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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512S0D).
€179 (PPC1512DD). £179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU,

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each
d4ohm impedance and consisting of 6 1/2" woofer 2" mid range and
1" tweeter. |deal to work with the amplifier descnbed above. Price per
pair £30.00 Order ref 30P7R
MICROWAVE CONTROL PANEL. Mains operated, with touch
switches Complete with 4 digit display. digital clock. and 2 relay
outputs one for power and one for pulsed power (programmabile).
Ideal for alt sorts of precision imer applications etc. Now only £4.00
ref 4P151.
FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black
PVC. Five metre length £7.00 ref 7P29R
12V SOLAR CELL.200mA output ideal for trickle
charging etc. 300 mm square. Our price £15.00 ref _ .
15P42R
PASSIVE INFRA-RED MOTION SENSOR.
Complete with daylight sensor, adjustable lights
on timer (8 secs -15 mins), 50" range with a 90
deg coverage. Manual overide facikty. Com-
plete with wall brackets, bulb hoiders etc. Brand
new and guaranteed. Now only £19.00 ref
19P29
Pack of two PAR38 bulbs for above unit £12.00 ref 12P43R
VIDEO SENDER UMIT Transmit both audio and video signals
from erther a video camera, video recorder or computer to any
standard TV set within a 100" range! {tune TV to a spare channel).
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
SP191R
FM TRANSMITTER housed in a standard working 13A adapter
(bug 1s mains driven). £26.00 ref 26P2R
MINATURE RADIO TRANSCEIVERS A pair of |
walkie talkies with a range of up to 2 kilometres. Units
measure 22x52x155mm Complete with cases £30.00 [} 1 1
ref 30P12R P ]|
FM CORDLESS MICROPHONE.Small hand held unit )
with a 500" range! 2 transmit power levels reqs PP3 batery. Tun-
eable to any FM receiver Our price £15 ref 15P42AR
12 BAND COMMUNICATIONS RECEIVER.9 shon
bands, FM. AM and-LW DX/local switch, tuning 'eye’ mains ‘,
of battery Complete with shoulder strap and mains tead
NOW ONLY £19.00!f REF 13P14R.
CAR STEREO AND FM RADIOLow cost stereo system giving
5 watts per channel. Signal to noise ratio better than 45db, wow and
tutter less than .35%. Neg earth. £19.00
ref 19P30 I I
LOW COST WALIKIE TALKIES Pair of battery oper-
ated units with a range of about 200°. Our pnice £8.00 a - -
pair ret 8P 50R L
7 CHANNEL GRAPHIC EQUALIZERpWs a 60 watt
power amp! 20-21KHZ 4-8R 12-14v DC,negative earth. Cased. £25
ref 25P14R
NICAD BATTERIES. Brand new top qualty. 4 x AA's £4.00 ref
4P44R 2 xC's £4.00 ref 4P73R. 4 x D's £9.00 ret 9P12R, 1 x PP3
£6.00 ref 6P35R
TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The uhimate equivalents book. Latest edibon £20.00 ref
20P32R
CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref
3P104R Bumperg ack of 1,000 ties £14,00 ref 14P6R

T A CARAVAN OR BOAT?

NEW 80 PAGE FULL COLOUR LEISURE CATALOGUE
2,500 NEW LINES FREE WITH ORDER ON REQUEST

OR SEND £1.00
GEIGER COUNTER KIT.Compiete with tube, PCB and all compo-
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nerts to build a battery operated geiger counter. ££39.00 ref 39P1R
FM BUG KiT.New design with PCB embedded coil. Transmits to
any FM radio. 9v battery req'd £5.00 ref SP158R

FM BUG Buiit and tested superior 9v operation £14.00 ref 14P3R
COMPOSITE VIDEO KITS. These convert composite video into
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39R
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 pm 6"x4" 1/4"
OP shaft. New. £20.00 ref 20P22R

As above but with fitted 4 10 1 inkne reduction box (800mm) and
toothed nylon belt drive cog £40.00 ret 40P8R

ELECTRONIC SPEED CONTROL KiTor c5 motor. PCB and afl
componants to build a speed controller {0-95% of speed). Uses
putse width modulation. £17.00 ref 17P3R.

SOLAR POWERED NICAD CHARGER.Charges 4 5‘,}'

AA nicads in 8 hours. Brand new and cased £6.00 ref &2
6P3R

ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others. Includes mains adapter, leads and book.
£15.00 ref 15P43R

VIDEO TAPES. Three hour superior quaity tapes made under
bcance from the famous JVC company Pack of 5 tapes New low
price £8.00 ref 8P 161

PHIUPS LASER. 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KITAs supplied it will handie up to about
15w at 220v but with a largertransformerit willhandle 80 watts Basic
kit £12.00 ref 12P17R Larger transtormer £12.00 ref 12P41R.
VERO EASI WIRE PROTOTYPING SYSTEMideal for design-
ing projects on etc. Complete with tools, wire and reusable board
New low bargain price onty £2.00 ref B2P1

HIGH RESOLUTION 12" AMBER MONITOR!2v 1.5A Hercu-
les compatible (TTL input) new and cased £22.00 ref 22P2R
VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 59P4R

25 WATT STEREO AMPLIFIERc. STK043. With the addition of

a handful of components you can build a 25 watt amplifier. £4.00 ref
4P69R (Circuit dra included)

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10

£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R

FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R.
12V 19A TRANSFORMER. Ex equipment but otherwise ok. Our
price £20.00

ULTRASONIC ALARM SYSTEM. Once again in stock these
units consist of a detector that plugs into a 13A socket in the area to
protect. The receiver plugs into a 13A socket anywhere eise on the
same supply. Ideal for protectng garages, sheds etc. Complete
system £25.00 ref B25P1 additonal detectors £11.00 ref B11P1
iBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref

15P612
4 )

AMSTRAD MP3
UHF/VHF TV RECEIVER/CONVERTER
CONVERTS COLOUR MONITOR INTO A TV!
£9.00

\_ _J

286 MO THER BOARDS. Brand new and tested completewith
technical manual. £49.00 ref A49P 1

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 nicads. Holds up to S batteries at once. New and cased, mains
operated. £6.00 ref 6P36R

IN CAR POWER SUPPLY.Phugs into cigar socket and glves

spider plug. £5.00 ref SP167R

RESIS TOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2%
metal film. £5.00 ref SP170R

CAPACITOR PACK 1.100 assorted non electrolytic capacitors
£2.00 ref 2P286R.

CAPACITOR PACK 2. 40 assorted slectrolytic capacitors £2.00
ref 2P287R.

QUICK CUPPA? 12vimmersion heater with lead and cigar highter
plug £3.00 ref 3P92R

LED PACK .50 red leds, 50 green leds and 50 yellow leds afl Smm
£8.00 ref 8P52R

A

AMSTRAD 164000 BASE UNITS
BRAND NEW AND CASED
TWO BUILT iN 5 1/4" DRIVES
MOTHER BOARD WITH 640K MEMORY
KEYBOARD AND MOUSE
MANUAL
OUR PRICE JUST

g7
Wﬂ LEAD. (D25 to centronics plug) 2 metre parallel

£5.00 ref 5P186R
COPPER CLAD STRIP BOARD 17" x 47 of .1" pitch “vero™ board.
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R.

