a logic i.c. can, in
extreme cases, cause transient pulses
to be generated. Consequently, an in-
adequately designed debouncing circuit
could produce more problems that it
solves!

A little experimentation may be re-
quired for the best results from the cir-
cuit of Fig. 6.2. Mathematicians may try
calculating the time intervals involved but
much will depend upon the particular
switch in use - and its degree of bounce.

To sum up the simple debounce cir-
cuit of Fig. 6.2:

ADVANTAGES:
Simple
Inexpensive

DISADVANTAGES:

Can reduce the problem but may not
always solve it

Response can be affected by the
following circuit

IMPROVED DEBOUNCING

The circuit shown in Fig. 6.2 will be
adequate for many applications, and
many counting circuits will respond well
to the rather crude pulse shape obtained.
However, if a single perfect pulse is
required then the answer can be provided
by a monostable, of the CMOS NOR
type described in Part 2, Fig. 2.8 or
Fig. 2.9, for example. This is the tech-
nique chosen for use in the Event
Counter project.

For a monostable, the time period
chosen will depend on the extent of the
bounce and the maximum rate at which
the switch might need to be pressed. A
long monostable time period (e.g. one
second) will mean that the maximum

j -

LIGHT OR
TEMPERATURE NI = DISPLAY
(a)
SLOWLY RISING OR
FALLING VOLTAGE
SCHMITT
TRIGGER
LIGHT OR
COUNTER
SEnGoR TURE MODULE L1 DISPLAY
(b)
SLOWLY RISING OR SHARPLY RISING OR
FALLING VOLTAGE FALLING VOLTAGE

Fig. 6.3. The circuit in (a) is unlikely to respond well to slowly changing voltage
levels. The inclusion of the Schmitt trigger in (b) improves the situation.

switch pressing rate is once per second.
A short time period (e.g. 10ms) will allow
the switch to be pressed 100 times per
second.

The latter rate may sound ridiculous,
but this type of problem might occur if
the speed of a rotating shaft were being
counted automatically, using a magnet
mounted on the shaft and a reed switch
at the side. In this case the monostable
time period must be long enough to soak
up the contact bounce but short enough
to permit the maximum count frequency
required.

It will be apparent that measuring the
speed of a rapidly rotating shaft is not
easy with a reed switch and magnet.
In practice, a sensor inherently free of
bounce, such as a Hall-effect sensor
switch would be more suitable.

SCHMITT TRIGGERS

Counting circuits require a change of
voltage to register a count; the static
level of the voltage has no affect on
them. The response to the change is
known as edge triggering. In other
words, the counter reacts to the vertical
edge of a pulse. Some react to the rising
edge, others to the descending one.

There is less likelihood of counters
responding incorrectly if the pulse is well
shaped, rapidly changing from one logic
level to the other. Indeed, if a counter
input is a.c. coupled (via a capacitor -
see Part 2, Fig. 2.5) to the source being
monitored, the counter may not respond
at all to slowly changing levels of source
voltage.

As an example of a poor signal source,
take the light or temperature sensor
modules discussed at some length in
Part 1. These produce slowly changing
output voltages as the light or tem-
perature changes. Even if the voltage
changes were sufficiently great to be
considered as logic O or logic 1 values,
they would be unlikely to satisfactorily
trigger a counting circuit connected as
shown in Fig. 6.3a.

In this configuration, it would be all
too easy for the voltage to hover around
the counter’'s trigger voltage threshold,
resulting in numerous undesirable tran-
sient pulses being counted, instead of
individual events. Consequently counting
the number of times the light or tem-
perature level rises and falls about a
given value would produce grossly inac-
curate results.

The inclusion of a Schmitt trigger cir-
cuit between the sensor and the counter,
as shown in Fig. 6.3b, can help to solve
the problem.

Schmitt triggers were discussed earlier in
Part 1, Fig. 1.7 to Fig. 1.11. They can be
made from CMOS logic gates, op.amps, or
purchased ready-made in i.c. form.

COUNTER MODULE

Possibly the simplest and least expen-
sive way of achieving a counter circuit is
to use a ready-made counter module.
Several such modules are available which
contain a liquid crystal display plus a
debouncing and decoding circuit.

The type discussed here is a 5-digit
module which can operate at a maximum

COQUNTER MODULE
4
2k & G 23 RESET
g COUNT INPUT

INPUT

5V TO 12v
CONTROL
CIRCUIT

o

OV O

Fig. 6.4. An interface circuit for use with the counter module described in the text.
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rate of seven counts per second. This
rather low frequency limits its usefulness
in some ways, but has the advantage that
almost any pushbutton switch can be
used without the problem of contact
bounce being considered.

The module includes a reset input,
produces square wave outputs of 512Hz
and 32768Hz, and will also drive a piezo
sounder directly. It runs from a 1-5V cell
(which plugs directly into the module)
and consumes so little current that it may
be left switched on permanently.

See Shop Talk for details about where
to buy this module.

COUNTER MODULE
INTERFACE

Since the module operates from a
1-5V cell, it cannot be connected di-
rectly to any module in this Teach-in
series. Consequently, an interface circuit
is needed.

Shown in Fig. 6.4 is a transistor-based
interface circuit and a basic block dia-
gram of a counter module. The pin
numbers relate to the counter module
suggested in Shop Talk, if other modules
are used, check the pin numbers with the
data sheet enclosed with the module.

The circuit uses a transistor, TR1, in a
similar way to the transistor processing
circuit outlined in Part 1 (Fig. 1.5). The
purpose of the transistor is to provide a

buffer between the higher voltage signal.

source and the lower voltage counter
module. Remember that the counter
is operating on its own 1:5V supply,
whereas the signal source circuit is likely
to be operating on 5V, 9V or 12V.

When a 5V to 12V signal is applied to
the Input, the collector of the transistor is
pulled down to OV. When the transistor is
turned off, its collector voltage rises to
the positive supply of the counter module
i.e. 1-5V. The counter input is thus never
allowed to rise to a voltage higher than
its own supply.

The transistor can be any low power
high gain npn type, such as BC108,
BC184L etc. The values of the two input
resistors, R1 and R2, are chosen so that
the transistor will turn off even if the
input voltage fails to fall all the way to
zero. For example, the output from a 741
op.amp working on a single rall supply
cannot fall lower than about 1V.

Note that the transistor inverts the in-
put signal. Since the counter reacts to a
positive transition (i.e. counts when the
voltage rises), the counter will react when
the transistor input signal switches from
positive to OV, i.e. when it falls. In some
applications, this may not matter, but if it
does, then a second transistor may be
used to re-invert the signal as shown in
Fig. 6.5.

COUNTER MODULE

+12V O—

D1 RELAY
COoIL

COUNT OCCURS WHEN INPUT
IS SWITCHED TO POSITIVE

? +VE
L— S1

I ko
RELAY 2
Rerpy - o_;. RESET

RESET

A1
22k

INPUT

oV O~

COUNT INPUT

R3

...-‘4 oV

Fig. 6.6. Using a relay to completely isolate the counter module from its pulse source.

The second transistor, TR2, does not
require a base resistor since only a small
current can flow through the 22k{ resis-
tor R3 in series with the positive supply
from the main circuit.

TOTAL ISOLATION

The counter module is a delicate device
and any fault in the transistors in Fig. 6.4
or Fig. 6.5 could cause damage to it. If
complete isolation is preferred, the relay
circuit in Part 1 Fig. 1.13¢ could be used
as shown in Fig. 6.6. There are more
sophisticated isolation devices available,
but they will not be discussed here.

Unlike the circuit of Fig. 6.4, the relay
controlled counter counts when the input
switches to positive.

The values of the resistors and the
transistor type are a little more critical
in the circuit of Fig. 6.6 since suffi-
cient current must be available for the
relay coil to allow correct operation. The
principles outlined in Part 1 may be used

to calculate the resistor values .for a
particular type of transistor and relay.

If in doubt, use an npn Darlington
transistor, such as TIP121 or TIP122, and
the resistor values shown in Fig. 6.6. This
combination is likely to work with any
normal 12V relay.

Note, though, that some counter mod-
ules may not like having their count input
left floating when the relay contacts are
open. The inclusion of resistor R3 may
be required for satisfactory operation. A
suggested value is 10k(2.

There is also the possibility that the
relay contacts may bounce. If counter
modules are used which react faster than
the one suggested here, this may cause
erroneous count pulses. In this case, the
circuit of Fig. 6.2 may be required, the
relay contacts replacing switch S1.

ADVANTAGE:
Provides total isolation for the counter
module

POSITIVE SUPPLY ¢,
IN MAIN CIRCUIT

COUNT OCCURS WHEN INPUT R3
IS SWITCHED TO POSITIVE 22

A TR1
22

INPUT

o O +VE
CLOCK I
1 16
RESET > PRESET ENABLE +VE
Q4 <—£ OUTPUT Q4 CLOCK i)
SY UAMINPUTS 40298 OUTPUTCA 5 a6
A samineuT 1 JAM INPUT 3 e
SJ CARRYIN 12
6 CLOCK ENABLE pAMINRYE 1
Q1 - OUTPUT O QUTPUT 02 - 02
SR < Y cammvouoT up/ pown 2
4 ov BINARY / DECADE g
R1 é R2 2
100k 100k
& -0 ov
Fig. 6.7. Counter module based on a 40298 i.c.
DISADVANTAGES:
e R G The relay adds to cost, size and power
OF COUNTER consumption
Contact bounce may cause erroneous
Ra counting in some modules
Maximum counting speed is limited
TO COUNTER H
TR2 i ke by the speed at which the relay can

oV O

Fig. 6.5. The use of a second transistor inverts the logic of the circuit in Fig. 6.4.
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operate

BINARY/DECADE
COUNTER

In Fig. 6.7 is shown a counter mod-
ule based on the CMOS 4029B i.c. It is
basically a binary counter which counts
pulses (responding to their rising edges),
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and provides an answer in binary on its
outputs Q1, Q2, Q3, Q4.

Note that Q1 outputs what is known as
the “least significant bit” (i.e. the right
hand binary digit of the number) and Q4
outputs the “most significant bit” (right
hand binary digit). These outputs can be
connected to an lc.d. or l.e.d. display-
driving output module. For a 7-segment
Le.d. display such a module could be
based on the CMOS 4511B i.c. For an
l.c.d, it could be based on the CMOS
4543B i.c., as will be seen in Fig. 6.9.

Note that an understanding of the bi-
nary system is not required in order to
use the 4029B i.c. shown in Fig. 6.7.
However, the binary system is worth a
brief mention.

A binary digit (known as a bit) can be
0 (logic 0) or 1 (logic 1). Decimal O is
equal to binary O; decimal 1 is equal to
binary 1. But decimal 2 is equal to binary
10 (pronounced one, zero - not ten). The
binary system is based on powers of two.
The following table may help clarify this:

Table 6.1.
Decimal to Binary Conversion

DECIMAL BINARY
2P=8 2%=4 2'=2 2°=9
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

Without offering a lengthy description,
notice the patterns of numbers. Note, for
example, that the decimal number 6 equals
binary 0110, in other words a one in the 4’s
column-(i.e. 2 to the power of 2), plus a
one in the 2’s column (i.e. 2 to the power of
1). The table Is based on 4-bit binary arith-
metic (a 4-bit number is known as a nibble;
an 8-bit number is a byte).

The maximum 4-bit binary number is
1111, which equals decimal 15. However,
if a counter i.c. is to feed a decimal dis-
play, the maximum decimal number re-
quired per display is 9 (i.e. binary 1001).
Counters which count up to 9, then reset
to 0 and carry, are known as Binary Coded
Decimal (BCD) counters. Some counter
i.c.s, such as the 4029B, can be set to
count to decimal 15, or decimal 9.

The 4029B can provide a full binary
count from O to 15 (i.e. binary 1111),
before automatically resetting back to O.
To achieve this, pin 9 must be connected
to positive. If pin 9 is connected to 0V the
i.c. Is in BCD mode, and automatically
resets at the tenth count. Note that the
output is still in binary, it is only the point
at which the i.c. resets which is affected.

In Fig. 6.7 details are shown on how the
4029B can be connected to count up in
binary coded decimal, starting at 0, and
providing a carry-out after 9. It may be
reset to O at any time if a positive pulse is
applied to the reset input, pin 1.

The i.c. counts up by one each time
the clock input is made positive. As with
the counter module already discussed, a
very clean signal is required. Once again,
a simple pushswitch would suffer from
contact bounce, where several pulses are
produced each time the switch is pressed.
In such cases, a debouncing circuit would
also be needed.

The 4029B 4-bit binary/decade counter
is a particularly flexible device. lts full pin
layout is as follows:

Pin 1 Preset enable (or Reset), nor-
mally OV, resets when it is made
positive

Pin 2 Output Q4

Pin 3 Parallel load (JAM) input 4

Pin 4  Parallel load (JAM) input 1

Pin 5 Carry in, normaily 0V, carries in
when made positive

Pin 6 Output Q1

Pin 7 Carry out, normally positive, but
switches to 0V at maximum
count when counting up, or mini-
mum count when counting down

Pin 8 0V power supply

Pin 9 Binary/Decimal select, must be

made positive for binary, OV for
decimal

Pin 10 Up/Down count, must be made
0V for down, positive for up

Pin 11 Output Q2

Pin 12 Parallel load (JAM) input 2

Pin 13 Parallel load (JAM) input 3

Pin 14 Output Q3

Pin 15 Clock input, counts at rising
edge of clock pulse

Pin 16 Positive supply

PARALLEL LOAD INPUTS

Four of the pins are known as parallel
load or JAM inputs. These pins are used
to set up a binary number. Whenever the
reset pin is made positive, the i.c. jumps
to the number set by means of the paral-
lel load inputs.

For example, there may be a need
to build a timer which counts down in
minutes and seconds. If the count is at,
say, 4 minutes 00 seconds, the next
count must be 3 minutes 59 seconds.
In other words the tens column of
the seconds counter has to jump from
0 to 5 (not O to 9 as in an ordinary
counter).

The parallel load inputs would need to
be set at binary 0101 (i.e. decimal 5) to
cause the i.c. to jump in this way. Note
that the parallel load system is only active
when pin 1 is positive.

A practical example of how the parallel
load system is used to set up an initial
number will be seen in the Countdown
Timer project associated with Part 7.

CASCADING

Whenever the maximum or minimum
count is reached, the next clock input
causes the i.c. to reset, and a carry-out
pulse is produced from pin 7. This pin is
normally positive, but goes low when zero
is displayed. At the next clock pulse, pin
7 switches to positive again, a change
which can be used as a clock pulse for
the next counter.

Several counters can be cascaded like
this to achieve tens, hundreds, etc. This
is a fairly straightforward method of cas-
cading the 4029B. However, there are
also more subtle ways of cascading and
a CMOS data book showing example
circuits should be consulted for more
information.
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Fig. 6.8. Notation for 7-segment digit.
DISPLAY MODULES

Since the output modules in Part 6
and Part 7 are concerned with driving
7-segment l.c.d. or l.e.d. displays, con-
sider first the nature of this type of
display, as outlined in Fig. 6.8.

Conventionally, the individual seg-
ments of a 7-segment display are labelled
a to g. Integrated circuits which drive
these segments have their outputs
similarly labelled and connected to them
accordingly.

A number 0 is displayed by lighting up
segments a, b, ¢, d, e, f. A 1 is displayed
by lighting segments b and ¢, and so on.

Although the segment labelling system
is standardised, unfortunately the order
in which the pins accessing the segments
are arranged is not. It is important, there-
fore, to establish which segments on the
display are connected to which pins.

This information can be obtained from
component suppliers’ catalogues and, in
practice, a display from one catalogue is
likely to have a similar pin arrangement
to a display of identical size and shape
from another.

An important point to also note is
that l.e.d. displays are manufactured as
two specific types: common cathode and
common anode. More on this in Part 7.
They are not interchangeable. A circuit
designed for one type cannot drive the
other type without the use of an addi-
tional logic inverting chip between it and
the display.

Liquid crystal displays are manufac-
tured differently and do not have
anode/cathode variations.

O O +VE
Y oaton +ve
2 15
Q3 — C Ic1 f p—1
Q2 4—3 B 45438 g o 9
4
Q4 p— ] i» [}
a1 ——24 4 d i
PH £ PH c —P“ c
7
< —4 BLANK b b
24 o a Pa
BCD
INPUTS OUTPUTS
LCD.
- BP (BACK PLANE
OF LC.D)
O- O ov

Fig. 6.9. Type 4543B l.c.d. decoder/
driver i.c.

285



L.C.D. DECODER/DRIVER

In Fig. 6.9 is shown a module which is
based on the CMOS 4543B i.c. It re-
quires a BCD input, and provides an
output suitable for driving a single
7-segment l.c.d. digit.

It is common for l.c.d.s to be sup-
plied with more than one digit in the
same display. Each digit thus requires
one 4543B i.c. to drive it. (There are also
special i.c.s which can drive more than
one digit.)

It is necessary to look up in the
catalogue or data supplied with the
display to check which pins are
connected to which segments of
which digits! If this sounds potentially
confusing... it can be!

Liquid crystal displays differ in several
respects to le.d. displays. They are
physically much more delicate — they can
be easily squeezed to destruction. They
are also static sensitive — use the same
care as with a CMOS i.c. (never solder
them directly — use a socket).

Several pins are devoted to driving
decimal points, colons, etc. (nused pins
should be connected to the backplane
(BP) pin. Most important of all, l.c.d.s
require a square wave applied to their
backplane. The same square wave is
applied to the PH pin of the i.c. used to
drive the display. The frequency of the
square wave should be between 30Hz
and 100Hz. A d.c. voltage must never be
supplied to l.c.d. pins.

The pin arrangement of the
4543B BCD to seven segment
latch/decoder/driver i.c. is as follows:
Pin 1 Latch disable. Must be tied
positive. When held at 0V, the
number displayed is “frozen”

Pin 2 Binary input C (usually from out-
put Q3 of driving i.c.)

Pin 3 Binary input B (usuaily from out-
put Q2 of driving i.c.)

Pin 4 Binary input D (usually from out-
put Q4 of driving i.c.)

Pin 5 Binary input A (usually from out-
put Q1 of driving i.c.)

Pin6 The PH input i.e. requires a
square wave as described
above

Pin 7 Blanking input: Must be tied
to OV. When positive, digit is
turned off

Pin8 0OV supply

Pin9 Output to l.c.d. segment a

Pin 10 Output to l.c.d. segment b
Pin 11 Output to l.c.d. segment ¢
Pin 12 Output to l.c.d. segment d
Pin 13 Output to l.c.d. segment e
Pin 14 Output to l.c.d. segment g
Pin 15 Output to l.c.d. segment f
Pin 16 Positive supply

—O +VE
Rt &
]' oo EH]
’ o] 45438
[ W LarcH
24 BLank
st “
LATCH R2
? 100K
O ov

Fig. 6.10. Switched control of the blank-
ing and latching for the 4543B.
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NOTE: 1) YOU ONLY NEED TO CONNECT ONE OF THE BP TERMINALS
2) ALL UNUSED INPUTS MUST BE CONNECTED TO BP

Fig. 6.11. Typical pinouts for a 4-digit l.c.d. module.

(PC.B. designers will recognise that
the sequence, which is not in strict al-
phabetic order, is often well suited to
easier p.c.b. tracking layouts! Ed.)

Pin 1 of the i.c. can be used to make
a number “latch” i.e. not change even
though the inputs may be changing. Use a
tie-up resistor, R1, as shown in Fig. 6.10
so that pin 1 is normally held positive, but
can be taken to OV by pressing switch S1,
so latching the display.

To blank out the digit (turn off all
segments), use the second arrangement
shown in Fig. 6.10. Resistor R2 normally
holds pin 7 at OV. When switch S2 is
pressed, the pin is taken positive, so
blanking the display.

LIQUID CRYSTAL

DISPLAY

As stated above, the l.c.d. must be
handled with great care. It is both
physically and electrically delicate. Even
touching the pins may cause damage (it
will certainly make the segments flicker —
which may prove to be an expensive form
of entertainment!).

Warning: Some l.c.d.s have a maxi-
mum rating of 9V. Check with the data
available from the supplier if the use of a
12V power supply is required.

L.C.D.s can be bought in various digit
quantity  configurations: for example,
3-5-digit (displaying up to 1999), 4-digit (up
to 9999) and 4-5-digit (up to 19999) are
just some of those available. Although there
is a lot of conformity between l.c.d. types,
the pin arrangement must be checked
against the data from the supplier.

In Fig. 6.11 is shown the typical pin
arrangement for a 4-digit l.c.d. (displaying
up to 9999). The pins not labelled may
either be not used by the l.c.d. or reserved
for other display options, such as plus and
minus signs, for éxample.

Note that the “backplane” (BP) is com-
mon to all the segments in the display and
must be connected to the same square

wave supply as the pin known as “PH" in
the driver i.c.

A block diagram of a typical circuit ar-
rangement required to drive an l.c.d. is
shown in Fig. 6.12.

The 30Hz to 100Hz square wave can.
be obtained from an astable (see Part 4)
or other suitable clock source, such as
the crystal oscillator timing circuit based
around the CMOS 4060B counter to be
described in Part 7 (pin 15 of the counter
outputs a frequency of 32Hz).

ASTABLE
PRODUCING SULCI O
A SQUARE WAVE =
OF 30 TO 100Hz LIQUID
CRYSTAL
DISPLAY
PH §
i ™1 co.oRver
Q]N aay ] EG CMOS 45438
e o RS | rgamesnons
aTog

Fig. 6.12. Typical circuit arrangement
for driving an l.c.d.

EXAMPLE PROJECT

The Events Counter unit is the ex-
ample project (elsewhere in these pages)
which shows how the modules in Teach-
In Part 6 can be combined in a practical
application.

PREVIOUS PARTS

You have just read (and enjoyed,
we hope) the sixth part of this Teach-
In series. If you have missed any of
the earlier parts, we can supply the
copies of EPE which include them -
see the Back Issues page. There are
four more parts yet to come - don't
miss themn!
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HART AUDIO KITS -YOUR VALUE FOR
MONEY ROUTE TO ULTIMATE HI-FI

HART KITS give you the opportunity to build the
very best engineered hifi equipment there is,
designed by the leaders in their field, using the best
components that are avallable.

Every HART KIT is not just a new equipment ac-
quisition but a valuable investment in knowledge,
giving you guided hands-on experlence of modern
electronic techniques.

In short HART is your 'friend in the trade’ giving
you, as a knowledgeable constructor, access to bet-
ter equipment at lower prices than the man in the
street.

You can buy the reprints and construction manual
for any kit to see how easy it is to build your own
equipment the HART way. The FULL cost can be
credited against your subsequent kit purchase.

Our list will give you full details of alf our Audio Kits,
components and special offers.

INTRODUCING

The Hant *“Chiara "’
Single-Ended Class “A” Headphone Ampilitier.

Most modern high fidelity amplifiers elther do not
have a headphone output facility, or this may not be
up to the highest standard.

The new Hart '"Chiara” has been introduced as
an add-on unit to remedy this situation, and will
provide two ultra high quality headphone outlets.
This is the first unit in our 2000 Range of mod-
ules to be introduced through the year. Housed in
the neat, black finished, Hart Minibox it features
the wide frequency response, low-distortion and
"musicality’’ that one associates with designs from
the renowned John Linsley Hood.

Both outputs wlll drive any standard high quality
headphones with an impedance greater than 30
ohms and the unit is ideal for use with the Senn-
heiser range. A signal link-through makes it easy to
incorporate into your system and two extra out-
'puts, one at output level and one adjusted by the
Volume control are available on the back panel. The
high level output also makes a very useful long-line
driver where remote mounted power amplifiers are
used. Power requirements are very simple and can
be provided by either of our new “Andante” power
supplies. Use the K3565 to drive the “Chiara’ on its
own, K3550 if driving other modules as well.

Volume and Balance controls are provided and as
befits any unit with serious aspirations to quality
these are the ultra high quality Alps ‘'Blue Velvet”
components.

Very easily bullt, even by beginners, since all
components fit directly on the single printed circuit
board and there is no conventional wiring what-
soever. The kit has very detailed Instructions, and
even comes with a roll of Hart audiograde silver
solder. It can also be supplied factory assembled
and tested.

Selling for less than the total cost of all the com-
ponents, if they were bought separately, this unit
represents incredible value for money and makes
an attractive and harmonious addition to any hifi
system.

K2100 The total cost of a complete set of all com-
ponents to build this unit is £126.37. Our special
discount price for all parts bought together as a kit
is

HART TC1D Triple Purpose TEST CASSETTE
Now available again and even better than before!
Our famous triple purpose test cassette will help
you set up your recorder for peak performance after
fitting a new record/play head. This quality preci-
sion Test Cassette is digitally mastered in real time
to give you an accurate standard to set the head
azimuth, Dolby/VU tevel and tape speed, all easlly
done without test equipment.

TC1D Triple Purpose Test Cassette

NEWBOOK
" udio Electronice””

And now, hot off the press, yet another classic
from the pen of John Linsley Hood. Following the
ongoing enormous success of his ""Art of Linear
Electronics” the latest offering is the all-new
edition of ""Audio Electronics"”, now entirely
re-written by the master himself.

Underlying audio techniques and equipment is a
world of electronics that determines the quality of
sound. For anyone involved in designing, adapt-
ing or using digital or analogue audio equipment
understanding electronics leads to far greater
control over the reproduced sound.

The subjects covered include tape recording,
tuners, power output stages, digital audio, test
instruments and loudspeaker crossover systems.
John's lifetime of experience and personal in-
novation in this field allow him to apply his gift of
being so familiar with his subject that he can write
clearly about it and make it both interesting and
comprehensible to the reader.

Containing 240 pages and over 250 line illustra-
tions this new book represents great value for
money at only £18.99 plus £2.50 postage. Send or
telephone for your personal copy now.

ALPS *BlueUelver”'

Precislon Audio Controls

To fulfil the need for ultra high quality controls we
import a special range of precision audio pots in
values to cover most quality amplifier applications.
Al in 2-gang stereo format, with 20mm long 6mm
diam. steel shafts, except for the 50K Log which is
25mm x 6mm. Overall size of the manual pot is 27W
X 24H x 27Deep, motorised versions are 72-4mm
Deep from the mounting face. Mounting bush for
both types is 8mm diameter.

Now you can throw out those noisy ill-matched
carbon pots and replace with the real hi-fi com-
ponents only used selectively in the very top flight of
World class amplifiers. The improvement in track
accuracy and matching really is incredible giving
better tonal balance between channels and rock
solid image stability.

The motorised versions use a 5V DC motor coupled
to the normal control shaft with a friction clutch so
that the control can be operated manually or electri-
cally. The idea of having electrically operated pots
may seem odd, archaic even, but it is in fact the only
way that remote control can be applied to any serious
Hi-Fi system without loss of quality. The values
chosen are the most suitable available for a low loss
passive volume and balance control system, allow-
ing armchair control of these two functions.

Our prices represent such super value for pots of
this quatity due to large purchases for our own kits.
MANUAL POTENTIOMETERS

2-Gang 100K Lin o
2-Gang 10K, 50K or 100K Log. . !
2-Gang 10K Special Balance, zero crossta
zero centre loss.. =
MOTORISED POTENTIOMETERS

2-Gang 20K Log Volume Control

2-Gang 10K RD Special Balance, zero crosstalk and
less than 10% loss in centre position

REEL TO REEL HEADS
999R 2/4 R/P 100MH......cooiiiiiniiiiiiin s ...£16.
We have a few erase heads to suit which can only
be supplied when 2 R/P heads are purchased £36.80

TAPE RECORDER CARE PRODUCTS
DEM1 Mains Powered Tape Head
Demagentizer, prevents noise on playback
due to residual head magentisation
DEM115 Electronic, Cassette Type,
demagnetizer.

17.48

Send or ‘phone for your copy of our FREE List of these and

many other Kits & Components. Enquiries from Overseas

customers are equaily welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Alrmail.
Ordering is easy. Just write or telephone your requirements to sample the friendly and efficient HART
service. Payment by cheque, cash or credit card. A telephoned order with your credit card number will

get your order on its way to you THAT DAY.

Please add part cost of carriage and insurance as follows:—INLAND Orders up to £20 - £1.50,
Orders over £20 - £3.50. Express Courler, next working day £10.
OVERSEAS - Please see the ordering Information with our lists.

LINSLEY HOOD ‘SHUNT FEEDBACK' RIAA
MOVING COIL & MOVING MAGNET
PICKUP PREAMPLIFIERS

The HART K1450 Magnetic pickup preamplifier kit
features a totally discrete component implementa-
tion with a specially designed low input impedance
front end and the superior sound of the Shunt Feed-
back circuitry. High quality components fitting to an
advanced double-sided printed circuit board make
this a product at the leading edge of technology that
you will be proud to own. Nevertheless with our step
by step instructions it is very easy and satisfying to
assemble. The higher current consumption of this
unit means that it is best powered by our new
Andante Audio Power Supply, itself an advanced

‘piece of technology in a matching case. This sup-

plies the superbly smoothed and stabilised supply
lines needed by any sensitive preamplifer and fea-
tures a fully potted Hi-grade toroidal transformer
along with a special limited shift earth system for
hum free operation. The K1450 is suitable for all
moving coil and moving magent transducers this
unit is especially recommended for, and will extract
the very best from the modern generation of low
output high quality moving coil transducers.
K1450 Kit, complete with all parts ready to
assemble inside the fully finished 228mm x 134mm x
63mm case. Kit includes full, easy to foliow,
assembly instructions as well as the Hart Guide to
PCB Construction, we even throw in enough Hart
Audiograde Silver Solder to construct your kit!
....£111.58
K1450SA Series Audiophile version with selected
components

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the
problem. For top performance cassette recorder
heads should be replaced every 1,500 hours. Fitting
one of our high quality replacement heads could
restore performance to better than new! Standard
inductances and mountings make fitting easy on
nearly all machines (Sony are special dimensions,
we do not stock) and our TC1 Test Cassette helps
you set the azimuth spot on. As we are the actual
importers you get prime parts at lower prices, com-
pare our prices with other suppliers and see! All our
heads are suitable for use with any Dolby system
and are normally available ex-stock. We also stock
a wide range of special heads for home construc-
tion and industrial users.

HC80 NEW RANGE High Beta Permalloy Stereo
head. Modern space saver design for easy fitting
and lower cost. Suitable for chrome, metal and
ferric tapes, truly a universal replacement head for
everything from hi-fi decks to car players and at an
incredible price tool.. .21
HRP373 Downstream m

HQ551A 4-Track R/P

HQ551S Sony Mount 4-Tr. R/P..

HQRS560 Rotary Base 12-5mm R/P/E.

HQRS570 Rotary Base 15mm R/P/E.

HQR580 Rotary Base 12-5mm R/P.

HART Classicat CD’s.
Top quality, Full Digital (DDD), over 100 titles from
only £1.99! Ring or send for your list!

TECHNICAL BOOKSHELF

We stock a good range of books of interest to the
electronics and audio enthusiast, including many
reprinted classics from the valve era. Some were In
last months advertisement, but see our list for the
full range.

New this month is the GEC Valve designs book at
£18.95, and the VTL Book, a modern look at valve
designs, £17.95.

QUALITY
AUDIO KITS
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EVENT

COUNTER

MAX HOBSEY —— PCB DESIGN BY CHRISTOPHER CAULKIN =

Keep count of events as they
happen, from an Infra-Zzapper

gun to

ESIGNED for portable operation, this
Event Counter uses a liquid crystal
display (l.c.d.) which consumes a
negligible amount of current. The project
illustrates the way in which some of the
modules described in Teach-In Part 6 can
be connected together, and also shows one
way to connect an l.c.d. to a counter circuit.

Two pushbutton switches are provided,
one for incrementing the count, the other
for resetting to zero. Of course, the counter
may be connected to any other device in-
stead of a switch. For example, it could be
fed from the output of a light sensor mod-
ule (as described in Teach-In Part 1) for
automatic counting of objects on a con-
veyor belt.

The counter may also be connected to
the Infra-Zapper featured as the construc-
tional project for Part 5, for automatic
target score indication.

BLOCK DIAGRAM

The way in which the modules are
linked together is shown in the block
diagram of Fig.1. There are two inputs
available. One input is buffered by a
monostable (from Part 2, Fig.2.8) which
removes any contact bounce produced by
‘the internal triggering switch or an exter-
nal signal source. The problem of contact
bounce is described in Part 6. The maxi-
mum pulse rate at this input is about 14Hz.

The second input bypasses the mono-
stable and allows pulses at a higher rate
(up to about 2MHz) to be counted.

From the monostable, or by direct input,
the signal is delivered to the *‘units’’
counter integrated circuit (i.c.) type 4029B
which produces a 4-bit binary-coded-
decimal (BCD) output. This output is fed
to an i.c. type 4543B which is designed for
driving l.c.ds., in this instance providing
outputs for the seven segments of the
“‘units”’ digit.

As also described in Part 6, the electri-
cal signals required for the segments have
to be alternating at a frequency of between
30Hz and 100Hz. The same frequency is
fed to the **BP’’ (backplane) pin of the dis-
play. If the signal to a particular segment is
in-phase with (i.e. the same as) the signal
to BP, then the segment ‘‘disappears’ (is
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well - almost anything!

turned off). If the signal to a segment is of
the opposite phase to BP then the segment
is turned on (turns black).

This may sound complicated, but the
4543B i.c. sorts everything out, providing
its “‘PH’’ pin and the ‘‘BP’’ pin(s) on the
display are both connected to the same
square wave signal. The square wave sig-
nal is obtained using an astable, as des-
cribed in Part 4 (see Fig.4.2 to Fig.4.6).

CIRCUIT DIAGRAM

The full circuit diagram for the Event
Counter is shown in Fig.2. Despite its
complicated appearance, there are very
few components other than i.c.s, and there
is much repetition. For example, each digit
requires a similar module comprising a
4029B i.c. linked to a 4543B i.c.

Pushbutton switch S1 allows the counter
to be triggered manually. Any minor
electrical noise is removed by capacitor
C2, and resistor R2 ensures that the
voltage at IC1 pin 8 remains at zero unless
the switch is pressed or an external input is
received.

NOR gates IClc and ICld are con-
nected to form a monostable. The values
of resistor R4 and capacitor C4 set a pulse
period of about 0-07 seconds. This allows
the input switch contacts to bounce for a
maximum of 0-07s without causing false
counts.

An external input via SKI is also
provided here, allowing slow pulses,
which could contain contact-bounce sig-
nals or other fluctuations capable of
adversely triggering a counter, to be
processed cleanly.

If the input signal is bounce-free — for
example, if the input is from a Hall-effect
sensor — then the monostable period could
be reduced. Alternatively, bounce-free sig-
nals could be fed directly into pin 15 of
IC5 (the units counter) via socket SK2.

SQUARE WAVE OUTPUT -
ASTABLE
BINARY
CODED PH THOUSANDS
DECIMAL
f 7 CONNECTIONS
ESSQ‘%@R ] LCD DRIVER LABELLEDaTO g
CLOCK INPUT CMOS 40298 CMOS 45438
LiQuID
CRYSTAL
PH f HUNDREDS DISPLAY
7 CONNECTIONS
CRICSRasa)  DECADE 0 Lcoorver [ LABELLEDaTOg
COUNTER e
CLOCK INPUT CMOS 40298 < CMOS 45438
PH j TENS
- = 7 CONNECTIONS
g CoontER »] Lcoomver | LABELLEDaTOg
CLOCK INPUT p—=fl  CMOS 40298 =] CMOSa45438
PH * UNITS
L > 7 CONNECTIONS
S5 o Lco DRiver | WABELLEDETOQ |
CLOCK INPUT I-—- CMOS 40298 ] CMOS 45438
T EnED) MONOSTABLE DIRECT

INPUT

INPUT

Fig. 1. Block diagram for the Event Counter.
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Fig. 2. Complete circuit diagram for the Event Counter.
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Flg. 3. Printed circuit board component layout and full-size underside copper foil track master pattern.
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Inserting a plug into this socket automati-
cally cuts out signals from the monostable.
Note that external input signals must
come from circuits which have the same
power supply voltage as the counter.

ASTABLE

NOR gates ICla and IC1b are used to
form an astable which generates the square
wave required by lc.d.s. The values of
resistor R3 and capacitor C3 set the astable

for an output frequency at IC1b pin 4 of .

about 50Hz.

Since the astable may fail to start oscil-
lating at power on, capacitor C1 and resis-
tor R1 are added to provide a positive
pulse at IC1a pin 2 when power is applied.
This *‘kick start’’ effect was discussed in
Part 4 (Fig.4.5).