STRIP BOARD CUTTING TOOL.£2 00 ret 2P352R.

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths. Ideal for repairs and projects. ref 3P91R
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths. Ret 2P365R

6 1/2" 20 WATT SPEAKER Built in tweeter 4 ohm £5.00 ret
5P205R

WINDUP SOLAR POWERED RADIO! FM/AM radio takes re-
chargeable battenes complete with hand charger and solar pane!
14P200R

PC STYLE POWER SUPPLY Made by AZTEC 110v or 240v
input. +5 @ 15A,+412@ 5A-12 @ .5A.-5@ .3A. Fully cased withfan,
on/off switch, IEC inlet and standard PC flyleads. £15.00 ref F15P4
ALARM PiR SENSORS Standard 12v alarm type sensor will
interface to most alarm panels. £16.00 ref 16P200

MODEMS FOR THREE POUNDSI!

Fully cased UK modems designed for dial up sy stem (PSTN)no data
or info but only £3 00 ref 3P145R

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and speaker only
£3.00 ref 3P146R

DATA RECORDERS

Customer returned malns battery units buihtin mic ideal for Computer
or general purpose audio use. Price is £4.00 ref 4P 100R
SPECTRUM JOYSTICK INTERFACE

Plugs into 48K Spectrum to provide a standard Atari type joystick
port. Our price £4.00 ref 4P101R

ATARI JOYSTICKS

Ok for use with the above interface, our pnce £4.00 ref 4P102R
BENCH POWER SUPPUES

Superbly made fully cased (metal) giving 12v at 2A pius a 6V supply.
Fused and short arcuit protected. For sale atlessthan the cost of the
case! Our price is £4.00 ref 4P 103R

250 POHTLAND ROAD HOVE. SUSSEX
.BN3 5QT TELEPHONE 0273 203500
‘MAIL DRDER TERMS: CASH PO OR CHEQUE]

WITHORDER PLUS £3.00 POST PLUS VAT.

PLEASE M.LOW 7.-10 DAYS FOR DELIVERY

N )

FAX 0273 23077

SPEAKER WIRE

Brown twin core insulated cable 100 feet for £2.00 REF 2P79R
DISC DRIVES

Customer retumed units mixed capacities (Up to 1.44M) We have not
sorted these so you Just get the next one on the shelf. Price is only
£7.00 ref 7P1R (worth it even as a stripper)

MICROSCOPE 1200X MAGNIFICATION

Brand new complete with shimp hatchery, shrimps, prepared
slides, hght etc. £29.00 ref J29P4.

LIGHT ALARM SYSTEM

Small cased alarms that monitor a narrow beam ared for sudden
changes in light level. Complete with siren that sounds for a preset
tme when unit is triggered. £7.00 ref J7P1

JOYBALLS

Back in stock popular Commodore’Atan equiv (replace standard
joy stick) £5.00 ref J5P8

720K 3 1/2" DISC DRIVE

Brand new units made by JVC complete with tech info st £19.00!!
ref J19P2

CAR BATTERY CHARGER

Brand new units complete with panel meter and leads. 6 or 12v
output £7.00 ref J7P2

CUSTOMER RETURNED SPECTRUM +2

Complete but sold as seen so may need attenton £25.00 ref J25P1
or 2 for £40.00 ref JAOP4

CUSTOMER RETURNED SPECTRUM +3

Complete but soki as seen so may need attention £25.00 ref J25P2
or 2 for £40.00 ref J4OP5

HEX KEYBOARDS

Brand new units approx 5° x 3" only £1.00 each ref CD42R
PROJECT BOX

51/2" x 31/2" x 1" black ABS with screw on kd. £1.00 ref CD43R
SCART TO SCART LEADS

Bargain price leads at 2 for £3.00 ref 3P147R

SCART TO D TYPE LEADS

Standard Scart on one end, Hi density D type on the other. Pack of
ten leads only £7.00 ret 7P2R

OZONE FRIENDLY LATEX

250m| bottle of iquid rubber setsin 2 hours Idealfor mounting PCB's
fixing wires etc. £2.00 each ref 2P379R

QUICK SHOTS

Standard Atari compatible hand controller (same as joysbcks) our
price is 2 for £2.00 ref 2P380R

VIEWDATA SYSTEMS

Brand new units made by TANDATA complete with 120075 builtin
modem infra red remote controlled qwerty keyboard BT appproved
Prestel compatible, Centronics printer port RGB colourand compos-
ite output (works with ordinary television) complete with power
supply and fully cased. Our price is only £20.00 ref 20P1R

AC STEPDOWN CONVERTOR

Cased units that convert 240v to 110v 3" x 2* with mains input lead
and 2 pin American output socket (suitable forresistive loads only)
our price £2.00 ref 2P381R

CURLY CABLE

Extends from 8" 1o 6 feat! D connector on one end, spade connectors
on the other ideal for joysticks etc {6 core) £1.00 each ret CD44R
COMPUTER JOYSTICK BARGAIN

Pack of 2 joysticks only £2 00 ref 2P382R

BUGGING TAPE RECORDER

Small hand held cassette recorders that only operate when there is
sound then turn off 6 seconds after soyou coukd leave itin a room ali
day and fust record any thingthat was said. Price is £20.00 ref 20P3R
NEW SOLAR ENERGY KIT

Contains 8 sotar cells, motor, tools, fan etc plus educational bookiet.
Ideal for the budding enthusiast! Price is £12 00 ref 12P2R

86 AT PC
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP-
PLY £139 REF 139P1 (noi/o cards or drives included) Some
metsi work req'd phone for detalls.

35MM CAMERAS Customer returned units with buiit in flash and
28mm lens 2 for £8.00 ref 8°200
STEAM ENGINE Standard Mamod 1332
engne complete with boiler piston etc £30
ret 30P200

TALKING CLOCK

LCD display, alarm, battery operated
Clock will announce the tme at the
push of a button and when the
alarm is due. The alarm is switchabla.
from voice 1o a cock crowming!f14.00 ref MPZOOR

HANDHELD TONE DIALLERS

Smalf units that are designed to hold over the mouth piece of a
telephone to send MF dialling tones. Ideal for the remote control of
answer machines. £5.00 ref SP209R

AMAZING TALKING COINBOX!

Fully programmable taking, lockable coinbox BT approved, retail
price Is £79 ours is just £29! ref J20P2.

ANSWER PHONES £15

Customer returned units with 2 faults one we tell you how to fix the
other you do your seli! £18 ref J18P2 or 4 for £60 ref J6OP3 BT
approved (retail price £79.95!! each)

COMMODORE 64 MICRODRIVE SYSTEM

Complete cased brand new drives with cantiridge and software 10
times faster than tape machines works with.any Commodore 64
setup. The orginal prce for these was £49 00 but we can offer them
to you atonly £25.00! Ref 25P1R

90 WATT MAINS MOTORS Ex equipmant but ok Good general

‘pupose unit £.00 ret FIP1

H A SPEAKER BARGAIN Onginally made for TV sets they
consist of a 4 10 wattdR speaker and a 2" 140R tweeter If you want
two of each plus 2 of our crossovers you can have the lot for £5.00
ref FSP2

VIDEO TAPES E180 FIFTY TAPES FOR £70.00 REF F70P1
360K 5 1/4"Brand new drives white front. £20.00 Ref F20P1
EMERGENCY LIGHTING SYSTEM

Fully cased compilete with 2 adjustable flood lights. All you needis a
standard 6v lead acid battery. Our price is just £10 ref J10P29
AMSTRAD 464 COMPUTERS

Customer returned units complete with a monitor for just £35! These
units are sold as faulty and are not returnable.

IN SUSSEX? CALL IN AND SEE US!

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK
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Projects

EPE ALTIMET by John Becker 694
A self-contained “’pocket” altimeter for anyone who reaches a high.
REACTION TIMER by T. R. de Vaux-Balbirnie 710

Test your reactions with this inexpensive unit

BATTERY TO MAINS INVERTER

DAUGHTER BOARD by Mark Daniels 78
A fix for the obsolete chip in the original design

PERSONAL STEREO AMPLIFIER by |. A. Duncombe 720
An excellent easy to build design with various power supply options

MINI LAB by Alan Winstanley and Keith Dye 736
A versatile test, development and prototyping board specially

designed for Teach-In ‘93

VIBRATION ALARM by M. G. Argent 742
Ingenious design that uses the piezo sounder as the vibration transducer

Series

ALTERNATIVE ENERGY -4 714
by T. R. de Vaux Balbirnie

Power from water; tides, waves, hydro-electric and hydrogen

TEACH-IN ‘93 -1 by Alan Winstanley and Keith Dye 726
Our series for everyone learning about electronics and

particularly GCSE and “A” level students
TECHNIQUES-ACTUALLY DOING IT by Robert Penfold 740
Component substitution for project building

CIRCUIT SURGERY by Mike Tooley 744
Clinic for constructors — your problems solved

INTERFACE by Robert Penfold 747
Stepper motors; Pads-PCB program

AMATEUR RADIO by Tony Smith G4FAl 756

What's in a name; Skilled involvement; Annual report; Numbers up

Jeatyres

EDITORIAL 693
INNOVATIONS - EVERYDAY NEWS 702
News and new products from the world of electronics

THE NEXT 21 YEARS by Barry Fox 704
A little crystal ball gazing — consumer product developments
TOMORROW’'S TECHNOLOGY by lan Poole 705
Technological developments that could produce the products of the future
SHOPTALK with David Barrington 724
Component buying for EPE projects

ELECTRONICS VIDEOS 750
A range of educational videos

DIRECT BOOK SERVICE 751
Selected technical books, our own books and all Babani books

PRINTED CIRCUIT BOARD SERVICE 754

A special PCB SALE (while stocks last) - boards for EPE projects

FREE WITH THIS ISSUE - GREENWELD 196 PAGE
CATALOGUE Banded to the magazine

ADVERTISER'S INDEX , 760

Our December ‘92 Issue will be published on
Priday, 6 November 1992. See page 683 for detalls.

Roaders Services e Editorial and A dvertisement Departments 693

Everyday with Practical Electronics, November 1992 681



Surplus always
wanted for cash!

- 20 Mhz DX processor .

- 2 megs RAM. Exp 10 meg - Enhanced

- 40 meg hard drive .
- 1.2 meg 5-1/4" floppy .
- 32K cache exp. 64K .

Complete with MS-DOS 4.01
2 serial 1 parallel ports
8 free slots- 6 off 16 bit!
The MP386 quality made by Mitsubishi to last a lifetimel Brand new with

all manuals and software plus Super PC-Quick Disk Accelerator for
Only..........

" THE ORIGINAL SURPLUS WONDERLAND!

COMPUTER SCOOPS

PC-AT 386 20-DX FULLY LOADED FOR £4494!

Installed VGA card

102 key k/board

£499

lightnino disk access.

A COMPLETE
SYSTEM FOR ONLY £99!!

Just plug in and go - fully expandable - the Display PC-99! System supplied
complete with 12" mono monitor, 84 key keyboard, 360k 5-1/4" floppy disk drive,
128K RAM, 2 serial and 1 parallel port plus DOS with manual. Many other features
include 7 slot backplane, all metal case, 150 watt PSU and US made mother-
board. In very good used condition with 90 day guarantee. At the unique price of:

IBM PC COMPAT

FLOPPY DISK DRIVES

/4™ from .95 - 312" from £21.95!
Massive purchases of standard 54" and 312" drives enables us
to present prime product at industry beating low prices! All units
(unless stated) are removed from often brand new equipment
and are fully tested, ali?rned and shipped to you with a 80 day
guarantee and operate from standard voltages and are of stand-
ard size. All are IBM-PC compatibie (it 312" supported).

3.5” Panasonic JU364 720K* £21.95(B)

3.5" Mitsublshi MF353C-L. 1.4 Meg. Laptops only* £29.95(B)

3.5 Mitsubishl MF353C-D. 1.4 Meg. Non laptop® £29.95(B)

5.25" Teac FD-55(36). 360K half height. £22.95(B)

5.25" Teac FD-55(72). 720K halt height. £24.95(B)
“ Data cable Included in price.

Shugart 800/801 SS refurbished & tested £175.00(E
Shugart 851 double sided refurbished & tested £275.00(E
Mitsublshi M2894-63 double sided switchable

hard or soft sectors- BRAND NEW £250.00(E)

Dual 8" drives with 2 mbyte capacity housed In a smart case

with built in power supply! ideal as exterior drives! £499.00(F)
End of line purchase scoop! Brand new NEC D2246 8" 85
megabyte of hard disk storage! Full CPU control and Industry
standard SMD interface. Ultra hi speed transfer and access time
leaves the good old ST506 interface standing. In mint condition
and comes complete with manual. Only... .£299(E)

THE AMAZING TELEBOX

Converts your colour monitor into a
. QUALITY COLOUR TVt

TV SOUND

& VIDEO
TUNER!

The TELEBOX consists of an attractive fully cased mains
powered unit, containing all electronics ready to plug into a host
of video monitors made by manufacturers such as MICROVI-
TEC, ATARI, SANYO, SONY, COMMODORE, PHILIPS, TA-
TUNG, AMSTRAD and many more. The composite video output
will also plug directly into most video recorders, allowing recep-
tion of TV channels not normally receivable on most television
receivers (TELEBOX MB). Push button controls on the front
panel allow reception of 8 fully tuneable off air' UHF colour
television or video channels. TELEBOX MB covers virtually all
television frequencles VHF and UHF including the HYPER-
BAND as used by most cable TV operators. Compositeand RGB
video outputs are located on the rear panel for direct connection
to most makes of monitor. For complete compatibility - even for
monitors without sound - an integral 4 watt audio amplifier and
low level Hi Fi audio output are provided as standard.

Telebox ST for composite video input monitors £32.95
Telebox STL as ST but with integral speaker £36.50
Telebox MB  as ST with Multiband tuner VHF-UHF-Cable.

& hyperband For overseas PAL versions state
5.5 or 6mhz sound specification. £69.95
Telebox RGB for analogue RGB monitors (15khz) £69.95
Shipping code on all Teleboxes is (B}
RGB Telebox also suitable for IBM multisync monitors with RGB
analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.