The output from IC1b pin 4 is connected
to pin 6 (the *‘PH’’ pin) of all the l.c.d.
drivers (IC6 to IC9) and the ‘‘BP’’ (back-
plane) pin of the display. Two BP pins are
provided on the display, but they are in-
ternally linked and so only one needs to be
connected.

COUNTING

The clock signal from the monostable,
or directly from socket SK2, is fed to IC5
pin 15.

All the ‘*parallel load”’ (JAM) inputs of
the type 4029B counters (IC2 to IC5) are
tied go OV, so that the display jumps to
zero at reset. Parallel load inputs are an
interesting feature of the 4029B. They are
discussed in Part 6 and their purpose is
illustrated in the Countdown Timer project
associated with Part 7.

From 1C5, the binary outputs, denoted
as Ql, Q2, Q3 and Q4, are connected to
IC9. This i.c. suitably decodes the count
for driving a 7-segment display, and
synchronises the output with the square
wave from the astable as described earlier.

The 7-segment outputs a to g are con-
nected to the appropriate inputs of the
l.c.d. (Incorrect linking of counters and
l.c.d.s can be a source of endless amuse-
ment, and frustration, with all sorts of odd
‘“‘numbers’’ appearing. If the display pur-
chased has the same pinouts as the one
shown in Fig.2 — which it is likely to have
— all should be well.)

CASCADING

AND RESETTING

Note that IC5 pin 10 is tied to the
positive rail. This causes the i.c. to count
up. IC5 pin 9 is tied to OV, causing the
i.c. to count in BCD. In other words, it
resets after a count of nine, rather than
15. Each time IC5 reaches its maximum
count (nine in this case), the voltage at its
pin 7 (carry-out) becomes OV. When the
i.c. goes beyond its maximum count (i.e.
returns to 0), the voltage at pin 7 returns to
positive.

This voltage change is used to trigger
the clock input of the next counter, IC4
pin 15. There are other ways of cascading
these counter i.c.s and a cairy-in pin is
provided for use in situations other than
that required here.

The preset enable (pin 1) is used to reset
each counter and is normally kept at OV by
resistor R5. When resetting of the count
back to zero is required, switch S2 can
be pressed, causing pin 1 of each counter
to become positive. To prevent the circuit
from initially displaying a random num-
ber, capacitor C5 provides a positive pulse

COMPONENTS

Resistors See
R1,R4 10k (2 off) :

R2, R3, = Yy
R5 100k (3 off} TALK
All 0-25W 5% carbon Page
film, or better

Capacitors
C1to C3,
Cc6 100n ceramic disc (4 off)
C4 10w radial elect. 25V
C5 1w radial elect. 63V
c7 1000 radial elect. 16V

Semiconductors
IC1 4001B gquad 2-input NOR

gate
1C2 to
IC5 40298 binary/decimal
counter (4 off)

IC6 to
1C9 4543B |.c.d. decoder/driver
(4 off)
Miscellaneous

S1,82 push-to-make switch (2 off)

S3 s.p.s.t. toggle switch
(see text)

SKi1 3-5mm stereo jack socket
(see text)

SK2 3-5mm mono jack socket
(see text)

X1 4-digit I.c.d. display

Printed circuit board, available from the
EPE PCB Service, code 986; 14-pin d.i.l.
socket; 16-pin d.i.l. socket (8 off}; 20-pin
s.i.l. socket (4 off}; stripboard, 0-1in pitch,
26 holes x 31 strips; 20-way ribbon cable
(see text); 40-pin IDC socket and plug
(see text), power supply socket (optional
— see text); plastic case with sloped panel
zABS console 2801) 190mm x 62mm
max. height) x 100mm; connecting wire;

Approx cost

£38

excluding case

guidance only

to all the reset pins at the moment when
power is first switched on.

The rest of the circuit is merely a copy of
the **Units”* section, with capacitors C6 and
C7 providing supply decoupling. Switch S3
is an optional master power on/off control.
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Fig. 4. Stripboard layout details for the l.c.d. module.

CONSTRUCTION

Full details of the printed circuit board
(p.c.b.) for the Event Counter are shown
in Fig.3. This board is available from the
EPE PCB Service, code 986.

Begin by inserting the d.i.l. (dual-in-
line) i.c. sockets, checking that their

notches line up with the diagrams. Al-

though the sockets do not have to be fitted
the correct way round, the notch serves as
an indicator to help insert each i.c.
correctly. Do not fit the i.c.s yet!

Fit the wire links in the positions indi-
cated. Wire links are easily fitted if long
bare wire is used. Solder one end into
place, then pull the wire through the other
hole before cutting the wire to length. It
should be possible to pull each wire link so
that it is neat and straight.

Check that the electrolytic capacitors are
fitted the correct way round, as shown on
the diagram, and insert terminal pins for
the external connections.

L.C.D. CONNECTIONS

With the prototype, the lc.d. was
mounted on a piece of stripboard
(Veroboard), as shown in Fig.4. At the
pcb. end, a 40-pin d.il. socket was
soldered into the p.c.b. so that the display
could be connected via ribbon cable. A
ribbon cable connector (40-pin IDC
connector) will plug directly into the
socket.

A similar IDC connector was used at
the stripboard end, but soldered directly
into place. It is important to note that the
connector at the stripboard end must be
positioned on the non-copper side, i.e. the
same side as the l.c.d., otherwise the con-
nections will be in a mirror image. Note
that two 20-way ribbon cables are neces-
sary (rather than one 40-way), to allow the
cables to be folded correctly at the strip-
board end.

Take great care when soldering the pads
for the l.c.d. since several tracks run be-
tween pairs of pads on the p.c.b.

Two 20-pin s.i.l. (single-in-line) sock-
ets were soldered into the stripboard for
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the display, then two more s.i.l. sockets
were pushed into the first to provide the
clearance necessary. The l.c.d. will then sit
over the top of the ribbon cable connector,
assuming that the ribbon cables are folded

neatly.
This method was chosen since it
produces a neat finish and reliable

connections. It also had the considerable
advantage that an updated p.c.b. could be
substituted very quickly, an important
requirement when developing a new
project.

However, the method may seem cum-
bersome and separate wires could be con-
nected between the p.c.b. and stripboard if
preferred. In this case try to ensure that
they are colour-coded, or confusion is sure
to set in!

Note that all the unused pins of the dis-
play are connected to BP. They could be

linked to the BP pin at the stripboard end
to save a number of wires, providing they
are identified correctly!

CASE DETAILS

The case layout can be seen in the
photographs. The most awkward part is
cutting out the rectangular hole for the
display. Holes will also be required in the
front panel for the Count switch S1 and the
Reset switch S2. If a power on/off switch
is required, it may be mounted at the side
of the case, together with an optional ex-
ternal power connection. Sockets SK1 and
SK2 can also be mounted on the side of
the case. (Note that SK2 was not included
on the prototype counter.)

The lower section of the suggested
sloping front case may be detached from
the base, making the positioning of the
p.c.b. much simpler. The p.c.b. can be
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EVENT COUNTER
3.5mm STEREO JACK SOCKET

m SCREEN {0V)

= =} RIGHT CHANNEL (POSITIVE)

o LEFT CHANNEL COUNT SIGNAL

INFRA-ZAPPER
3.5mm STEREO JACK SOCKET

SCREEN(OV) (e

RIGHT CHANNEL {POSITIVE) =
u ul

LEFT CHANNEL COUNT SIGNAL

SCREEN (0V)

LEFT CHANNEL
COUNT SIGNAL

3.5mm STEREQ JACK PLUG 3.5mm STEREQ JACK PLUG
mh#{%‘ 1o

RIGHT CHANNEL
{POSITIVE}

Fig. 5. Details of connections between the Event Counter and Infra-Zapper unit.

secured with self-adhesive p.c.b. mounts.
The l.c.d. stripboard is mounted to the
metal front panel by means of long
self-adhesive p.c.b. supports.

INFRA-ZAPPER
LINKING

If the counter is to be linked with the
Infra-Zapper, then a stereo jack socket
may be used for the count input at SK1, to
also deliver power from the Infra-Zapper
to the counter. In Fig.5 are shown details
of how a 3.5mm stereo jack socket may be
used to deliver the count signal, a OV link
and a positive link. Correctly used, the link
allows the counter to power the Zapper, or
the Zapper to power the counter.

Beware: If a mono plug is inserted ac-
cidentally a short circuit will occur. The
“power link’’* should not be used if both
projects have their own power supply.

TESTING

Connect a power supply of between 6V
and 9V, switch on and check the display.
If all is- well, four zeros should appear.
Press the Count switch S1. The count
should advance by one at each press. Try
the Reset switch S2.

Next check that the counter ‘‘carries’’
correctly as it moves past nine. Check-
ing that the ‘“‘carry’’ works beyond 999 is
tedious to say the least! Either trust to
luck or, if possible, use a signal generator.
(Another astable could be built for the pur-
pose, using one of the circuits in Part 4.)

FAULT FINDING

If fault finding becomes necessary,
begin by reading the section about it in
Part 1.

After checking that each ic. has a
power supply, try injecting a brief positive
signal from the power supply rail into pin
15 of any of the 4029B i.c.s. This should
cause them to increment by one.

Most problems are likely to be caused
by mixed-up or poor connections between
the circuit and the display. Check that the
l.c.d. is the correct way round. Ensure that

-all the unused inputs are tied to BP.

An oscilloscope will establish that a
square wave is present on the BP pin. Any
pin which is in-phase with BP should
cause the segment to which it is con-
nected to blank out. Any out-of-phase pin
should cause its related segment to turn
black. In the absence of an oscilloscope, a
voltmeter can be used and should read
about half the supply voltage. However,
phase relationships cannot be checked with
the voltmeter.

PART 7

Coming up in the next part of
Teach-In: A Countdown Timer.

NEXT MONTH WE CALL THE TUNE WITH A
MIDI ANALYSER - TAKE YOUR PIC - SEE PAGE 251
ORDER YOUR COPY NOW!

HIGH QUALITY LOW COST n—

PIC EEZE

This is the easiest way to start using PIC microcontrollers. PIC EEZE is a modular system that

allows a cheap entry level which builds into a powerful and verstaile development platform.

PIC EEZE-1 - Supports 16C61/64/71/74/84 and serial EEPROMS and LPAK. £44.95

PIC EEZE-2 - As above plus supports 16C54/55/56/57/58. £52.95

PIC EEZE-3 ~ All above plus In Circuit Emulation. £72.95

LPAK - An introduction to PIC programming. This board plugs into the PIC EEZE system
and has on board 7-segment displays, LED’s and guttons which can be
controlled via software to show simple PIC programming for beginners. £28.00

DPAK -~ Demonstration board for 18/28 pin PIC's. Stand alone ¢/w ready built oscillator,
regulation, 7-segment displays, LED's and buttons. £28.00

The system can be upgraded when ready. PIC EEZE-1 to PIC-EEZE-2 upgrade £9.95, PIC

EEZE-1/2 to PIC EEZE-3 upgrade £29.95. PIC EEZE is also software upgradeable for future

versions of PIC devices, the software will be made available FREE, We aso supply PIC's and

serial EEPROMS at affordable prices with discounts to our users. The system is being

developed further and future FREE software will allow PIC EEZE-2/3 to give PC VO port and

Analogue data logger.

All PIC EEZE systems come complete with assembler, simulator and programming/editing

software. A suitable PSU and parallel lead are required, we supply a lead at £4.00 and a

PSU (3/4.5/6/7.5/9/12V @300Ma) at £4.95. We will also give any support we can to our

users with their PIC projects etc.

C.C.T.V. CAMERA 2
VERY LOW LIGHT LEVEL. [
AUTO ELECTRONIC SHUTTER. /
COMPOSITE VIDEO OUT VIA
BNC PLUG.
SMALL DISCRETE SIZE.
CAN BE USED WITH PC DIGITISER. |

Next day response. Please add £2.00 P&P and make cheques/P.O.'s payable to Lennard
Research, and send to 29 Lavender Gardens, Jesmond, Newcastle upon Tyne NE2 3DD. or
Telephone (0191) 281 8050 for further details and our range of products/prices.

This super quality CCD camera i %

can be connected into your exist- N

ing TV or video using the AV = -

channel and can be used for .

discrete surveillance or observing

your property externally using a suitable weatherproof housing. 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). :

Special offer price of only: £79.95 Plus VAT (P&P £3.50)
For full range of CCTV products send SAE to:
Direct CCTV Ltd., Dept. PE27., Unit 6, Carrick Court, Forrest Grove
Business Park, Middlesbrough, TS2 1QE. -
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BACK ISSUES

We can supply back issues of EPE by post, many issues from the past five years are available. An index for each year is
also available — see order form. Alternatively, indexes are published in the December issue for that year. Where we are
unable to provide a back issue a photostat of any one article (or one part of a seties) can be purchased for the same price.

0

OC7. 94

PROJECTS e Digilogue Clock e
Visual/Audio Guitar Tuner ® Hobby Power
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B Multi-sheet and hierarchical designs.
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Generates a full bill of materlals.
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Ratsnest display with automatic update
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completion rates.
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Special Feature

THERMIONIC

VALVES

AN POOLE

M

Valves may be ancient in origin,
but they are still much used,
especially in display applications.

HE TRUSTY thermionic valve still finds

uses in a wide variety of applica-
tions. Whilst it may not seem like the
latest in technology when compared to the
latest microprocessor containing hundreds
of thousands of transistors, valves still
have their place in today’s technology.

It is only necessary to watch TV to
use one form of thermionic device. The
cathode ray tube (covered next month) still
remains the most widely used form of dis-
play for televisions because of its low cost
and high performance. Valve technology is
also used in other areas, particularly where
high powers are involved. Broadcast sta-
tions, for example, use valves for the high
power sections of their transmitters.

Apart from these commercial uses
many audio enthusiasts still prefer valve
amplifiers. It is said that the sound they
produce is more natural than that produced
by semiconductors. In fact, there is a
growing interest in valve technology, and a
number of new products, both kits and
ready-made, are now available for the
enthusiast.

EDISON'’S
DISCOVERY

The foundations for the discovery of the
valve were laid many years before any
ideas were patented. One of the crucial
steps was taken by Thomas Edison, the
famous American inventor.

Around 1880 he was investigating
methods of increasing the life of light
bulbs. At the time this was one of the
major problems impeding the growth of
electric lighting. One of the effects which
was occurring was a blackening on the
inside of the bulb after a number of hours
of operation.

Reasoning that the effect was caused
by particles emanating from the filament,
Edison placed a second electrode into the
bulb and placed a charge on it to repel the
particles. In doing this, Edison noticed that
current could flow between the filament
and the second electrode, but only in one
direction.

Surprisingly, Edison did not manage to
find a use for this discovery, but he did
name it the Edison Effect. It was the
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Englishman, Professor Ambrose Fleming,
who discovered a use for the new device.

FLEMING

Fleming had been acting as a consultant
to Marconi, and had in fact designed the
transmitter which had sent the first wire-
less messages across the Atlantic in 1901.
In undertaking this work, Fleming realised
that the weakest link in wireless equipment
of the time was the means of detecting the
signals.

At the time, very insensitive instruments
called *‘coherers’’ were used. Fleming had
been pondering the problem for a number
of years, and he described that he had
‘‘a sudden very happy thought’’ as he
was walking down Gower Street in central
London one morning.

He instructed his laboratory assistant to
set up an Edison Effect bulb and see if it
would detect wireless waves. It did, and
Fleming patented his idea in 1904, naming
it an oscillation valve because of the one-
way or valve-type effect it had on wireless
oscillations.

-~ PartOne

LEE de FOREST

Across the Atlantic, another inventor
named Lee de Forest took Fleming’s valve
a stage further, adding a third electrode
into the glass bulb. It may seem surprising
now, but de Forest only used this valve as
a detector, not realising it could be used to
amplify signals.

It took until around 1911 before this fact
was discovered. After which, people soon
saw the possibilities and were quick to ex-
ploit the idea. Lee de Forest himself built a
telephone repeater and, although its per-
formance was very limited, the telephone
company A.T.&T. saw its possibilities.

IMPROVEMENTS

The performance of these first valves
was poor. Initially, people thought that
some gas molecules were required in the
envelope for them to operate correctly.
However, in 1915 an American named
Irvin Langmuir discovered that fully
evacuated envelopes would improve their
performance. Accordingly, new ‘‘hard’’
valves with much better performance were
introduced.

Despite the improvements, difficulties
still remained with the use of early valves.
The main problem was in trying to en-
sure that they remained stable and did
not burst into oscillation. Several attempts

Early receiving valves.
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were made to try to reduce the anode-
grid capacitance. One engineer named H.J.
Round succeeded in making a significant
improvement in this area, but it was not
the final solution.

This came in 1926 when a valve with a
fourth electrode, the screen grid, was intro-
duced. Placed between the normal con-
trol grid and the anode, it reduced the
capacitance to almost zero.

Even this design was improved when in
1929 another electrode was added. Called
the suppressor grid, this improved a dis-
continuity in the characteristic of the valve
caused by electrons hitting the anode and
bouncing off.

INDIRECT HEATING

Another major improvement was as-
sociated with the operation of the heaters.
Initially, the heater was electrically con-
nected to the cathode. However, it was
discovered that this did not need to be the
case and indirectly heated cathodes were
introduced.

This enabled valve circuits to be powered
from just two supplies, a low voltage one
for the heaters and a high voltage one for
the anode circuit. Previously, separate bat-
teries were needed for each valve to set up
the correct circuit conditions, which made
them very expensive to run.

RISE AND FALL

With the major problems of valves over-
come, their use rose rapidly in the 1930s.
A large proportion of households had their
own radios and the production of valves
rose to millions every year. The Second
World War also gave a major impetus to
their production.

In the 1950s, new smaller valves were
introduced. However, thermionic valve
technology soon had to contend with
semiconductors. The first transistor was
invented in the late 1940s, but it was not
until about twenty years later that the real
impact was seen. Valves were surpassed
by the much more reliable and efficient
transistors.

Remarkably quickly, the age of the
valve passed. Thermionic technology was

GLASS BULB

VACUUM

MOST OF THE
ELECTRONS

—" ARE PULLED
BACK

:1 cLoupor
ELECTRONS

Fig. 1. Thermionic emission from a
heated conductor.

relegated to a few specialised areas, al-
though cathode ray tube production still
rose. With the development of many new
types of display, though, it is likely that
even in this application they will soon be

-overtaken,

BASIC OPERATION

The operation of all valves is based
around a phenomenon called ‘‘thermionic
emission’’. An electric current consists of
the movement of electrons within a con-
ductor. Therefore, for a current to flow,
there must be free electrons available
within the structure of the material.

Under most conditions, these electrons
will remain within the conductor. If the
conductor is heated, then the energy of
the electrons.increases and some actually
obtain sufficient energy to overcome the
forces holding them, and they escape.

Once the electrons escape, the conductor
becomes positively charged. However, be-
cause electrons are negatively charged and
dissimilar charges attract one another, there
is now a force trying to pull the electron

EMISSION

back. In fact, when
thermionic emission
takes place like this,
there will be a cloud
of electrons around
the surface emitting
them, as shown in
Fig. 1. This happens
when the filament
of a light bulb heats
up to radiate light.
In many respects,
the thermionic
emission of
electrons is very
similar to the
evaporation  from
the surface of a
liquid. Molecules
normally remain in
the liquid, but when
they gain a
sufficient amount of

TEMPERATURE °C

energy, they
overcome the
restraining  forces

Fig. 2. Electron emission from different materials.

within the liquid
and they leave.
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HIGH TEMPERATURES

For thermionic emission to take place,
temperatures in excess of 900°C must be
reached. At these temperatures, many met-
als which are normally used for carrying
current, such as copper, oxidize rapidly
and are not suitable. This means that the
number of materials which can be used is
severely limited.

The materials which are commonly used
are tungsten, thoriated tungsten and cer-
tain oxide-coated substances. As shown
in Fig. 2, oxide-coated emitters operate
best at lower temperatures, whilst tungsten
does not appear to be nearly as good.
However, tungsten is very rugged and is
used when very high operating voltages
are needed.

Oxide-coated emitters are the most
commonly used. They usually consist of a
nickel base which is coated with a mix-
ture of barium and strontium carbonates.
During the manufacturing process, the
carbonates are converted to their oxide
forms and the resultant gases removed.

The efficiency of oxide-coated emitters
is very high, but they must be treated more
carefully than some other materials. They
are, for example, more easily poisoned by
‘the effects of unwanted gasses or exces-
sive ion bombardment which can happen
under some conditions.

[ CYLINDRICAL ANODE
g SURROUNDING THE
FILAMENT

>

FILAMENT (CATHODE)

Fig. 3. A diode valve.
BASIC VALVE

The simplest form of thermionic valve
is known as a diode. It consists of two
electrodes (hence the name di-ode), the
cathode and the anode, as shown in Fig. 3,
contained within an evacuated glass bulb.

During operation, the cathode is heated
by an electrical current flowing through it,
and electrons leave its surface. The anode
is given a positive potential and this
attracts the electrons towards it. As the
electrons travel towards the anode, they
should encounter as few gas molecules as
possible. If electrons do encounter gas
molecules, they may collide with them,
which will impede their progress and
reduce the efficiency of the valve.

As the anode is unheated and posi-
tively charged, no electrons leave it. Con-
sequently, electron flow only takes place
from the cathode to the anode. In other
words, the thermionic diode acts as a one-
way mechanism for the flow of electricity.
As such, it can be used in a variety of
applications, from power rectification to
radio detection or demodulation.
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DIODE
CHARACTERISTICS

When electrons leave the cathode, they
form a cloud which tends to prevent any
further electrons leaving. When a posi-
tive potential is applied to the anode, this
starts to overcome the space charge and
electrons flow towards it. As the poten-
tial on the anode is increased, the flow
of electrons increases as well. Any excess
electrons which are not pulled towards the
anode are repelled back to the cathode by
the space charge.

As the anode voltage increases, a point
is eventually reached when the space
charge is totally neutralised and the
electron flow is limited by the number
which can be emitted by the cathode. At
this point, the only method of increasing
the electron flow is to increase the capacity

/ ANODE
P T
-

,/

ANODE
CONNECTION

ggmoE%EHON HEATER CONNECTIONS

CATHODE

ANODE

SMALL LETTERS a, k AND h
REFER TO VALVE CONNECTIONS
AND ARE OFTEN SEEN IN DATA
SHEETS AND WHEN IDENTIFYING
PINS ON VALVE BASES.

HEATER
CONNECTIONS

CIRCUIT SYMBOL

Flg. 5. An indirectly-heated cathode.

A second ad-

ANODE CURRENT

vantage of an
indirectly  heated
cathode is that an
alternating current
can be used to
power the heater
circuit without any
hum entering the
- cathode and anode
circuits. This can-
not be achieved
satisfactorily with
a directly heated
system.

oo
INCREASING
ATHODE
TEMPERATURE

TRIODE
VALVE

On its own, the
thermionic  diode
valve has many
» uses. However, it

ANODE VOLTAGE

was the invention
of the triode which
made valves an

Flg. 4. Anode current with varying anode voltage.

of the cathode. This can be achieved by
increasing its temperature, as illustrated by
the curves shown in Fig. 4.

INDIRECT HEATING

In the first valves that were made, the
cathode and heater were one and the same.
This considerably restricted the design of
the circuits and usually meant that large
batteries had to be used to supply the
heaters.

To overcome this problem, indirectly-
heated cathodes were introduced. To
achieve this, the indirectly-heated cathode
normally consists of a hollow tube, often
closed at the top end, as shown in Fig. 5.

Inside the tube is a filament which
indirectly heats the cathode by radia-
tion. Whilst the heater and cathode are
reasonably close so that the maximum
amount of heat is transferred, the two are
electrically insulated from one another.

This means that they can operate at dif-
ferent voltages and a number of heaters
can be run off the same supply without
interfering with the operating conditions
of the cathode. This is particularly impor-
tant in circuits where the cathode must be
run at a potential above ground, as will be
seen later.
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indispensable part
of wireless technol-
ogy and brought
the dawn of the new age of electronics.
Basically, a triode is a diode valve to
which a third electrode has been added.
This electrode is called a grid and is placed
between the anode and the cathode. It is
used in such a way that it controls the
number of electrons which can flow be-
tween the other two electrodes. In view of
this, it is often called the ‘‘control grid’".

Whilst the grid must insert a potential
between the cathode and anode, it must not
act as a complete screen, and electrons
must be able to pass through it. The gnd
can be made of a thin wire gauze or
mesh, but more often it consists of a wire
helix made from molybdenum or nickel

“and supported on two or more wires. The

shape of the grid will vary from one type
of valve to the next, but will surround the
cathode as shown in Fig. 6.

By placing a potential onto the grid, the
space charge around the cathode can be
changed in the same way as varying the
anode voltage. Under most operating con-
ditions, a negative voltage is applied to
the grid and in this way it does not at-
tract any electrons. The more negative it is
made, though, the more the electrons will
be repelled and confined to the area around
the cathode. Hence the current flow will be
reduced. However, if the negative potential
on the grid falls to zero, more current will
flow in the anode circuit.

In the same way that the characteristics
of the diode valve could be plotted out, it
is possible to do the same for the triode. In
this case there is another variable, namely
the grid voltage. The graph in Fig. 7 shows
the current taken by the anode of the valve
as the grid voltage is varied.

From this it can be seen that as the grid
voltage is reduced, so the anode current is
increased. In fact, if a small alternating
voltage is superimposed on the steady grid
voltage or bias, it can be seen that this will
produce relatively larger changes in anode
current.

ANODE
CONNECTION

CONTROL GRID
CONNECTION

CATHODE
CONNECTION

CONTROL GRID
CONSISTING OF
MESH OF WIRES

ANODE

CONTROL gt
GRID

CATHODE

HEATER
CONNECTIONS

CIRCUIT SYMBOL

Fig. 6. Construction of a triode valve.
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Flg. 7. Anode current vs. grid voltage for a triode valve.

Curves can also be plotted for the anode
current against anode voltage for differing
values of grid bias, as shown in Fig. 8.
Again, from these it can be seen that the
greater the negative bias on the grid, the
less current flows in the anode circuit.

Normally, the grid has a fixed nega-
tive bias applied so that it remains nega-
tive, and any a.c. signal is superimposed
on this. If the grid does become positive
for any reason, then it will not repel the
electrons, but instead it will attract them
and a current will flow in the grid circuit.
This is usually not desirable and accord-
ingly circuits are designed to ensure that it
does not happen. :

TETRODE VALVE

By introducing further grids into the
valve construction, it is found that the
performance can be enhanced in a number
of ways. One of the early problems en-
countered with valves was their inherent
instability. The capacitance between the
anode and grid would lead to signals being
fed back from the output to the input. This
made the circuit burst into oscillation very
easily. In view of its action of screening
the grid and anode from one another, it is
called the *‘screen grid”’.

To enable this grid to perform its
functions as a screen, its mesh is made
much finer than that of the control grid.
However, it cannot be made too fine
otherwise the flow of the electrons is
limited. Nevertheless, it is possible to
reduce the anode grid capacitance by a
factor of 500 or more. Typically, the anode
grid capacitance will be only a very small
fraction of a picofarad; too small to cause
a problem in most circuits.

Unlike the control grid, the screen grid
is maintained at a positive voltage, but
below that of the anode. Most of the
electrons travelling towards the anode pass
straight through the screen grid, although
some are caught. These manifest them-
selves as screen current, which must be
kept to a minimum otherwise the screen
grid can suffer damage from overheating.

Normally, the screen grid is run from a
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lower voltage supply than the anode, or it
is connected to the high tension supply
through a high value resistor. It is also
normal to decouple it to ground via a
capacitor. This ensures that it does not
carry any signal and can perform its func-
tion as a screen satisfactorily.

With the screen grid correctly biassed, it
is found that a tetrode gives an increase in
amplification over a triode. To find out the
reason for this it is necessary to look at the
characteristics of the triode. In Fig. 7 it can
be seen that the anode current is very de-
pendent on the anode voltage.

This effect means that when a change
in grid voltage causes the anode current
to rise, any resistance in the anode cir-
cuit will cause the voltage to fall, and in
turn reduce the anode current. With the
introduction of the screen grid, the anode
voltage has very little effect on the anode
current, as shown in Fig. 9.

Whilst the tetrode gives a distinct

Fig. 8. Anode current vs. anode voltage for a triode valve.

the kink in the characteristic curve of the
tetrode shown in Fig. 9.

BEAM TETRODE

One way of overcoming the kink in the
characteristic graph is to modify the ex-
isting electrodes in the valve, to produce
what is called a beam tetrode. The control
and screen grids are modified to have the
same pitch, enabling the electrons to pass
through more easily. In addition to this,
a pair of plates are added, as shown in
Fig. 10.

They are normally connected to the
cathode or earth and beam the electrons
towards the anode. As they are at a low
potential, they tend to repel any electrons
leaving the anode, almost totally eliminat-
ing the secondary emission.

The first beam tetrodes were intended
mainly for audio purposes, but as their
production improved, radio frequency ver-
sions became commonplace.

advantage over the
triode, the intro-
duction of the
second grid leads to
a new problem.
When large signals
are present, it is
very easy for the
anode potential to
fall below that of
the screen grid.
When this hap-
pens, electrons can
bounce off the
anode and flow
towards the screen
grid in an effect
known as secon-
dary emission.

As a result, there
can be a significant
rise in screen grid

ANODE CURRENT (mA)

current and a fall in
the anode current,
which can cause
significant levels of

ANODE VOLTAGE (V)

signal  distortion.
This can be seen as

Fig. 9. Anode current vs. anode voltage for a tetrode valve.
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TOP VIEW OF BEAM ELECTRODE

BEAM ELECTRODES
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HEATER HEATER
LAEES CONNECTIONS CONNECTIONS
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GRID  ASSEMBLY GRID
CIRGUIT SYMBOL OF CIRCUIT SYMBOL OF
A BEAM TETRODE A STANDARD TETRODE

Fig. 10. Construction of a beam tetrode.

PENTODE VALVE

Another way in which secondary emis-
sion can be suppressed is by the introduc-
tion of a third grid. Called the *‘suppressor
grid”’, it is introduced between the anode
and the screen grid. The potential of this
grid is kept low, often at ground, or that of
the cathode.

In the hey-day of valves, pentodes were
possibly the most widely used form of
valve, providing high levels of gain,
linearity and freedom from instability.
Beam tetrodes tended to be used for high
power applications and triodes for other
specialised uses.

CHARACTERISTICS

There are a number of characteristics for
a valve which are used to specify its opera-
tion. Some are fairly obvious; the heater
voltage, for example.

Although there are a number of stan-
dards: for heater voltages, the most com-
mon is 6-3V. Having a common standard
allows all the valves in a set to be run in
parallel from the same supply.

One of the main exceptions to this is
that a 5V standard is often adopted for
rectifiers in power supplies. As a result,
many mains transformers for use with
valves have two separate heater windings:
one for the rectifier valve, and the other for
all the other valves. Naturally, there are
many other standards, but many of them
are not SO COMMON NOw.

The maximum anode voltage is also
quoted. Often valves in a normal domestic
set would have a high voltage or high
tension (h.t.) supply of around 250V.
However, high power valves would nor-
mally run off higher voltages. The 6L6,
which was a very popular high output
valve commonly used in guitar amplifiers,
has a maximum anode voltage of 360V.

Other values are also important, includ-

ing the screen grid voltage and current. If

these are exceeded, then the screen grid
may dissipate excessive heat and reduce
the life of the valve.

Another value which is often quoted is
called the anode slope resistance which is
designated as r,. This is applicable to any
valve, including a diode, and it is effec-
tively the value of resistance which the
valve represents to an alternating current
flowing though it.

Taking the static characteristic for the
valve shown in Fig. 11, a small change
in anode voltage will cause a correspond-
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Fig. 1 7.'/4/70de slope resistance.

ing change in current. Dividing the volt-
age change by the current change gives the
anode slope resistance. In fact, it is the
reciprocal of the slope of this curve.

The mutual conductance (g,) is also
very important. This is the ratio of the
change in anode current to the change in
grid voltage for a constant anode voltage.
It is expressed in milliamps per volt, or

sometimes as micromhos. These values are
both the same, where 1mA/V is equal to
1000 micromhos. It is used for defining
various circuit parameters.

Finally, there is the amplification factor
p (mu). This is used by designers to give
an indication of the order of amplification
which the valve might be able to give. It is
obtained from the other valve characteris-
tics by multiplying the anode resistance by
the mutual conductance:

B = gmXTy

VALVE CIRCUITS

Just as there is a whole variety of tran-
sistor circuits, the same is true for valves.
Also, these circuits can be made up from
basic building blocks, and using them in
ingenious ways.

The most basic valve circuit is the diode
rectifier. This is used in a variety of cir-
cumstances. Possibly the most common is
as a rectifier in a power supply circuit. The
basic valve can only provide half-wave
rectification, as shown in Fig. 12. In order
to remove the hum, large capacitors are
needed.

In view of this, a much more efficient
full-wave rectifier circuit can be used.
Whilst it is quite possible to use two single
diodes, a much more convenient method is
to use a double diode valve i.e. a valve
with two diodes in it, as shown in Fig. 13.
Here both halves of the waveform are
rectified to give an output which is far
easier to smooth and remove the hum.

Diode rectifier circuits are fairly simple.
Circuits for the triode, which has more
electrodes, are a little more complicated. It
has already been mentioned that the grid
must be held at a negative potential when
compared to the cathode. If it is not, then
large currents wiil flow which may cause
damage to the valve or other components
in the circuit. This biassing is achieved as
shown in Fig. 14.

The grid is held at earth potential by
connecting it to ground via a high value

TO HEATER SUPPLY

1
” 1\
—0
QOUTPUT WAVEFORM
INPUT WAVEFORM
O= O
Fig. 12. Diode valve as a half-wave rectifier.
TO HEATER SUPPLY
INPUT WAVEFORM b
OUTPUT WAVEFORM
O

Fig. 13. Double-diode valve used in a full-wave rectifier circuit.
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Fig. 14. Basic triode circurt.

resistor. A resistance, often 100k{)} and
sometimes more, can be used because of
the high input impedance of the valve.
The cathode is connected to ground via a
lower value resistance. The current flow-
ing through this part of the circuit will
cause a voltage to be developed across the
resistor. Accordingly, the cathode will rise
to a voltage above earth, and this means
that the cathode will have a higher poten-
tial than the grid, or in other words, the
grid will be negatively biassed.

The bias is held as the steady state
condition for the valve. Any alternating
waveforms to be amplified are then super-
imposed on the bias voltage. However, as
the grid, and the anode for that matter, are
set at voltages above ground, coupling
capacitors are needed to connect the dif-
ferent stages together.

When the grid is fed with an alternating
signal, the varying grid voltage causes
the anode current to vary accordingly, as
shown in Fig. 15. Since this varying cur-
rent is developed across all resistances
in the anode circuit, it results in a cor-
respondingly varying anode voltage.

As shown in the circuit of the triode
amplifier (Fig. 14), there is a resistor in the
anode circuit. The total resistance is equal
to the anode resistance r, plus the exter-
nal load impedance, which includes R;.

I, ANODE
CURRENT (mA)

.oV

-V, GRID
VOLTAGE

'
1
|

l

'
'

'
|

'
.
———a

1V PEAK-
TO-PEAK

Fig. 15. The varying voltage on the grid
causes a varying anode current.

These resistances act as a potential divider
and, consequently, the theoretical maxi-
mum amplification value of p can never be
totally reached. The voltage amplification
of the stage is thus given by the formula:

A, = uXR/(r, + R)

In this formula, the value of R is the
total of all the load resistances. In other
words, if the stage drives a low impedance
load, this forms a parallel load and must be
included. Often the impedance of the fol-
lowing stage will be much higher than the
resistance in the anode path and it can be
ignored. However, in many instances it has
to be included as part of the calculation.

TETRODE AND
PENTODE CIRCUITS

Obviously, there are a number of
differences between an ordinary triode
amplifier circuit and that for a tetrode or
pentode. Even so the basic calculations
remain the same.

A few additions need to be made to the
circuit, though. In the case of the tetrode,
the additional screen grid needs to be held
at a potential below that of the anode.
Usually, this is accomplished by connect-
ing this grid to the high tension or anode
supply voltage via a resistor, as shown in
Fig. 16.

The fact that the screen grid will draw
some current means that the resistor will
drop some voltage. By knowing the cur-
rent drawn, it is possible to calculate the
value of resistor required to give a certain
voltage drop. Often a value of 100k or
more is typical.

In addition to the resistor from the
supply, a decoupling capacitor connected
to ground needs to be incorporated. This is
required to ensure that any signals appear-
ing on the screen grid are removed and
that the grid remains at a constant poten-
tial. If the capacitor was not included, then
the screening function would not operate
satisfactorily and the circuit would be
more likely to oscillate. The value of
the capacitor must be high enough to
remove the lowest frequencies likely to be
encountered.

In certain power amplifier applications,
particularly radio frequency amplifiers of a
few hundred watts or more, the screen grid
may be run from its own regulated sup-
ply to ensure that its voltage does not rise
above its limits under any conditions. If
this happens the valve may be damaged.

The circuit for the pentode requires little
in the way of addition to that used for the
tetrode, as seen in Fig. 17. The suppressor
grid is normally held at ground potential
and is usually connected directly to ground
or to the cathode without the use of any
additional components.

VALVE BASES

Over the years, a number of stan-
dard valve bases have been adopted.
These enable standard sockets to be used,
simplifying the construction of circuits.

In the early days of valves, a number of
bases with five pins were used. However,
as the years progressed, an eight pin *‘Oc-
tal’> base with an orientation ‘‘key’’ in
the centre was introduced. It became a
widely used standard for many years and
as a result it was often known as the
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Fig. 16. A circuit for a tetrode amplifier.
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Fig. 17. A circutt for a pentode amplifier.

International Octal base. Famous valves like
the 6L.6, 6V6, and many others used it.

Another similar base was used for the
metal-canned EF50, a valve which was
widely used in radar equipment in the
Second World War. Having nine thinner
pins the base was designated the B9G.

With the push towards smaller valves
in the late fifties and early sixties, two
more modern bases became commonplace.
Designated the B7G and B9A, the number
denoting the quantity of pins, these were
much smaller than their predecessors. Not
only was the base itself much smaller, but
valves using these bases had the pins pass-
ing straight through the glass envelope
without the need for any additional support
on the outside. This considerably reduced
manufacturing costs as there were fewer
stages in the manufacturing process.

NUMBERING SYSTEMS

Like other active components, valves

-are type-numbered, and over the years a

variety of different systems have been
used. Often the numbers were allocated
by the manufacturers themselves. This
resulted in a host of different valve types,
many of which were virtually identical. To
overcome this problem, new cross-com-
pany numbering systems were devised.
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There are two main systems, of which

Table 1. European Valve Numbering System

one is mainly used for valves manufac-

tured within Europe, and the other for the First letter (indicates heater supply):

Pentode Output Valve
Tuning Indicator

Thyratron

Nonode

Miscellaneous

Gas-filled Full-wave Rectifier
Half-wave Rectifier
Full-wave Rectifier

N<X-HQZIZr

Subsequent figures (indicating base):
20to 29 B8G (Loctal)
30 to 39 Octal
40to 49 B8A
50 to 59 Miscellaneous constructions
60to 79 Subminiature types
80 to 89 B9A
90 to 99 B7G

If the number is in excess of 100, the first
figure should be disregarded.

USA. Both systems are used alpngside é ggo?\& . —
one another, and often direct equivalents D Battery supply 12V to 1-4V
are available. Sometimes the valves were E 63V a.c. and d.c
marked with both type numbers. G EVEY [

The European system is given in Table 1. K 2V battery supply
The first letter denotes the heater sup- P 300mA
ply required. Subsequent letters show the U 100mA a.c. and d.c.
functions contained within the envelope.
In many cases, more than one function is Second and subsequent letters
contained and this is shown by using more (indicate the type of valve):
than one letter. A Single Diode

B Double Diode
Table 2. C  Triode
American Valve Numbering System. D Triode Output Valve
E Tetrode
) ] =T F Pentode

First Figure (indicates heater voltage) H Hexode or Heptode
0 Cold-cathode K Octode
1 0B to 1-6V
5 4-6V to 56V The decade numbers indicate the type
6 56V to 6-6V of valve base used, i.e. all valves with
12 ?ggvmaa' numbers between 80 and 89 have a B9A
35 around 35V base. Then any further digits give the

serial number of the valve type itself.
Once more than ten valves of a given
type were registered, a figure ‘1"’
was placed in front of the number, e.g.
EF189. In fact, this valve requires a 6-3V

Second and other characters are serial
numbers.

Suffixed Letters:

G Large glass envelope

GT Small glass envelope heater, it contains a pentode and has a

M Metallised B9A base.

X Low-loss base The American system shown in Table 2

W Military-type base does not give as much information about
the valve. The first number indicates the

- —

heater voltage, and the suffixes give the
type of envelope used. The intervening
characters identify the valve type itself.
For example, a 6V6GT has heaters operat-
ing on a voltage between 5-6V and 6-6V,
and has a small glass envelope.

NEXT MONTH

In Part 2, a good look is taken at cathode
ray tubes. They have been in widespread
use for over 50 years and although the
hey-day of other thermionic devices has
passed, the production of cr.ts is still
increasing.

PCB Designer EEEN=="

Amex/Access/DeltalVisa
For Windows 3.1, ‘95 or NT

PCB Desgnet ld \pcb\
fle Ect Board lext

sampiel.pcbl
SMP Window Help
alnla ‘.’ &

) e B

- | Visit our WWW site at www.niche.co.uk for more information
and a working demo. The demo is also available via anonymous FTP
M from ftp.demon.co.uk in the dir /pub/ibmpc/win3/apps/pcbdemo/ as

= pcbdemo.zip. Internet e-mail pcb@niche.demon.co.uk.

Looking for the price?
It's just £49.00 all inclusive!

..no VAT...no postage...

..no additional charges for
overseas orders.

‘o |

Chi:

Dealers and distributors wanted.

rﬂn?, o G 5 1

Runs on any PC running Windows 3.1, Windows 95 or
Windows NT with a minimum 2MB RAM
Wil work with any Windows supported printer and monitor

jen| &

= _lelleg

[~ Produce Single or Double sided PCBs.
v Print out to any Windows supported printer.
|v Toolbar for rapid access to commonly

used components.
v Helpful prompts on screen as you work.
v Pad, track & IC sizes fully customisable.
v'No charges for technical support.

§v Snap-to grid sizes 0.1", 0.05" 0.025"
and unrestricted.

v'SMT pads and other pad shapes.

v Prints at the resolution of your printer, much
higher than the screen shot shown here.

(=

-Leixl

nth,.

e -

S

el

e

Niche Software (UK)

22 Tavistock Drive, Belmont, Hereford, HR2 7XN

Y0300

e

Phone (01432) 355 414

Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299,00
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OMNI ELECTRONICS

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

The supplier to use if you're looking for:-

ATTHE
HOBBYIST

% COMPETITIVE
VATINCLUSIVE
PRICES* @)}

RETURN OF POST »

* FRIENDLY SERVICE »

1995/6 CATALOGUE NOW IN STOCK!
COST: £2.00. Includes vouchers to offset
against future purchases.

g

OPEN: Monday-Thursday 9.15 - 6.00.
Friday 9.15-5.00
Saturday 9.30-5.00

JCG ELECTRONIC PROJECTS

PO BOX HP79 WOODHOUSE STREET HEADINGLEY LEEDS LS6 3XN

RADIO KITS/TRANSMITTERS/
REMOTE CONTROLS
MICRO FM (a). 1km range transmitter, 80-100MHz
preset. Received on any FM Radio. 2 x 3¢m. £6.95
MICRO FM {b). variable mic. sensitivity. Tuneable
80-110MHz. 1km range, 2 x 3-5cm £7.95
ULTRA MINI £M. 200mtrs range. 80-100MHz, runs off

watch battery (inc.), only 1 x 2cm €8.95
FM TRACKER. Transmits a constant tone for direction
finding, tracking etc. 80-110MHz £8.50

FM RECEIVER (a). Small high quality FM receiver.
Covers standard FM broadcast bands. Will drive
headphanes {notinc.) £10.90
FM RECEIVER (b). As {a) but with 3 watt audio power
amplifier and tuning LED £13.50
CRYSTAL RADIO, Great introduction 1o radio electronics.
Includes tuner, ferrite aerial and earphone £8.50
AM RADIO. Single chip radio for use with headphones,
{notinc.) or an external amplifier L2 & 1]
|.R. REMOTE CONTROL. Single channel for lights,
garage doors etc. Transmitter - £6.95
Recelver (with mains relay) - £11.60
2TMHz RADIO CONTROL.
Single channel, XTAL controiled Transmitter - £9.50
Receiver {with mains relay) - £15.45

PREAMPS/AUDIO
AU10 GENERAL PURPOSE PREAMP for audio
applications where low noise isn't a priority - guitar
amps etc. 9V-15V, variable gain and high output £4.20
AU11LOW NOISE PREAMP for more critical input stages
Ideal for mixers etc. 9v-15V, variable gain £4.50
AU12 ULTRA LOW NOISE PREAMP. Professional
standard. Uses anNESS34 i.c. 9V-15V, variable gain £5.99
AU13 SMALL SIGNAL. Single FET preamp for boosting
low output piezo pickups or acoustic transducers £3.90
AU14 SMALL SiG +EQ. An AU13 with a simpie three-band
passive EQ circuit. Designed for piezo pu's £6.90
AU15 SINGLE TRANSISTOR. Low noise preamp for
electric guitars efc. Preset gain. BC184L £3.90
AU16 ACTIVE TONE CONTROL. 12dB cut and boost.
bass and treble with preamp. Includes pots. £9.95
AU17 7-BAND EQ board for graphic/tone control
applications. Pots included £14.95
AU18 NOISE REDUCTION SYSTEM. High quality
dynamic noise gate with variable effect and
tevel £15.95
AU19 ANALOGUE DELAY. "Bucket brigade” delay line.
Variable clock frequency for producing double track and
echo effects etc. Delay times from 2-5t0 5Ims. £18.50

KITS

AU20 CONTROL OSC. Low frequency oscillator to
modulate the analogue delay line for Flanging,

Chorus and other effects £8.50
AU21/21 DIGITAL DELAYS. 200ms and 800ms digital
delay lines with 10-bit A/D D/A conversion.

Variable sample rale from 25kHz-50kHz variable

delay time, 200ms - £20.40, 800ms - £24.95

POWER AMPS
P2 15 WATT. Genera! purpose upgrade. Uses TDA2030.
24V single rail with heatsink £9.95
P3 40 WATT. High quality power amp for compact disc
and other demanding applications. Switch on mute,
thermal/short protecction. Distortion less than 0-003%
27V 4 with heatsink. £15.50
P4 150 WATT. Rugged and powerful MOSFET design,
excellent responses and reliability. 50V + with heatsink.
Ideal for guitar amps. PA or sound system. £24.95

MICRO
TRANSMITTERS
GUIDE

* Only £3.95

% Easy to
follow
guide to
building
short

transmitters
and surveillance
devices. Packed with useful
information and circuits.

{Some of the circuits included cannot be
used legally in the UK)

SEND S.A.E. FORA LIST OF OUR FULL RANGE OF RADIO AND AUDIO KITS, ALL KITS COME COMPLETE

WITM PRE-DRILLED P.C.8.'s, WIGN SPEC COMPONENTS AND FULL INSTRUCTIONS = MAIL ORDER ONLY -
MAKE CHEQUES/PO'S PAYABLE TO J.C.G. PLEASE ADD 50p POSTAGE AND PACKING.

VARIABLE VOLTAGE
TRANSFORMERS
INPUT 220V/240V AC 50/60

OUTPUT 0V-260V

Price P&P

0-5KVA 2-5 amp max  £31.90 £6.00
4244 .53 inc VAT)
1KVA 5 amp max t£41 £7.0
XESG .58 inc VAT)
2KVA 10 amp max £59.
(279 78 Inc VAT)
3KVA 15 amp max £78. £8.

(2102 40 inc VAT)

(Plus Carrlage)
Buy direct from the Importers. Keenest prices in the courtry
COMPR! NENSIVE RANGE OF
TRANSFORMERS-LTASOLATION & AUTO
110V-240V Auto transfer either cased with American socket and
mains lead or open frame type. Available for [mmediate delivery.

WIDE RANGE OF XENON FLASHTUBES

Write/Phone your enquiries
ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

SKVA 25 amp max £139,

4t 40 watt £14.00 (callers only) £16.45 inc VA

21t 20 watt £9.00 (callers only) £10.58 Inc VA

12in 8 watt £4.80 + 75p pép €6.52 inc VA’

9in 6 watt £3.96 + 50p p&p £5.24 inc VAT

6in 4 watt £3.96 + 50p pap €5.24 inc VA
230V AC BALLAST KIT

TheatmeTwesaresunwelorFo'gedBankNmeomec
tion, securtty marking

Other Wavelengths ol U.V. TUBE available please tele
Available with E.S. fittin

phone your enguines.
400 WATT UV LAMP -
Only £38.00+£4.00 p&p  (£49.35 inc VAT) i
Price Inc VAT & p&p £25.55
12V D.C. BILGE PUMPS
500 GPH 15ft head 3 amp £19.98

160 WATT SELF-BALLASTED
BLACK LIGHT MERCURY BULB

1750 GPH 15ft head 8 amp £34.55
Also now available:

24V D.C. 1750 GPH 15t head

5 amp £35.55
All designed to be used submerged.

= 4 PRlCES lNCLUDE P&P & VAT

For either Bin, 9 or 12in tubes £6.05 +£1.40 p&g VAT.
(€875 inc VAT)

SUPER HY-LIGHT STROBE KIT
Designed for Disco, Theatrical use etc.
Approx 16 joules. Ad]uslable speed £50.4 OO-HZJOOJ)&B

£62.28 inc
Case and reflector £24.00 +£3.00 (£31.73 inc VAT).
SAE for further detals including Hy-Light and
Indusirial Strobe Kits.

5 KVA ISOLATION TRANSFORMEE
A

s New Ex- ment, fully shrouded, Line Noise
Suppression, Ultra Isofatlon Transformer with
terminal covers and knock-out cable entries.
Primai 120V/240V, Secondary 120V/240V,
50/60Hz, 0-005pF Capacitance. Size, L 37cm x W
19¢m x H 16cm, Weight 42 kilos. Price £120 +
VAT. Ex-warshouse. Carriage on request.

24V DC SIEMENS CONTACTOR
Type 3TH8022-0B 2 x NO and 2 x NC 230V AC 10A.

tacts. Screw or Din Rail fixing. Size H 120 x W 45

x D 75mm. Brand New Price £7.63 incl. P&P and VAT.

240V AC WESTOOL SOLENIODS
TT2 Mod. 1 Rat. 1 Max. stroke *ain. Base mounting
ein. stroke Sibs pull approx. TT6 Mod. 1 Rat. 1 Max.
stroke 1 in. Base mounting '%in. stroke 15ibs puli
approx. SERIES 400 Mod. 1 Rat. 2 Max. stroke
""fain. Front mounting “4in. stroke 15Ibs pull approx.
Price _incl p&p & VAT. £5.88, TT6 £8.81,
SERIES 400 £7.64.

AXIAL COOLING FAN

230V AC 120mm square x 38mm 3 bladge 10 watt
Low Noise fan. Price £7.29 incl. P&P and VAT.
Other voltages and sizes available from stock.
Please telephone your enguires.

INSTRUMENT CASE
Brand new. Manutactured by Imhof. L 31 x H 18 x
19cm Deep. Removable front and rear panel for easy
assembly of your components. Grey texiured finish,
complete with case feet. Price £16.45 incl. P&P and
VAT. 2 off £28.20 inclusive.
SEWING MACHINE MOTOR

Brand new 220V/240V AC/DC SEW-TRIC 2 lead
Brush Motor. Size L. 100mm x H. 70mm x W. 55mm.
Spindie % in. dia x 1 in. long. Price £14.10 inc p&p &

GEARED MOTORS

71 RPM 20lb/inch torque reversabig 115V AC in-
put including capacitor and transformer for 240V AC
operation. Price inc VAT and p&p £27.73.

SOLID STATE EHT UNIT

Input 230V/240V AC, Output approx 15KV.
Producing 10mm spark. Built-in 10 sec
timer. Easily modified for 20 sec, 30 sec to
continuous. Deslgned for boiler ignition.
Dozens of uses in the field of physics and
electronics, €.g. supplying neon or argon
tubes etc. Price less case £8.50+£2.40
p&p (£12.81 inc VAT) NMS.

EPROM ERASURE KIT

Build your own EPROM ERASURE for a fraction of
the price of a made-up unit. Kit of parts less case
includes 12in 8 watt 2537 Angst Tube Ballast unit,
pair of bl-pin leads, neon indicator, on/off switch,

safety microswitch and circuit £15.00 +£2.00 p%p
(€19.98 inc VAT)

WASHING MACHINE WATER PUMP
Brand new 240V AC tan cooled. Can be used tor a
variety of purposes Iniet 1%in., outiet 1in. dia. Price
ncludes p&p. & VAT. £11.20 each or 2 for £20.50

inclusive.

(I
SERVICE TRADING CO v
57 BRIDGMAN ROAD, cmswncx LONDON W4 588
Showroom open  TEL: 0181-995 1560 X: 0181-995 0549 Ample
Monoay/Fuiday ACCOUNT CUSTOMERS MIN ORDER £10 Parking Space
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Get into PIC Programming with

Forest Electronic Developments!

PIC Basic Controller Modules - from £27.00

The PIC BASIC controllers offers a well featured BASIC language
running in real time directly on a PIC Microcontroller. The 16C57
version offers 16 lines of programmable |/O, a serial interface and a
4MHz clock. Our new 16C74 version features 8k EEPROM with up to
2000 lines of BASIC, 8 x A/D inputs and PWM D/A outputs, 27 lines of
programmable 1/0, 3 timers and interrupt support in BASIC, and an
interrrupt driven serial RS232 interface.

16C57 module kit 2k EEPROM £27.00 Prebuilt £33.00
16C57 module kit 8k EEPROM £30.00 Prebuilt £36.00
16C74 module kit 4MHz £35.00 Prebuilt £42.00
16C74 module kit 20MHz £40.00 Prebuilt £46.00

Full instructions, latest development software and documentation on 3.5" disk are

included.

PIC Programmer - kit £35.00, pre-built £45.00
Programs 16C54/55/56/57/58, 16C64, 16C71/74, 16C84. Operates
over serial link to a PC. Includes all components, PCB and
programmed PIC, plus Windows and DOS software and Windows
based development systemlatest versions of Microchip’s assembler
and Simulator on 3.5” disk. ZIF sockets not included (these are not

essential and may be added later)

Add £7.50 for a serial cable to fink either project to the PC.
Add £3.00 for Postage, Packing and Handling, all orders which are held in stock

will be sent by return, first class post. Send a cheque/PO

pavable to :

Forest Electronic Developments

(R.J.Abbott

G.M.Warner)

10 Holmhurst Avenue, Christchurch, Dorset, BH23 5PQ.

Sales queries, 01425-275962, Technical queries, 01425-274068
Visit our web site at
http://iwww.ibmpcug.co.uk/~gmwarner/fed. htm
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INTER "

Robert Penfold

SLOW but steady flow of letters are

received from readers who wish to
interface all manner of things to the
RS232C serial ports of their PCs, but
have no idea about how this type of
interfacing is approached.

One the face of it, a serial port is ideal
for the basis of many do-it-yourself add-
ons. It provides an 8-bit input port, an
8-bit output port, plus some handshake
lines. As an RS232C port is a standard
form of interface, it is not even PC speci-
fic, and with suitable software a serial
port project should be usable with practi-
cally any computer.

Serial Killers

In reality, using serial ports is something
less than straightforward, and they are not
really suitable for all applications. As prac-
tically anyone who has used a serial port
will testity, it often takes a fair amount of
experimentation to get the port to com-
municate with the outside world at all!

Once any basic interfacing difficulties
have been overcome, it requires
a UART (Universal Asynchronous
Receiver/Transmitter) to convert the
serial data from the computer into bytes
of parallel data, and to make the
conversion in the opposite direction.

Some simple signal processing cir-
cuitry is also required, because RS232C
signals are at nominal voltage levels of

lus and minus 12V, not at the normal
ive volt logic levels required by the
UART. None of the circuitry is par-
ticularly involved, but a UART is not
particularly cheap at about £7 for the
industry standard 6402 UART.

Before embarking on a project that in-
terfaces to a computer via a ‘‘serial link”
it is as well to consider one or two in-
herent drawbacks of serial interfacing.
One is simply that it only provides a
basic eight inputs and eight outputs.

It is possible to use some additional
circuitry to effectively increase the num-
ber of inputs and outputs, but this can
considerably increase the complexity of a
project. A parallel printer port or proper
PIO card is likely to be a better method
of interfacing in most cases.

The relatively slow speed of a serial
port is something that has to be borne in
mind with any application that requires
a rapid transfer of data. The highest
standard baud rate for an RS232C serial
port is 19200 baud, but it has to be
remembered that 19200 is the maximum
number of bits per second, and not the
maximum number of bytes.

Including start and stop bits there are at
least ten bits per serial byte, giving a max-
imum transmission rate of 1-92 kilobytes
per second. This is high enough for many
practical applications, but is clearly inade-
quate for something like audio digitising
via a fast analogue-to-digital converter.

Right Connections
Connection details for a standard 25-
pin PC serial port (a), and the cut down
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9-pin version used on many modern PCs
(b) are shown in Fig. 1. In fact it seems to
be normal for modern PCs to have one
serial port of each type.

A female D-type connector having the
appropriate number of pins is needed in
order to make the connections to each
port. Most PCs have two serial ports,
which have the operating system names
“COM1” and "COM2".

For basic two-way serial interfacing
it is only necessary to use three ter-
minals on each port. These are the GND
(ground) terminal, the TXD (transmitted
data), and RXD (received data) terminals.
The ground terminals of the two ports

than the computer can digest properly.
Handshaking is still not essential, since
it would presumably be possible to
slow down the operating speed of the
peripheral to a rate that the computer
could handle.

Whether or not handshaking is used,
and whatever type of link is used, there
is no point in having a peripheral that
generates data at such a high rate that
the computer cannot process it.

Free Flowing

Where possible it definitely advisable
to avoid using handshaking, and to have
a system that never generates data at a

RTS ey

— C1s
RXD — DSR = TXD
XD - ! ——————— GND RXD ————— [ — DTR
CH GNDj | gv 0CD DCDj % 41[——"GND
00000 éboooog 000
800000000008 0000
DTR ——— ] RI DSR’-—J |———Rl
RTS L= — CTS
(a) (b)

Fig. 1. Connection details for 25-pin (a) and 9-pin (b) PC serial port.

are simply wired together, but the TXD
and RXD pins are cross coupled.

The problem with this simple arrange-
ment is that it does not provide any
handshaking to control the flow of data
in either direction. This does not matter
in many cases, where the rate at which
data is generated will always be too slow
to produce any overflows. In some cases
though, this may well be a possibility.

When the computer is sending data
it is usually quite easy to use a delay
loop or some “dummy’ instructions to
prevent data from being fed to the serial
port at a higher rate than it can handle.
Also, the operating system uses a small
amount of memory to act as a buffer, and
this can accommodate occasional bursts
of data, provided only small amounts are
involved.

If a slow programming language is
used, such as an interpreted BASIC, it
may well be that the computer will not
be able to write data at a high enough
rate to produce data overflows. Using a
high baud rate obviously minimises the
risk of data being lost.

The slowest part of the system might
be the circuit at the other end of the
serial link..This is unlikely, since most
electronic circuits operate at speeds
that make RS232C links look rather
pedestrian. Once again, this is something
that can be handled via delays in the
software rather than handshaking.

With data flowing from the peripheral
device to the computer there is a real risk
of data being sent at a higher rate

higher rate than any other part of the
system can handle. Unfortunately, the
fact that no handshaking is used does not
mean that the handshake lines of the PC
can simply be ignored. With a simple
three wire serial link it is unlikely that
the computer will be persuaded to trans-
mit any data unless some of the hand-
shake inputs are connected to handshake
outputs.

The basic idea is that a handshake out-
put is set “high”” when a port is ready to
receive data, or “low” when a hold-off
is required. Handshake inputs that are
left unconnected often "“float”” to the low
state, effectively indicating that a hold-
off is required on the serial output.

Consequently, you can send masses of
data to the port, but none of it will be
transmitted. Where this problem occurs,
and provided the port’s handshake out-
puts are not in use, simply interconnect-
ing some of the handshake inputs and
outputs normally provides a solution.

Clear Line

The two handshake inputs are CTS
(Clear To Send) and DSR (Data Set
Ready). Having two sets of handshake
lines complicates matters, and there is no
obvious reason for this doubling up.
Some computer serial ports do not in-
clude both, but they are both present and
correct on a PC serial port.

In use, the CTS line often seems to be
used to control the flow of data on a
byte-by-byte basis, with DSR being used
to indicate that the receiving device is
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off-line. However, these can be used the
other way round. If one of these hand-
shake lines is not implemented, it is
usually the CTS input.

Where both lines are implemented it is
normally necessary for both of them to
be taken high in order to permit data to
freely flow from the port. Provided the
RTS (Request To Send) and DTR (Data
Terminal Ready) outputs are not other-
wise in use, connecting them to the DSR
and CTS inputs (respectively) should
give the desired result.

Ring Indicator (RI) and Data Carrier
Detect (DCD) are specifically for use with
modems. They are both inputs, and they
are used by the modem to indicate that it
has detected a ringing signal, and that it
has detected a carrier signal.

They are not normally required in
general serial interfacing, although the
DCD line is sometimes used as a sort of
off-line/on-line indicator. For interfacing
to do-it-yourself projects they are not
normally required.

6402 UART

There are many serial interface chips
available, but most of these are intended
for specific microgrocessor families. For
Frojects that are based on conventional
ogic chips it is necessary to use a
UART. These have the ability to operate
with microprocessors, but are primarily
designed for operation in conventional
logic circuits.

The word format, and other settings
are programmed via a number of inputs,
and not via a data bus. Pinout details for
the 6402 UART, which has a standard
40-pin d.i.l. encapsulation, are shown in
Fig. 2.

If we take the receiver section of the
6402 first, RBRO to RBR7 (pins 12 to 5)
are the receiver buffer register outputs.

1 ) 40

v+ de ¥ by TRC
NC D EPE
Ground d D CLS1
RRD D CLS2
RBR7 d@ D SBS

RBR6 d D Pi
RBR5 D CRL
RBR4 D TBR7
RBR3 dq D TBR6
RBR2 d D TBRS
RBR1 D TBR4
RBRO d D TBR3
PE D TBR2
FE @ D TBR1
Ot D TBRO
SFD d D TRO
PRC q D TRE
DRR D TBRL
OR d@ D TBRE
RRI d D MR

20 27

Fig. 2. Pinouts of the 6402 UART.

In other words, it is on these eight out-
puts that decoded bytes of data appear.

In some data sheets these are called
RBR1 to RBR8, but I am using the con-
ventional 0 to 7 numbering for data in-
puts and outputs. Pin 4 must be taken
low in order to activate these outputs.

The serial data is fed to pin 20, the
receiver register input (RRI). The RS232C
signal must first be converted to stan-
dard 5V logic levels, and it must also be
inverted.

The reception baud rate is controlled
by the clock signal fed to pin 17, and is
one sixteenth of the clock frequency. In

other words, the clock frequency must
be 16 times the required baud rate, or
307-2kHz for a baud rate of 19200 baud
for example.

For standard baud rates some odd
clock frequencies are required, but these
can be obtained via a crystal oscillator
and a multi-stage binary divider. Crys-
tals having suitable frequencies for baud
rate control are readily available at quite
low cost.

Parity of Words

The transmitter and receiver sections
must have the same word format, and
this is set by the logic levels on pins 35 to
39. Pin 35 is set “low’’ to enable parity
checking, or “high”’ to disable it.

With parity checking enabled, taking
pin 39 low selects odd parity, and setting
it high selects even parity. Pin 36 is taken
low for one stop bit, or high for two stop
bits. With parity checking switched off,
the logic level on pin 39 is unimportant.
The number of data bits is set using pins
37 and 38, and varies from five bits with
a binary value of 00 to eight bits with a
binary value of 11.

For general interfacing purposes the
best word format is eight data bits, one
stop bit, and no parity. This enables full
eight bit bytes of data to be handled,
with only two additional bits being
added per serial byte (the stop bit plus
the mandatory start bit).

This word format is selected by setting
Ein 36 low, and pins 35, 37, 38, and 39

igh. Pin 34 must be strobed or taken
permanently high in order to load the
data on these pins into the word format
register.

Next Month: we will consider the
transmitter section of the 6402, to-
gether with some practical circuits to
provide serial interfacing to a PC.

with David Barrington

TALK

Dolby Pro-Logic Decoder {Booklet)

The Dolby chip used in the Dolby Pro-
Logic Decoder (Free booklet) project is sub-
ject to strict licensing agreements and is
not available separately. This project is only
available in kit form.

Two versions are available; the “Short
Form” kit and a ““Full” kit.

The Short Form kit is complete except
for case and power transformer and is ideal
for incorporating into a customer set-up
with pre-amp and power amp module. The
Full Kit is claimed to give the best value
option by producing a complete stand-
alone decoder which can be used with any
audio system.

The kits are only available from Magenta
Electronics (Tel.01283 565435), 135 Hunter
Street, Burton on Trent, Staffs, DE14 2ST,
for the sum of: £99 Short Form, code 858;
and £124.99 Full Klt, code 869. A carriage
charge of £3 must be added to each order.

Bat Band Converter

As the Bat Band Converter is built using
"surface mount devices (SMDs)” extreme
care and patience is required when solder-
ing-up the small p.c.b. Also, some of the
SMDs are not that readily available.

This applies particularly to the BSR58
low-noise f.e.t. and the mixer/oscillator i.c.
type NEB02AD. We understand from the
designer, that Gothic Crellon (Tel.01743
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788878) of Wokingham are willing to supply
these on a “one-off” basis, cash with order.
Call them first for details.

The 220pH inductor came from
Electromail (Tel. 01536 204555), code
234-966 and the small mountable box from
Maplin, code FK73Q. The ferrite rod, Kynar
wire (used for wirewrapping) and ultrasonic
transducer should be available from most
of our component advertisers, such as
Greenweld, Cirkit, Cricklewood, Omni,
ESR and Maplin.

The small surface mount printed cir-
cuit board is available from the EPE PCB
Service, code 984. This includes the small
add-on B.FO. Unit board.

.Event Counter (Teach-In '96)

No problems should be encountered
when buying components for the Event
Counter, this month’s Teach-In project, but
a couple of items require further comment.

The sloping-front case used in the model
is fairly expensive, around £11, and came
from Maplin’s ABS Console range, code
YN29G. This was selected to take the p.c.b.,
but readers may wish to choose their own
style of case. The printed circuit board is
available from the EPE PCB Service, code
986.

Most of our component advertisers carry
stocks of multi-pin connectors and should
be able to offer a suitable type to link-up the
display. The ribbon cable connector in the

model came from Rapid Electronics, (Tel.
01206 751166) code 80-0215.

Teach-In ‘96

The 5-digit liquid crystal display module
mentioned in the “Counting Circuit” section
of this month's Teach-In series came from
Maplin, code FS13P (listed under Counters,
as against LCD’s in their catalogue index).
Most component advertisers should also
be able to offer a suitable display module.

Mind Machine Mk lll - Programmer

We do not expect any purchasing
problems to be encountered by readers
tackling the Mind Machine Programmer. All
components should be “off-the-shelf”
parts.

Some readers have asked for the source
of the case, called-up last month. This is
a Verobox type 202-21035F obtained from
Maplin, code LLO6G.

The Programmer p.c.b. is available from
the EPE PCB Service, code 983. Once
again, all readers must heed the “warning
panel” in the article about possible side
effects when using the unit.

We cannot forsee any component buying
problems that are likely to confront readers
undertaking the Hearing Tester project.
Finally, the only problem with the Chromo-
Floristics Horticulture project is that it must
be propagated on 1 April! otherwise you
will get weird results.

TAKE NOTE
Printer Sharer

Page 18, Fig. 6. The socket for IC5 should
be 14 pins, locating notch to the right as
shown. A link wire then connects between
the two “unused” pins (routing socket SK2
pin 11 to resistor R9).
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Ohm Sweet Ohm

Max Fidling

Hey! Big Spender

Although I'm not the world’s greatest
spender on electronics, the trouble with
owning a credit card is that it’s easy to
splash out without a second thought on
anything which might take one’s fancy.
Impulse buying, I think they call it.

As the Boss will tell you, I'm also a
devil for keeping things just in case I ever
need them. Experience tells me that as
soon as I sling out my prized selection of
old washing machine pumps and motors,
for example, I just know that the washer
will expire in a puff of smoke, and the
pump will stagger out, waving a white
flag! Hence, I carry more spare pumps
than Hotpoint.

Anyway, back to credit cards. I'd taken
my °‘‘flexible fiend”’ along with me to
have a look at new multimeters, with a
view to perhaps buying one. My trusty
moving coil effort had never been the
same since I tested a 230V mains socket
when the meter was *‘accidentally’’ set to
a low resistance range: the meter needle
had acquired an awkward bend in it, which
co-incidentally aligned exactly with the
meter’s end-stop . . .

Going Digital

I had decided the time was ripe to ‘‘go
digital’* since all the professionals have a
digital multimeter. Not wishing to be seen
lagging behind, I wanted to be up there
alongside them!

I already had my colour-coded screw-
driver set, all carefully co-ordinated to
match my plastic toolbox, plus a set of
pliers and wire-cutters which sported natty
cushioned handles. Except that my preci-
sion wire cutters had recently failed to cut
some steel 22 gauge wire (I was fixing the
garden fence at the time), and a circular
indentation on the blades’ edges bore tes-
timony to where the fence had gained the
upper hand over Taiwan’s finest drop-
forged steel.

Undeterred, a-hunting multimeters I did
go and a short car journey later, in my

favourite electronics shop, my eyes fell
upon a vast array of test equipment,
displayed impressively behind the counter.
I had become a regular visitor at the shop,
though I noticed that the staff always
seemed to either look very busy, or
disappear and make a cup of tea whenever
I arrived, though why, I wasn’t too sure.

Glancing longingly at a row of digital
delights, I spotted one particular meter
which stood out from the masses of black
boxes — mainly because it was, er, banana
yellow. This was bound to impress my
friends, 1 thought, because professionals
all have yellow multimeters, so here was
my chance to increase my esteem.

The fearful-looking assistant handed me
the goodies, which had a pair of test leads
clattering down on the counter. I stabbed
the buttons on the meter repeatedly, deter-
mined to give the impression of a highly-
qualified, discerning buyer (a professional,
in fact) all set to test the meter to
destruction.

Talking Box

This meter, I saw, had one particular
feature which I hadn’t seen elsewhere: it
spoke. A small loudspeaker grille gave the
game away.

Just the ticket for when I'm rummaging
inside a project, I mused! Pressing the
‘“Voice’’ button, a tinny robot-like voice
intoned ‘“ON! Zero Volts. Zero Volts!
ZERO VOLTS!”

“Yes, yes,”” I thought, *‘I get the idea,
now shut up!’’ as I prodded the rubbery
button again. ‘“‘OFF!!”’ it declared, as I
gagged it.

The meter was going at half-price, ap-
parently shop soiled, and with my ever-
keen eye for a bargain, the deal was struck.
One deft swipe of my plastic card later I
was soon wending my way home carrying
the booty.

Piddles, my trusty moggie, sidekick and
general smart Alec, greeted me at the
workshop door as I stepped inside, bran-
dishing my new vocal multimeter still in

,*1“\ i

its display carton, with the tip of a test
probe now poking through the cardboard.

Yellow Peril

The moggie jumped up onto the bench
and peered at the yellow peril. I hooked
up my bench power supply and con-
nected it to the multimeter’s sockets, and
switched it on.

My finger nudged the ‘“Voice’’ button
once more. ‘‘ON!”’ said the meter. *‘Zero
Volts. Zero Volts! ZERO VOLTS!” it
articulated monotonously. Piddles peered
more closely at the meter, with ears
pricked up inquisitively.

Turning the power supply’s voltage
control up and down (as you do), I could
see the power supply’s meter swing-
ing towards the end-stop. ‘‘Twelve Point
Three Volts!! Twelve Point Two Volts!!
Twelve Point Three Volts!!’’ boomed the
meter, relentlessly. I stabbed the Voice
button once more.

At this point I started to question
whether this was such a good idea. Maybe
this explained why the Geest-coloured
gizmo was going cheap! ‘““OFF!’’ burbled
the meter, in apparent agreement. Still, it’s
yellow, and that’s what counts!

1000 off mixed ceramic caps..£7.50

50 off d.i.l. switches...
30 off mixed heatsinks..
30 off mixed switches............. £3.75%
Brand new 360k 5%” floppy

5‘/4 to 31" floppy drive
converter leads..........