No Break nterruptable PSU’s
Brand new ang boxed volts uninterruptable power supphes
from Densel. Model MUK 0565-AUAF is 0.5 kva and MUD
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK
are internal, MUD has them in a matching case. Times from
interrupt are 5 and 15 minutes respectively. Complete with full
operation manuals...........MUK......£249 (F) MUD.....£525 (G)

§UM= § 30“. s‘l. E
fuifei

Optional FITTED extras: 256K RAM £15; 640K RAM £39.
12" CGA colour monitor with card £89. 2nd 5-1/4" 720K floppy

{or 360K if preferred) £29.95. 20 mbyte hard drive £89.

POWER SUPPLIES

MAIL ORDER & OFFICES
Open Mon-Fri 8.00-5.30
Dept EE. 32 Biggin Way

Upper Norwood.
London SE19 3XF

£99 (E)

Power One SPL200-5200P 200 watt (250 w peak).Semi open
frame giving +5v 353, -5v 1.5a, +12v 4a (Ba peak), -12v 1.53,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection on the +5v output. AC input selectable for 110/240
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B)
Power One SPL130. 130 waitts. Selectable for 12v (4A) or 24 v
(2A). 5v @ 20A. + 12v @ 1.5A. Switch mode. New.  £59.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New £22.95(B)
Greendale 139ABOE 60 watts switch mode.+5v @ 6a+12v @
1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode .+5v
@15a,-5v@ 1a,212v @ 6a.27 x 12.5 x 6.5cms.New. £49.95(C)
Boshert 13090.Switch mode.ldeal for drives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.53, -5v @ 0.5a. £29.95(B)
Farnell G6/40A. Switch mode. S5v @ 40a.Encased £95.00(C)
Farnell G24/5S. As above but 24v @ 5a. £65.00(C)

BBC Model B APM Board
£100 CASH FOR THE

WIN 100 MOST NOVEL
casH! DEMONSTRATABLE
APPLICATION!

BBC Model B type computer on a board. A major purchase
allows us to offer you the PROFESSIONAL version of the BBC
computer at a parts only price. Used as a front end graphics
system on large networked systems the architecture of the BBC
board has so many similarities to the regular BBC model B that
we are sure that with a bit of expefimentation and ingenuity many
usetul applications will be found for this board!! It is supplied
complete with a connector panel which brings ali the 10 to 'D’
and BNC type connectors - all you have to do is provide +5 and
+12v DC. The APM consists of a single PCB with most major
ic's socketed. The ic's are too numerous to list but include a
6502, RAM and an SAA5050 teletext chip. Three 27128
EPROMS contain the custom operating system on which we
have no data, On application of DC power the systemn boots and
provides diagnostic Information on the video output. On board
DIP switches and jumpers select the ECONET address and
enable the four extra EPROM sockets for user software. Appx.
dims: main board 13" x 10". VO board 14" x 3". Supplied tested
with circuit diagram, data and competition entry form.

only £29.95 or 2 1or £53
SPECIAL INTEREST
Trio 0-18 vdc bench PSU. 30 amps. New £ 470
Fujitsu M3041 600 LPM band printer £2950
DEC LS/02 CPU board £ 150
Rhode & Schwarz SBUF TV test transmitter
25-1000mhz. Complete with SBTF2 Modulator £6500
Caicomp 1036 Iar?e drumn 3 pen plotter £ 650
Thur|b¥ LA 160B logic analyser £ 375
1.5kw 115v 60hz power source £ 950
Anton Plllar 400 Hz 3 phase frequency converter 75Kw POA
Newton Derby 400 Hz 70 Kw converter POA
ADDS 2020 VDU terminals - brand new £ 225
Sekonic SD 150H 18 channel Hybrid recorder £2000
HP 7580A A1 8 pen high speed drum plotter £1850
Kenwood DA-3501 CD tester, laser pickup simulator £ 350

BRAND NEW PRINTERS

Microline 183. NLQ 17x17 dot matrix. Full width. £139 (D)
Hyundal HOP-920. NLQ 24x18 dot matrix full width. £148 (D)
Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D)
Centronics 152-2 9 x 7 dot matrix. Full width, £149 (D)
Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width€ 99 (D)

LONDON SHOP DISTEL © The

Open Mon-Sat 9-5.30
215 Whitehorse Lane,
South Norwood
London, SE25

Free dial-up database!
1000's of items On Line
V21,V22 & V22 bis

081-679-1888

nsecom

-
-

SS
b33
SN
h33
333
Sse
sss
1333
b33
San
Saan
1333
£ 333
Nt

Surplus aiways
wanted for cash!
HP Double Beam 100mhz Scopes
A Major purchase from a liquidated _
company enables us to offer you this
superb Hewlett Packard quality
HP1740A oscilloscope in HARDLY
USED CONDITION at a fantastic
pricel Although exceptionally simple
to use the full spec. of this scope
wouid take up the whole page, so
briefly here are a few of its features:
« 5 mV/div to 20v/dlv In 12 ranges
+ Large 8 x 10cm CRT with scale lfluminated
+ 50ns/div to 2s/div 24 ranges (timebase)
» Third channel trigger view On'y
+ Dual input impedance 50§21 megQ2
+ TV sync trigger £435 00
« Full delayed time base facllitles . (F)
« Light weight fully portable, dual voitage
Fully guaranteed with full user manual.
COLOUR MONITORS
SAVE £5! NLY £100 WHEN
BOUGHT WITH THE 386 ABOVE!
14" Philips Model CM8873 VGA multi-
sync all the way up to 34Khz with 640 x
¥ 480 resolution. This one has everything!
— Two switches enable you to select CGA,
EGA or VGA and digital/analog. Sound is also provided, with a
volume control. There is also a special “Text” switch for word
processing, spreadsheets and the like. Compatible with virtually
all computers including IBM PC's, Amiga, Atari, BBC,
Archimedes etc. Good used condition (possible minor screen
bumns) 90 day guarantee. 15" x 14" x 12°. Only............ .£159(E)
KME 12" high definition colour manitors.0.28"
dot pitch for superb clarity and modern two |
tone plastic styling. Operates from any 15.625
khz sync RGB video source, with RGB analog
and composite sync such as Atari, Commo-
dore Amiga, Acorn Archimedes & BBC.
Measures onjy 13.5" x 12" x 11", Also works
as quality TV with our RGB Telebox. Excellent used condition
with 90 day guarantee. Beige and brown case. Only..... £149 (E)
Brand new Centronic 14" monitor for IBM PC and compatibles
at a lower than ever pricel Completely CGA equivalent. Hi-res
Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitor in attractive style mouided case.Full
90 day guarantee. Only ............ £129 (E)
NEC CGA 12" IBM-PC compatible. High 4
quality ex-equipment fully tested with a 90
day guarantee. In an attractive two tone
ribbed grey plastic case measuring 15"L x
13"W x 12°H. The front cosmetic
bezel has been removed for con-£79 (E) :
tractual reasons. Only..........
20", 22" and 26" AV SPECIALS
Superbly made UK manutacture. PIL all solid state colour moni-
tors, complete with composite video & sound inputs. Attractive
teak style case. Perfect for Schools,Shops,Disco, Clubs.
In EXCELLENT little used condition with full 90 day guarantee.
20"...£135 22"..£155 26"...£185 P
CALL FOR PRICING ON NTSC VERSIONS!
perb Quality 6 foot 40u
" 3
19'"Rack Cabinets
Massive Reductions
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 removable side panels. Fully ad-
justable internal fixing struts, ready pun-
ched for any configuration of equlpment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribu-
tion 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 or stand singly. Overall dimensions
are 77-1/2"H x 32-1/2"D x 22°W. Order as:
Rack 1 Complete with removable side panels
Rack?2 Less side panels

3 Inch AC. 1v2" thick
92mm AC 230 v. 18mm thick
3v2inch AC ETRI slimline.Only 1" thick.
312inch AC 230 v 8 watts. Only 3/4° thick
4inch  AC 110/240v 112" thick.

10inch AC round. 312 thick. Rotron 110v
10inch As above but 230 volts

60mm DC 1" thick.No.812 for 6/12v.814 24v.
80 mm DC 5v.Papst 8105G 4w. 38mm. RFE.
92mm DC 12v. 18 mm thick.
4inch DC 12v. 12w 112" thick
4inch  DC 24v 8w. 1" thick.

£ 8.50(B
:129558;
£ 9,95(B)
£12.95(A)
£10.95 Bg
£10.95(8
£24.95(B)
£15.95(A
£19.95(A
£14.95(A
£12.50(B
£14.50(B

1992 Summer Issue of Display News now available - send large SAE - PACKED with bargainsi

ALL ENQUIRIES

o =2

Original

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government, Universities,Schools & Local Authorities
welcome-minimum account order £30. Carriage charges (A)=£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G)=Call . Scotland surcharge: call
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a retum fo base basis.Rights reserved to
change pnces & specifications without prior notice. Orders subject 1o stock. Quotations willingty given for higher quantities than those stated. Bulk surplus always wanted for cash.
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REMOTE CONTROL

There are many applications for which constructors
would like remote control. This versatile unit has been
designed for application in a diverse range of
equipment. Everything from one button operation of
garage doors to 32 codes for three different receivers
in one room, a total of 96 combinations.
The entire system, transmitter and receiver, uses just
three i.c.s is compact and easy to build. Various output
! decoding and switching options are discussed and full
detail of interfacing to our Mains Appliance Remote
Control (MARC) system, published in 1990, are given. If
you want remote control for almost anything this article
should meet your needs.

BULL ELECTRICAL

CATALOGUE

MIDI LEAD TESTER

This unit enables MIDI connecting leads to be quickly checked, and it will show up broken wires/connections
or short circuits from one lead to another. In use it is much quicker and easier than using a multimeter or
continuity checker. Checking leads with ordinary test equipment is easy enough provided you have four
hands (two for the test leads and two for the plugs!) It should be possible to build the tester for less than the
cost of ready made units, some of which seem to be rather crude in comparison to this device. It can help to
greatly speed-up checks on a faulty MIDI system.

COMBINATION SWITCH

The Combination Switch or Combination Lock is a versatile project which may be used to unlock a door or
switch off an alarm etc. The user's password is held in memory, which is protected by a back-up battery in
case of power cuts. The password may be re-programmed by the user at any time, and up to 12 digits can be
stored. If the wrong password is entered more than three times, a siren output is activated for a minute or *
so. There is also provision for a switch input so that the siren sounds if the switch is closed before the
correct password has been entered. This may be used to detect a door or window being forced. The project
may be fully integrated with an alarm system if required.

EVERY

WITH PRACTICAL
ELECTRONICS
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SURVEILLANCE

PROFESSIONAL

QUALITY KITS

No. 1 for Kits

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years
and you can be sure that all of 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.

UTX Ultra-miniature Room Transmitter

Smallest room transmitter kit in the word! 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 stabiiity and range.
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range ... £15.45

VT500 High-power Room Transmitter

Powerful 250mW output providing excelleat 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 delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45
HVX400 Mains Powsered Room Transmitter

Connects directly to 240V AC supply for Iong-term monitoring. Size 30mm x 35mm.
500m range. £19.45
SCRX Subcarrier Scrambied 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

$SCLX Subcarrier Teiephone Transmitter

Connects to telephone line anywhere, requires no batteries. Output scrambled so
requires-SCOM connected to receiver. Size 32mm x 37mm. 1000m range...........£23.95
SCDM Subcarrier Decoder Unlt for SCRX

Connects to receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9-12V operation . = oy ..£22.95

ATR2 Micro Size Telephone Recording Interface

Connects between telephone line (anywhere) and cassette recorder. Switches tape
automatically as phone is used. All conversations recorded. Size 16mm x 32mm.
Powered from fine £13.45

..£13.45

* k% Specials xx%

DLUDLRX Radio Contrel Switch

Remote control anything around your home or garden, outside lights, alarms, paging
system etc. System consists of a small VHF transmitter with digital encoder and receiver
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x
S0mm. Both 9V operation. Range up to 200m.

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

MBX-1 ¥i-F Micro Broadcaster

Not technically a survelliance device but a great idea! Connects to the headphone output
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your
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

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 Transmitter

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than
UTLX. Connects to line (anywhere) and switches on and off with phone use. All
conversations transmitted. Powered from line. 1000m range ...£13.45
STLX High-performance Telephone Transmitter

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

1500m range .

TKX900 Signalling/Tracking Trummor

Transmits a continous stream of audio pulses with variabie tone and rate. ideal for
signalling or tracking purposes. High power output giving range up to 3000m. Size
25mm x 63mm. 9V operation ...£22.95
CD400 Pocket Bug DetectorAocator

LED and piezo bleeper pulse stowly, rate of puise and pitch of tome increase as you
approach s:gnal Gain control allows pinpointing of source. Size 45mm x 54mm. 9V
operation ... =

CD600 Pnfaﬂoul Bug Moctu/l.ocﬂor

Multicolour readout of signal strength with variable rate bieeper 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, cellutar, taxls etc. Size 70mm x 100mm. 9V operation ....£50.95
QTX180 Crystal Controiled Room Transmitter

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and
requires the use of a scanner receiver of our QRX180 kit (see catlogue). Size 20mm x
67mm. 9V operation. 1000m range ..£40.95
OLX180 Crystal Cointrolied Teisphons Transmitter

As per QTX180 but connects to telephone line to monitor both sides of conversations.
20mm x 67mm. 9V operation. 1000m range... SR ....£40.95
QSX180 Line Powered Crystai Controiled Phone Tnmmor

As per QLX180 but draws power requnremems from line. No batteries required. Size
32mm x 37mm. Range 500m ......£35.95
QRX180 Crystai Controlied FM llocohm

For monitoring any of the ‘Q" range transmitters. High sensitivity unit. All RF section
supplied as a pre-built and aligned module ready to connect on board so no difficulty
sefting up. Outpt to headphones. 60mm x 75mm. 9V operation ............... ..£60.95

A build-up service is available 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.

£15.95

THE WORKSHOPS, 925 MAIN ROAD,

BAXTERLEY. NEAR ATHERSTONE,

DESIGNS

WARWICKSHIRE CV9 2LE

0827 714476

VISITORS STRICTLY BY APPOINTMENT ONLY
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SPARKOMATIC 4 x 150 watt
CAR AMPLIFIER

The SA3200 is our top of the line 4 Channel Amplifier
which is extremely well specified. It is very powerful and
versatile and features separate bass and treble controls
which gives the user the possibility of reducing bass
response to the front speakers and adding treble for
better stereo imaging. The bass response can then
be increased to the rear speakers which are usually
larger and capable of offering better reproduction. The
SA3200 features a bridge operation switch which offers
the possiblity of using the amplifier in 4, 3 or 2 channel
mode. The 3 channel mode is ideal for installations
where rear deck speakers are used in combination with a
separate subwoofer.