2 h%no plug to 2 phono ;
.................................... .5
21-Pin SCART plug to SCART plug
lead (all connected)............. €3.5 0
As above but plug to socket...£3.50*
SCART plug to 4 phone plug
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20 off mixed crystals/filters....... £4 95 | ORP 11, £3; ORP 40, £3; CV 4004, 10 W02 Bridge Rectifiers.
25 off mixed relays........ .£3.50 | 4005, 4006 4007, 4014 4020 go 2555'3.521;"“‘;'3&5
100 off phono plugs... £2.95) | 4024’ 4043, 4055, 4064, 5042, 30 BC212L Transistors.
10 off mixed displays. £3 75, | 5080, ALL £5 each®. 30 BC213L Transistors.

QUANTITY DISCgUl":J‘TS AVAILABLE 30 BC237 Transistor.

We also buy all forms of electronic
components, p.s.u's, disk drives etc. 30 BCA78 Transistors.
Lists to below address. 30 BC546 Transistors,

ALL PRICES INCLUDE V.A.T. 5

BC548 Transistors.
i PLEASE ADD £2.00 p&p EXCEPT -
501 BNC to BNC lead.. ITEMS MARKED* WHICH ARE 50P. S T e

SAE FOR BULK BUYING LIST 30 BC558 Transist
PAYMENT WITH ORDER TO: 30 BC559 T::::E!g:

Dept EE, COMPELEC, 25 BCB40 Transistor
14 Constable Road, 30 MPSA92 Transistors.
St. Ives, Huntingdon,

3lb mixed component pack.......£4.95 | Universal Test Lead Kit.......... £3.75
\éumb?f compé)nent pack... ,.§.£10 V‘ALVE

50 off mixed capacitors.. ..£4.95 QQV0310 £10"; QQV0320A, £10*; 200 Signal diodes 1N4148.
250 off L.c. Sockets.................. £3.95 | QQV0640A, £20%; ECCgz, aF 75 Rectier Diodes 1N4001 .

ECH81, £2%; PCLB0S5, £3 50 Rectifier Diodes 1N400

30 BC214C Transistors.

20 BC327 Transistor:
30 BC328 Transistors.
30 BC337 Transistor:

30 BC547 Transistors.

30 MPSA42 Transistors.
20 2N3702 Translstors..

N. R. BARDWELL LTD (EPE)

Smmredleds..
...£1.00 25 3mmredleds...
1.00 25 Asstd. high bnghtness leds.
1.00 50 Axiall.e.d.s (Diode package)
1.00 12 Asstd. 7-segment displays.
ORP 12 light dependant re:
1.00 30 Assid. IF transformer:
1.00 48  Asstd. coil formers...
1.00 100 Asstd. RF chokes (lnduclors) L1
1.00 30 Asstd. connectors edge,d.il., il etc. .£1 00
1.00 30 Asstd. d.il. sockets up to 40- p .00
1.00 200 Asstd. disc ceramic capacitors..
1.00 80 Asstd. capacitors 1nF to 1pF.
1.00 80 Asstd electrolytic capacitors..

1.00 50 Grommets 6-3mm Id, 9-5mm od.......! £1 00
1.00 100 e/t aW 5% resistors any one
1.00 value, E24, range 1R to 10M............ £0.45

}foo Prices include VAT, postage £1.25. Stamp for Lists

€80, ...ovooo.ooorerevereroeoen 9 Cambs PE17 6EQ A e oT I 288 Abbeydale Road, Sheffield S7 1FL
10 off crocodile clip leads.......£3. 50§ Tel/Fax: 01480 300819 20 7906 v s00mA. hf:gs SSS&E&’E Rkl Phone (0114) 2552886 Fax (0114) 2500689
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| BTEC TUTOR

| Certificated Supported

‘ NA T | O N A
COLLEGE O F
TECHNOLOGY

The National College of Technology offer a range of
packaged learning short courses for study at home or in
an industrial training environment which carry modular
BTEC awards leading to a higher BTEC certificate. Study
can commence at any time and at any level enabling you
to create a study routine to fit around existing commit-
ments. Courses on offer include:

Analogue Electronics
Digital Electronics
Fibre/Optoelectronics
Mechanics & Mechanisms
Programmable Logic Controllers
| Electronic Testing & Fault Diagnosis

Tutor support and BTEC certification are available as
options with no travelling or college attendance re-
quired. These very popular courses which are ideal for
vocational training contain workbooks, audio cassette
lecturettes, PCB's, instruments, tools, components and
leads as necessary to support the theoretical and practi-
cal training. Whether you are a newcomer to electronics
or have some experience and simply need an update or
certification, there is probably a distance learning course
ready for you. Write or telephone for details to:

| National College of Technology

NCT Ltd., PO Box 11

Wendover, Bucks
Tel: (01296) 624270

M.G.C. Electronics
PHONE/FAX: 01476 79974

@ FM MICRO BUG TRANSMITTER 88-108MHZ 500 METRE RANGE KIT £3 99BUILT £7.00

® FM BUG AS ABOVE 1000 METRE RANGE KIT £4 99BUILT £8 .00
FM ULTRA SMALL BUG 15MM X 20MM X 15MM BB- 108MHZ 100 METRE
RANGE BUILT/BOXED £15,00

@ FM TELEPHONE TAP BUG POWERED FROM THE LINE AND TRANSMITS
BOTH SIDES OF THE CONVERSATION 88-108MHZ S00METRE RANGE KIT £10.00.
BUILT/ BOXED £14.00

® FM 13A 3 WAY ADAPTER BUG BUILT/TESTED £25.00

@ FM BUG HOUSED IN A PRIMARY PHONE SOCKET 88-108MHZ 500 METRE
RANGE KIT £15.00BUILT £23.00

@ TRACKING TRANSMITTER AND RECEIVER 418MHZ 2KM RANGE FOR
TRACKING OF VEHICLES, PEOPLE, ANIMALS ETC £90.00

@ BUG CONSTRUCTORS MANUAL:- A BOOK CONTAINING DOZENS OF VHF,
CRYSTAL CONTROUED BUGS, TELEPHONE TAPS, INFINITY
TRANSMITTERS ETC €4 00

@ 4 WATT FM BROADCAST QUALTY TRANSMITTERS 88-108MHZ KT £.40.00
BUILT/TESTED/AUGNED £40.00

@ 15 WATT FM BROADCAST QUALITY TRANSMITTERS 88-108 TUNED TO
YOUR SPECIFICATION, BOXED/BUILT/AUGNED

@ 30 WATT FM BROADCAST QUALTY TRANSMITTER AS ABOVE
BOXED/BUILT/AUGNED £145.00

@ INFARED CAMERA SIZE 40mm x 40mm x 40mm (SEE IN THE DARK CAPABIUTY)
PLUGS DIRECTLY INTO VCR ETC ONLY £150.00

@ LASER DIODES TmW 670NM RED €75.00

@ LASER DIODES 5mW 670NM RED £9500

@ LASER DIODES 3mW 633NM RED OVER 10 TIMES VISIBLY BRIGHTER

THAN THE 670NM LASERS. EQUIVALENT TO THE HE-NE LASERS,

@ 250 WATT 12V DC TO MAINS AC INVERTER IDEAL FOR RUNNING ATY,
FRIDGE, STEREOQ, UGHTS ETC WHEN ON THE MOVE IN YOUR CAR OR
WHEN CAMPING/CARAVANNING FROM THE CAR BATTERY. £140

@ AA SOLAR POWERED BATTERY CHARGER 9 .99

@ WATCH AS YOU BUILD RADIO RECEIVER KIT WHICH INCLUDES STEP BY
STEP CONSTRUCTION GUIDE ON A VHS TAPE AND ALL COMPONENTRS
TO BUILD THE RADIO. £25,

@ PC/IBM COMPATIBLE RELAY CARD USED TO CONTROL ROBOTICS,
PROCESS CONTROL, HOME AUTOMATION, LAMPS ETC. PROGRAMS
ON 3.5 OR 5.25 INCH DISKS PLEASE STATE WHEN ORDERING.

@ ALLKITS SUPPLIED WITH HIGH QUALITY PCB AND COM| . PRICES
INCLUDE V.A.T. WITH ORDERS LESS THAN £10.00 PLEASE ADD £1.00 P&P,
ORDERS OVER £10 PLEASE ADD £2.50 P&P. SEND S.A.E. FOR FULL CATALOGUE
CONTAINING FUSES, RF TRANSISTORS, CAPS, RESISTORS, DISPLAYS, TRIACS,
AMPS, LASERS, FIBRE OPTIC LINKS, KITS ETC AND MUCH MORE!
CHEQUES/POSTAL ORDERS PAYABLE 10:

M.G.C. ELECTRONICS INTERNATIONAL HOUSE, 223 REGENT
STREET, LONDON Aoés'ég mbrt/wc 01476 79974

Programming support for the following devices:
Generic 8751/8752 microcontroliers from intel & Philips
Atmel 8951/8952 FLASH replacements for the
8751/8752

Atmel 1051/2051 20-pin FLASH 8051 microcontroller
denvatives

Senal EEPROMS tamihies: 24Cior. 930, 59Cix. 25Cxx

allow future upgradeability

MICRO-PRO 51

»
“Hardware/software upgradeable
programmer for the 8051 family”
e Accepts up to 40 pin DIL directly via
Aries ZIF socket
ONLY . Surface mount and PLCC package
£125 adaptors available as optional extras

o Atmel 8951/8952 ¢» 1051/2051 ICE
cables available as optional extras

® Field programmable hardware to

o Fast PC parallel port based design

“The complete Ansi-C development
environment for the 8051”

® Optimising Ansi-C compiler

o dscpoe-51-8051 software simulator
¢ source level debugger

o uVision-Integrated Windows based
CS1 project management system

ONLY £110

{Resiricted to 2K total program code,
SMALL model only)

[> KEIL"
SOFTWARE

U Supf)ort for most 8051 derivatives eg.
Atmel, Intel, Siemens etc.

® Numerous microcontroller language
extensions for the fastest, tightest code

|

8

Embedded C51 Starter 8ystems for the 8051 family

“Everything you require to develop an

embedded 805 1-based project in C” 89_.‘[;1 8952 1051 2051

° H code ROM 4 8K 1K 2K
® MICRO-PRO 51 device programmer FLASH code i i o5E e FT

oKEIL CS51 PK LITE Ty @ 32 15 15
Timer/Counter {16 bit} 2 3 1 2

B R ] Serial Port | YES YES NO Vs
microcontrollers Interrupt Sources 5 8 3 5

g Pins (DIL/PLCC) 40/44 40/44 20 20

o Fil suite of C51 Special features Timer 2| Comparator | Comparator

demonstration software

. €QUINOX

N APV TECHNOLOGIES

Atmel 8051 FLASH Microcontrolier Range

895X-ST (ONLY £215)

Comes complete with samples of Atmel 8951 and 8952 40 pin microcontroliers

X051-ST (ONLY £199)

Comes complete with samples of Atmel 1051 and 2051 20 pin microcontrollers

Equinox Technologies. 229 Greenmount Lane Boitan BL1 5JB. Lancashire. ENGL AND
Tel: (01204) 492010 fax: (01204) 494883 int. chaling code (UK +44 1204)
E-mail: sales@equintec.demon.co.uk  Web Page: www.demon.co.uk/equintec

All prices exclusive of VAT and carmage.
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LEARN ALL ABOUT ELECTRONICS

~

The revised edition of The Modern Electronics
Base Manual contains practical, easy-to-foliow
information on the following subjects:

BASIC PRINCIPLES: Symbols, components and their
characteristics, active and passive component circuits, power
supplies, acoustics and electroacoustics, the workshop,

principles of metrology, measuring instruments, digital
electronics, analogue electronics, physics for electronics.

CIRCUITS TO BUILD: From basic principles to circuit-building,
The Modern Electronics Manuatl and its Supplements describe

how to assemble radios, loudspeakers, amplifiers, car projects,

computer interfaces, measuring instruments, workshop
equipment, security systems, etc.

s @A RANTETE mmaaninaamn

Our 30 day money back guarantee gives you complete peace
of mind. If you are not entirely happy with the Manual, for
whatever reason, simply return it to us in good condition
within 30 days and wewill make a full refund of your payment
-no small print.and no questions asked.
(Overseas buyers do have to pay the postage charge)

BEoEEEs

U U U0 U UL RS A . L 0, FRAL A LU A R PR AR R R T

1 PL EAS E send me THE MODERN ELECTRONICS MANUAL plus
' a FREE SUPPLEMENT.

1 ! enclose payment of £45.95. | shall also receive the appropriate supplements
1 several times a year. These are billed separately and can be discontinued at any
I time. Should | decide not to keep the Manual | will return it to you within 30 days

1 for a full refund.
[

i
g FULLNAME .......ccoonicececteneesee e, R . B

§ (PLEASEPRINT)

J ADDRESS........cooocvueeeereveeaenene 0000000000EA00 GI00A0NS B0ohaato0s o cnoog)

: [] 1 enclose cheque/PO payable to Wimborne Publishing Ltd.

0 [ ] Please charge my Visa/Mastercard/Access
]

§ CarANO. .evee et ceee e eraseeeenanans Card Ex. Date ....

g285858

USA & CANADA SURFACE MAIL £25, AIR MAIL £32
""""" FAR EAST & AUSTRALIA SURFACE MAIL £31, AIR MAIL £33
REST OF WORLD SURFACE MAIL £25, AIR MAIL £44

The essential
reference work

e Easy-to-use format

¢ Clear and simple layout

| @ Comprehensive subject range
@ Regular Supplements

o Sturdy ring-binder

@ Projects to build

e Components checklists

o Extensive data tables

o Detailed supply information

® Ready-to-transfer PCBs

® Detailéd assembly instructions
o Professionaily written

ESSENTIAL DATA: Extensive tables on diodes, transistors,
thyristors and triacs, digital and linear i.c.s,
microprocessors.

The Manual also has an extensive Glossary, and covers
Safety, Specialist Vocabulary with Abbrevlations and
Suppliers. The most comprehensive reference work ever
produced at a price you can afford, the revised edition of THE
MODERN ELECTRONICS MANUAL provides you with all the
essential information you need.

OVER 1,000 A4 loose leaf pages in a sturdy ring binder all for just
£39.95 plus £6.00 post and packing. Regular Supplements
continuously extend the Manual with new material, each
Supplement contains approximately 160 pages of information.
These and sent about five times a year and cost £23.50 plus £2.50
p&p. You can of course return any Supplement {within 10 days) or
cancel the Supplements at any time.

Wimborne Publishing Ltd., Dept. Y4
Allen House, East Borough,
Wimborne,

Dorset BH21 1PF

Tel: 01202 881749 Fax: 01202 841692

ORDER FORM

Simply complete and return the order form with
your payment to the following address:
Wimborne Publishing Ltd, Dept. Y4
Allen House, East Borough, Wimborne,
Dorset BH21 1PF

OVERSEAS ORDERS: Al overseas orders must be
prepald and are supplied under a money-back guarantee of
satisfaction. If you are not entirety happy with the Manual return it
within @ month for a refund of the purchase price (you do have to
pay the overseas postage). SEND £39.95 PLUS THE POSTAGE
SHOWN BELOW:

EIRE AIR MAIL ONLY £11

EUROPE (E.E.C. Countries) AIR MAIL ONLY £20

EUROPE (non EEE.C)) SURFACE MAIL £20, AIR MAIL £26

Note surface mail can take over 10 weeks to some parts of the
world. Each manual welighs about 4kg including the free supplement
when packed. k

All payrnenfs must be made in £'s Sterling payable to Wimborne
Publishing Ltd. We accept Mastercard (Access) and Visa credit cards.

------------J

--------------------------------------------i------J
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VIDEOS ON ELECTRONICS

A range of videos designed to provide instruction on electronics theory. Each video gives a sound introduction and ground-
ing in a specialised area of the subject. The tapes make leamning both easier and more enjoyable than pure textbook or
magazine study. They have proved particularly useful in schools, colleges, training departments and electronics clubs as
well as to general hobbyists and those following distance learning courses etc.

VT201 to VT206 is a basic electronics course and is designed to be
used as a complete series, if required.

VT201 54 minutes. Part One; D.C. Circuits. This video is an absolute must for
the beginner. Series circuits, parallel circuits, Ohms law, how to use the digital
multimeter and much more. Order Code VT201
VT202 62 minutes. Part Two; A.C. Circuits. This is your next step in under-
standing the basics of electronics. You will learn about how coils, transformers,
capacitors, etc are used in common circuits. Order Code VT202
VT203 57 minutes. Part Three; Semiconductors. Gives you an exciting look
into the world of semiconductors. With basic semiconductor theory. Plus 15
different semiconductor devices explained. Order Code VT203
VT204 56 minutes. Part Four; Power Supplies. Guides you step-by-step
through different sections of a power supply. Order Code VT204
VT205 57 minutes. Part Five; Amplifiers. Shows you how amplifiers work
as you have never seen them before. Class A, class B, class C, op.amps.
etc. Order Code VT205
VT206 54 minutes. Part Six; Oscillators. Oscillators are found in both linear
and digital circuits. Gives a good basic background in oscillator circuits.

Order Code VT206
By the time you have completed VT206 you have completed the basic elec-
tronics course and should have a good understanding of the operation of basic
circuit elements.

VCR MAINTENANCE
VT102 84 minutes: Introduction to VCR Repair. Warning, not for the
beginner. Through the use of block diagrams this video will take you
through the various circuits found in the NTSC VHS system. You will
follow the signal from the input to the audio/video heads then from the
heads back to the output. Order Code VT102
VT103 35 minutes: A step-by-step easy to follow procedure for profes-
sionally cleaning the tape path and replacing many of the belts in most
VHS VCR’s. The viewer will also become familiar with the various parts
found in the tape path. Order Code VT103

Each video uses a mixture of animated current flow in circuits plus
text, plus cartoon instruction etc., and a very full commentary to get
the points across. The tapes are imported by us and originate from
VCR Educational Products Co, an American supplier.
(All videos are to the UK PAL standard on VHS tapes)

Now for the digital series of six videos. This series is designed to
provide a good grounding in digital and computer technology.
VT301 54 minutes. Digital One; Gates begins with the basics as you learn
about seven of the most common gates which are used in almost every digital
circuit, plus Binary notation. Order Code VT301
VT302 55 minutes. Digital Two; Flip Flops will further enhance your
knowledge of digital basics. You will leam about Octal and Hexadecimal
notation groups, flip-flops, counters, etc. Order Code VT302
VT303 54 minutes. Digital Three; Registers and Displays is your next step in
obtaining a solid understanding of the basic circuits found in todays digital
designs. Gets into multiplexers, registers, display devices, etc.

Order Code VI303
VT304 59 minutes. Digital Four; DAC and ADC shows you how the computer
is able to communicate with the real world. You will leam about digital-to-
analogue and analogue-to-digital converter circuits. Order Code VT304
VT305 56 minutes. Digital Five; Memory Devices introduces you to the tech-
nology used in many of todays memory devices. You will learn all about ROM
devices and then proceed into PROM, EPROM, EEPROM, SRAM, DRAM, and
MBM devices. Order Code VI305
VT306 56 minutes. Digital Six; The CPU gives you a thorough understanding
in the basics of the central processing unit and the input/output circuits used to
make the system work. Order Code VT306

By now you should have a good understanding of computer technology and
what makes computers work. This series is also invaluable to the computer
technician to understand the basics and thus aid troubleshooting.

VT401 61 minutes, A.M. Radio Theory. The most complete video ever produced
on a.m. radio. Begins with the basics of a.m. transmission and proceeds to the five
major stages of a.m. reception. Learn how the signal is detected, converted and
reproduced. Also covers the Motorola C-QUAM a.m. stereo system.
Order Code VT401
VT402 58 minutes. FM. Radio Part 1. F.M. basics including the functional
blocks of a receiver. Plus r.f. amplifier, mixer oscillator, if amplifier, limiter and
£:m. decoder stages of a typical £m. receiver. Order Code VT402
VT403 58 minutes. F.M. Radio Part 2. A continuation of f.m. technology from Part .
Begins with the detector stage output, proceeds to the 19kHz arplifier, frequency
doubler, stereo demultiplexer and audio amplifier stages. Also covers RDS digital data
encoding and decoding. Order Code VT403
VT501 58 minutes. Fibre Optics. From the fundamentals of fibre optic technology
through cable manufacture to connectors, transmitters and receivers.
Order Code VT501

ORDERING: Add £1.50 p&p per order for UK orders. OVERSEAS ORDERS: Add £3 postage for countries in the
EEC. Overseas orders outside the EEC countries add £3 per tape airmail postage (or £6 per order surface mail postage).
All payments in £ sterling only (send cheque or money order drawn on a UK bank).

Visa and Mastercard orders accepted — please give card number, card expiry date and cardholder’s address if different from the delivery address.
Orders are normally sent within seven days but please allow a maximum of 28 days - longer for overseas orders.

Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset BH21 1RW (Mail Order Only)

veR EDUCATION

£29:95

each inc. VAT

Direct Book Service is a division of
Wimborne Publishing Ltd.,
Tel: 01202 881749. Fax: 01202 841692
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L Aﬂ‘&'}:"{“ms COMP A

B

=

[PROTOTRARGIS TOR!

NY

Coliecter

code scanning.

*hk NEW *kx

VT502 LASER TECHNOLOGY

The latest release from UCANDO is a 57 minute video on e
Laser Technology. The video is divided into five sections [B*
each looking at a different type of laser. Following a basic
introduction covering some of the common uses of laser
devices, the video proceeds to cover the operation of the
Ruby Rod laser, HeNe laser, CO; gas laser and semicon-
ductor laser devices. It also covers the basics of CD and bar
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Constructional Project

HEARING

TESTER

JOHN BECKER

Fina out how well your hearing
responds to freqguency and
volume, and gain a useful item
of workshop audio test gear.

RGUABLY, next to sight, hearing is

our second most valuable sense.

Consequently, even if no doubt
about its effectiveness exists, it can still be
reassuring to have its quality assessed
in terms of frequency and . amplitude
threshold response.

The Hearing Tester described here of-
fers a means of doing a non-medical check
of how well your ears behave. It has
been designed as a simple to use unit
from which quantitative frequency and
amplitude measurements can be taken
using an existing digital voltmeter (DVM).
.Results can be recorded and used as a
reference for future tests.

Tests can be made using any stereo
headphones, including those which were
cover-mounted (UK copies only) on last
month’s EPE. Loudspeakers, from four
ohms upwards can also be driven by the
unit. Each channel can deliver 500mA.

Additionally, the unit can be used as a
workshop Audio Signal Generator. It gen-
erates three waveforms, square, triangle,
and an approximation to a sine wave.
It is for use on a 9V d.c. power sup-
ply or battery. The frequency range is
about 128Hz to over 19kHz and output
amplitude is variable from nil to about 3V
peak-to-peak.

Although the unit produces good resulits,
it should not be considered as a precision

310

workshop instrument. Nor should it be
regarded as a definitive medical tool.

FREQUENCY

GENERATOR

The block diagram for the Hearing
Tester is shown in Fig. |. At the left of the
illustration, the first block is the Frequency
Generator module. Perhaps, more speci-
fically, it should be termed a Func-
tion Generator since it produces three

waveforms. The circuit diagram for this
block is shown in Fig. 2.

The first point to note is the reference
voltage circuit around op.amp IClc. Resis-
tors R1 and R2 halve the nominal 9V power
supply voltage and capacitor C1 smooths it.
IClc buffers and outputs it from pin 8§,
where C2 provides additional smoothing.
This 4-5V reference voltage is made use of
by all main circuit blocks except for the
frequency-to-voltage converter in Fig. 5.

The oscillator circuit itself is formed
around ICla and ICI1b. It is a conventional
dual op.amp configuration in which the
frequency is principally set by capacitor
C6 and the total feedback resistance
provided by resistor R9 and potentiometers
VRI1 and VR2.

Coarse frequency setting is done by
VR2, and VRI sets it more precisely.

/

AMP

o o]
~ ° STEREQ
FREQUENCY A, MODE OUTPUT
GENERATOR SELECT T
\ SELECT
RATE I AMPLITUDE y — " — _|
==
L 1C 3.2
FREQUENGY AMPLITUDE R
TO VOLTAGE TO VOLTAGE DIGITAL
CONVERTER CONVERTER VOLTMETER

Fig. 1. System block diagram for the Hearing Tester.

Note, though, that the effect of using VRI
will only be of significance when VR2 is
set for a low resistance, i.e. for higher
frequency use.

SQUARES
AND TRIANGLES

A triangle wave is output from 1Cla pin
1, and a square wave is output from IClb
pin 14. If an external frequency counter is
to be used, the square wave output is avail-
able to it via the optional socket SK4.

Square wave amplitude is the maximum
voltage swing that can be achieved at
ICIb’s output, about 7V peak-to-peak
(pk-pk) for a 9V power supply.
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On the other hand, the triangle wave
amplitude is determined by the hysteresis
factor set by resistors R7 and R10. With
the resistance values shown, the triangle
has a pk-pk swing of about 3V. The swing
can be reduced by increasing the value of
R10, or reducing the value of R7. It is
not advisable to try for a larger swing
since this may prevent the circuit from
oscillating.

THIRD WAVEFORM

Loosely described above as a sine wave,
the third waveform is in reality a flattening
of the triangle wave rather than a true sine.
This is the only waveform which is to be
used for hearing tests since the other two,
especially the square wave, could contain
harmonic frequencies which might cause a
false hearing response.

The triangle wave is fed through
capacitor C5 and resistor R11 to the
back-to-back diodes D1 and D2. The other
ends of the diodes are held at the
mid-range voltage level from IClc pin 8.

Due to their forward voltage drop, the
diodes attenuate the signal to approxi-
mately 1V pk-pk. The signal is then fed
via R3 to op.amp ICld. Here it is
amplified by about three times, according
to the ratio of R3 to RS, producing an
output swing at ICld pin 7 of roughly
3V pk-pk.

SIGNAL OUTPUT

All three waveforms are routed to
switch S2, which selects the one to be fed
via C4 to the Volume control VR3. The
square wave is fed via an additional
resistor, R12. This limits its maximum
swing available from VR3 to just over 3V

VR3w
(FIG2)

=P C13/R23/S6a
{FIG 4)
o
4
+ﬂl 3
r -0
S5a SK1

R21
100k

c10
2204

+£|l

R20
10Q

C12

c11
100n T 100n T

R22
100k

Fig. 3. Circuit diagram of the stereo power amplifier stage.

pk-pk. Effectively, all waveforms thus
have roughly the same practical maximum
amplitude.

From VR3, the signal is fed jointly to
the stereo power amplifier, whose circuit
diagram is shown in Fig. 3.

Both amplifier channels are identically
formed around the dual power op.amp
IC2a and IC2b. The signal is capacitively
coupled inwards by C7 and C8. As set by
resistors R13/R15 and R16/R18, the sig-
nals are merely buffered, i.e. given neither
gain nor attenuation.

A6
100k 22, w-_—

VR1 VR2
A9 10k M
4K7 LOG LiN
SK4
OPTIONAL
SEE TEXT
-’
Y
C19
(FIG 5)
% -

RS
W 535%

D1 D2 R4
IN4148 1N4148 100k
a s2
k A

R3
33k

IC1d L

TLO74
=1 by

+ GC7/C8
c4
o (FIG3)
=
220y = R
10k
LOG
oV
e

Fig. 2. Circuit diagram for the oscillator/frequency generator stage of the Hearing

Jester.
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The op.amp outputs are then coupled
via C9 and C10 to the switched network
formed by S3, S4 and S5. From there, the
selected signal(s) can be fed to stereo
headphones or loudspeakers.

Inclusion of the two Zobel networks,
consisting of RI19/Cl11 and R20/C12,
prevents high frequency instability from
occurring.

Four switched output options are avail-
able: left on, right on, both on, both off.
Switches S3 and S4 select channel signal
routing to SS. Resistors R21 and R22
reduce the possibility of signal clicks
being heard when S3 and S4 are switched
on. They are not totally effective in this,
and very tiny clicks can still be heard
when listening attentively.

Switch S5 is double-poled and serves as
a master output on/off switch. In its off
position, the headphones or speakers are
held grounded on all terminals, ensuring
that no signal breakthrough can be heard.

The 1272 op.amp specified can supply
S00mA from each channel. It does not
need a heatsink. Using the EPE cover-
mounted headphones from last month’s
issue (UK only), a random sample of
which was found to have a resistance of 52
ohms, the maximum output power from
the circuit in Fig. 3 is about 58mW pk-pk
per channel.

AMPLITUDE
DETECTOR

The circuit which detects the r.m.s.
amplitude of the signal output from the
amplifier is shown in Fig. 4.

Basically, it is a precision rectifier cir-
cuit, but, unlike some rectifiers, it does not
produce a smooth d.c. output. Rather, it
retains the original input a.c. waveform
whilst superimposing on it a d.c. level
relative to its amplitude.

The d.c. difference between the input
and output waveforms is then monitored
by a "floating’’ meter. The common meter
input (COM) is connected to the original
signal, which provides a reference level,
and the processed signal is fed to the other
meter input (+VE).
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VR4 w
(FIG.S)
SK3
OVM
[l

2 ¥
2 ---<2'~éy-iﬂé? ot
Séb +VE
R28
:%E 20k

I

Fig. 4. Circuit diagram for the r.m.s. amplitude detector/rectifier stage.

+9v O=

R31
4700

IC1b + 1
PIN 14 <—{
(FIG2)

IC4
LM2917N-8

R30
100k

2‘ 3
+l
c20 R32 ca1 VR4 |__>" Sa
2209T wou% n T 10k (FIG.4)

Fig. 5. Circuit diagram for frequency-to-voltage converter section.

Using the meter on a suitable d.c. range,
the resulting reading is the r.m.s. value of
the difference between the two signals.
Observing both waveforms on a dual-trace
oscilloscope will show the effect.

In the circuit of Fig. 4, the input signal
is taken from IC2a pin 1 (Fig. 3). This

signal is also routed to the meter common
connection via switch S6a. The signal is
processed by the network around IC3, with
diodes D3 and D4 performing full-wave
rectification. The resulting signal at the
junction of R28 and C18 is output to the
meter’s positive connection via S6b.

Both parts of S6 are shown in the
amplitude monitoring position. Their other
position is used for connecting the meter
to the frequency-to-voltage converter in
Fig. 5. For that circuit, the output to the
meter is referenced to the OV line.

Although a TLO71 op.amp is specified
for IC3, chosen for its extended frequency
range, in practice a 741 has also been
found satisfactory for the unit’s role as a
hearing tester. The 741 has a lower fre-
quency range than the TLO71, but its out-
put is linear enough up to at least 16kHz,
beyond which frequency most human ears
cannot hear.

The circuit is not suitable for use with a
normal analogue meter due to the latter’s
low input impedance which will adversely
affect the reading.

FREQUENCY
MONITORING

A commonly encountered tachometer
circuit is used to convert the signal
frequency to an equivalent d.c. voltage. Its
diagram is shown in Fig. 5.

Via capacitor C19 and resistor R29, the
square wave signal from IC1b pin 14 in
Fig. 2 is input to IC4 pin 1. Capacitor
C20 differentiates the input pulses, 'short-
ening their length by an amount rela-
tive to the capacitance value - smaller
capacitance, shorter pulses. These pulses
are fed to capacitor C21, which charges
up by an amount relative to the their
duration. Between pulses, C21 is dis-
charged at a rate determined by resistor
R32.

After a bit of further internal processing,
the level of the voltage on C21 is output
from IC4 pin 4 to the load potentiometer
VR4. The latter is used to set the actual
voltage sent to the meter via switch S6,
enabling trimming of the meter reading to
match the frequency. An alternative trim-
ming method would have been to make
R32 a variable resistor.
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REARING
TESTER

BOARD
CONSTRUCTION

COMPONENTS

Rgsi%torFs‘ . %ee
1, R2, R4 to R8, )
R13 to R18, R21, SHOP
R22, R24, R29, TALK
R30, R32 100k  page
(19 off)
R3 33k
R9, R23 4k7 (2 off)
R10 220k
R11, R12, R26,
R27 10k (4 off)
R19, R20 100 (2 off)
R25 2M
R28 20k
R31 470Q
All 0-26W 5% carbon film or better
Capacitors
C1,C1s,
C17, C21 1y radial elect. 16V (4 off)
C2, C4, C5,
C7, C8,
C18, C19 22 radial elect. 16V
(7 off)
C3, C9,
C10 220, radial elect. 16V
(3 off)
Cé 4n7 polystyrene
C11, C12,

C14 100n polyester (3 off)
C13,C20 220p polystyrene (2 off)
C15 4,7 radial elect. 16V

Potentiometers
VR1, VR3 10k rotary carbon, log.

(2 off)
VR2 1M rotary carbon, lin.
VR4 10k min. round carbon,
preset

Semiconductors
D1to D4 1N4148 signal diode

(4 off) Flg. 6. Printed circuit board topside component layout and underside full size
IC1: TLO74 quad f.e.t. op.amp copper foil master pattem for the Hearing Tester. The completed protolype
IC2 L272 dual power op.amp p.c.b. is shown below.
IC3 TLO71 f.e.t. op.amp
IC4 LM2917N-8 tachometer

Miscellaneous
S1, 83, S4 s.p.d.t. min. toggle switch
(3 off

S2 single-pole 3-way rotary
switch (or 4p 3w)
S5, S6 d.p.d.t. min. toggle switch

gQ off)

SKi1 3:5mm stereo jack socket
SK2, SK3 socket to suit DVM (2 off)
SK4 socket to suit external

frequency counter
{optional — see text)
Printed circuit board, available from
the EPE PCB Service, code 985; 8-pin

d.i.l. socket (3 off); 14-pin d.il. socket;

knob (4 off); plastic case, size 180mm x

120mm x 40mm, with separate front and

rear panels; stereo headphones (see
text); self-adhesive p.c.b. support (4 off);
9V battery and clip or holder; cable ties;

imm terminal pins; connecting wire;

solder, etc.

Approx cost £ 2 9
guidance only

excluding case
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Resistor R31 feeds the power supply to
an internal Zener diode reference voltage
generator.

CONSTRUCTION

The Hearing Tester is built on a single
printed circuit board (p.c.b.), full details of
which are shown in Fig. 6. The board is
available from the EPE PCB Service code
985.

Start off p.c.b. assembly by inserting the
four on-board wire links, one of which
goes under IC4. Other components may be
inserted and soldered in any order you feel
content with, probably in order of size,
taking note of polarities where marked.
Finally, insert Imm terminal pins for the
wires to the off-board components.

The unit is housed in a plastic case of
the type which has separate aluminium
front and rear panels. Drill them out ac-
cording to the measured positions shown
in Fig. 7.

If the unit is not to be used with an
external frequency counter, socket SK4
can be omitted.

Wire up the p.c.b. to the panel mounted
components, as also shown in Fig. 7. Note
that capacitor C4 is mounted on switch S2,
using the latter’s pin 6 as an anchor point
for the negative connection.

Be neat with the interconnecting wires,
using cable ties to keep them tidy. The use
of screened cable is not required.

CHECKING OUT

Using a close-up magnifying glass,
check all the soldered joints and make sure
there are no solder shorts between i.c. pins.
Double-check component positioning and
polarity.

Plug in the headphones and connect up
the power, either from a 9V battery, or a
9V power supply. Set rotary switch S2 to
the third position, for square wave, and
turn down volume control VR3 to mini-
mum (to protect your ears at switch on!).
Switch on all toggle switches.

Check that approximately 4-5V is avail-
able at IC1 pin 8. Play around with the
settings of all three panel pots, varying the
signal amplitude and frequency. Tum
switch 83 through all three positions,
checking that a different quality of sound
is available at each position, bright for
square wave, less bright for triangle, and
mellow for sine.

Confirm that switches S3, S4 and S5
behave as expected.

METER CHECKING

Set a DVM to a d.c. voltage range of
about 2V maximum and connect its leads
appropriately into SK2 and SK3. Switch
S6 to the Amplitude setting. Turning up
VR3 from minimum to maximum, the
meter reading should change from about
OV to 1-4V. This shows the r.m.s. value of
the signal being output to socket SKI1.
There may be a very slight voltage
difference between the low and high
frequencies for the same setting of VR3.

Switch S6 to the Frequency setting, leav-
ing the meter still connected. If a frequency
counter is available, connect it to SK4. Tumn
VRI and VR2 to maximum, for the highest
frequency. Note the frequency counter read-
ing, say 19410Hz. Observe the meter and
adjust preset VR4 until it shows an equiv-
alent reading, i.e. 1:941V.
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Fig.7. Drilling and wiring details for the Hearing Tester front and rear panels.