® 4 x 150 Watts max @ 4 x 80 Watts into 4 Ohms at
less than 0.5% THD @ 2 x 80 Watts plus 1 x 160 Watts at
less than 0.5% THD @ 2 x 160 Watts into 4 Ohms at less
than 0.5% THD @ Separate bass and weble controls for
front and rear channels @ Separate sensitivity controls
for front and rear channels @ 2, 3 or 4 channel operation
® Heavy duty power wires @ Glass blasted aluminium
heatsink @ High current capacility

£251.65 plus£7 p&p

SPARKOMATIC 2 x 150 watt

CAR AMPLIFIER
The SA1500 is a very highly specified 2 Channel
Amplifier with built-in sub bass crossover. The SA 1500,
which is ideal for powering medium sized subwoofers,
will also operate in bridge mode as a 150 Watt mono
amplifier.

® 2 x 150 Watts max. into 4 Ohms @ 2 x 70 Watts per
channel at 0.5% THD @ Bridge mode operation @ Sen-
sitivity adjustment ranging from 100mV to 1V @ Heavy
duty power wires @ Built-in sub bass crossover @ Glass
blasted aluminium heatsink @ High current capacity

£117.65 plus £6.50 p&p

SPARKOMATIC 80 watt CAR

POWER AMPLIFIER

The AMP 7000 produces high power at low distortion.
The amplifier accommodates low level, high level and
high power radio speaker inputs. The response is linear
and extends beyond the capability of all music sources.
This compact unit mounts easily and its quick connect
terminals accept RCA or straight wire input terminals.
Power rating 2 x 40 watt per channel. MMP 2 x 20
watt at 10%. THD response 20Hz-20k Hz. Size 160mm x
130mm x 45mm.

£32.95 plus £3.50 p&p

11 BAND COMPONENT GRAPHIC
EQUALIZER FOR CARS

This neat unit connects between the line output of your
car stereo and your power amplifiers so that you are
able to adjust the sound as in a studio compensating
for soft furnishing and sound refiections from glass,
also it has a sub-woofer output to drive a separate
amplifier for that extra deep bass sound. FEATURES: 2
channel inputs 4 channel outputs via phono sockets,
CD input via 3.5mm jack 11 band graphic. SPEC-
IFICATION RANGE 20Hz-60kHz THD 0.05%, S/N
RATIO 86dB. EQ FREQUENCIES 60Hz, 120Hz, 250Hz,
380Hz, 500Hz, 750Hz, 1kHz, 2kHz, 4kHz, 8kHz, 16kHz
(boost cut of = 12dB) SIZE 178mm x 25mm x 140mm

£32.70 postage £1.80

EMINENCE 42 PROFESSIONAL
USA MADEIN CAR CHASSIS
SPEAKERS

All units are fitted with big magents “Nomex" Voice
coils NOT ALUMINIUM, “Nomex" is very light and can
stand extremely high temperatures, this mixture makes
for high efficiency and long lasting quality of sound.

V6 6% 200W Max Range 50Hz-3kHz £34.40
V6 8" 300W Max Range 45Hz- 3kHz £39.35
V10 10" 400W Max Range 33Hz-4kHz £44.45
V1212 400W Max Range 35Hz-3kHz £45.95
BOSS 15" 800W Max Range 35Hz-4kHz £79.90
KING 18" 1200W Max Range 20Hz-1kHz P.O.A.

Postage £3.85per speaker.

Build your own Bazooka sub woofer tube to suit
Eminence car speakers. 10mm thick fibre supplied with
grille and clamp terminals finished in black vinyl.
Eminence U10, Size 270mm x 700mm

£25.95 £3.50 p&p
Eminence U12 Size 320mm x 710mm

£29.95 £3.50 p&p

No. Q!y per pack
MO20 30W dome tweeter by £agle/Japan Made
size 90mm x 66mm £1
MO021 1 60W Hifi tweeter made for Jamo UK size
90mm sq. £1
M0O22 2 30 watt 8 ohm Hifi chassis speakers.
Made for Hitachi UK midi systems, size
125mm sq. with large 70mm magnet
£9.00 + £2.00 p&p
MO23 2 Pod Car Speakers. Moulded in black
plastic with 15 watt 10cm Goodmans unit
fited £4.95 +£2.50 p&p
MO23A 1pr 40 watt Car Speakers made for
Roadstar of Switzerland. Fitted with dual
polypropylene cone and foam rubber
surround. Big 70mm magent for good
base response. Supplied with grills fixing
screws and cable. Size 13cm, weight
1.5Kg £11.70 pair + £3.65 p&p or
TWO pairs for £25.00 UK post paid
M0O24 2 Audax JBL 40-100watt dome tweeters.
High performance 10mm Ferrofluid
cooled horn loaded unit for load distortion
and high output. Supplied with 1st order
crossover, spec. 40 watts at 3kHz, 100
watt at 8kHz; size 51mm x 51mm x
16.5mm. Ideal for car use £7.50 +£1 p&p
MO25 2 33000uF 10V d.c. can type computer
grade quality electrolytic UK made
MO25A 1 47,F 385V d.c. can type slectrolytic. Size
350mm x 250mm. UK made by Phillips £€1.78
MO26 2 680pF 100V d.c. can type electrolytic size
45mm x 25mm £1
MQO27 3 2200uF 25V d.c. can type electrolytic size
45mm x 26mm £1
MO28 1 15000uF 40V dc. can type 23A
electrolytic size 113mm x 50mm £1
MO29 1 33000uF 16V 27A can type electrolytic
size 113mm x 50mm £1
MOQ30 20 Assorted Variable trimmers £1
MO31 4 Tuning capacitors 2-gang dielectiic type £1
M032 2 10k + 10k wirewound precision
potentiometer £1
MO33 8 Rotary potentiometers £1
M034 5 100k multitum Varicap type tuning poten-
tiometer with knob size 45mm x 5Smm £1
MO35 200 Carbon resistors £1
MO36 Large VU meters. Japan Made 1
MO37 1 Large Tuning meter 125pA-0-125pA size
$5mm x 47mm £1.75
MQ38 1 Dual VU meter 280pA f.s.d., size 80mm x
42mm x 15mm £1.50
MO39 5 Coaxial Aerial Plugs, all metal type £1
MQ040 6 Fuseholders, chassis mounting for 20mm
size fuses
MO41 4 Fuseholders, in-line type for 20mm size
fuses £1
MOQO42 20 5 Pin Din 180°chassis mount sockets £1
M043 6 Double phono sockets £1
MQO44 5 6.35mm (%) Stereo Jack sockets £1
MQO45 4 6.35(%") Mono Jack Plugs £1
MO46 12 Coax Sockets chassis mount £1
MQ47 2 Case handles plated U-shape, size 97mm
x 50mm £1
MO0O48 30 Mixed control knobs £1
MO49 1  Cassette tape transport mechanism, belt-
drive, top loading, six piano key operation
with knobs, stereo record/replay erase
heads, heavy fly-wheel £5.50 + £2.65 p&p
MO50 1  Hifi stereo pre-amp. module. Input for CD
Tuner record player with diagram. Made
by Mullard
MOS51 2 AM/FM tuner head modules’. Made by
Mullard £1
M0O52 3 AMI.F.modules’. Made by Mullard £1
MOS3 1 FM stereo decoder module with diagram.
Made by Mullard £1
MOS4 3 UHF Varicap tuned tuner heads un-
boxed, untested but complete. Made by
Mullard £1
MOS55 1 25V d.c. 150mA Mains adaptor in neat
plastic box, size 80mm x 56mm x 47mm  £1
MOSSA 1 £7R/ Brand new 80mm Cooilng Fan.
Five bladed A.C. impedance corrected
motor on a cast aluminium chassis. Size
80mm x 40mm. Voltage 115V a.c. work-
ing, 130mA, Jspanese made.
£6.95 + £1.40 p&ip,
TWO for £11.20 UK post paid
MO56 2 6V-0V-BV 4VA p.c.b. mount mains trans-
former 240V input, size 42mm x 33mm x
35mm. UK Made
MQO57 25 4 Volt miniature wire-ended bulbs £1
MO57A 1 SRBP Copper Clad Printed Circuit Board.
Size 410mm x 360mm x2mm £3.65 + 76 p&p
MO58 2 Mono cassette tape heads. Japan
Made
MOS8 2 Sonotone stereo cartridge with 78 and LP
Styl. Japan Made £1
MO60 8 Bridge rectifiers 1amp 24Volt £1
MO61 10 OC44 wansistors. Remove paint from
top and it becomes a photo electric cell
ORP12) £1
MQO63 6 4 watt output transistors. Three com-
plimentary pairs in TO66 case (replace-
ment for AD161 +162)
MQO64 5 5war Audioi.c. No. TBABOO
MQO65 5 Motor Speed Controli.c.
MQO66 1 Digital DVM Meter i.c. Made by Plessey,
with diagram
MQO67 4 7-SegmentO0.3in Le.d. display (red)
MO68 1 Tape Deck i.c., with record replay switch-
ing. No. LM1818, with diagram
MO68 2 Ferrite Rod. High grade with LW, SW &
MW colls, size 140mm x 10mm
MO70 1 Moving coil dynamic, handheld, ball