Set VR1 and VR2 for minimum fre-
quency and compare the frequency counter
and meter readings. To within a few
Hertz/mV, they should be similar, al-
though probably not identical. On the
prototype, 128Hz produced a meter read-
ing of 16-5SmV (which, strictly speaking,
should represent 165Hz). Since the hearing
tests are mainly concerned with the ability
to hear mid to high frequency signals, the
bottom end of the frequency scale is less
important,

If an external frequency counter is
not available, it should be assumed that
the maximum rotation of VR4 produces
a voltage output which, for all practi-
cal purposes, adequately represents the
frequency.

IN USE

To actually check out hearing ability,
each ear should be tested separately, as-
certaining at what amplitude a given fre-
quency is just heard.

Originally, it had been expected that
this would best be carried out switching

the master output switch, S5, on and off.
Tests showed, though, that fractionally
varying the volume level up and down
established a better hearing threshold
result. Indeed, S5 could be omitted if
preferred.

Hearing tests must be carried out in a
silent room. Although it may be tempting
to have a computer turned on in order
to key-in the various readings taken,
mechanical noise from the computer will
prevent hearing thresholds from being
reliably monitored. (Does no-one make a
PC that’s silent? They all seem to generate
disk drive rotation noise.)

For reasons unknown, it was found
that using an external frequency counter
plugged in while doing hearing tests
caused harmonic interference at upper
frequency levels. This could be heard on
the headphones, only at a very low level
though, but one which was sufficient to
disrupt the tests for minimum audible
signal amplitude. Consequently, only the
DVM should be used during these tests —
unplug an external counter.

Screen graph plots showing: (1) plot of r.m.s. readings and (2) headphone charac-
teristic test plot using a cheap crystal microphone. Graphs (3) and (4) show the
des/gner’s lest resulls.
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Have a large sheet of paper handy on
which to jot down meter readings.

HEAR, HEAR

Put on the headphones, making sure that
they fit comfortably in the best position.
Switch off one channel and set both fre-
quency and output volume to maximum. Set
switch S2 to Sine wave. It is highly unlikely
that anything will be heard.

Slowly, using Fine control VRI, reduce
the frequency until it is just audible. Frac-
tionally turn VR1 back and forth until the
exact point at which the tone is heard is
found. With S6 set to Frequency, note the
meter reading.

Gradually reduce the volume until the
tone is no longer heard. Minutely adjust the
volume up and down until the threshold
point is firmly established. Switch S6 to
Amplitude and note the meter reading.

Patience is now required for the rest of
the tests! The author opted to check the
amplitude thresholds in the same above
fashion at approximately 100Hz intervals -
time consuming! At each frequency, it and
its amplitude were noted down.

Having done this for one ear, do it for the
other. Tum the headphones round so that
the same earpiece is being used (in case of
imbalance between the earpieces).

Do the same tests again, from high to
low frequency, noting the meter readings. If
patience still exists, both sets of tests can be
done again using the other earpiece, remem-
bering to switch over channels with S3 and
S4.

GRAPHICS

From the noted figures, graphs can be
drawn showing clearly how each ear has
responded. The author entered the figures
into a text file via a word processor. A
QuickBasic routine was then written which
automatically screen-plotted graphs from
the file data. The results are shown in
the screen photo. Amplitude values are
plotted logarithmically, frequency values
are plotted linearly.

Graphs three and four show the ear
test results. Before commenting on them,
though, an explanation of the other two
graphs:

Since the Hearing Tester was intended to
be used with last month’s (UK copies only)
EPE cover-mounted headphones, it seemed
prudent to check their linearity in case some
form of frequency/amplitude compensation
needed to be added to the circuit. (It had
been confirmed previously that the Hear-
ing Tester’s overall response would be
predominantly linear.)

RESPONSE TESTS

A pair of headphones was plugged into
the unit and placed alongside a very good
quality ribbon microphone. The mic was
then plugged into the preamp of a Revox
(very high quality) tape recorder, whose
characteristics can be set for a flat response
across a frequency range which spans well
to either side of the Hearing Tester’s.

Setting the preamp for an arbitrary gain
factor, an oscilloscope and DVM were con-
nected to the Revox’s headphone output. At
100Hz intervals from 128Hz to 10kHz, the
Hearing Tester frequency was altered and
the scope and meter readings noted. Read-
ings were then taken at 1kHz intervals.
The scope readings were taken as pk-pk

voltages, whereas the meter readings were
taken as r.m.s. voltages.

Graph line one in the photo shows a plot
of the r.m.s. readings. On the assumption
the mic and the Revox responses are linear
across the frequency range monitored, the
graph shows some interesting facts.

The first is that, despite their small size,
the headphones show an increase in output
level at the low end of the frequency scale.
A decrease had been expected.

Secondly, following an initial reduction
which roughly levels off from 700Hz to
3kHz, the output peaks in amplitude at
around 3-8kHz. It then falls again until
SkHz, after which it remains fairly consis-
tent until 10kHz, falling a bit to 12kHz.
Now it stays remarkably flat right beyond
19kHz (the screen display is notated to
18kHz).

The same test was done for three other
sets of the headphones. Although their
responses are not shown on the graph, the
results were very similar for each of them, a
difference of only a couple of hundred
Hertz being noticed for where the middle
peak occurred. This was true for both left
and right earpieces when tested separately.

It is assumed that the middle peaking has
been intentionally designed into the head-
phones to suit the characteristics of music
played through typical audio units.

Also of interest was the fact that across
the frequency range, the scope waveform
remained quite-well shaped.

Graph two was created purely for
curiosity’s sake, to test and plot the
headphone characteristics by using a cheap
crystal microphone. The amplitude results
were markedly different.

Furthermore, the waveform shape gen-
erated by the mic in response to a sine
wave audio signal from the headphones was
horrendous! Full of distortions, peaks and
troughs, not to mention harmonics. Ob-
viously a cheap mic is totally unsuitable for
testing headphone response.

HEARING GRAPHS

Returning to the hearing graphs, the
amplitude balance between the two ears is
shown to be pretty even across the entire
frequency range. Minor differences are
probably due more to experimental error
than actual dissimilarities.

What is interesting, though, is that the
amplitude threshold is at a very low
level for frequencies from 128Hz to about
10kHz, typically between 0-4mV r.m.s. and
0-8mV r.m.s. (the Volume control was close
to its minimum setting). The amplitude
required then increases dramatically from
10kHz to 11kHz, at which the level is about
105mV r.m.s.

At the top end of the scale, an imbalance
between the maximum frequency heard by
each ear becomes apparent. The right ear is

capable of hearing up to a maximum fre-
quency of 12-6kHz, whereas the left ear can
hear up to 13-6kHz. The amplitude at this
point is about 1V r.m.s.

DEFECTIVE HEARING

There could be many reasons for which
other people’s hearing tests might result in
graphs that are significantly different from
each other. Age is one factor; the ability to
hear high frequencies and low amplitudes
decreases as the body gets older. A ‘‘nor-
mal’’ youthful ear can probably hear fre-
quencies between about 16Hz and 16kHz at
reasonably low amplitude levels.

A point not to be overlooked is that
measured responses may also differ be-
tween individuals whose ears are equally
perfect. The fact is that some people are
able to concentrate harder than others when
listening for a sound.

Acoustic musicians, sound engineers,
film technicians and other audio profes-
sionals are more likely to be able to pick
out tones at lower levels than those who
are untrained. They can focus on them.
Beware, though, that short bursts of low
level tones can be imagined when con-
centrating hard!

However, an easily corrected situation
might exist which prevents satisfactory
hearing, both of amplitude and frequency. A
natural body process is to produce wax in
the ears. Despite normal hygiene, this can
build up, causing a partial blockage which
impedes sound trying to reach the eardrum.
The effect can be like having cotton wool in
the ears.

This situation can be cured by having the
ears syringed, a simple matter which can be
carried out by a doctor or surgery nurse.
Warm water is gently flushed into the exter-
nal ear passages, either with a broad-bore
syringe, or via a tube attached to a tiny
pulsed pump. It’s actually quite a pleasant
experience, and it can dramatically improve
hearing. Do NOT try doing it for yourself —
serious ear damage could be caused.

It may also be found that hearing ability
is reduced during a cold, and for two or
three weeks after it. Internal ear passages
can become blocked as a result of a cold,
dampening the response of the various ear
mechanics. Hearing tests made during and
after a cold could show interesting response
changes.

A more serious hearing disorder might be
found in those who are regularly sub-
jected to high levels of sound. Prolonged
periods of exposure can result in deaf-
ness. Amplified musicians and disco-goers
beware!

Finally, whilst it is stressed that the Hear-
ing Tester should not be regarded as a medi-
cal tool, if it gives you arry doubt about the
effectiveness of your hearing, seek profes-
sional medical advice. C

Wiring to front panel controls and output socket.
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Special Feature -

CHROMO-
FLORISTICS

Z0LA MeMALCOLM ——

Using only a few PC-controlled
l.e.d.s, plant colourings can be
modified to order.

WITH Spring sprung, and Winter now
nearly an ice-age behind, gardener’s
thoughts are well turned to the newly
softened soil and the greenness thrusting
its inquisitive feelers into the milder air.
Life, never truly dormant even in the
depths of snow and ice, is bursting forth
once more, every bud hastening upwards
and outwards in the race to bloom and
catch the attention of winged insects,
unwitting pollen-covered transient mes-
sengers, bearing the cyphers whose key is
the catalyst that sparks the creation of this
year’s seeds, from which will germinate
another generation in another year, an
unending cycle, new each similar season,
but ancient in the unrelenting urge for the
species and its genes to survive.

Few of us can resist the temptation to
play our part in shaping the survival path
of domestic plant species, caring and
attending them within our own small plot
of earth, keenly helping Garden Centre
sales bloom as greatly as the myriad
varieties of flowers and trees and shrubs
we eagerly select and transport home,
saloons and hatchbacks, estates and vans
laden to the roof, a modern Woods
of Birnham or Dunsinane on the move
again to conquer barrenness around the
flowerbed-moted castles we call Home.

BIO-BOTANICS

Yet, as you probably know well, it is
not just those tending their gardens who
are intent on helping Nature perpetuate
the different species and sub-species of
plants loved for their colours, shapes and
perfumes, or flavours on the plate! Be-
hind the horticultural scenes are botanists,
chemists and other agricultural $pecialists
who are dedicated to selecting, cross-pol-
linating, micro-propagating and generally
manipulating hybrid plant varieties which,
perhaps conceitedly, we regard as supe-
rior to those that evolution has for itself
created.

As chief experimental botanist
for an Electro-Horticultural Research
Laboratory, my job for many years has
involved research into plant genetic
engineering, some aspects of it relating to
the enhancement of plant varieties whose
blooms are grown to satisfy the public’s
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pleasure from visual displays. It may
surprise some of you, but it is an activity
which, in some respects, can heavily
involve electronic technology, varying
from the simplest of soil moisture sensing
irrigation systems, to those which probe
deeply into the very nature of the plant’s
DNA genetic code of life.

Indeed, only a few years back, our main
laboratory in Kent pioneered the genetic
enhancement of the variety now known af-
fectionately as Digitalis Electronicus, the
common version of which is better known
as the Foxglove (Digitalis Vulgaris). This
pioneering work resulted in a plant variety
whose leaf-cell chemistry was modified to
increase the rate at which it could change
hue in response to focussed laser beams,
an attribute which is destined to become
an essential part of electro-biological data
storage for the fourth generation of intel-
ligent computers being developed for the
21st Century.

CHROMATIC
IRRADIATION

An off-shoot of our experimental work
has resulted in the discovery of a side-
effect which at present still has a de-
gree of novelty about it, but which is
beginning to create an interest amongst

Photo.: A make-shift rigid wire frame
makes an ideal support for the
le.ds, readily allowing them to be
angled into position.

other horticultural researchers, particularly
those in the floral belt around Spalding in
Lincolnshire, St Floristiane in Jersey, and
Bloemingem in Holland. In experiments
with plants other than Digiralis, certain
earlier blooming types were found to ex-
hibit chromatic changes in response to
irradiation by particular wavelengths of
light.

It will not have gone unnoticed that in
temperate climates, such as those in
Britain, wild flowers at the end of Winter
are likely to be white, such as the
snowdrop, those in the early Spring are
predominantly yellow, like the daffodil.
then as the next few months progress, the
dominant colours progress through blues
and purples (bluebells and violets),
pinks and reds (apple blossoms and
poppies), greens (spurges) and whites
again (bindweeds).

Whilst it is obvious that there are many
exceptions and that not all flowers follow a
colour progression pattern with respect to
the time of year, and although it is
clear that some colours are in response
to soil conditions — acid soils can in-
duce redness, alkaline soils can promote
blue hues — there is sufficient correlation
between petal colour and the chang-
ing light wavelength conditions which
prevail as Spring progresses on to become
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Fig. 1. Simple PC interface circuit for controlling l.e.d.s.
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Summer, to support the idea that exposing
plants to artificial light of specific colours
might engender a synchromatic pigmenta-
tion response from some of them.

Traditional gardeners may feel reluctant
to accept the possibility that light other
than white might influence colour changes
in plants which are traditionally believed
to have their colour determined by genetic
factors, arguing instead that light only
encourages the plant to grow towards
it in order to benefit from its radiant
energy. Sceptics should recall, though, that
chlorophyll, which is the active chemical
substance responsible for a plant’s ability
to photosynthesise, is green and that it
ceases to be produced in the redder shades
of Autumnal light; remember the truth in
the song line, ‘‘When the green leaves of
Summer turn to the reds, browns and golds
of Autumn, to lie in the gutter, dead’’?

SUSCEPTIBILITY

It has been experimentally borne out in
laboratory tests, in which quite simple
electronic systems were used to control the
wavelength of light projected onto young
seedlings, that it is possible to change the
expected colour of flowers, and that some
plants are more susceptible to change
than others, notably the primula family
in general, and the Primula Harlequina
Apriliosii (April Harlequin) in particular.

Possibly proving an exception to the
above hypothesis, primulas are frequently
variegated in their colourings, not uncom-
monly having different colours produced
by the same plant, but despite this (or
perchance even because of it — their
chroma genes being less rigid in their
dominant attributes), they are very respon-
sive to illuminated influence of their
flower colours.

Perhaps not surprising, therefore, is the
discovery that, during periods when normal
illumination is suppressed, i.e. natural
night-time hours, very low levels of
coloured light can be influential on primulas
and that even the humble l.e.d. can be used
in the early stages of their growth, changing
their colour towards that of the illuminating
le.d. By positioning different coloured
l.e.d.s around a flower bud, as the bud opens
it can be found that individual petals have
been re-coloured accordingly.

However, an additional factor also plays
an important part in the process. It requires
the duration of the exposure to be con-
trolled by varying the mark-space ratios of
the illumination on/off periods, and this
ratio must itself be changed during growth.
Obviously it is easy for a computer to
generate the necessary waveform ratios for
controlling a group of differently coloured
l.e.d.s in close proximity to a plant. In our
other laboratory at WPL Bio-Research Ltd
in Dorset, we have set up over 1500 banks
of multiplexed l.e.d. driver circuits which
are controlled from the computer’s expan-
sion socket and powered from a high cur-
rent d.c. power supply.

SIMPLE
DEMONSTRATION

As proved in our early trials, though, it
is possible to demonstrate the effectiveness
of the basic technique using a simpler
system. All that is required is a PC-com-
patible computer capable of running one of

Listing 1. Software example.

160 FOR X=1 TO DELAY:NEXT

220 K§=k$+"0 "
230 NEXT:LOCATE 3,20:PRINT H;"

260 COLOR §,1:60T0 150

10 REW PLANT CHROMINANCE CONTROL PROGRAM - ZOLA McNALCOLN

15 REN THIS PROGRAM WILL RUN ON QBASIC OR GWBASIC

20 DATA UIF!TDSFFO!JT!OPX!TIPXJOH!UIF!DPEFT!BOEUIFISIBTDIJ tFRVINBNEO

30 DATA UT]XIJDI'BSE'CFJOH!PVUQVUtUP'UTFtQBSBMMEN QS JOUFS QPSU/ 1 G 2P

40 DATA V]IBWF'UIF!DJSDVIU!PG'GJH/POF tDPOOFDUFEUP K /F/E/TTUTFL!XINN!

50 DATA CF]GWBTIJOH!BDDPSEJOHMZ/!JUYXINNICFITFFOYUPICF 181 XPSLIOR! DISD

60 DATA VJU/)PUIFSXJTF!.'EFBStFQR!SFBEFS!. ! [PMB! [BT!USFBUFE! ZPVIUP!B!

70 DATA CJU!PG!BO |FMBCPSBUF!KPLF!UP! DPNNFNPSBUF 1BQSIN!GISTU/ I TIFEFYQE

80 DATA DUT!UIBU'ZPV]XJNNITEF!UIF!GVO0Z! TJEF!BOEITFORT!UIF1BQQSPQSIBU

90 DATA F'HSFFUJOH!.]}]HPUDIB"])IPX!TVQFSDISPNBGHPSBNITUJDQSINPBQSINPDIPYT®
100 CLS:SCREEN 9:COLOR 15,1:FOR A=1 T0 8:READ A$(A):NEXT:5=15:00UT &H378,0
110 DELAY=1:REK THIS IS TEST RUN VALUE. FOR PLANT CONTROL SET DELA¥=11371
140 PRINT*PRESS ANY KEY TO TERNINATE EXPER IMENT"

150 LOCATE §,1:J25:K=1:G=0:FOR A=] TO 9:A$=A$(A):FOR C=1 TO LEN(A$)

170 IF INKEY$<>"™ THEN COLOR 15,1:LOCATE 18,1:0UT &H378,0:5T0P
180 B§=NID$(A$,C,1):J$=BS+CHRS (ASC(DATES+TINES) ) :K§=Bg+" "
190 H=ASC(J$)#(2 VAL(J$})-1:1F H=92 THEN J=J+#1:K=1:G0TO 250
200 D=H:POR T=) TO 0 STEP-1:2:2°T:W=D/1

210 1F W>=z] THEN D=D-Z:K$=K$+"1 *:60TO 230

H,K’_N
240 LOCATE J,K:PRINT CHR$(H)::K=K+1:00T &H378,8
250 NEXT:NEXT:PRINT:S=(S+1) AND 15:IF §=0 THEN =1

" CHRS(H)

the Basic programming dialects through
which it can access the parallel printer port
that has an electronic buffer connected to
it, allowing a few l.e.d.s to be turned
on and off with sufficient current flow-
ing through them to make their brilliance
meaningful (the computer port has insuffi-
cient power available to satisfactorily turn
on l.e.d.s directly), as shown in the draw-
ing of Fig.1.

The circuit consists of a buffering in-
tegrated circuit type 74HC4050 (IC1) con-
nected to the computer’s parallel printer
port, with the i.c.’s six outputs coupled to
variously coloured l.e.d.s, D1 to D6, via
current-limiting resistors R7 to R12. The
six inputs of IC1 control the l.e.d.s accord-
ing to codes supplied by the computer, and
they are buffered by resistors R1 to R6 in
order to avoid loading conflict when the
computer is turned on but ICI is not.

Naturally, the l.e.d.s must have their
colours arranged as shown to correspond
to the controlling mark-space ratio pulses
output according to the computer program.
The infra-red l.e.d.’s purpose is to create a
very dark red petal colour. This simple
circuit can easily be put together on a
small piece of stripboard, connecting the
leds to it via wires which are long
enough for them to be positioned around
plants, as shown in the heading photo-
graph. It must only be powered from a 5V
or 6V power supply (a 6V battery is
suitable).

SOFTWARE

An example of a Basic program writ-
ten to suit normal primulas (the hybrid
laboratory variety is not publicly available)
is shown in Listing 1. All you need to do is
plug the buffer circuit board into the com-
puter parallel port socket (via wires con-
nected to suitable plug of course — 25-way
D-type male connector), place the le.d.s
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close to the selected flower buds and run
the program. The screen will start to dis-
play the codes being output to the l.e.d.s in
a readily understandable format.

Colour influencing by the l.e.d.s is most
beneficial at night when the plants are
in a quasi-dormant state; daylight should
still be allowed to reach the plants to let
normal growth take place. The program
should be kept running for as long as you
feel it is beneficial, at the longest it will
not be needed beyond the day when the
flowers have opened fully. It is a program
and circuit which can obviously be easily
changed to control le.d.s for situations
other than flower colour modification, in
which case, of course, other data codes can
be substituted for those shown, and the
program simplified.

GARDENERS’ CHOICE

Naturally, it cannot be guaranteed that
all primulas will respond with a colour
change that is readily discernible to the eye
(although a spectrometer would probably
confirm the hue factor), since primula
qualities may differ between garden cen-
tres; choose those from a good garden
centre which are in very early bud, making
a note of their expected colours and
keeping them adequately watered, then the
chances are that you will be delighted with
the results you’ve achieved.

Although it is likely that all PC-com-
patible computers will be able to satis-
factorily run the Basic program, you are
strongly advised to type in .the program and
run it before spending any money on com-
ponents, just in case the computer comes
up with unexpected display results, which
should tell you whether or not it is worth
building the experiment. There is no reason,
though, why you shouldn’t buy the primulas
now, they are colourful in any event and
should bring you a lot of pleasure. |
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£1 BARGAIN PACKS
= List 5

1f you would like to receive the other four £1
lists and a lot of other lists, request these
when you order or send SAE.

TEST PRODS FOR MULTIMETERS with 4mm sockets.
Good length very flexible lead, Ref: D86.

8 OHM PM SPEAKERS, size 8" x 4", pack of two. These
may be lightly rusty and that is why they are so cheap but
are electrically OK, Ref. D102.

PAXOLIN PANELS, size 6" x 6", approximately ¥1” thick,
pack of two, Retf: D103.

13A SOCKET, virtually unbreakable, ideal for trailing lead,
Ref:. D9S5.

PIEZO BUZZER with electronic sounder circuit, 3V to 9V
D.C. operated, Ref: D76.

DITTO but without internal electronics, pack of two, Ref:
D75.

LUMINOUS ROCKER SWITCH, approximately 30mm sq,
pack of two, Ref: D64.

ROTARY SWITCH, 9-pole 6-way, small size and 4"
spindle, pack of two, Ref: D54.

FERRITE RODS, 7" with coils for Long and Medium waves,
pack of two, Ref: D52.

DITTO but without the coils, pack of three, Ref: D52.

SLIDE SWITCHES, SPDT, pack of 20, Ref: D50.

MAINS DP ROTARY SWITCH with V4" control spindle, pack
of five, Ref: D49.

ELECTROLYTIC CAP, 800uF at 6-4V, pack of 20, Ref. D48.
ELECTROLYTIC CAP, 1000pF + 1000uF 12V, pack of 10.
Ref: D47.

MINI RELAY with 5V coil, size only 26mm x 19mm x 1mm,
has two sets of changeover contacts, Ref: D42.

MAINS SUPPRESSOR CAPS 0-1uF 250V A.C., pack of 10,
Ref: 1050.

TELESCOP{C AERIAL, chrome plated, extendable and
folds over for improved F.M. reception, Ref: 1051.

MES LAMP HOLDERS, slide on to " tag, pack of 10, Ref:

PAXOLIN TUBING, 4" internal diameter, pack of two, 127
lengths, Ref: 1056.

ULTRA THIN DRILLS, 0-4mm, pack of 10, Ref: 1042,

20A TOGGLE SWITCHES, centre off, part spring controlied,
will stay on when pushed up but will spring back when
pushed down, pack of two, Ref: 1043.

HALL EFFECT DEVICES, mounted on small heatsink, pack
of two, Ref: 1022,

12V POLARISED RELAY, two changeover contacts, Ref: 1032.
PAXOLIN PANEL, 12" x 12" ¥1&” thick, Ref: 1033,

MINI POTTED TRANSFORMER, only 1-5VA 15V-0V-15V or
30V, Ref: 964.

ELECTROLYTIC CAP, 32uF at 350V and 50uF section at
25V, in aluminium can for upright mounting, pack of two,
Ref: 995.

PRE-SET POTS, one megohm, pack of five, Ref: 998.
WHITE PROJECT BOX with rocker switch in top left-hand
side, size 78mm x 115mm x 35mm, unprinted, Ref: 1006.
6V SOLENOID, good strong pull but quite small, pack of
two, Ref: 1012.

FIGURE-8 MAINS FLEX, also makes good speaker lead,
15m, Ref: 1014,

HIGH CURRENT RELAY, 24V A.C. or 12V D.C., three
changeover contacts, Ref: 1016.

LOUDSPEAKER, 8 Ohm 5W, 3-7" round, Ref: 962.

NEON PILOT LIGHTS, oblong for front panel mounting,
with internal resistor for normal mains operation, pack of
four, Ref: 970.

3-5MM JACK PLUGS, pack of 10, Ref: 975.

WANDER PLUGS, pack of 10, Ref: 986.

PSU, mains operated, two outputs, one 9-5V at 550mA and
the other 15V at 150mA, Ref: 988.

ANOTHER PSU, mains operated, output 15V A.C. at
320mA, Ref. 989.

PHOTOCELLS, silicon chip type, pack of four, Ref: 939.
LOUDSPEAKER, 5" 4 Ohm 5W rating, Ref: 946.

230V ROD ELEMENTS, 500W terminai-ended, 10" long,
pack of two, Ref: 943.

LOUDSPEAKER, 7" x 5" 4 Ohm 5W, Ref: 943,
LOUDSPEAKER, 4" circular 6 Ohm 3W, pack of 2, Ref. 951.
FERRITE POT CORES, 30mm x 15mm x 25mm, matching
pair, Ref: 901.

PAXOLIN PANEL, 82" x 32" with electrolytics 250uF and
100pF, Ref: 305.

CAR SOCKET PLUG with P.C.B. compartment, Ref. 917.
FOUR-CORE FLEX suitable for telephone extensions, 10m,
Ref: 918.

VERO OFF-CUTS, approximately 30 square inches of use-
ful sizes, Ref: 927.

PROJECT CASE, 95mm x 66mm x 23mm wlth removable
lid, held by four screws, pack of two, Ref: 876.

SOLENOIDS, 12V to 24V, will push or pull, pack of two, Ref:
877.

2M MAINS LEAD, 3core with instrument plug moulded on,
Ref: 879,

TELESCOPIC AERIAL, chrome plated, extendable, pack of
two, Ref. 884.

MICROPHONE, dynamic with normal body for hand hold-
ing, Ref: 885,

CROCODILE CLIPS, superior quality flex, can be attached
without soldering, five each red and black, Ref: 886.
BATTERY CONNECTOR FOR PP3, superior quality, pack of
four, Ref: 887.

LIGHTWEIGHT STEREO HEADPHONES, Ref: 898.
PRESETS, 470 Ohm and 220 kilohm, mounted on single
panel, pack of 10, Ref: 849.

THERMOSTAT for ovens with ¥4" spindle to take controt
knob, Ref: 857.

12V-0V-12V 10W MAINS TRANSFORMER,Ref: 811.
18V-0V-18V 10W MAINS TRANSFORMER, Ref 813.
AIR-SPACED TRIMMER CAPS, 2pF to 20pF, pack of two,
Ref. 818.

AMPLIFIER, 8V or 12V operated Mullard 1153, Ref: 823.

2 CIRCUIT MICROSWITCHES, licon, pack of 4, Ref; 825.
LARGE SIZE MICROSWITCHES (20mm x 6mm x 10mm}
changeover contacts, pack of two, Ref; 826.

MAINS VOLTAGE PUSHSWITCH with white dolly, through
panel mounting by hexagonal nut, Ref: 829,

POINTER KNOB for spindle which is just under V4", like
most thermostats, pack of four, Ref: 833.

MAINTENANCE FREE BATTERIES
The YUASA batteries are sealed lead-acid
types and they can be used in any position and
are virtually maintenance free. We have two
popular ones in stock at bargain prices, the
12V 15AH will cost you only £10, Order Ref.
10P140. This battery would also stand in as a
car battery in an emergency.

The other one we have is much smaller, it
is a 12V 2:3AH, regular price £14, yours for
£5, Order Ref. 5P258. These batteries are in
tip top condition, virtually unused and fully
guaranteed.

DRY BATTERIES All high wattage, heavy duty
type. Four popular types in stock:-

172V HP7, sometimes known as the penlight
battery, four for 60p, Order Ref: GT10.

172v HP2, sometimes known as the big torch
battery, two for 60p, Order Ref: GT11.

172V HP11, also a popular torch battery, two
for 50p, Order Ref: GT12.

9V, ever popular PP3, 2 for £1,0rder Ref:GT13.
35mm PANORAMIC CAMERA. Has super wide
lens, ideal for holiday viewing, is focus free
and has an extra bright and clear view finder.
Brand new and guaranteed, Individually
boxed, £6.50, Order Ref: 6.5P2.

0V-20V D.C. PANEL METER. This is a nice size,
65mm sq. it is ideal if you are making a voltage
variable instrument or battery charger. Price
£3, Order Ref: 3P188.

FLASHING BEACON. Ideal for putting on a van,
a tractor or any vehicle that should always be
seen. Uses a XENON tube and has an amber
coloured dome. Separate fixing base is in-
cluded so unit can be put away if desirable.
Price £7.50, Order Ref.7.5P13.

BIG BUYER
‘Please note if you order 10 of an item you
may deduct 10%. If you order 25, then
deduct 25% but add VAT. If you need 100
or more, you can ysually deduct 40% but

please ring to confirm.

12V 2A TRANSFORMER, £2, Order Ref: 2P337.
12v-0V-12V.  TRANSFORMER, 35VA, £2.50,
Order Ref: 2.5P13.

HIGH RESOLUTION MONITOR. 9“ by Philips,
in metal frame for easy mounting. Brand new,
offered at less than the price of the tube alone,
£15, Order Ref: 15P1.

15W 8” 8 OHM SPEAKER AND 3" TWEETER.
Amstrad, made for their high quality music
centre, £4 per pair, Order Ref: 4P57.
INSULATION TESTER WITH MULTIMETER.
internally generates voltages which enables
you to read Insulation directly in Megohms.
The muitimeter has four ranges: A.C./D.C.
volts; 3 ranges milliamps; 3 ranges resistance
and 5 amp range. Ex-British Telecom, tested
and guaranteed OK, yours for only £7.50 with
leads, carrying case £2 extra, Order Ref:
7.5P4

We have some of the above testers not work-
ing on all ranges, should be repairable, we
supply diagram, £3, Order Ref: 3P176.

LCD 32 DIGIT PANEL METER. This is a multi-
range voltmeter/ammeter using the A-D con-
verter chip 7106 to provide five ranges each of
volts and amps. Supplied with full data sheet.
Special snip price of £12, Order Ref: 12P19.
MINI BLOW HEATER. 1kW, ideal for under desk
or airing cupboard, etc. Needs only a simple
mounting frame, £5, Order Ref: 5P23.
MEDICINE CUPBOARD ALARM. Or it could be
used to warn when any cupboard door is
opened. The light shining on the unit makes
the bell ring. Completely built and neatly
cased, requires only a battery, £3. Order Ref:
3P155.

DON’T LET IT OVERFLOW! Be it bath, sink, cel-
lar, sump or any other thing that could flood.
This device will tell you when the water has
risen to the pre-set level. Adjustable over quite
a useful range. Neatly cased for wall mounting,
ready to work when battery fitted, £3. Order
Ref: 3P156.

.50 BARGAIN PACKS

NiCad BATTERY 3-6V with P.C.B. mounting prongs, Order
Ret: 1.5P2.

6-DIGIT COUNTER 12V, Order Ref: 1 5P3.

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

100-CORE CABLE, any length, Order Ref: 1.5P6 per metre.
KEY SWITCH, two-position, complete with two Yale type
keys, Order Ref: 1.5P12.

CASSETTE MOTOR, 9V brushless, Order Ref. 1.5P14. i
80 OHM COAX TV CABLE, extra thin, 10m, Order Ref. 1.5P17.
WATERPROOF SPEAKER, 3'%" round, 8 Ohm 11w, Order
Ref: 1.5P27.

6V 1A ENCASED POWER SUPPLY with input and output
leads, Order Ref: 1.5P22.

FLUORESCENT CHOKE for 60W or 80W tube, Order Ref:
1.5P23.

3" TWEETER 8 Ohms 15W, Order Ref: 1.5P28.

13A SWITCH SOCKET, white, Order Ref: 1.5P29.

RELAY, flash-proof, 12V coil, SPCO, Order Ref: 1.5P31.
ENCASED PSU, twin outputs, 15V 850mA and 9V 550mA, both
A.C. output, Order Ref: 1.5P32.

12V MOTOR, mini but quite powerful, 3Zmm diameter, 25mm
long, Order Ref: 1.5P33.

£2 BARGAIN PACKS

20W TWEETER 4" x 4" 8 Ohm by Goodmans, Order Ref:

MOVING COIL CHARGE METER, 0-3A, Order Ref: 2P366.
LIGHT-OPERATED SWITCH, kitof parts, Order Ref: 2P369.
W-SHAPED 30W FLUORESCENT TUBE by Philips. Ideal
name plate illuminator, Order Ref. 2P372.

DIMMER SWITCH, standard size plate, colours — red, yellow,
green, blue. Order Ref: 2P380.

TOROIDAL TRANSFORMER 7V 5A, Order Ret: 2P390.
TELEPHONE EXTENSION LEAD, flat plug one end, socket the
other, 12m, Order Ref: 2P338.

INTERNAL TELEPHONE EXTENSION, 4core cable, 25m,
Order Ref: 2P339.

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

LCD CLOCK MODULE with details on other uses, Order Ref:
2P307.

AM/FM RADIO RECEIVER with speaker and dial bul not
cased, Order Ref: 2P308.

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

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

45A DP 250V SWITCH on 6 x 3" gold plate, Order Ref: 2P316.
D.C. VOLT REDUCER, 12V-8V, fits into car lighter socket,
Order Ret: 2P318.

SOLAR CELL 3V, five of these in series would make you a
12V battery charger, £2 each, Order Ref: 2P374,

PERMANENT MAGNET SOLENOID, opposite action, core is
released when voltage is applied, Order Ref: 2P327.

HEATER PAD, not waterproof, Order Ref: 2P329.

DISK DRIVE, complete less stepper motor, has all the
electronics to control stepper motor, Order Ref: 2P280.

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

20M 80 OHM TV COAX, Order Ref: 2P270.

LOCTITE METAL ADHESIVE, tube and some accessories,
Order Ref: 2P215.

6-DIGIT COUNTER, mains operated, Order Ref: 2P235.
2-GANG 0-0005 TUNING CAPACITOR, standard size, made
by Jacksons, Order Ref: 2P240.

13A ADAPTORS, takes two 13A plugs, pack of 5 — £2, Order
Ref: 2P187.

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

MAINS TRANSFORMER, 15V 1 A, Order Ref: 2P198.
FLIP-OVER CLOCK, mains operated, only requires a simple
case, Order Ref: 2P205.

THERMOSTAT with callbrated knob, oven temperalures,
Order Ref: 2P158.

7-SEGMENT NEON DISPLAYS, pack of 8, Order Ref: 2P126.
MODERN TELEPHONE HANDSET, ideal office extenslon,
Order Ref: 2P94.

13A SWITCH SOCKET on satin chrome plate, Order Ref:
2P95.

500 STAPLES, hardened pin, suit burglar atarm or telephone
wire, Order Ref: 2P99.

PAD SWITCH for under carpets, Order Ref: 2P119.

6% " FAN AND MAINS MOTOR, Order Ref. 2P64.

24V STEREO POWER SUPPLY, Mullard, Order Ref: 2P80.

UP TO 90 MIN 25A SWITCH, clockwork, Order Ref. 2P90.
UNI-SELECTOR, 25-way, 3-pole, Order Ref: 2P53.
POWERFUL MAINS MOTOR, 1%" stack. double spindle,
Order Ref: 2P55.

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

MAINS TO 115V AUTO TRANSFORMER 100W, ex-GPO,
Order Ref: 2P6.

MAINS TIME AND SET SWITCH 25A, up to nine hours delay,
Order Ref: 2P9.

MOTORISED SIX MICROSWITCHES but motor 50V A.C.,
Order Ref: 2P19.

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

MAINS COUNTER, resettable, 3 digit, Order Ref: 2P26.

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

J & N FACTORS

Pilgrim Works (Dept. E.E.)
Stairbridge Lane, Bolney,

Sussex RH17 5PA

Telephone: 01444 881965
(Also fax but phone first)
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Direct
Book
Service

The books listed have
been selected by Everyday
Practical Electronics editorial
staff as being of special
interest to everyone involved
in electronics and computing.
They are supplied by mail
order direct to your door. Full
ordering details are given on
the last book page. For
another selection of books
see next month’s issue.