microphone. Rass Electronics customers
returns (no warrantee)

MAIL ORDER

BARGAIN PACKS

Qty per pack
Analogue Multimeter. Ross Electronics
customers retums (no warrantes)
£3.90 + 90p p&p
WW Il EX WD headphone, A BIT OF
NOSTALGIA, low impedance
£3.50 + £1.20 p&p
Koss Stereo Headphones on ear.
Lightweight design, vari-fitting ear-cups
with contour cushions, 36in. cord.
3.5mm + 6.35mm Jack plug adaptor
£3.50 + £1 p&p
Tone dialling keypad, use services that
require DTMF tone signals for a rotary
dial puise phone, size 30mm x 55mm
12mm £11.00 + 70p p&p
100 yard roll of single screened quick
splice cable, good quality Bniish
Made £4.50 + £2 p&ip
100 yard 3-core 3 amp cable, coded
brown, blue and green/yeilow
£4.20 + £2 p&p
Solar Powered Wooden Kits. Easy
to build aeroplane, with revolving
propeller, and an old time gramophone
with music chip. Supplied with glue,
solar cells, electronics and pre-cut
panels.
One of each for £12.00 + £1.50 p&p
Bump and Go Space Ship Kit with
motor, wheels, p.c.b. wire and diagram.
An ideal introduction for youngsters into
the world of electronics and mechanics;
goes all the way to the moon on two AA
batteries £8.95 + £1 p&p
Filofax Personal Organiser
Radio/Calculator. This neat little unit
simply fits inside your filofax so you ¢an
listen to AM Radio with earphone or use
it as a solar powered 8-digit calculator.
Punched with six holes to fit all personal
organisers. UK Made under % price
£8.95 + £1 p&ip
Video Sender. With this handy unit you
can transmit output of your home video,
wideo camcorder or satelite equipment
over the air t0 a receiving television
within a range of 100ft. Simply connect
the video and audio output of your
equipment into this unit, and a 10-13.8V
d.c. power supply — extra £3.75
£11.75 + £2 p&p
Multiband radio. Listen to air traffic con-
trol, aircraft, radar, public utilities VHF
54-176MHz + CB 1-80 with built in
squelch controt £17.95 + £2 p&p

AM, FM. LW
Ross Pushbutton
Radio. With this
neat unit you can
easily tune in to
five pre-set sta-
tions of vyour ||
choice without {
fiddling or fuss, |

{

No.
MO71A
MO072 1

MO73 1

MO74 2

MO75 1
MO76 1

MO80 2

M081 1

Mo82 1

M083 1

MO84 1

MO85 2

runs off six C-cell
batteries or 240V
mains. Qutput
400mW, volume |

and tone control. \

Size 230mm x
150mm x 65mm
£23.00 + £3.65 p&p
(As above) £15.00 + £2.80 p&p
Amplifier Kit 30 + 30 Watt. An easy to
build amplifier with a good specifica-
tion. All components mount on single
p.c.b. punched and back-printed for
ease, case ready drilied finished in black
vynil with matching scale and knobs.
Inputs for: CD/AUX tape 1; tape |I; tuner
and MC phono
Controls: bass; treble; volume; balance;
mode and power switch. Featured
project in Everydsy Electronics, April
19889 issue; reprint with kit
£40.00 + £3.65 p&ip
All items prefixed with MO number MAIL ORDER only or
can only be collected by prior appointment from address
below. Where p&p not stated please add £3.65 per order
for postage and carton charge.

% VHF RADIO TRANSMITTERS

2 Watt transmitter kit, supplied with fibre glass pcb, all
components, diagrams, ready for you to build. 12-24V
dc. £8.50 + £0.70 pp

Y We are only able to supply these devices if customers provide
a wrritten and signed disclaimer that they will not be used in the
UK. Please include this with your order as they are not
licensable in the UK.

MO86 1
MO87 1
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376 EDGWARE ROAD LONDON W2 1EB

MAIL ORDER TERMS, POSTAL ORDERS and or CHEQUES
* with orders. Access & Visa accepted

Nett monthly accounts to Schools, Colleges and P.L.C. only
Overseas realers write for quote on delivery
Please cross all cheques and postal orders *Account Payee
Only" and malke payable to RTVC Ltd

Phone 071 723 3462 Fax 071 723 3467
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electrornize electronic kits

NEW! MOTOR SPEED CONTROL (FOR RADIO
CONTROLLED MODELS)

% Standard radio control input - no servo required.

4 Smooth forward and reverse P.W.M. speed control.

% Runs any motor up to 10 amp. continuous current.

% 35 amp. short term stall rating.

% Low ioss Power MOSFET switching.

% Neutrai and span adjustment.

# Optional voltage regulator for single battery operatlon. (Type 43VR)
Type 43X (2 to 24 v motors) parts kit £17.75 Assembled £25.95
Type 43VR (7 to 24 v motors)  parts kit £19.45 Assembled £27.95

MICRO-PRESSURE CAR ALARM
This new type of alarm is triggered by a unique pressure sensing system. As any
vehicle door is opened alr is drawn out, causing a minute drop in air pressure. A
sensor detects this sudden pressure change and sets off the alarm. A
sophisticated arrangement of electronic fitters and timers provide teatures to
match more expensive ultra-sonic systems.