Everyday Practical Electronics

J00ks

ELECTRONIC PROJECTS - BOOK 1

Published by Everyday Practical Electronics in
association with Magenta Electronics.

Contains twenty of the best projects from previous
issues of EE each backed with a kit of components. The
projects are: Seashell Sea Synthesiser, EE Treasure
Hunter, Mini Strobe, Digital Capacitance Meter, Three
Channel Sound to Light, BBC 16K Sideways Ram,
Simple Short Wave Radio, insulation Tester, Stepper
Motor Interface, Eprom Eraser, 200MHz Digital Fre-
quency Meter, Infra Red Alarm, EE Equaliser loniser, Bat
Detector, Acoustic Probe, Mains Tester and Fuse Finder,
Light Rider - (Lapel Badge, Disco Lights, Chaser Light),
Musical Doorbell, Function Generator, Tiit Alarm, 10W
Audio Amplifier, EE Buccaneer Induction Balance Metal
Detector, BBC Midi Interface, Variable Bench Power
Supply, Pet Scarer, Audio Signal Generator.

128 pages (A4 size) |INETERRERAAN £2.45

ELECTRONICS TEACH-IN 88/89 -

INTRODUCING MICROPROCESSORS

Mike Tooley BA {pubiished by Everyday Practical
Electronics)

A complete course that can lead successful readers to
the award of a City and Guilds Certificate in Introductory
Microprocessors {726/303). The book contains every-
thing you need to know including full details on regist-
ering for assessment, etc. Starting with basic terminot-
ogy, integrated circuits, logic families and numbering
systems the text builds in stages, with revision and
assessments built in, up to programming, languages,
flow charts, etc. The course is ideal for the newcomer to
the subject.

80 pages (A4 size) £2.45

ELECTRONICS TEACH-IN No. 6

DESIGN YOUR OWN CIRCUITS

{Pubtished by Everyday Practical Electronics)

Mike Tooley BA

This book is designed for the beginner and experienced
reader alike, and aims to dispel some of the mystique
associated with the design of efectronic circuits. It
shows how even the relative newcomer to electronics
can, with the right approach, design and realise quite
complex circuits.

Fourteen individual p.c.b. modules are described
which, with various detailed modifications, should aliow
anyone to design and construct a very wide range of
different projects. Nine hands-on” complete DIY
projécts have also been included so readers can follow
the thinking behind design, assembly, construction,
testing and evaluation, together with suggested “mods”
to meet individual needs. The practical projects have
each been designed to stand on thelr own as complete
items of equipment. P.C.B.s for all the modules and
projects are available by mail order.

The subjects covered in each chapter of the book
are: Introduction and Power Supplies: Smail Signal
Amplifiers: Power Amplifiers: Oscillators: Logic Circuits;
Timers; Radic; Power Control; Optoelectronics.

The nine complete constructional projects are: Ver-
satile Bench Power Supply, Simple Intercom; Bench
Amplifier/Signal Tracer; Waveform Generator; Electronic
Die; Pulse Generator; Radio Recelver; Disco Lights Con-
troller; Opticat Communications Link.

136 pages (A4 size) £3.45

TEACH-IN No. 7 ptus FREE Software
ANALOGUE AND DIGITAL
ELECTRONIC COURSE

Pubtished by Everyday Practical Electronics)

lan Winstanley and Keith Dye
B.Eng(Tech)AMIEE
The highly acclaimed Teach-In series, which included
the construction and use of the Mini Lab and Micro
Lab test and development units, has been put together
in book form. Additionally EPT Educational Software
have developed a GCSE Electronics software program to
compliment the course and a FREE DISC covering the
first two parts of the course is included with the book.

An interesting and thorough tutorial series aimed
specifically at the novice or complete beginner in
electronics. The series is designed to support those
undertaking either GCSE Electronics or GCE Advanced
Levels, and starts with fundamental principles.

if you are taking electronics or technology at school
or college, this book is for you. If you just want to
learn the basics of electronics then this is for you.
If you are teaching electronics or technology you
must make sure you see it. 7each-In No. 7 will be
invaluable if you are considering a career in electronics
or even if you are already training in one. The Mini Lab
and software enable the construction and testing of both
demonstration and development circuits. These learning
aids bring electronics to life in an enjoyable and interest-
ing way: you will both see and hear the electron in
actionl The Micro Lab microprocessor add-on system
will appeal to higher level students and those develop-
ing MICroprocessor projects.

152 pages (Ad size) S IEEINEEEERAN (55

Computers and Computing

HOW TO CHOOSE A SMALL BUSINESS
COMPUTER SYSTEM
D. Weale
This book is for anyone intending to buy an IBM com-
patible computer system, whether it is their first system or
a replacement. There are sections on hardware, applica-
tion and systems programs and how to actually make your
choice as well as sections on the law, ergonomics and a
glossary of common terms.

The text contains many useful tips and some wamings
(which could save much effort and expense).

114 pages [Orior code EP325 INRERY

MAKING MS-DOS WORK
FOR YOU (covers version 6.2)
N. Kantanis & P. R. M, Oliver
This book was written with the busy person in mind and,
as such, it has an underlying structure based on “what you
need to know first, appears first’”". Nonetheless, the book
has also been designed to be circular, which means that
you don’t have to start at the beginning and go to the end.
The book explains: How to write customised batch
files which allow you to display what you want on your
screen, and in the form and order you want it, instead
of being forced to use the DOS prompt on a blank
screen. How to design and set up a fast interactive
and professional looking menu system.. so that you or
anyone else can run utility applications or commercial
software packages easily. How the ANSI.SYS display
and keyboard commands can be used to position the
cursor on any part of the screen, change the inten-
sity of the displayed characters or change their colour.
How the Edit screen editor or the Edlin line editor can
be used to enter ESCape (ANSI.SYS) commands into
simple ASCH files to allow control- of both your screen
display and your printer. How to control the opera-
tion of the two main types of printers in use today,
Epson compatible dot matrix and HP compatible laser
printers. How to use several routines, such as moving
and finding files, protecting files from accidental erasure,

a simplified backup process, a screen saver, and a disc
cataloguing system.

The Debug program and how it can be used to create,
see and change the contents of any file, including those
of programs written in assembler code. This includes
how to find your way around the names and tasks of the
CPU registers and the meeting of some simple assemblet

mnemonics.
152 pages £4.95

MULTIMEDIA ON THE PC
lan R. Sinclair
In this book, you'll find out what a CD ROM is, how it
works, and why it is such a perfect add-on for a PC,
allowing you to buy programmes, text, graphics and
sound on a CD. {t also describes the installation of a CD
ROM drive and a sound card, pointing out the common
problems that arise, and then shows how to use them to
create a complete muftimedia presentation that contains
text, photos, a soundtrack with your own voice re-
corded as a commentary, even animation and edited
video footage.

£11.95

184 pages 0] de P

A CONCISE {INTRODUCT!ON TO MS-DOS

N. Kantaris

{Revised Edition Covers Version 6.2)

This guide is written with the non-expert, busy person
in mind and, as such, it has an underlying structure
based on "“what you need to know first, appears first”.
Nevertheless, the guide is also designed to be circular,
which means that you don’t have to start at the begin-
ning and go to the end. The more experienced user can
start from any section.

176 pages 0 B £3.95
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UNDERSTANDING PC SPECIFICATIONS

R. A. Penfold (Revised Edition)

If you require a microcomputer for business applications,
or a high quality home computer, an IBM PC or com-
patible is often the obvious choice. They are competi-
tively priced, and are backed up by an enormous range
of applications programs, hardware add-ons, etc. The
main difficulty for the uninitiated is deciding on the
specification that will best suit his or her needs. PCs
range from simple systems of limited capabilities up to
complex systems that can happily run applications that
would have been considered beyond the abilities of
a microcomputer not so.long ago. It would be very
easy to choose a PC system that is inadequate to run
your applications efficiently, or one which goes beyond
your needs and consequently represents poor value for
money.

This book explains PC specifications in detail, and the
subjects covered include the following: Dlfferences
between types of PC (XT, AT, 80386, etc); Maths
co-processors; Input devices (keyboards, mice, and
digitisers); Memory, including both expanded (EMS)
and extended RAM; RAM disks and disk caches; Floppy
disk drive formats and compatibility; Hard disk drives
(including interleave factors and access times); Display
adaptors, including all standard PC types (CGA, Her-
cules, Super VGA, etc); Contains everything you need to
know if you can’t telf your EMS from your EGAI

128 pages £4.95

AN INTRODUCTION TO 6800 ASSEMBLY
LANGUAGE

R.A. & J. W. Penfold .

Obtain a vast increase in running speed by writing pro-
grams for 6800 based micros such as the Commodore,
Amiga, Atari ST range or Apple Macintosh range etc., in
assembly language. It is not as difficult as one might
think and this book covers the fundamentals.

112 pages SECGCHALE €295
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Testing and
Test Gear

HOW TO USE OSCILLOSCOPES AND OTHER TEST
EQUIPMENT

R. A. Penfold

This book explains the basic function of an oscilloscope,
gives a detailed explanation of all the standard controls,
and provides advice on buying. A separate chapter deals
with using an oscilloscope for fault finding on linear and
logic circuits, plenty of example waveforms help to il-
lustrate the control functions and the effects of various
fault conditions. The function and use of various other
pieces of test equipment are also covered, including sig-
nal generators, logic probes, logic pulsers, and crystal
calibrators.
104 pages

Temporarily out of print

Audio and Music

PRACTICAL MIDI HANDBOOK

R. A. Penfold

The Musical Instrument Digital Interface (MIDI} is sur-
rounded by a great deal of misunderstanding, and many of
the user manuals that accompany MiD| equipment are
quite incomprehensible 1o the reader.

The Practical MIDI Handbook is aimed primarily at
musicians, enthusiasts and technicians who want to
exploit the vast capabilities of MIDI, but who have no
previous knowledge of electronics or computing. The
majority of the book is devoted 1o an explanation of what
MIDI can do and how to exploit it to the full, with practical
advice on connecting up a MIDI system and getting it to
work, as well as deciphering the technical information in

those manuals.
128 pages £6.95

Theory and Reference

UNDERSTANDING DIGITAL TECHNOLOGY

F. A. Wilson C.G.l.A,, C.Eng., F.I.E.E., F.I. Mgt.

This book examines what digital technology has to offer
and then considers its arithmetic and how it can be ar-
ranged for making decisions in so many processes. It then
looks at the part digital has to play in the ever expand-
ing Information Technology, especially in modern trans-
mission systems and television. It avoids getting deeply
involved in mathematics.

Various chapters cover: Digital Arithmetic, Electronic
Logic, Conversions between Analogue and Digital Struc-
tures, Transmission Systems. Several Appendices explain
some of the concepts more fully and a glossary of terms is
included. Altogether a useful foray into the digital world
both for newcomers and also for those who need some

revision or updating.
£4.95

183 pages
A REFERENCE GUIDE TO PRACTICAL
ELECTRONICS TERMS
F.A, Wilson C.G.l.A., C.Eng., F.I.E.E., F.l. Mgt,
Electronic devices surround us on all sides and their numbers
are increasing without mercy. Qurs is the problem there-
fore in keeping up with this relentless expansion. Unfor-
tunately we cannot know it all and most of us do not wish
to afford the cost of large reference books which explain
many concepts in fair detail. Here is an answer, an inexpen-
sive reference guide which explains briefly (but we hope,
well) many of the underlying electronics features of practical
devices, most of which, 10 a certain extent, control our lives.
This book is in effect more than just a dictionary of practi-
cal electronics terms, it goes a stage further in also getting
down to fundamentals. Accordingly the number of terms
may be limited but the explanations of the many which are
included are designed to leave the reader more competent
and satisfied — and this is without the use of complicated
mathematics which often on first reading can be confusing.
For those who also wish to get right down to the root of
the matter, there is a second volume entitled A Reference

Guide to Basic Electronics Terms (BP286), each of the
books referring to its companion as necessary.

A reference guide for practically everybody concerned
with electronics.

432 pages Order code BP28 £5.95

ELECTRONIC MODULES AND SYSTEMS FOR
BEGINNERS

Owen Bishop

This book describes over 60 modular electronic circults, how
they work, how to build them, and how to use them. The
modules may be wired together to make hundreds of
different electronic systems, both analogue and digital. To
show the reader how to begin building systems from mod-
ules, a selection of over 25 electronic systems are described
in detail, covering such widely differing applications as
timing, home security, measurement, audio (including a
simple radio receiver), games and remote control.

200 pages Ord 6 £3.95

Project Building

ELECTRONIC PROJECTS FOR EXPERIMENTERS

R. A. Penfold

Many electronic hobbyists who have been pursuing their
hobby for a number of years seem to suffer from the
dreaded “seen it all before” syndrome. This book is fairly
and squarely aimed at sufferers of this complaint, plus any
other electronics enthuslasts who yearn to try something a
bit different. No doubt many of the projects featured here
have practical applications, but they are all worth a try for
their interest value alone.

The subjects covered include:- Magnetic field detector,
Basic Hall effect compass, Hall effect audio isolator, Voice
scrambler/descrambler, Bat detector, Bat style echo
location, Noise cancelling, LED stroboscope, Infra-red
“torch”, Electronic breeze detector, Class D power
amptifier, Strain gauge amplifier, Super hearing aid.

138pages £4.95
PRACTICAL FIBRE-OPTIC PROJECTS
R. A. Penfold

While fibre-optic cables may have potential advantages
over ordinary electric cables, for the electronics enthusiast
itis probably their novelty value that makes them worthy of
exploration. Fibre-optic cables provide an innovative in-
teresting alternative to electric cables, but in most cases
they also represent a practical approach to the problem.
This book provides a number of tried and tested circuits for
projects that utilize fibre-optic cables.

The projects include:- Simple audio links, F.M. audio
link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link,
P.W.M. motor speed control, R§232C data links, MIDI|
link, Loop alarms, R.P.M. meter.

All the components used in these designs are readily
available, none of them require the constructor to take out
a second mortgage.
132 pages O BP374 £4.95
45 SIMPLE ELEGTRONIC TERMINAL BLOCK
PROJECTS
R. Bebbington
Contains 45 easy-to-build electronic projects that can be
constructed, by an absolute beginner, on terminal blocks
using only a screwdriver and other simpte hand tools. No
soldering is needed.

Most of the projects can be simply screwed together, by
following the layout diagrams, in a matter of minutes and
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readily unscrewed if desired to make new circuits. A theoreti-
cal circuit diagram is also included with each project to help
broaden the constructor's experience and knowledge.

The projects included in this book cover a wide range of
interests under the chapter headings: Connections and Com-
ponents, Sound and Music, Entertainment, Security Devices,
Communication, Test and Measuring.

163 pages O BP378 £4.95

HOW TO DESIGN AND MAKE YOUR OWN P.C.B.S

R. A. Penfold

Deals with the simple methods of copying printed circuit
board designs from magazines and books and covers all
aspects of simple p.c.b. construction including photographic
methods and designing your own p.c.b.s.

80 pages Order code BPY £2.50

A BEGINNER'S GUIDE TO MODERN ELECTRONIC
COMPONENTS

R. A. Penfold

The purpose of this book is to provide practical information
to help the reader sort out the bewildering array of com-
ponents currently on offer. An advanced knowledge of the
theory of electronics is not needed, and this book is not
intended to be a course in electronic theory. The main aim is
to explain the differences between components of the same
basic type (e.g. carbon, carbon film. metal film, and wire-
wound resistors) so that the right component for a given
application can be selected. A wide range of components are
included, with the emphasis firmly on those components that
are used a great deal in projects for the home constructor.

166 pages O BP28 £3.95

ELECTRONICS SIMPLIFIED -CRYSTAL SET
CONSTRUCTION

F.A.Wilson, C.G.LA.,C.Eng..FI.E.E. FILER.E.,
F.BA.M.

Especially written for those who wish to participate in the
intricacies of electronics more through practical construction
than by theoretical study. it is designed for all ages upwards
from the day one can read intelligently and handle simple
tools.

80 pages Temporarily out of print

AN INTRODUCTION TO LOUDSPEAKERS AND
ENCLOSURE DESIGN

V. Capel .

This book explores the various features, good points and
snags of speaker designs. it examines the whys and
wherefores so that the reader can understand the
principles involved and so make an informed choice of
design, or even design loudspeaker enclosures for him or
herself. Crossover units are also explained, the various
types, how they work, the distortions they produce and
how to avoid them. Finally there is a step-by-step
description of the construction of the Kapellmeister
loudspeaker enclosure.

148 pages Temporarily out of print

ACOUSTIC FEEDBACK - HOWTO AVOID IT

V. Capel

Feedback is the bane of all public address systems.
White feedback cannot be completely eliminated, many
things can be done to reduce it to a level at which it is no
longer a problem.

Much of the troubie is often the hall itself, not
the equipment, but there is a simple and practical
way of greatly improving acoustics. Some microphones
are prone to feedback while others are not. Certain
loudspeaker systems are much better than others, and
the way the units are positioned ean produce or reduce
feedback. All these matters are fully explored as well as
electronic aids such as equalizers, frequency-shifters
and notch filters.

The special requirements of live group concerts are
considered, and also the related problem of Instability
that is sometimes encountered with large set-ups. We
even take a look at some unsuccessful attempts to cure
feedback so as to save readers wasted time and effort
duplicating them.

Also included is the circuit and layout of an inexpen-
sive but highly successful twin-notch filter, and how to

operate it.
92 pages rder code BP31 €3.95

PREAMPLIFIER AND FILTER CIRCUITS

R. A. Penfold

This book provides circuits and background informa-
tion for a range of preamplifiers, plus tone controls,
filters, mixers, etc. The use of modern low noise opera-
tional amplifiers and a specialist high performance audio
preamplifier i.c. results in circuits that have excellent
performance, but which are still quite simple. All the
circuits featured can be built at quite low cost (just a few
pounds in most cases).

The preamplifier circuits featured include: Microphoné
preamplifiers (low impendance, high impedance, and
crystal). Magnetic cartridge pick-up preamplifiers
with R.ILAA. equalisation. Crystal/ceramic pick-up
preamplifier. Guitar pick-up preamplifier. Tape head
preamplifier (for use with compact cassette systems}.

QOther circuits include: Audio limiter to prevent over-
loading of power amplifiers. Passive tone controls. Ac-
tive tone controls. PA filters (highpass and lowpass).
Scratch and rumble filters. Loudness filter. Audio mixers.
Volume and balance controls.

92 pages £3.95

COMPUTERS AND MUSIC - AN INTRODUCTION
R. A. Penfold

Computers are playing an increasingly important part in
the world of music, and the days when computerised
music was strictly for the fanatical few are long gone.

If you are more used to the black and white keys of a
synth keyboard than the QWERTY keyboard of a com-
puter, you may be understandably confused by the jar-
gon and terminology bandied about by computer buffs.
But fear not, setting up and using a computer-based
music making system is not as difficult as you might
think.

This book will help you leam the basics of computing,
running applications programs, wiring up a MID{ sys-
tem and using the system to good effect, in fact just
about everything vou need to know about hardware and
the programs, with no previous knowiedge of computing
needed or assumed. This book will help you to choose the
right components for a system to suit your personal needs,
and equip you to exploit that system fully.

174 pages €89

ELECTRONIC PROJECTS FOR GUITAR

R. A. Penfold ]
This book contains a collection of guitar effects and some
general purpose effects units, many of ‘which are suitable
for beginners to project building. An introductory chapter
gives guidance on construction.

Each project has an introduction, an explanation of how
it works, a circuit diagram, complete instructions on strip-
board layout and assembly, as well as notes on setting
up and using the units. Contents include: Guitar tuner;
Guitar preamplifier; Guitar headphone amplifier; Soft dis-
tortion unit; Compressor; Envelope waa waa; Phaser; Dual
tracking effects unit; Noise gate/expander; Treble booster;
Dynamic treble booster; Envelope modifier; Tremefo unit;
Dl box.

110 pages Temporarily outof print

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION
R. A Penfold

Practical constructional details of how to build a num-
ber of audio power amplifiers ranging from about 50 to
300/400 watts r.m.s. Includes MOSFET and bipolar tran-

sistor designs.
96 pages [Order code BP277] £3.95
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Circuits and Design

PRACTICAL ELECTRONIC FILTERS

Owen Bishop

This book deals with the subject in a non-mathematical
way. It reviews the main types of filter, explaining in simple
terms how each type works and how-it Is used.

The book also presents a dozen filter-based projects with
applications in and around the home or in the constructor’s
workshop. These include a number of audio projects such
as a rythm sequencer and a multi-voiced electronic organ.

Concluding the book is a practical step-by-step guide to
designing simple filters for a wide range of purposes, with
circuit diagrams and worked examples.

£4.95

glaazs

ELECTRONIC ALARM CIRCUITS MANUAL

R. M. Marston

One hundred and forty useful alarm circuits, of a variety of

types, are shown in this volume. The operating principle of

each one is explained in concise but comprehensive terms,

and brief construction notes are given where necessary.
Aimed at the practical design engineer, technician and

experimenter, as well as the electronics student and

amateur.
124 pages £1395

DIGITAL GATES AND FLIP-FLOPS

lan R. SInclair

This book, intended for enthusiasts, students and tech-
nicians, seeks to establish a firm foundation in digital
electronics by treating the topics of gates and flip-flops
thoroughly and from the beginning.

Topics such as Boolean algebra and Karnaugh mapping
are explained, demonstrated and used extensively, and
more attention is paid to the subject of synchronous
counters than to the simple but less important ripple
counters.

No background other than a basic knowledge of elec-
tronics is assumed, and the more theoretical toplcs are
explained from the beginning, as also are many working
practices. The book concludes with an expianation of
microprocessor techniques as applied to digital logic.

200 pages Order code 1= £

ELECTRONIC CIRCUITS FOR THE COMPUTER
CONTROL OF ROBOTS

Robert Penfold

Robots and robotics offer one of the most interesting areas
for the electronics hobbyist to experiment in. Today the
mechanical side of robots is not too difficult, as there are

robotics kit and a wide range of mechanical components
available. The microcontroller is not too much of a problem
either, since the software need not be terribly complex and
malr:y inexpensive home computers are well suited to the
task.

The main stumbling block for most would-be robot
builders is the electronics 1o interface the computer to the
motors, and the sensors which provide feedback from the
robot to the computer. The purpose of this book is to
explain and provide some relatively simple electronic
circuits which bridge this gap.

92 pages [3 Je cod- M0 R E LY

ELECTRONIC POWER SUPPLY HANDBOOK
lan R, Sinclair
This book covers the often neglected topic of electronic
power supplies. All types of supplies that are used for elec-
tronics purposes are covered in detail, starting with cells
and batteries and extending by way of rectified supplies
and linear stabilisers to modern switch-mode systems, i.c.
switch-mode regulators, DC-DC converters and inverters.
The devices, their operating principles and typical cir-
cuits are all dealt with in detail. The action of rectifiers
and the reservoir capacitor is emphasised, and the subject
of stabilisation is covered. The book includes some useful
formulae for assessing the likely hum level of a conven-
tional rectifier reservoir supply.

136 pages

50 SIMPLE LED CIRCUITS

R.N.Soar

Contains 50 interesting and useful clrcuits and applica-
tions, covering many different branches of electronics,
using one of the most inexpensive and freely available
components — the light-emitting diode {LED). Also in-
cludes clrcuits for the 707 common anode display.

£7.95

64 pages [Order code BP42] £1.95
BOOK 2 50 more l.e.d. circuits.

50 pages [0 dercode BPST] £1.95
CIRCUIT SOURCE BOOK 1

A. Penfold

Written to help you create and experiment with your own
electronic designs by combining and using the various
standard “'building block™ circuits provided. Where ap-
plicable, advice on how to alter the circuit parameters [s
given.

The circuits covered in this book are mainly concerned
with analogue signal processing and include: Audio

amplifiers (op.amp and bipolar transistors); audio power
amplifiers; d.c. amplifiers; highpass, lowpass, bandpass
and notch filters; tone controls; voltage controlled
amplifiers and filters; triggers and voltage comparators;
gates and electronic switching; bargraphs; mixers; phase
shifters, current mirrors, hold circuits, etc.

Over 150 circuits are provided, which it is hoped will be
useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists.

182 pages Order code BP321

CIRCUIT SOURCE BOOK 2

R.A. Penfold

This book will help you to create and experiment with
your own electronic designs by combining and using
the various standard “building blocks’ circuits provided
Where applicable, advice on how to alter the circuit
parameters is provided.

The circuits covered are mainly concerned with signal
generation, power supplies, and digital electronics.

The topics covered in this book include: 555 oscillators;
sinewave oscillators; function generators; CMOS oscil-
lators; voltage controlled oscillators; radio frequency oscil-
lators; 555 monostables; CMOS monostables; TTL mornos-
tables; precision long timers; power supply and regulator
circuits; negative supply generators and voltage boosters;
digital dividers; decoders, etc; counters and display drivers;
D/A and A/D converters; opto-isolators, flip/flops, noise
generators, tone decoders, etc.

Over 170 circuits are provided, which it is hoped will be
useful to all those involved in circuit design and appiica-
tion, be they professionals, students or hobbyists.

£4.95

192 pages Lals
HOW TO USE OP.AMPS
E. A. Parr

This book has been written as a designer’s guide covering
many operational amplifiers, serving both as a source book
of circuits and a reference book for design calculations.
The approach has been made as non-mathematical as pos-

sible.

160 pages
A BEGINNER'S GUIDE TO TTL DIGITALICs
R. A, Penfold
This book first covers the basics of simple logic circuits
in general, and then progresses to specific TTL logic in-
tegrated circuits. The devices covered include gates, os-
cillators, timers, flip/flops, dividers, and decoder circuits.
Some practical circuits are used to illustrate the use of TTL
devices in the “'real world”

£4.95

142 pages Order code/BP 332

£2.95

Radio, TV, Satellite

PROJECTS FOR RADIO AMATEURS AND S.W.L.S.

R. A, Penfold

This book describes a number of electronic circuits, most of
which are quite simple, which can be used to enhance the
performance of most short wave radio systems.

The circuits covered include:~ An aerial tuning unit A
simple active aerlal; An add-on b.fo. for portable sets;
Awavetrap to combat signals on spurious responses; An
audio notch filter; A parametric equaliser; C.W. and S.S.B.
audio filters; Simple noise limiters; A speech processor; A
volume expander.

Other useful circuits include a crystal oscillator, and
RTTY/C.W. tone decoder, and a RTTY serial to parallel
converter. A full range of interesting and useful circuits for

short wave enthusiasts.
rder code BP304 £3.95

92 pages

AN INTRODUCTION TO AMATEUR RADIO

1. D. Poole

Amateur radio is a unique and fascinating hobby which has
attracted thousands of people since it began at the turn of the.
century.

This book gives the newcomer a comprehensive and easy
to understand guide through the subject so that the reader
can gain the most from the hobby. It then remains an essen-
tial reference volume to be used time and again. Topics
covered Include the basic aspects of the hobby, such as
operating procedures, jargon and setting up a station. Tech-
nical topics covered include propagation, receivers, transmit-
ters and aerials etc.

150 pages 8250
AERIAL PROJECTS
R.A. Penfold

The subject of aerials is vast but in this book the author has
considered practical aerial designs, including active, loop
and ferrite aerials which give good performances and are
relatively simple and inexpensive to build. The complex
theory and mathematics of aerial design have been avoided.

Also included are constructional details of a number of
aerial accessories including a pre-selector, attenuator, filters
and a tuning unit.
96 pages

SIMPLE SHORT WAVE RECEIVER CONSTRUCTION
R. A, Penfold
Short wave radio is a fascinating hobby, but one that seems
10 be regarded by many as an expensive pastime these days.
in fact 1t is possible to pursue this hobby for a minimal
monetary outlay if you are prepared to undertake a bit of
d.i.y., and the receivers described in this book can all be built
at low cost. All the sets are easy to construct, full wiring
diagrams etc. are provided, and they are suitable for complete
beginners. The receivers only require simple aerials, and do
not need any complex alignment or other difficult setting up
procedures.

The topics covered in this book include: The broadcast
bands and their characteristics; The amateur bands and thelr

Temporarily out of print

characteristics; The propagation of radio signals; Simple
aerials; Making an earth connection; Short wave crystal set;
Simple trf. receivers; Single sideband reception; Direct
conversion receiver.

Contains everything you need to know in order to get
started in this absorbing hobby.

88 pages

AN INTRODUCTION TO AMATEUR
COMMUNICATIONS SATELLITES

A. Pickford

Communications and broadcast satellites are normaily inac-
cessible to individuals unless they are actively involved in
their technicalities by working for organisations such as
British Telecom, the various space agencies or military
bodies. Even those who possess a satellite television receiver
system do not participate in the technical aspects of these
highly technological systems.

There are a large number of amateur communications
satellites in orbit around the world, traversing the globe
continuously and they can be tracked and their signals
received with relatively inexpensive equipment. This equip-
ment can be connected to a home computer such as the BBC
Micro or IBM compatible PCs, for the decoding of received
signals.

£3.95

This book describes several currently available systems,
thelr connection to an appropriate computer and how they
can be operated with suitable software.

102 pages £3.95

A GUIDE TO THE WORLO'S RADIO STATIONS
(1995/96)

P. Shore

Provides the casual listener, amateur radio DXer and the
professional radio monitor with an essential reference work
designed to guide him or her around the ever more com-
plex radio bands. This new edition has been completely
revised and rewritten and incorporates much more informa-
tion which is divided into the following sections:

Listening to Short Wave Radio; Choosing a Short
Wave Radio Receiver, How to Use the IRSG; Abbrevia-
tions; County Codes; Worldwide Short Wave Radio Sta-
tions; European, Middle Eastern and African Long Wave
Radio Stations; European, Near and Middle Eastern and
African Medium Wave Radio Stations; Canadian Medium
Wave Radio Stations; USA Medium Wave Radio Stations;
Broadcasts in English; Programmes for DXers and Short
Wave Listeners; UK FM Radio Stations; Time Differences
From GMT; Wavelength/Frequency Conversion. Eator

256 pages

the required postage to the total order.

mail post.
Electronics) before ordering from old lists.

DIRECT BOOK SERVICE
ORDERING DETAILS

Please state the title and order code clearly, print your name and address and add

Add £1.50 to your total order for postage and packing (overseas readers add £3
for countries in the EEC, or add £6 for ali countries outside the EEC, surface mail
postage) and send a PO, cheque, International money order (£ sterling only) made
payable to Direct Book Service or credit card details (including card expiry date),
Visa or Mastercard {Access) — minimum credit card order is £5 — quoting your name
and address, the order code and quantities required to DIRECT BOOK SERVICE,
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SECURITY

ULTRASONIC MOVEMENT DETECTOR
Xtal controlled oscilator,
detector circuits & edge
mounted transducers on
one PCB just 75x40mm.
Detection range 4-7m. Adjustable
sensitivity. LED indicator. Outputs to drve ex-
‘f.e‘;nals relay/circuits. 3V DC operation. 3049-KT.
4.95

COMBINATION LOCK Versatile electronic lock
comprising main circuit & separate 9 key touch-pad
for remote opening of lock. 120VAC/10A relay
supplied. 9-12V. 3029-KT. £9.95

LIGHT ALARM Protect your valuables with this
practical, clever little circuit. Alarm sounds If even
the smallest amount of light falls on the circuit. Place
in cash box etc. 3008-KT. £4.95

THE SCREAMERI! Frighten the life out of any
unsuspecting/unwanted guests! Painful alarm siren
gives out a massive 110db of ear piercing noise. Box

CCD CAMERA

Latest high quality
low-light. IR-sensitive
camera module from
KOCOM # CA-H34C for
Video Intercom CCTV.
Survelllance etc. Six IR
LED's on board allow
camera to ‘see’ in the
dark. Half the size of a
cigarette packet!

ASSEMBLED UNIT:

FEATURES
“Compact & light camera
PCB module S4x38mm
*Low power consumplion
“Low dlumination require
ments (0.9Lux)
*High quality, high
resolution image
“Marntenance free
“Bustt-in electronicaily
controlied auto-iig
“Internal syncheonssation

3J0A7-AS £89.95

has two 35mm piezo elements already built
into their own resonant cavity. PCB also fits inside
box to give a neat, compact unit. Can be used as part
of an alarm circuit or just for the fun of itll 6-9V
operation. 3015-KT £9.95

Printed circuit boards for certain EPE constructional projects are available from
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilied
and roller tinned. All prices include VAT and postage and packing. Add €1
per board for airmail outside of Europe. Remitances should be sent to The
PCB Service, Evergday Practical Electronics, Allen House, East Borough,

Wimborne, Dorset

Everyday Practical Electronics (Payment in £ sterling only).

NOTE: While 95% of our boards are held in stock and are dispatched within
seven days of receipt of order, piease allow a maximum of 28 days for

delivery — overseas readers allow extra If ordered by surface mail.

H21 1PF. Cheques should be crossed and made payable to

Back numbers or photostats of articles are available if required — see the

Back Issues page for detalls.

Please check price and availability in the latest issue.
Boards can only be supplied on a payment with order basis.

Many

Etch-Tech Boards PO Box 1566, Salisbury, Wilts SP1 3XX.

p.c.b.s which are no longer available from us can be made by

SURVEILLANCE

| High performance surveillance kits. Room
{ tied with iti electret
microphones & battery ~ holders/clips. All
transmitters can be received on an ordinary VHF
FM radio.

B plans

REPORTS & PLANS

N.B. MINIMUM QRDER CHARGE FOR PLANS
ANO REPORTS IS £5.00 PLUS NORMAL P.&P.

TELEPHONE BUG DETECTION Why spend a
fortune on ive bug i i

when you can Do-it-Yourself for next to nothing,
All you need to know is In this easy to understand
repont. RO01 £2.00

SUPER-EAR LISTENING DEVICE Complete
to bulld your own parabolic dish
microphone. Listen to distant voices and sounds
through open windows and even walls! Made
from readily available parts. R002 £3.50

TELEPHONE BUG PLANS Build you own
micro-beetle telephone bug. Suitable for any
phone. Transmits over 250 metres — more witl
good receiver. Made from easy to obtaln, cheap
components. RO06 £3.00

RADIO & TV JOKER PLANS We show you
how to build three different circuits for disrupting
TV picture and sound plus FM radiol May upset
your neighbours & the authoritles!! DISCRETION
REQUIRED. R017 £3.50

INFINITY TRANSMITTER PLANS Complete
plans for building the famous Infinity Transmitte|

Once installed on the target phone, device acts
like a room bug. Just call the target phone &
activate the unit to hear all room sounds. Great for
home/office secuntyl RO19 £3.00

THE ETHER BOX CALL INTERCEPTOR
PLANS Grabs telephone calls out of thin air} No
need to wire-in a phone bug. Simply place this
devica near the phone lines to hear the
conversations taking placel R025 £3.00
Full details of our complete range of Reports &
Pians can be found in our Main catalogue.

MTX - Miniature

3V Transmitter

Easy to build & guaranteed to

transmit 500 metres (over 1000m possible with

higher voltage & better aerial). 3-9V operation.

Only 45x18mm. 3007-KT. £5.

MRTX - Miniature 9V Room Transmitter

Our best selling "bug’. Super sensitive. high power

" - 1000m range (Up to 2 miles with 18V supply &
better aeriall). 9V operation. 45x19mm. 3018-KT.

50

HPTX - High Power Room Transmitter
High performance, 2 stage transmitter gives greater
stability & high quality reception.

1000m range with 9V battery.
6-12V operation. On/ off
switch. Size 70x15mm.
3032-KT.£7.50

VTX - Voice Activated Transmitter
Activates only when sounds are detected Low
standby cument conserves battery power. Adjus-
table sensitivity & turn-off delay. 6V operation. Size
63x38mm. Powerful 2 stage transmitter. 1000m
range. 3028-KT. £9.50

TR - Telaphone Recording Interface
Connect between phone line & cassette recorder.
Automatic-ally switches on tape when phone is
used. Records all conversations. Powered from line
48x32mm. 3033-KT. £6.50

TRVS - Tape Recorder Vox Switch
Mery sensitive, voice activated switch - automati-
lly turns on cassette recorder when sounds are
detected. Adjustable sensitivity & turn-off delay.
115x19mm inc. mic. 3013-KT. £7.50

MTTX - Miniature Tetephone Transmitter
Artaches anywvhere to phone line. Transmits only
when phone is used! Uses phone
line as aerial & power source.
500m range. 45x15mm.
3016-KT.£5.50

GENERAL KITS

3 DIGIT LED COUNTER 2 board basic event
counter. Main board has 3 digit counter circuit. 2nd
board has Count & Reset switches & debounce
circuit. Cascaded with other boards to provide more
digits. Box & battery holder provided. 9V battery.
78x50x25mm. 3001-KT. £14.95

LED SEQUENCE FLASHER 5 red LED's flash in
sequence. Ideal lor modei railways. On/ott switch.
COB PCB 15x8mm (spare provided). 3V powered.
3052-KT. £3.95

OP-AMP FUNCTION GENERATOR Quad Op-
Amp connected as oscillator & wave shapers to
generate audio range wave-forms Oscillator gener-
ates Square Wave from 6Hz to 6KHz. Other amps
produce Tnangle & pseudo Sine outputs. Solder
pt.;dgoulpuls. 8V powered. 47x40x22mm. 3023-KT.

.95

LOGIC PROBE Onginal, modern design tests both
CMOS & TTL circuits as well as detecting fast
pulses. Gives visual & audio Indication of logic
states found. Powered from clrcuit under test. It's
operation is fully explained. 3024.KT. £7.95

ROULETTE LED A great introduction to
gambling..... e electronics! Watch the ‘ball’ spin
round the roulette wheel, slow down & drop into
slot. Uses 10 LED's, CMQS decade counter &
Op-Amp to teach Voltage Controlled Oscillator
(VCO) principles. 9V powered. Educational & funl}
3006-KT. £10.95

jl PELTIER JUNCTION HEAT PUMP Boil or freeze

water Instantlyl Use for regulated cooling of tem-
perature sensitive components and much more.

9V XENON TUBE FLASHER This powerful high
voltage xenon flasher runs off a simple 9V battery. A
wansformer is used to step up the 9V supply voltage
to the high voltage required to flash the 25mm long
tube. Flash rate adjustable between 0.25 to 2 second
intervals, 3022-KT. £11.95

LM383 AMPUFIER MODULE Proven, popular
building block tfor use in any audio project where
general amplification required. Power output de-
pendent on supply voltage & load resistance. Typi-
cal ratings: Over 10W for 16V supply & 2W speaker;
1Wor 9V supply & 8W speaker. 3047-KT. £9.95

Twvo Station Intercom/Hard Wired Bug
Simple two wire intercom/hard wired bug. Each
unit has its own spesker, microphone & amplifier
(LM386). Can be modified to a hard wired ‘bug’ by
using 4 strand ribbon cable to send power from the
receiving unit to the remote ‘bug’ unit. 9V operation,
3021-KT. £12.95

Telephone Amplifier Kit
Plck-up coil & sensitive ampilifier let you hear con-
versations without even holding the phonel Can be
used for surveillance purposes. 3055-KT. £9.95
IAAAAAAAAARAAAALAAAALA]

LED DICE The classic electronic project that,never loses
it's populanty Combines a great game with an easy intro-
duction to electromics & simple circunt anatyss 7 LED's
simulate a real dice face. The dice yolls, slows down, stops
on a number at random Uses a 555 timer & counter IC.
Box included 9V operation. 3003-KT. £8.95
STAIRWAY TO HEAVEN GAME This game of skill
tests your hand-eye co-ordination. If you press the switch
each time the green pan of the bi-polar LED lights you
chimb higher up the stairway - but miss & you start again|
Introduces you to several basic electronic circuits. Box
provided. 9V operation. 78x50x19mm Rolfe Hams NOT
included! 3005-KT. £8.95
DC MOTOR SPEED CONTROLLER Control the
speed of any common DC motor rated up 1o 100V (5A).
Operates on 5-15V. Uses NES56 IC to pulse-width
modulate a TIP122 high current, switching power transls-
tor. In this way torgue of the motor s not lowered. Box
mounted. 3067-KT. £19.95
SWITCHING POWER SUPPLY Replace expensive 9V
batteries with cost-efficient 1.5V cells IC based circuit
acts as a step-up switching power supply. Selectable 1.5
of 3V DC inputs. Gives @ fixed output of 9V @ 18mA
from a 1.5V "AA" cell. Solder pads for input/output. 1
cell & 2 cell "AA” holders & jumper switches supplied.
40x15x12mm 3035-KT. £4.95
SINGLE CHIP AM RADIO Compilete mini sized AM
radio on a PCB. Tuned Radio Frequency front-end,
AM Radio IC & 2 stages of audio amplification. Alf
components supplied inc. prewound coll & speaker.
32x102mm. 3063-KT. £9.95
TRAIN SOUNDS 4 selectable sounds - Whistie
Blowing, Level Crossing Beli, Chugging &
“Clickety-Clack”. 2.5-6V. Supplied
with all component:
16 x 29mm COB PCB, switches &
2 x "AA” battery holders. SG1. £4.95

Special KNOCK DOWN SALE of PCBs.

We have a few p.c.b.s left from past projects these

are being offered at the knock down price of £1.00
each — no malter what size they are (some of
these boards are worth over £8.00 each) while
stocks last. This price includes VAT and UK post -
overseas orders please add 50p postage {(or £1 per

board for airmail postage).

£1.00

EACH
inc. VAT
and p&p

Doorbell Delay 616; Midi Pedal 639, Midi Merge 640; Audio Lead Tester 641;
Power Supply 25V 700mA 656; Hand Tally, main board 699 and display board
700; Automatic Light Control — PSU board 747; Modular Disco Lights — Masterlink
752 — Dimmer Interface 765 — VU Sound Module 767; Knockerbox 775; Auto
Nightlight 779; Sonic Continuity Tester, 789; Tie Pulset, 794; Cricket Game,

798; Quick Prom, 799; Emergency Lightin

Unit, 816; Car Electric Window

Enhancer, 821; Simplifly Atari STFM Interface, 822; Personal Stereo Amp.
Add-On, 823; Electronic Fire, 820; Mind Machine Mkl — Magic Lights, 827;
Superhet Radio Control Receiver, 828; Linear Clock — Timing Board 830, Display
Board, 831; Universal Alarm Module, 8070; Electronic Snooker Scoreboard, 832;
Mind Machine Mkll- Computer Interface, 833; Electronic Gong, 835.
Any of the above for just £1 each Inc. VAT and p&p.

Back numbers or photostats of articles are available see the

Back Issues page for detals.

Al kits are high quality projects supplied with all components, fibre glass PCB's & comprehensive instruc- )

tions, FREE CATALOGUE with order or send 2 x 1st Class stamps (refundable) for details of over 100 kits &
publications. Mail order only. Please ADD £2.00 P. & P. per order & make cheques/PO's payable to Quasar
Electronics. All prices include VAT at 17-5%. Goods normally despatch within 5 working days but please

aliow 28 days for delivery.

PROJECT TITLE

Bike Odometer (pair of boards)
Amstrad PCW A to D Converter (double-sided)
Experimental Electronic Pipe Descaler

Sound Activated Camera Trigger K
L.E.D. Sandglass

Main and Display boards
Kettle Alert
Linear Power Supply (double-sided)
Multi-Purpose Audio System

Six Channel Stereo Mixer

Multi-Purpose Audio System
Microphone Pre-Amp module
‘RIAA Pre-Amp module

20 Metre Receiver

Multi-Purpose Audio System
Tone Control and 1W Stereo Amplifier
Tone Control
1W Stereo Amplifier

Three-Way Christmas Tree Lights Flasher

Auto Alarm

250W/600W Battery to Mains Inverter

Multi-Purpose Audio System
10W + 10W Stereo Power Amplifier

Amplifier

Power Supply
Pond Heater Thermostat
Timer/NiCad Capacity Checker

Multi-Purpose Audio System
Balanced Microphone Preamplifier
Balanced Microphone Power Supply

Whistle Controlled Light Switch

Battery to Mains Inverter — U.P.S. charger board

Three Phase Generator
Visual Doorbell
CCD TV Camera - Control Board

(double-sided, plated-through-hole)

Telephone Ring Detector
CCD TV Camera
Combined Video, Test & Ext Plug Boards
Frame Grab Control (double-sided p.t.h.)
EPE SounDAC PC Sound Board
MOSFET Variable Bench Power Supply

“novas I

| DEC o3 N}

Order Code |

836/7
838
839

840

841/2
843
844

845

849
850
851
853
854
855

852a
852b
856
857

864

866a/e
867
868
869

Cost

£7.00
£9.85
£5.50

£7.30
£5.19
£9.77

£11.98

£4.88
£5.11
£6.63

£6.09
£5.12
£4.88
£5.65
£5.49
£13.92

£5.65
£5.49
£5.77
£6.30

£5.30
£5.14
£5.19
£7.38

£5.95
£5.80

£15.00
£4.72

£11.00
£15.00
£4.77
£5.80
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PROJECT TITLE

L.E.D. Matrix Message Display Unit
Display Board
CPU Board

Stereo Noise Gate

Simple TENS Unit

Capacitance/inductance Meter

Advanced TENS Unit
Digital Water Meter — Scaler
Counter/Display

L.E.D. Matrix Message Display Unit

Keypad

PC Interface
Microprocessor Smartswitch
Microcontroller P.1. Treasure Hunter
Print Timer

Watering Wizard

Simple NiCad Charger

Voxbox

Stereo HiFi Controller — 1 Power Supply

Stereo HiFi Controller — 2 [ AUG'94 |
Main Board
Expansion/Display Boards {pair)
Dancing Fountains — 1 Pre.amp
Pump Controller
Filter
6802 Microprocessor Development Board

Dancing Fountains — 2
PC-Compatible Interface {(double-sided}
Automatic Greenhouse Watering System
Seismograph — 1 Sensor/Filter
Clock/Mixer
3-Channel Lamp Controller

" Seismograph — 2
PC-Compatible Interface {(double-sided)
Visual/Audio Guitar Tuner
Digilogue Clock
Hobby Power Supply
Audio Auxiplexer — Control Board
Receiver

Power Controller
1000V/500V Insulation Tester

Active Guitar Tone Control

TV Off-er  (pair)
Video Modules - 1 Simple Fader
Improved Fader

Video Enhancer

Rodent Repeller
EPE Fruit Machine
Video Modules -2 Horizontal Wiper

Vertical Wiper

4-Channel Audio Mixer
Spacewriter Wand
Universal Digital Code Lock

Video Modules — 3
Dynamic Noise Limiter
System Mains Power Supply
Magnetic Field Detector

Model Railway Track Cleaner

Moving Display Metronome

The Ultimate Screen Saver | FEB'95 |
Foot-Operated Drill Controller

Model Railway Signals

12V 35W PA Amplifier

Multi-Purpose Thermostat | MAR'95 |

Multi-Project PCB
Sound-Activated Switch
Audio Amplifier
Light Beam Communicator (2 boards required)
Multi-Project PCB
Light-Activated Switch
Switch On/Off Timer
Continuity Tester
Auto Battery Charger
National Lottery Predictor

R.F. Signal Generator - R.F./Mod.
MIDI Pedal

Coil & Power Supply !paw)
Club Vote Totaliser

PIC-DATS Development System
(double-sided p.t.h.)

EPE HiFi Valve Amplifier - JUNE'95
Phase splitter

PIC-DATS 4 -channel Light Chaser

HV Capacitor Reformer JULY'95

Ramp Generator
Logic Board (double-sided p.t.h.) & Analogue
board (pair)
Automatic Curtain Winder
Windicator

Order Code

870
871
873
875
876

877
878
879

872
880
881
882

874
883
884
885
886

887
888
889
890
891
894

892
895
896
897
899

898
900
901
902
903
904

905
906
907
908/909
910
911
912

913
914
916
917
918
921
922

919
920
923
924
925
927
928
929
930
931
932

932

934
935
936
937a/b
938
939

940

941
942

943

944/5
946
947

Cost

£18.00
£7.20
£6.14
£5.84
£6.44

£6.56
£11.19
pair

£5.19
£5.82
£5.61
£6.60

£6.82
£6.60
£4.98
£6.90
£5.66

£7.39
£9.80
£5.28
£5.41
£5.23
£9.15

£10.90
£5.33
£6.23
£5.87
£8.17

£10.72
£7.55
£12.50
£5.00
£7.72
£6.24

£4.99
£5.78
£4.50
£7.25
£5.12
£6.37
£5.15

£6.26
£8.14
£6.23
£6.35
£6.20
£4.00
£6.25

£5.92
£4.98
£5.77
£5.11
£6.24
£5.66
£5.73
£5.96
£12.25
£6.30
£3.00

£3.00

£5.36
£5.34
£6.48
£6.10
£7.78
£6.05

£9.90

£6.71
£7.90

£5.60

£32.00
£6.75
£4.10
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PROJECT TITLE

Microcontrolled 3-Digit Timer | AUG'95 |
IR Remote Control — Transmitter
- Receiver

Personal Practice Amplifier
Low-Range Ohmmeter Adaptor
Simple Theremin
Vandata

Boot Control Unit

Display Unit
Sound Switch

Multiple Project PCB

Audio Sinewave Generator

Treble Booster

Infra-Red Controller/Alarm (2 boards required)
Capacitor Check
Ginormous VU Meter

Multiple Project PCB
Video Enhancer
Current Tracer
Distortion Effects Unit

Digital Delay Line

50Hz Field Meter

Temperature Warning Alarm (Teach-In '96)

NOV'95

Stereo “Cordless " Headphones DEC’95
Transmiter
Receiver

EPE Met Office — Sensor/Rainfall/Vane
Spiral transparency free with above p.c.b.

Light-Operated Switch

Modular Alarm System (Teach-in '96)

Audio Meter and Amplifier

EPE Met Office -

Computer Interface (double-sided)
Audio Signal Generator
Mains Signalling Unit, Transmitter and Receiver
Automatic Camera Panning (Teach-In '96)
Printer Sharer

JAN'96

Analogue Frequency Meter Feb'96
Vari-Speed Dice (Teach-In '96)
Mains Signalling Unit - 2
12V Capacitive PSU
Muiti-Purpose Mini Amplifier MAR'96

PIC-Electric — Sensor/PSU - Control/Display
High Current Stabilised Power Supply

Mind Machine Mk IHl — Sound and Lights
Infra-Zapper Transmitter/Receiver (Teach-In '96)
Mind Machine Mk Ill - Programmer
Bat Band Converter/B.F.O.

Hearing Tester

Event Counter (Teach-In '96)

Order Code

933
948
949
950

926
952

953
954

15
932

955
956

932

958
959
960

961
962
963/965

966
967a/b
968

964

969
970/371 (pr)

972

973

957
974

975

976
977/978 (pr)

979

980
981/982 (pr)

983

984a/b

985

986

Cost

£6.61
£5.76
£6.14
£6.09

£5.55
£6.68

£10.52
£6.61

£6.55
£3.00

£5.76
£9.31

£3.00

£8.04
£8.32
£6.15

£8.04
£7.66
£11.33

£6.37
£7.12
£5.99

£7.69
£6.58
£9.09
£6.63
£9.93

£6.70
£5.69

£6.07

£6.12
£9.90
£6.62
£7.39
£8.01
£7.36
£5.80
£6.87
£8.39

ettt |

F=——=mcccca=-

EPE PRINTED CIRCUIT
BOARD SERVICE

Order Code Project

Quantity

Price

| enclose payment of £..........coooovivinnns (cheque/PQO in £ sterling only) to:

Everyday

VISA Practical Electronics

Access

Access (MasterCard) or Visa No.
Minimum order for credit cards £5

SIGNAUTE. ......coocimevieeeireiriicses st Card Exp. Date

Please supply name and address of cardholder if different from the address shown
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REPORTING

AM@T@J?EA@C>ﬂ$

Tony Smith G4FAl

IS MORSE RELEVANT?

The Radiocommunications Agency
(RA) has asked the Radio Society of
Great Britain "as the national repre-
sentative for radio amateurs in the UK”
to consider formally the proposal to
delete Radio Regulation 2735, which
was referred from last year's World
Radio Conference (WRC-95) to WRC-
99, and to give their views on it.

In a letter published in RadCom, jour-
nal of the RSGB, Roger Louth, the RA's
Director of Mobile Services, says:

“Fundamentally, we need to give
thought as to whether there should be
two classes of licence and, if there
should, whether the Morse Test is a
relevant means of differentiation . . .

“It is now timely to reconsider this
issue and to decide whether the Morse
requirement is one which radio amateurs
see relevant to the next millennium.”

RSGB SURVEY

Accordingly, the RSGB is to conduct a
survey of all radio amateurs, listeners
and other interested parties, to obtain
their views on the qualifications and
licensing structure necessary for the UK
Amateur Service.

The - RA itself has previously indi-
cated its view that the Morse test
is no longer relevant. If the test is
abolished and it is not replaced with
some other qualification, the result could
be a single licence permitting operation
on all amateur bands without a second
examination of any kind.

If the test were to be replaced with
something else, there is debate over
what could take its place. Some argue
there should be a test of computer key-
board skills to reflect the interests of
many of those who have campaigned to
see an end to the Morse test.

Others suggest there should be
several alternative tests, retaining Morse
as one of them. That way newcomers
could choose their own path to the h.f.
licence, depending on their particular
interests and aptitudes. Whatever the
final outcome, the “no-code” debate will
go on for a few more years yet!

FASC

Meanwhile, the International Amateur
Radio Union's special committee, men-
tioned briefly in this column in the
February issue, has begun work.

This committee, known as the Future
of the Amateur Service ad-hoc Com-
mittee (FASC), is to examine the in-
ternational regulations governing the
Amateur Service and Amateur-Satellite
Service (other than frequency alloca-
tions) and will suggest what changes, if
any, are desirable to properly reflect
the objects, needs, obligations, and
privileges of these services for the next
century.
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Amongst other things, it is to look
at the nature and content of transmis-
sions of amateur stations; the provision
of emergency communications; means
to facilitate the international recognition
of amateur licenses; and the technical
and operational qualifications for radio
amateurs.

This committee will be active for the
next three years and its proposals, after
discussion and agreement by IARU
member societies and Regions, will
develop into an IARU position for con-
sideration at WRC-99.

CAMPAIGN

Also of concern to radio amateurs is
a further matter referred by WRC-95
to WRC-99, i.e.: “Examination of the
adequacy of the frequency allocations
for HF broadcasting from about 4MHz
to 10MHz taking into account...the
needs of other services.”

In the UK and Europe the amateur
40m band covers 7MHz to 7-1MHz, and
in some other parts of the world, includ-
ing North America, it is from 7MHz to
7-3MHz.

The IARU has been seeking a world-
wide allocation of at least 300kHz in the
vicinity of 7MHz, so not only must the
present allocations be protected from the
pressure of broadcasters who wish to
expand their own allocations, but the
IARU’s own campaign for expansion of
the 40m band needs to be developed for
consideration at WRC-99.

This work is being undertaken by an
IARU 7MHz Strategy Committee which
in the near future will be asking national
societies, like the RSGB, to seek the
support of their administrations (in the
UK, the RA) for the proposed expansion
of the 40m amateur band.

SEARCH FORET!

The SETI League Inc., a non-profit,
educational and scientific corporation, is
looking for radio amateurs and other
microwave experimenters to help in the
Search for Extra-Terrestrial Intelligence.

It plans to deploy and coordinate
amateur radio telescopes around the
world in an intensive search for
microwave signals of possible intelligent
extra-terrestrial origin. When fully opera-
tional, Project Argus will provide the first
ever continuous monitoring of the entire
sky in all directions in real time.

Amateurs with suitable scanning
equipment, including a digital signal
processor, spectrum analysis software
and a home computer, will be asked to
monitor the range 1-4GHz to 1-7GHz in
10Hz steps. For various reasons, this
frequency range is considered by SETI
scientists to represent a natural, univer-
sal communications band.

The League will assign patrticipating
amateurs specific search declinations to

ensure full sky coverage, and will act as
a clearing house for information and
results.

EARTH DAY

A typical amateur radio telescope,
says the SETI League, can be built at
a cost similar to that of a typical
OSCAR satellite station, ranging from
a few hundred to a few thousand
dollars, depending upon the expertise
of the builder. Such radio telescopes,
they claim, are capable of detecting
microwave radiation from technologically
advanced civilizations several hundred
light years away.

The theory is that while one dedicated
amateur radio telescope would take
nearly six thousand years to complete
one full sweep of the chosen frequencies
in all directions from the earth’s surface,
5,520 experimenters could do the same
survey in one year.

The necessary hardware, software,
protocols and procedures are being
distributed to League members, and the
search phase of Project Argus begins on
“Earth Day”, April 21, 1996.

For further information, contact The
SETI League, Dept EPE, 433 Liberty St.,
PO Box 555, Little Ferry, NJ 07643, USA
(or E-mail info@setileague.org).

DEVELOPMENTS IN CHINA

Amateur radio continues to develop
in China. Individuals can now obtain
amateur licences, where previously only
club operation was allowed. The first
examinations have been held and the
first home station licences issued.

There are four licence grades, with
different power limitations: 500 watts and
100 watts on all authorised bands;
10 watts on limited bands, and a
fourth grade requiring no examination
allows operation on 29-5MHz f.m. only,
with home-built equipment. The no-exam
licenses are only valid for 12 months,
after which operators must upgrade to
one of the other licenses.

Last October, the Chinese Radio
Sports Association (CRSA) hosted the
first Beijing International DX Convention,
with delegates attending from many
countries, together with about 80
Chinese amateurs.

Two special event stations operated
over the weekend of the convention, one
from the convention hotel, and one from
the Great Wall of China. Each over-
seas visiting amateur was issued with a
Visitor's Licence to operate on the two
metre band in Beijing, using the callsign
“B/(home call)".

This was the first time foreign visitors
have been permitted such operation.
(Information from Amateur Radio, jour-
nal of the Wireless Institute of
Australia).
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PORTABLE X RAY MIACHINE PLANS Easy to construct
plans on a simple and cheap way to build a home X-ray machinel
Effective device, X-ray sealed assemblies. can be used for
experimental purposes. Not a toy or 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 ejectrical ormechanical connections, no spedal gimmicks
yetproducespositivemotion and effed. Excelientfor science projects,
magic shows, party demonstrations or sefious research &
development of this strange and amazing phychic phenomenon.
£4/set Ref F/TKE1.
ELECTRONIC HYPNOSISPLANS & DATA Thisdatashows
several ways to put subjects under your control. induded is a full
volume reference text and several construction plans that when
assembled can produce highly effective stimuli. This material must
be used cautiously. itis for use as entertainment at parties etc only,
by those experienced in its use. £15/set. Ref F/EH2.
GRAVITY GENERATOR PLANS This unique ptan
demonstrates a simple | pher that prodi an anti-
gravity eflect. You can actually build a small mock spaceship out of
simpte matenals and without any visible means- cause it fo levitate.
£10/set Ref F/GRA1.
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up to 750,000 voits of
discharge, experiment with extraordinary HV effects, 'Plasma in a
Jar, StEimo's fire, Corona, excellent science project or conversation
piece. £5/set Ref FBTCIAGS.
COPPER VAPOUR LASER PLANS Produces 100mw of
visible green light. High coherency and spectral quaiity similar to
Argon laser but easier and less costly to build yet far more efficient
Thispariculardesignwas developed at the Atomic Energy Commision
of NEGEV in Israel. £10/set Ref F/CVLY,
VOICE SCRAMBLER PLANS Minature sofid state system
turns speech sound into indecipherable noise that cannot be
understood without a second matching unit. Use on teiephone to
prevent third party listening and bugging. £6/set Ret FA/S9.
PULSED TV JOKER PLANS Little hand held device utilises
pulse techniques that will completely disrupt TV picture and sound!
works on FM too! DISCRETION ADVISED. £8/set Ref F/TJ5,
BODYHEAT TELESCOPE PLANS Highly directionai tong
range device uses recent technology to detect the presence of living
bodies, warm and hotspots, heatleaks etc. intended 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 Prjects an
invisible beam of heat capable of burning and melting matenais over
a considerable distance. This laser Is one of the most eflicient,
converting 10% input powerinto useful output. Notonly Is this device
a workhorse in weiding, cuting and heat processing matenals butit
is also a likely candidate as an effective directed energy beam
weapon against missiles, aircraft, ground-to-ground, etc. Particie
beams may very well utilize a iaser 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 Ret F/LCT.
MYSTERY ANTI GRAVITY DEVICE PLANS Uses smple
concept. Objects float In alr and move 1o the touch. Defies gravity,
amazing gift. conversation piece, magic tfick or science project. £6/
set Ref F/ANT 1K
ULTRASONIC BLASTER PLANS Laboratory source of sonic
shock waves, Blow holes in metal, produce 'coid’ sieam, atomize
liquides. Many cleaning uses for PC boards, jewllery, coins, smalf
parts etc. £6/set Ref F/ULB1.
ULTRAHIGHGAIN AMP/STETHOSCOPICMIKE/SOUND
"AND VIBRATION DETECTOR PLANS uitrasensitive device
enables one to hear a whole new world of sounds. Listen through
walls, windows, floors efc. Many applications shown, from faw
enforcement, nature listening. medical heartbeat, to mechanical
devices. £6/set Ref F/HGAT
ANTI DOG FORCE FIELD PLANS Highly eflective circuit
produces time variable pulses of accoustical energy that dogs
cannot tolerate £6/set Ref F/DOG2
LASER BOUNCE LISTENER SYSTEM PLANS Ailows you
1o hear sounds from a premises without gaining access. £12/set Ref
F/LLIST1
CRAWLING INSECT ROASTER PLANS Harmiess high
frequency energy pulses destroy pests as they crawlinto
the energy fieldi £4/set Ref F/IRCR1
LASER LIGHT SHOW PLANS Dot yourself plans show three
methods. £6 Ref F/LLS1
PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld, has large transducer and battery capadity with extemal
controls. £6/set Ret F/PSP4
INFINTY TRANSMHTER PLANS Telephone line grabber/
roommonitor. The rity and safety! simple
1o use! Call your hame or office phone, push a secre( tone on your
telephone to access efther: A) On premises sound and voices or B}
Existing conversation with break-in capability for emergency
. messages. £7 Ref F/TELEGRAB.
BUG DETECTOR PLANS s thatsomeone 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
inteference Detects iow, high and UHF frequencies. £5/set Ref F/
BD1.
ELECTROMAGNETIC GUN PLANS Projects a metal object
a ble distance-requires adult supervision £5 ref F/EML2.
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5/set Ret F/EMA1,
PARABOLIC DISH MICROPHONE PLANS Listento distant
sounds and voices, open windows. sound sourcesin 'hardto get'or
hostite premises. Uses satellite lechnology to gather distant sounds
and focus themto our ultra sensitive electronics. Plans also show an
optional wireless link system. £8/set ref F/PM5
2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
' VARIABLE 100,000 VDC OUTPUT GENERATORPLANS
Operates on9-12vdc, many possible experiments. £10Ref FHVM7/
TCLA.
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I INFINITY TRANSMITTERS The ultimate ‘bug’ fits o any phone
or line, undetectable, listen to the conversations 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 mini controiler (supplied) and you
can hear everything! Ring or Fax for latest price!
SWITCHED MODE PSU'S 244 watt, +532A, +126A,-50.2A, -
120 2A There is aso an optional 3.3v 25A rall available 120/240v I/
P. Cased, 175x30x 145mm. IEC inlet Sutable for PC use (6 d/drive
connectors 1 mboard). £10 ref PSU1.
VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V 8A
TX Nottoo sure what the function of these units is but they certainly
make good-strippers! Measures 330X320X120mm, on the front are
controisforscan speed, scandelay, scanmode,loads ofconnectons
onthe rear. Inside 2 x 6v 10AH sealed lead acid batts, pcb's and a8A?
12v torroidial transformer (mains in). Condifion not known, may have
one or two broken knobs due to poor storage. £17.50 ref VP2
RETRON NIG HT SIGHT Recognition of a standing man at 300m
in 1/4 moonlight, hemnatically sealed, runs on 2 AA batteries, 80mm
F1.5lens, 20mw infrared laser included. £325 ref RETRON.
MINI FM TRANSMITTER KIT Very high gain preamp, supplied
complete with FET etectret microphone. Designed to cover 83-108
Mhz but easily changed to coves 63- 130 Mhz. Works with a common
9v (PP3) battery. 0.2W RF. £7 Ref 1001,
3-30V POWER SUPPLY KIT Variabie, stabitized power supply
for lab use. Short circuit protected. suitable for profesional or amateur
use 24y 3A transformer is needed to complete the kit. £14 Ref 1007.
1 WATT FM TRANSMITTER KIT Supplied with piezo electric
mic. 8-30vdc. At 25-30v you will get nearly 2 watts] £12 ref 1009.
FM/AM SCAN NER KIT Well not quite, you have to turn the knob
your self butyou will hear things on this radio that you would nothear
on an ordinary radio {even TV). Covers 50-160mhz on both AM and
FM. Bullt in 5 watt amplifier, Inc speaker. £15 ref 1013.
3 CHANNEL SOUN D TO LIGHT KIT Wiretess system, mains
operated, sep djustment for cach 1200w
power handling, microphone Induded £14 Ref 1014,
| 4 WATT FM TRANSMITTER KIT Small but powerfut FM
transmitter, 3 RF stages, microphone and audio preamp Included,
£20 Ref 1)28.
STROBE LIGHT KIT Adjustable from 1-60 hz (a lot faster than
conventional strobes). Mains operated. £16 Ref 1037.
LIQUID LEVEL DETECTOR KIT Useful fortanks, ponds, baths,
rain alam, leak detector etc. Will switch 2A mains. £5 Ref 1081,
COMBINATION LOCK KIT 9key, programmable, complete with
keypad, will switch 2A mains. 9v dc operation. £10 ref 1114,
PHONE BUG DETECTOR KIT This device will warn you if
somebody is eavesdropping on your line. £6 ref 1130.
ROBOT VOICE KIT Interesting circuit that distorts your voicel
adjustabie, answerthe phone with a differentvoicel 12vdc£9ref 1131
TELEPHONE BUG KIT small bug powered by the ‘phone line,
starts transmitting as soon as the phone is picked up! £8 Ref 1135.
3 CHANNEL LIGHT CHASER KIT 800 watts per channel,
speed and direction controlssupptied with 12 LEDS (you can fittacs
instead to make kit mains. not supplied) 9-12vdc £17 ref 1026.
12VFLOURESCENT LAMP DRIVER KIT Lightup 4 foottubes
from your car batteryl 9v 2a transformer also required. £8 ref 1069.
VOX SWITCH KIT Sound activated switchideal formakingbugging
tape recorders etc, adjustable sensitivity. £8 ref 1073,

Check out our

WEB SITE

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

PREAMP MIXER KIT 3 input mono mixer, sep bass and treble
controls plus individual level controls, 18vdc, inputsens 100mA.£15
ref 1052.

METAL DETECTOR KIT Range 15-20cm, compiete with case,
9vdc. £8 ref 1022.

SOUNDEFFECTS GENERAT ORKIT Produces soundsranging
from bird chips to sirens. Complete with speaker, add sound effects
to your projects for just £9 ref 1045.

16 WATT FM TRANSMITTER (BUILT) 4 stage high power,
preamp required 12-18vdc, can use ground plane, yagi or open
dipoie. £69 ref 1021.

HUMIDITY METER KIT Builds into a precision LCD humidity
meter, 9ic design. peb, lcd display and all components included. £29
PC TIMMER KIT Four channel output controiled by your PC, will
switch high current mains with relays (supplied). Software supptied
s0 youcan program the channels todo what you want whenever you
want. Mi system geration Is 286, VGA. 4.1,640k. serial
port, hard drive with min 100k free. £24.99

DIVINING RODS Expensive technology cannot challengethe fool

proofartofwaterdivining, passeddownfromgenerationtogeneraton.
Seeing is believing, Use in the home, garden, countryside or desert,
it's divinely simple! £4.99 a pair ref /3.

HUGE BUBBLE MAKING KIT You'll be amazed at the the size
ofthe bubbles you can acheive with this bubble making kit. Once you
have gotthe knackitis possible to make bubbles of upto 40feetiong.
£11.99 ref £/9.

FM CORDLESS MICROPHONE This unitis an FM broadcasting
station in minature, 3 transistor transmitter with electret condenser
mic+fetamp design resuitin maximum sen<iti vity andbroadfrequency
response. 90-105mhz, 50-1500hz, 500 foot range in open countryl
PP3 battery required. £15.00 ref 15P42A.

MAGNETIC MARBLES They have been around for a number of
yearsbutstil give nise to curlosity and amazement Apack of 12is just

| £3.99 ref GI/R20
. STETHOSCOPES A fully functioning stethoscope for all those

*SOME OF QUR PRODUCTS MAY BE UNLICENSABLE [N THE UK

intricate projects. Enables you to listen to motors, pipes. heartbeats,
walls, insects etc. £6 ref MARGPS.

NICKEL PLATING KIT Proflesional electroplating kit that will
transform rusting parts into showpieces In 3 hours! Will plate onto
steel,iron, bronze, gunmetal,copper, welded, sitver sadered orbrazed
joints. Kitincludes enough toplate 1,000 sginches. You will also need
a 12v supply, a container and 2 12v light bulbs. £32.99 ref NIK39.
Minature adjustable timers, 4 pole ¢/o output 3A 240v,
HY1230S, 12vDC adjustable from (-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
DRINKING BIRD Remember these? hook onto wine giass (sup-
plied) and they drink. standup,drink.standup ETC! £4 each Ref EF1
SOLAR POWER LAB SPECIAL You get TWO 6°x6° 6v 130mA
solarceils, 4LED's, wire, buzzer, switch ptus 1 relay or motor.Superd
value kit just £5.99 REF: MAGEP8

BUGGING TAPE RECORDER Small voice activated recorder,
uses microcassette complete with headphones. £28,99 ref MAR29P 1.
PLUG IN ACORN PSU 19v AC 14w , £2 99 REF MAG3P 10
POWER SUPPLY fully cased with mains and ofp leads 17v DC
900mA output. Bargain price £5.99 ref MAGEP3

9v DC POWER SUPPLY Standard ptugin type 150ma 9v DC with

“lead and DC power plug. price for two is £2.99 ref AUG3P4.

COMPOSITE VIDEO KIT. Converts composite videointo sepa-
rate H sync, V sync, and video. 12v DC. £8.00 REF: MAGSP2.
GYROSCOPE About3" highand an excellenteducational toy for all
ages! Price with instruction bookiet £6 Ref EF15.

FUTURE PC POWER SUPPLIES These are 295x135x60mm,
4 drive connectors 1 mother board connector. 150watt, 12v fan, iec
inlet and on/off switch. £12 Ref EF6.

VENUS FLY TRAP KIT Grow yourown carnivorous plantwiththis
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 ideai for experimenters! 30 m for £12.99 ref MAG13P1
ROCK LIGHTS Unusuai things these, two pieces of rock that glow
when rubbed together belived to cause rainl£3 a pair Ref EF29.

3' by 1" AMORPHOUS SOLAR PANELS 14.5v, 700mA 10
watts, aluminium frame, screw terminals, £44.95 ref MAGAS.
ELECTRONIC ACCUPUNCTURE KIT Builds intoan electronic
version instead of needles! good to experiment with. £7 ref 7P30
SHOCKING COIL KIT Build this iftiebattery operated deviceinto
all sorts of things, also gets worms out of the groundl £7 ref 7P36.
FLYING PARROTS Easily assembled kit that builds a parrot that
actually flaps its wings and flies! 50 m range £6 ref EF2.

HIGH POWER CATAPULTS Hinged arm brace for stability,
fempered steel yoke, super sirength latex power bands. Departure
speed ofammunitionis in excess of 200miles per hourl Range of over
200 metres! £7.99 ref R/S.

PHILLIPS PRO COLOUR MONITORS, SCART INPUT
OUR PRICE JUST £80 REF BAR328.

BALLON MANUFACTURING KIT Brtish made, small blob
blows Into alarge, tonglasting dalloon, hours of funt£3.99 ref GI/E99R

CLEARANCE SECTION, MINIMUM ORDER
£15, NO TECHNICAL DETAILS AVAILABLE,

NO RETURNS, TRADE WELCOME.

2000 RESISTORS ON A REEL (SAME VALUE) 99P REF BAR340
AT LEAST 200 CAPACITORS (SAME VALUE 99P REF BAR342
INFRA RED REMOTE CONTROLS JUST 99P REF BAR333
CIRCUIT BREAKERS, OUR CHOICE TOCLEAR 98P REF BAR335
MICROWAVE CONTROL PANELS TO CLEAR £2 REF BAR 329
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) SOP REF BAR30S
LOTTERY PREDICTOR MACHINE!t JUST £1.50 REF BAR313
HELLA L/ROVER ELECTRIC H/LAMP LEVELLERE2 REFBAR311
SINCLAIR CS 18" TYRES TO CLEAR AT JUST 75P REF BAR318
LARGE MAINS MOTORS (NEW) TOCLEAR AT 75P REF BAR310
MODEMS ETC FOR STRIPPING £2.50 EACH REF BAR324

110V LARGE MOTORS (NEW) TO CLEAR AT S0P REF BAR332
MODULATOR UNITS UNKNOWN SPEC JUST S0P REF BAR323
GX4000 GAMES 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 50(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. 80P REF BAR325

WE BUY SURPLUS STOCK

FOR CASH
BUYERS DIRECT LINE 0860 425692
FREE CATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
ON REQUEST WITH ORDER.
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I EVERYDAY CLASSIFIED Everyday Practical Electronics reaches nearly twice

us many UK readers as any other independent
monthly hobby electronics magazine, our audited
sales figures prove it.
independent monthly magazine in this market for the
last eleven years.

| PRACTICAL |

ELEGTRONIGS

We have been the leading

if you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2-5cm).
The prepaid rate for classified adverts is 30p (+ VAT) per word (minimum 12 words).

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together
with remittance, should be sent to Everyday Practical Electronics Advertisements, Holland Wood House, Church Lane, Great Holland,
Essex CO13 0JS. Phone/Fax (01255) 850596.

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above.

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY
-Up to 38 volts d.c. at 6 amps continous, 10 amps
@eak fully variable from 1 to 38 volts. Twin

oltage and )
Current meters inc.
for easy read- £96 VAT
out. 240 volt a.c. carriage £6
input. Fully smoothed, size 14%2x 11 x 4'2 inches.
RADIO COMPONENT SPECIALISTS

? 337 WHITEHORSE ROAD, CROYDON
mmman  SURREY, CRO 2HS. Tel: 0181-684 1665

Lats of transformers, high volt caps. valves, speakers, in stock
Phone or send your wants list for quote.

Printed Circuit Board design
and manufacture. Photography
from Gerber data enlargement

or reduction of taped artwork.

Call:
SEVERNSIDE PHOTO-TOOLS

(01746) 763203

CAMBRIDGE 288 A4 NOTEBOOK
COMPUTER AVAILABLE AGAIN £99.
ONLY 1" THICK, 4xAA BATTS. 20 HOURS
w WORK. LCD SCREEN, 72 Crs, 6 LINES, 82K
RAM, EXTRA RAMS & EPROMS, 9 pin D
SERIAL PORT, ROM HAS BBC BASIC,
W/PROCESSOR, SPREADSHEET, DATA BASE,
IMP/EXPORT TO PC etc, V52 TERMINAL.

N W.N. RICHARDSON & CO.
PHONE/FAX 01494 871319
6 RAVENSMEAD, CHALFONT ST PETER,
BUCKS, SL9 ONB.
POST £5. ACCESS, VISA, ETC.

THE PARALLEL INTERFACE POWER CARD by
HANDDI Ltd for complete COMPUTER CONTROL.
This could be your most useful and cheapest computer/PC
‘“‘add-on’’ at only £19.95 . . . Post FREE!
Drives robotics, motor speeds, slceper motors, lamps, relays
etc. using its 8 x 20V/2A outputs.
Many sold already for successful Model Railway Layout
control . .. FULL INSTRUCTIONS supplied!
Send cheque for £19.95 OR S.A.E. for details to:~
HANDDI Ltd. P.0. 503, Milton Keynes, MK5 6JD.

BTEC ELECTRONICS
TECHNICIAN
FULL-TIME TRAINING

AN EQUAL OPPORTUNITIES PROGRAMME

O.N.C., O.N.D. and H.N.C.

Next course commences
Monday 22nd April 1996
FULL PROSPECTUS FROM

(Dept EPE) 20 PENYWERN ROAD
EARLS COURT, LONDON SW5 9SU
TEL: 0171-373 8721

THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT

LONDON ELECTRONICS COLLEGE

FIRST ON THE WEB

with over 300 kits: lasers, night vision, uC teaching,
PIC programmers, CCD cameras, UHF remote
control, FM bugs, amplifiers, Peltier modules.
See our web page at:
http://www.hk.super.net/ ~ diykit
Use your old PC as a dedicated controlier. Plug in
our relay board into the parallel port. Eight relays on
board. Comes complete with two software packages
{DOS & W3.1) and all components. Kit 74. £19.25
airmail post inc. Just send your cheque to:

DIY ELECTRONICS
PO Box 88458, Sham Shui Po, Hong Kong

THE BRITISH AMATEUR
ELECTRONICS CLUB

exists to help electronics enthusiasts by
personal contact and through a
quarterly Newsletter.
‘For membership details, write to the
Secretary:
Mr. J. R Davies, 70 Ash Road, Cuddington,
Northwich, Cheshire CW8 2PB.

Space donated by Everyday Practical Electronics

| EVERVDAY
PRACGTICAL

ELEGTRONIGS

SUBSCRIPTION ORDER FORM

Annual subscription rates
(1996):
UK £24.00.

Overseas £30.00 surface mail,
£47.50 airmail.

To:
Everyday Practical Electronics,
Allen'House, East Borough,
Wimborne,
Dorset BH21 1PF
—m

Tel: 01202 881749 VI
Fax: 01202 841692 mmmmm

| enclose paymentof £................ccceevivneannnn.

{cheque/PO in £ sterling only, payable to
Everyday Practical Electronics). Alternatively send
Access or Visa number and card expiry date.

SigNatUlermee . s erumsiies .« FTiEErwos s R snns s TR 05 TH1

Please supply name and address of cardholder if
different from the subscription address shown above.
Subscriptions can only start with the next available
issue. For back numbers see the
Back Issues page.

I M4/36
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Miscellaneous

PROTOTYPE PRINTED CIRCUIT
BOARDS one offs and quantities, for details
send s.a.e. to B. M. Ansbro, 38 Poynings Drive,
Hove, Sussex BN3 8GR, or phone Brighton
883871.

G.CSE. ELECTRONICS KITS, at pocket
money prices. S.AE. for FREE catalogue.
SIR-KIT Electronics, 70 Oxford Road, Clacton,
CO15 3TE.

PLDs AND EPROMS copied or programmed.
We supply logic devices/convert discrete logic
to PLDs. Also PCBs designed. Send for details
to PO Box 1561 Bath (01225 444467).

VALVE ENTHUSIASTS: Capacitors and
other parts in stock. For free advice/lists please
ring, Geoff Davies (Radio), Tel: 01788 574774.
PRINTED CIRCUIT BOARDS - QUICK
SERVICE. Prototype and Production. Artwork
raised from magazines or draft designs at low

" cost. PCB’s also designed from schematics.

Production assembly also undertaken. For
details send to P. Agar, 36 Woodcot Avenue,
Belfast, BT5 5JA or phone 01232 473533 (7
days).

AMAZE YOUR FRIENDS with your own
‘“‘PLASMA DISPLAY LAMP”. Fascinating
science project! Complete kit only £24.95.
(+£1.50 p&p) or plans only £5.95 (+50p
p&p). Cheques or postal orders to: P.P.S., 33B
Rowlands Road, Worthing, W. Sussex, BN11
3JJ.

HIGH VOLTAGE DC-DC CONVERTERS,
PCB Mounting, 12/24 volt input. Fully encapsu-
lated, ideal for GEIGER, PHOTOMULTIPLIER
and ION MOTOR experiments. 2kV Unit £19.00
each or 10kV Unit £49.00 each. Quantity dis-
counts available direct from manufacturer. S.A.E.
for further information to:— P.P.S., 33B Rowlands
Road, Worthing, W. Sussex, BN11 3JJ. 01903
214100.

25MHz DUAL BEAM OSCILLOSCOPE,
Philips PM3212, £150 o.n.o. (01284) 769187.

NBZ380-S Z80 COMPUTER TRAINING SYS-
TEM, Breadboarding area, Hex keypad, dis-
play, manuals, tutorial. leamn about Z80 CPU,
programming, interrupts, logic chips etc. £80
o.n.0. (01284) 769187.

FOR SALE: MICROCHIP PICSTART 16B1
development system with manuals and box com-
plete, only 6 months old, cost £160 sell for half
price. Phone evenings 01202 518665.

OSILLOSCOPE, Tetronix 541A, all valve
model, 30 MHz, good condition, £65. Advance
Signal Generator, £30. (01952) 460618.

100 WATT AMPLIFER MODULES, £895;
3 Heatsinks +50V D.C. ex-equip; 12-40V slider
P.S.U.’s, £5.00. K.I.A., 1 Regent Road, Dkely.

MAGAZINES 25p EACH, PE, ETI, Wireless
World, mostly 1977 to 1983. 01932 873005.

PIY! IC PROGRAMMER plus EPROM UV
Eraser and supporting data. Complete package
£350. Tel: (01743) 410243.
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TRAIN TODAY FOR A BETTER FUTURE

Electrical Contracting
Electrical Engineering

Now you can get the skills and qualifications you need for
career success with an ICS Home Study Course. Learn in
the comfort of your own home at the pace and times that
suit you. |CS is the world's largest, most experienced home
study school. Over the past 100 years ICS have helped
nearly 10 million people to improve their job prospects.
Find out how we can help YOU. Post or phone today for
FREE INFORMATION on the course of your choice.

C & G Basic Electronics

C & G Basic Mechanics

TV, Video & Hi-Fi Servicing
Refrigeration & Air Conditioning
PC Repair

Electronic Engineering

Call 0141 306 1195

Please send me my Free Information on your Electronics Courses.
Mr/Mrs/Ms/Miss

I BLOCK CAPITALS PLEASE) Date of Birth / / I l

I Wﬁress J I

I [ Postcode J I
@upation Tel. No. 4]

IES international Correspondence Schools, Dept. ZEEEAD, FREEPOST 882, 8 Elliot Place, l
Clydeway Centre, Glasgow, G3 8BR. Tel. 0141 306 1195 (9am-7pm) or Tel/Fax: Ireland 01 285 2533.
\ Further offers, which may be of interest, may be sent to you by ICS or other carefully selected companies. J
S D GEN EED EED AEN NN GER EED IO BED SED EED BED EEN Sn

SERVICE MANUALS

& Technical Books

Available for most equipment, any make, age or model

Return the coupon for your FREE catalogue

'MAURITRON TECHNICAL SERVICES (EPE)
8 Cherry Tree Road, Chinnor, Oxon, OX9 4QY.
Tl 01844-351694. Fax:- 01844 352554,
Please forward your latest catalogue for which I enclose 2 x 1st Class Stamps.
or £4.11 inc VAT for the Service Manuals Index on PC Disc plus cataloguc.

NAME
ADDRESS

POSTCODE

R Photocopy this coupon i you do nol wish to cut Ihe magazine y

. <> N

Cooke International

SUPPLIER OF QUALITY USED TEST INSTRUMENTS

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, GENERATORS,
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE
EXPORT, TRADE AND U K. ENQUIRIES WELCOME
SEND FOR LISTS OF EQUIPMENT & MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE
DISCOUNT FOR BULK ORDERS SHIPPING ARRANGED
OPEN MONDAY TO FRIDAY 9AM-5PM
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, PO22 0EB
Tel (+ 44) 01243 545111/2 Fax (+ 44) 01243 542457

EQUIPMENT & ACCESSORIES PURCHASED

= INFOTECH & STREE=

76 Church St, Larkhall, Lanarks, ML9 1HE
Phone (01698) 883334/888343 or Fax (01698) 884825

Remehber: Not only do we have every sheet ever produced, but we also have
The World’s Largest Collection of
SERVICE MANUALS & CIRCUITS

We are now successfully running a Library Service which allows you to borrow any
manual you want for as long as you want, and when you need another manual, just
return the one you have, plus a £4.95 exchange fee and tell us what you want next.

Borrow any Service Manual for £4.95
regardless of its size or normal cost

The cost of this service is a yearly subscription fee of only £569.95.
Join now & get a free ‘Data Ref Guide’.

SHERWOOD ELECTRONICS

Special Packs £1 each — choose 1 x £1 pack FREE
with every 10 purchased

SP1 15 x 5mm Red Leds SP116 3 x 10mm Green Leds

SP2 15 x 5mm Green Leds SP118 2 x Cmos 4047

SP3 12 x 5mm Yellow Leds SP119 4 x Cmos 4072

SP4 10 x 5mm Amber Leds SP125 10 x 1000/16V radial elect caps

SP6 15 x 3mm Red Leds
SP7 12 x 3mm Green Leds
SP8 10 x 3mm Yellow Leds

SP130 100 x Mixed 0.5W C.F. resistors
SP133 20 x 1N4004 diodes
SP134 15 x 1N4007 diodes

SP10 100 x 1N4148 diodes SP135 6 x Min. slide switches
SP11 30 x 1N4001 diodes SP136 3 x BFY50 transistors
SP12 30 x 1N4002 diodes SP137 4 x WO005 1.5A bridge
SP18 20 x BC182 transistors rectifiers
SP19 20 x BC183 transistors SP142 2 x Cmos 4017
SP20 20 x BC184 transistors SP144 3 x TIP31A transistors
SP21 20 x BC212 transistors SP145 6 x ZTX300 transistors

] Sp22 20 x BC214 transistors SP146 10 x 2N3704 transistors
SpP23 20 x BC549 transistors SP151 4 x 8mm Red Leds
SP24 5 x Cmos 4001 SP152 4 x 8mm Green Leds
SP25 4 x 555 timers SP153 4 x 8mm Yellow Leds
SP26 4 x 741 Op.amps SP154 15 x B(C548 transistors
SP27 5 x Cmos 4002 SP156 3 x Stripboard, 14 strips/
SP28 5 x Cmos 4011 27 holes

| SP2g 4 x Cmos 4013 SP160 10 x 2N3904 transistors
SP31 4 x Cmos 4071 SP161 10 x 2N3906 transistors
SP32 4 x Cmos 4077 SP165 2 x LF351 Op.amps
SP36 25 x 10/25V radial elect caps SP167 6 x BC107 transistors
SP37 15 x 100/35V radial elect caps ~ SP170 2 x LM339 quad volt comp.
SP41 20 x Mixed transistors SP174 20 x 22/25V radial elect caps
SP42 200 x Mixed 0.25W CF.reslstors SP175 20 x 1/63V radial elect caps
SP43 2 x LM1458 SP182 20 x 4.7/50V radial elect caps
SP47 5 x Min. pushbutton switches SP187 15 x BC239 transistors
SP102 20 x 8-pin DIL sockets SP191 3 x Cmos 4023
SP103 15 x 14-pin DIL sockets SP193 20 x BC213 transistors
SP104 15 x 16-pin DIL sockets SP194 10 x OA90 diodes
SP105 5 x 74LS00 SP195 3 x 10mm Yellow Leds
SP106 5 x 74LS02
SPGB Catalogue £1 inc. P&P or FREE
SP115 3 x 10mm Red Leds with first order.

P&P £1.25 per order. NO VAT.

RESISTOR PACKS - 0.25W C.Film
RP3 5 each value - total 365 £2.60
RP7 10 each value —total 730 £3.95

RP10 1000 popular values £5.30

Orders to:
Sherwood Electronics,
7 Williamson St., Mansfield,
Notts. NG19 6TD.
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PIC 16684 PROGRAMMEN

(EARN THE SECRETS OF PROGRAMMING THI VERSHTLE RE-HRITABLE MICRO CONTROLLER
PROGRAM - READ - VERIFY (o rany

EDIT PROGRAM & DATA
SAVE PROGRAM & DATA

SAVE YOURSELF HOURS OF WIRING LOGIC CHIPS
JUST PROGRAIVI A PIC16C84 INSTEAD

Y EASY TO LEAR

Vi _
IDEAL FOR ALL TYPES OF Abelications | INE Eww

SIMPLY CONNECTS TO YOUR COMPUTER PRINTER PORT ViA PRINTER LEAD. COMPLETE WITH
SOFTWARE ON 3.5"DISK & EASY TO FOLLOW INSTRUCTIONS & PROGRANMMING DATA.

BARGAIN COMPONENT PACKS

7805REGPKOF 4 £1  WHILE RED 3mm LED Pk OF 15£!1
GRN 3mm LED Pk OF 15 £1
STOCKS e\ 300 LED P OF 15 £1
LAST ! 77 300 TRAN Pk OF 15 £1
780 CPU 4MHZ Pk OF 2 £1
74HCT04 PK OF 10 £1
74HCT138 Pk OF 5 £1

7812 REG Pk OF 4 £1
TIP31A Pk OF 5 £1
TIP31A Pk OF 5 £1
2K*8 STATIC RAM Pk 4 £1
100uF 25v Min Rad Pk OF 15 £1
680uF 35V Min Rad Pk OF 10 £1
22PF CERAMIC CAP PK OF 20 £1 74HCT245 Pk OF 4 £1

4.00 MHz Xtal PACK OF 4 £1 74HCT374 Pk OF 5 £1
32.768 Hz Xtal PACK OF 5 £1 PIC16C84 PK OF 3£15

X TELE-SALES 01530-413141

ASTERS DEPT EPE, 10 THE GREEN, ASHEY DE LA 20UCH, LEICS LEGS U
TRADE / EXPORT ws:.cons FAX No 01530-412151
0 11 P/P FOR COMPONENT PACS - SAE FOR CAT
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100 off per value - 75p.
Metal Film resistors Y4

.015, 022, .033, .047, .068 — 4p. 0.1 - 5p. 0.12,

1000p to 8200p — SF .01 t0 .068 — 4p.
Submin ceramic plat:

2% 1.8pf to 47pf — 3p. 2% 56pf 1o 330pf —

10pt to 820pf —

741 Op Amp — 20p.
CMOS 4001
DIL holders, 8-pin
ALUMINIUM ELE
1/50, 2.2/50, 4.7/50, 10/25, 10/50 ..

. 1000pf to 10,000,
. 555 umer—ZOp LM

100/16, 100/25 7p; 100/50 ..
220/16 8p; 220/2 , 220/50 10p;

0.1,0.22,0.47,1.0,2.2,3.3 @35V -4,

47/10, 20p; 47/16, 25
VOLTAGE REGULATORS
1A + or —
DIODES (piv/a

400/1A 1N4004 4p. 1250/1A BY 127 10p.
Zener diodes E24 series 3V3 to 33V 400mW —
Banery snaps for PP3— 7pfor PP9 .............

Mixed metal/carbon film resistors YsW E12 series 10 ohms to 1 Megohm ..

Carbon Film resistors W 5% E24 series 0.51-Rto 1
even hundreds per value totallln9 1000 ..

10R to 1 MO 5% E12 series — 174

Mixed metal/carbon film resistors 2W E24 series 1RO to 10MO ..

1 watt mixed metal/Carbon Film 5% E12 series 4R7 to 10 Megohms

Linear Carbon pre-sets 100mW and W 100R to 2M2 E6 series

“Miniature polyster capacitors 250V working for vertical mounti

e capacltors 100V wkg vemcal mountings
4p. 10% 390p-4700p ..
Disc/plate ceramics 0V E12 series 1PO to 1000P, E6 Series 1500 to 47000P
Polystyrene capacitors 63V worklng E12 series long axial wires
Sp 12 ,000pf ... .

—20p 4011 - 22p. 4017 — 40p 4069UB unbuffered
; 14-, 16-, 18-pin 12p; 24-pin 18p; 28-pin 20p;
ROLYTICS (Mfds/Volts)

22/16, 22/25 22/50, 33/16, 47/16, 47/25 47/50
470/16. 470/25 .
1000/25 25p; 1000/35, 2200/25 35p; 4700/25 ..
Subminiature, tantalum bead electrolytics (MfdsNons)

/16, 6.8/10, 10/6, 10p; 6.8/35, 12p.
4.7/25, 6.8/16, 10/6, 11p; 15/16, 22/6, 33/10, 15p; 10/25, 16p; 10/35, 22/16, 20p.
; 47/20, 30p; 47/35, 32p; 100/3, 18p; 100/6, 220/6, 20p.

75/25mA 1N414§2p 800/1A 1N4006 4'2p. 400/3A 1N5404 14p. 115/15mA OAS1 .......... 8p
100/1A 1N4002 3'%p. 1000/1A 1N4007 5p. 60/1.5A S1M1 5p. 100/1A bndge .2
30/150mA OA47 gold bonded

p. 1% E24 series

g
15, 0.22 - 6p. 0.47 — 8p. 0.68 —8p. 1.0~ 12p

Mylar (polyester) capacnors 100V working E12 series vertical mountlng5
0.1-5p. 0.12,0.15, 0.22 6%1047 0V - 8p

2 series

5V, 8V, 12V, 15V, 18V & 24V — 55p. 100mA. 5.8, 12,15,V + . ... 1308

6p. Twatt.........

Mains indicator neons with 220k resistor

L.E.D.'s 3mm. & 5Smm. Red, Green, Yellow — 10p. Grommets 3mm — 2p 5mm ..
Red flashing L.E.D.’s require 9- 12v supply only, 5mm

AA/HP?7 zinc/carbon batteries in packs of 4 ..

TRANSISTORS
184L, BC212, 212L
BFY50/51/52 — ~ 20p.

20mm fuses 100mA to 5A. O. blow 6p.A/surge 10p. Holders, chassis, mounnng

Hugh speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0mm - 40p. Machines 12V dc ..
HELPING HANDS 6 ball joints and 2 croc clips to hold awkward Jobs

AA/HP7 Nicad rechargeable cells 90p each. Universal charger unit ..

Glass reed switches with single pole make contacts — 8p. Magnet: s
0.1 Stripboard 22" x 1" 9 rows 25 holes — 25p.
Jack plugs 2.5 & 3.5m — 14p; Sockets Panel Mig. 2.5 & 3.5m... S
Ear pieces 2.5 & 3.5mm, dynamic — 20p; 3.5mm crystal...........

Multi cored solder, 22G— 8p yard, 18G — 14p yard.

BC107/8/3 - 12p. BCS407/8/9 8p. BC557/8/9 - 8p. BC182, 182L, BC183, 183L,
1

3% x 2" 24 rows 37 holes

~10p
E150

BC184,

BC327, 337, 337L—12p BC727, 737 - 12p. BD135/6/7/8/9 — 25p. BCY70 - 18p.

BFX88 — 15p, 2N3055 - 55p, TIP31, 32 - 30p, TIP41, 42 — 40p. BU208A - £1.50, BF 195, 197—12p
{onisers with seven year guarantee 240V AC, flst price £16.95 or more .
Do not add VAT. Postage 30p (free over £5). Stamp Ior ||sL

THE CR SUPPLY CO

127 Chestertield Rd., Sheffield S8 O0RN Tel: 0114 2557771 Return posting

Millions of quality components
at lowest ever prices!

Plus Tools, Watches, Fancy Goods, Toys.
Mail order UK only.

All inclusive prices —
NO VAT to add on.
Send 43p stamped self addressed label or
envelope for catalogue/clearance list.
At least 2,100 offers to amaze you.

Brian J Reed
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 0181-393 9055

NEW MINI CAMERA and SPECIAL OFFERS

NEW - Minl Waterproof TV Camera, 40 x 40 x 15mm,
requires 10V to 16V at 120mA with composlte video
output (to feed into a Video or a TV with a SCART plug)
it has ahigh resolution of 45 TV lines vertical and 38
TV lines horizontal, elsctronic auto Iris for nearly dark
(1 LUX) to bright sunlugm operation and a pinhole lens
with a 92 degree field of view, it focuses down 1o a few
CM. Itis fitted with a 3-wire lead {12V in gnd and video
oul . £93.57 + VAT = £109.95 or 10+ £89.32 + VAT

104,95,

ngh quality Stepping Motor Kits (all including stepping
motors) ‘Comstep’ independent control of two stepping
motors by PC (via the Paraflel Port) with two motors and
software. . 00;

Software support a al npu

Power Interface: 4A kit £36.00, 8A kit,

Stepper kit 4 (manual control) includes 200 step steppmg
motor and control circuit.... ..£23

Hand Held Transistor Analyser it tefls you which Iead |s
the base, the collector and emitter and if it is NPN or
PNPor 1auit5y. £33.45. Spare 6V battery £1.20.

LEDs 3mm or 5mm Red or Green 7p each, Yeliow 11p each.

Cable Ties 1p each, £5.95 per 1000, £49.50 per 10,000.

RECHARGEABLE BATTERIES
AA HP7) SOOMA

C ZAH wnth sobder tags.
D 4AH with soider tags.......
1/2AA with solder tags.....
AAA (HP16) 180mAH... . _
AA 500mAH with solder tags
C (HP11) 1-2AH,
) (H ) 12AH .
PP3 8:4V 110mAH.
Sub C with solder tags.....
173 AA with tags (Philips CTV) S
Standard Charger, charges 4 AA celis in 4Cs
or Ds in 12 to 14 hours. phus 1xPP3 (1,2, 3 or 4 cells may
be charged at a tima}.. 95
High Power Charger, as above but chavges the Cs and Ds in
'5 hours; AAs, Cs and Ds mustbe charged in twos o 0F
5

lours, ud
Nickel Metal Hydryde AA cells. ugh capacity with o
memory If charged at 100mA and discharged at 250mA or
less 1100mAH capacity {lower capacity for high
rates), .£3.75
SPECIAL OFFERS -
PLEASE CHECK FOR AVAILABILITY
Stick of 4, 42mm x 16mm NiCad battenes,17Ymm x 16mm
dia, with red and black leads. 4-8V..... .. £8.
Five button cell, 6V 280mAH batiery With wires
(Vata5x 250DK). £2.45
Shaded-pole motor, 240V a.c. 5mm x 20mm shatt,
80mm x 60mm x 55mm excluding the shatt, .......... £4.95
115V a.c. BOV d.c. molor, 4mm x 22mm shaft, 50mm dia. x
60mm long body {excluding the shaft) it has a replaceable
thermal fuse and brushes .. ....£4.94each, £3.95 100+
7-Segment, common anode, l6.0. dlspla 12mm...... 45p
LM337K, TO3 case, Variable reguiator.. £1.95,100+ £1. 44
GaAs F.E.T. low leakage current 58873
.........£12.95 each, £9.95 10+, £7.95 100 +
BS250 p-channel MOSFET
BC559 translsior.
BC547A transisto
T4LS0S Hex inverter..
Used 8748 A
SL952 UHF Limiting ampiifier, LC 16 surface mounnn%
paclé%ge with data sheet.

CD4007UB»._

1.95
21 25 each 90p 100+
...10p 100+ . 6p 1000+

Sinclalr Light Gun, terminated with a Jack plug and PP3 clip,
gives a signal when pointed at 50Hz flickering light, witht
output wavetorm chart ...£3.95

DC-DC Converter. Reliability model Vi2P5, 12V, 5V
200mA out, 300V Input-to-output isoiation, with data
......... ..£4.95 each orpack ol 10 £39.50

Hour Counter used 7 dngll 240V a.c. 50H: reestome 53145

QWERTY kayboard, 58-key, good qualury
swilches, New.

Alrpax A82903-C large stepping motor 14V 7-5° step,

27 ohm, 68mm dia. body, 6.3mm shatt......£8.95 or £200
for a box of 30

Polyester capacitors, box type, 22.5mm lead pitch
0-9uF 250V d.c. 18p each, 14p 100+, 9p 1000+
1uF 250V d.c. 20p each, 15p 100+, |0p 1000+

luF 50V bipolar electrolytic axial Jeads. 15p each, 7-5p

1000+

0-22uF 250V polyester axial ieads. 15p each, 100+ 7-5p each
Polypropylene tuF 400V d.c. (Wima KP!O) 27 5mm pich,
32mm x 29mm x 17mm case, 75p each, 60p 100+
Philips 123 series solid aluminium axial leads.
33uF 10V and 2-2uF 40V 40p each, 25p 100+
Philips 108 serles, long Hfe,
WF B3V aXia....ovoveve e .. 30p each, 15p 1000+
Multilayer AVX ceramic capacors, all 5mm pitch. 100V
100pF, 150pF, 220pF, 10,000pF (100} 10p each,
5p 100+, 3.5p 1000+
F compression tnmmer capacior......... ....50p
40uF 370V a.c. motor start capacior (dialectrol type
CONAINNG NO PL.D.S)....ovvrve e rrrnnes £5.95 or £49.50 for 10
Solid carbon resistors, very low inductance, «eal for r.f,
circuits, 27 ohm 2W, 68 ohm 2W 25p each,
15p each 100 +
We have a range of 0-25W, 0'5W, 1W and 2W sohd carbon
resistors Pgease send SAE for st
P.C. 400W PSU {Intel part 201035-001} with standard
motherboard and five disk drive connectors, fan and mains
inpub/output connectors on back and switch on the side
(top for tower case) dims, 212mm x 149mm x 149mm
excluding switch, £26.00 each. £138.00 for 6
MX180 Dightal Multimeler 17 ranges, 1000V d.c.
750V ac. 2Megohm 200mA Iransisior Hie SV and 15V

tiery tes!

AI\IJ 27256-3 EPROMs £2.00 each. £1.25100+

Inmac deluxe anti-glare static contro! pahel, window size
228mm x 161mm, overall size 264mm x 200mm, held to
the monitor with Mook and looy g&pe .. meee£7.95 @BCH

DIP switch 3PCO 12-pin {ERG 3-023)
60p each, 40p 100+

Disk Drive Boxes for & 5:25 disk drive, with room lor @ power
supply, light-grey piastc 67mm x 268mm x 247mm £7.95 or
£49.50 for 10

Handheld L Remate Control. £3.95
CV2486 Gas Relay 30mm x 10mm dia. with 3-wire temminals,
will also work as a neon light..........o..... 20p each,
or £7.50 per 100
All products advertised are new and unused
uniess otherwise stated.
Wide range of CMOS TTL 74HC74F Linear, Transistors kits,
rechargeable batteries, capacitors, tools etc. always in stock.
Please add £1.95 towards P&P. VAT included in all pnces

JPG ELECTRONICS

276-278 Chatsworth Road
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POWER AMPLIFIER MODULES-TURNTABLES~-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

MP M R AMPLI
HIGH POWER, TWO CHANNEL 19 INCH RACK

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 toroidal transformers % Twin L.E.D. Vu meters %
Level controls % llluminated on/off switch % XLR connectors % Standard 775mV inputs * Open and short circuit
proof * Latest Mos-Fets for stress free power delivery into virtually any load % High slew rale * Very low
distortion ¥ Aiuminium cases % MXF600 & MXF900 lan cooled with D.C. loud ker and th
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19“xH3%:" (2U)xD11"
MXF400 W19"xH5%" (3U)xD12”
MXF600 W19"xH5%" (3U)xD13"
MXF200 W19 xH5%" (3U)xD14%4"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

| pr

dvanced 3-Way Stereo Active Cross-Over, housed In a 19” x 1U case. Each channel has three level controls:
ass, mid & top. The removable front fascia allows access to the programmable DL switches to adjust the
ross-over 1requency Bass Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches
n each bass ch inal 775mV i put. Fully ible with OMP rack amplilier and modules.

Price £1 17.44 + £5.00 P&P

* ECHO & SOUND EFFECTS»

- REO DISCO MIXER SDJ3400S5E]

TEREO DISCO MIXER wlith 2 x 7 band

SEHVICE * LARGE (A4) S E.E0p STAMPED FOR CATALOGUE *

A N IR NN IS YIS SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide reputation for quallty, reliabliity and performance at a realistic price. Four
models are available 1o sul the needs of the professional and hobby market l.e. Industry, Leisure, Instrumental and Hi-Fi
etc. When comparing prices, NOTE that all models include toroidal power supply, Integral heat sink, glass fibre P.C.B. and
drlve circuits 1o power a compatible Vu meter. All models are open and short clrcuit 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 Output 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, Siew Rate 60V/uS,
« T.H.D. typicai 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 Antl-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. typical
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

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC.

& R graphic equalisers with bar graph
ED Vu meters. MANY OUTSTANDING
EATURES:- Including Echo with repeat &
peed control, DJ Mic with talk-over
witch, 6 Channels with individual faders
lus cross fade, Cue Headphone Monitor. 8
ound Effects. Useful comblination of the
llowing inputs:- 3 turntables (mag), 3
vics, 5 Line for CD, Tape, Video etc.

IPrice £144.99 + £5.00 P&P

SIZE: 482 x 240 x 120mm

Z0 ELE TWE RS - MOTOROLA!

oin the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved
ansient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required
1ese units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE
. XPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

. TYPE ‘&’ (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,
disco and P.A. systems efc. Price £5.99 + 50p P&P.

TYPE ‘C’ (KSN1016A) 2"x5” wide dispersion horn for quality Hi-Fi sys-
tems and quality discos eftc. Price £6.99 + 50p P&P.

TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn. Upper frequency
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) 3%:" horn tweeter with attractive silver finish trim.
Suitable tor Hi-Fi monitor systems etc. Price £5.99 + 50p P&P.

LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet input Jack socket. 85x85mm. Price £4.10 + 50p P&P.

\\'\,
r\\y,’:,\{

TYPE E'

- - =
bi FLIGHT CASED LOUDSPEAKERS

\ new range of quality loudspeakers, designed to take advantage of the latest
peaker technology and enclosure designs. Both models utilize studio quality
" cast aluminium loudspeakers with factory fitted grilles, wide dispersion
onstant directivity horns. extruded alumlnium corner protection and steel
all corners, complimented with heavy duty black covering. The enclosures
re fitted as standard with top hats for optional loudspeaker stands.

, \

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

ibl FC 12-100OWATTS (100dB) PRICE £159.00 PER PAIR
ibl FC 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
N- THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMP CAR STEREO BOOSTER AMPLIFIERS
{ 150 WATTS (75 + 75) Stereo, 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:

* Stereo, bridgable mono % Choice of
high & low level Inputs * L & R level
controls * Remote on-off * Speaker &
herpea ection

PRICES: 150W £49.99 250W £99.99

400W £109.95 P&P £2.00 EACH

POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC.
PRICES INCLUSIVE OF VA.T SALES COUNTER. ViIsa anD
ACCESS ACCEPTEDBY POST, PHONE OR FAX.
—

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.

LOUDSPEAKERS

RUMEN 2 D O »

ALL EMINENCE UNITS 8 OMMS IMPEDANCE

8" 100 WATT R.M.S. ME8-100 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, KEYBO ARD, 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. 65H2, FREQ. RESP. TO 3.5KH2, SENS 99d8. 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 42H2, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P
12" 200 WATT R.M.S. ME 12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P
12" 300 WATT R.M.S ME 12-300GP 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. ME 15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO 5KH2, SENS 99dB. PRICE £50.72 + £4.00 P&P

15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.
RES. FREQ. 39H2, FREQ. RESP. TO 3KHz2, SENS 103dB.

PRICE £73.34 + £4.00 P&P

ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual Impedance tapped @ 4 & 8 ohm)
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. RICE £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. 99dB. PRICE £13.65 + £2.50 P&P
10" 100WATT EB10-100 BASS, HI-FI, STUDIO.

RES. FREQ. 35H2, 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 93dB PRICE £42.12 + £3.50 P&P
FULL RANGE ‘I’WIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

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

6%2" BOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI- ARRAV DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.

8" 60WATT EB8B-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89d8.

10" 60WATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB.

RANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP.
PRICE £14,85 + £1.00 P&P
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x ASmm SUPPLY 9V BATTERY.

Rl

PRICE £30.39 + £3.50 P&P

PRICE £9.99 + £1.50 P&P
PRICE £10.99 + 1.50 P&P
PRICE £12.99 + £1.50 P&P

PRICE £16.49 + £2.00 P&P

PHOTO: 3W FM TRANSMITTER

B.K. ELECTRONICS

UNITS 185 COMET WAY, SOUTHEND-ON-SEA,
ESSEX.SS26TR.
Tel:01702-527572 Fax.:01702-420243




With over 14,000 products
the new Maplin Catalogue
Is now bigger than ever
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CAT: OVER 14,000 PRODUCTY

THE EIFFEL TOWER THE NEW MAPLIN CATALOGUE
Built in 1889 by Alexandre Gustave Eiffel, Built for 1996 by Maplin, the new catalogue is
the Eiffel Tower is 984 feet high and almost 1,200 pages long and gives an unrivalled
gives an unrivalled view of the view of the whole world of electronics.
whole of Paris. Now Only £2.95
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VAST RANGE OF ELECTRICAL S-sowind B  RADIO CONTROL MODELS, CONTROL
FITTINGS AND CABLES PRESX TSI GEAR AND SPARES FROM 99p T £400
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OVER 300 KITS FOR YOU TO BUILD
FROM £5 10 £599

ittt ¢TRoOoNITS 4 N D B EYOND

Get your copy now from WHSMITH, John Menzies and Maplin stores nationwide
Or order direct NOW on 01702 554161

Catalogue Mail order Price £3.45 (inc p&p). Prices refer to the 1996 Maplin Catalogue and are inclusive of VAT,
All items are subject to availability. E&OE. Maplin Electronics, PO. Box 3, Rayleigh, Essex, England SS6 8LR.