% Operates on ali doors and tailgate - no switches needed.

4 Automatically armed 40 seconds after leaving vehicle.

% 10 second entry delay with audibie warning. (0.5 second available)

% Sounds horn or siren intermittently for 30 seconds - then re-arms.

% Easy fitting - only 3 wires to connect - no holes to driil.

% Controlied by Ignition switch, hidden switch or coded remote

control below.

MICRO-PRESSURE ALARM

Also avarlable -

VOLT DROP CAR ALARM
1.R. CODED TRANSMITTER parts kit £13.95 Assembled £17.95
I.R. CODE RECEIVER parts kit £21.35 Assembled £26.55
120dB PIEZO SIREN (optional for the above alarms) Assembled £11.95
MICRO-PRESSURE TRIGGER parts kit £10.95 Assembled £14.95
EXTENDED CDI IGNITION parts kit £22.75 Assembled £28.45
All the above Inciude cabie, connectors and clear easy to fotlow instructions.

Afl kits include case. PCB. everything down to the last washer, even solder.

All prices are mail order discount and include post, packing and VAT on U.K.
orders. Same prices apply to all European countries. For delivery outside Europe
please add £3.

Tetephone orders accepted with VISA or ACCESS payment.

Order direct (please quote ref. EE6) or send tor more details from :-

ELECTRONIZE DESIGN Tel. 021 308 5877
2 Hillside Road, Four Oaks, Sutton Coldtield, B74 4DQ

parts kit £15.95 Assembied £22.35

parts kit £14.90 Assembled £20.95

JOIN UP WITH LITESOLD

Professional Soldering Equipment at Special Mail- Order Prices.

SK18 Soldering Kit. £17.28
Build or repair any electronic project.
LC18 240v 1Bw iron with 3.2, 2.4,
and 1.6mm bits. Pack of 18 swg
flux-cored 60/40 solder. Tweezers.
3 soldering aids. Reel of De-Solder
braid.

ADAMIN Miniature lron £7.90 nylon handle with finger grip.

W interchangeable bits available

Fitted with 2.4mm. 240v 12w

Possibly smallest mains iron in the
world. ldeal for fine work. Slim

‘I Series Lightweight Irans. 12w £8.34
High efficiency irons for afl
electronic habby work. Non-roll
handles with finger guards.
Stainless) steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model,
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std

available from 1.6 to 4. 7mm. LA12

Soldering lron
Stands 3&4 ¢

£6.85

Designed specially for LITESOLD irons.
Heavy, solid-plastic base with non-slip pads.

No 4 stand for ADAMIN miniature fron
% No 3 stand for LA12 and LC18 lrons.

De-Solder Pumps £8.03 it w m
High Quality version of inl:reasinglycza-‘-L { @

popular type of tool. Precision made  thumb operation. Automatic solder
anodised aluminium body, plunger ejection. Conductive PTFE nozzle -
guard and high-seal piston. Easy no static problems.

Prices include p&p and VAT. Send order P
with Cheque/P0. Ring for Access/Visa sales

LIGHT SOLDERING DEVELOPMENTS LTD.
97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 081 689 0574

LIVE IN THE FUTURE

YOU CAN MAKE IT HAPPEN WITH HOME
AUTOMATION COMPONENTS FROM US

A range of components making use of the X-10
power line carrier protocol - Remote control
lighting /appliance modules, timers, computer

interfaces, telephone diallers, motorised curtain

tracks, powered radiator valves.

E1400e Eneriogic completely programmable home £349.95
automation controller. PC download.

CP290 X-10 Computer Interface. Control up to 128 £ 79.95
timed remote module events. PC download.

MT522 Timer control of up to 4 remote modules £ 29.95

LM565 Lamp remote control module-to 250W. £ 19.95

AMS566 Appliance remote control module-to 13A £19.95

WS567 Wall switch remote control module-to 300W € 19.95

H1145 Powertrack curtain control motor £ 59.99

BOOK Understanding & Installing Home Systems - £ 2295

How to Automate Your Home.

Shipping £3.75 orders under £90 (book post free)
ACCESS/VISA/MASTERCARD accepted

Full Details from -

SMART HOUSE SYSTEMS LTD
3 Buchanan Street, Largs, Ayrshire KA30 8PP
Tel: 0475 672589
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TL34

33 Range 3 1/2 digit mm
24mm Large Display
FEATURES: 5 Capacitence

ronges. 6 - resistance
NEW STOCKS RS ror:,g?rs fo 20M ohm Digge

ond fransistor test. AC/!

AND SPECIAL OFFE volts ranges, 5 ronges
AC/DC cument to 20 omps

With leads, battery and
insfructions.

£25.95 inct VAT

TL3400
AN lung:_l:i 172 digit mm
with 26mm Large Display
FEATURES: 4 Capacitance
ranges. AC/DC volfs.
AC/DC current to 20 amps. 6 resistance ranges
o 40M chm Diode fest. Canfinuity fest. Logic
checker with buzzer. Auto range frequency
counter. Peak hald button. Temperature fest.
£39.95 inct var

ASTEC SW mode
power supply

Thres pin mains socket input,
on/off switch. Output +5 voit
3.75 omp, +12 volt 1.5
omp, -12 vott 0.4 omp. 115-
230 V A/C Input

Size 7.0 x 5.3 x 2.5 ins with

cireut. £12.95 inct var

‘POCKET’ TEST INSTRUMENTS
*(with cose) Prices Inci VAT

* 138 Satetrte Signol Finder, FS + Compass £29.95
* 1065 Digitoi Luxx Meter - 3 Ronges £61.00

* 120N Sound Leve! Mets: - 2 Ronges £45.00 IN STOCK AUDIO-ELECTRONICS
200A 20HZ 10 200 MHZ. ologue ond supph

2 Ronge Freq. Counter £104.58

ggj";ﬁ 20 HZ 10 150 KHL. Audio Gen FULL RANGE OF TEST INSTRUMENTS -

B Scopes BB Counters @ Power Supplies
B Generators B Meters B Hameg B Metex
W Bigckstar @ Testiob BB Thurlby B Thandar

SECURITY AND COMMUNICATIONS -

7.95
50" Dl?nml Capocitance Meter upto 2000 mid £51.00
KDM6. TR Grid Dip. 6 1.5 10 250 MHZ £62.00
* Y225V. VHS Video Heod Tester £38.9%
H285. Component Tester - Add 10 any Scope  £41.00
*§1300. AC Clomp Meter. 0/300A. 0/600Y. 0/1Kohm

SPECIAL PUCHASE £25.95 B Alarms B Lighting @ Detectors B Inlercomms
265. 072000 omp AC Clomp - Add 1o Dmm  £15.95 [l 8 Doorphones Bl CCTV and CB Radio
202 0R0CIZEOVANPIAGIC Yorstae £53.95 B AUDIO EQUIPMENT - B For Public Address

*320p. Walet Type Digital M "
R Yoo Do MEmerey B Hi-Pawer Car Systems B Disco and Hi-Fi

B Speakers I8 Amplifiers B Mics I Effects elc

COMPONENTS AND TOOLS - Large Range inc.
B Fans @ Large Value Caps I8 Relays

W Transistors

ACCESSORIES - BB For TV B Video BB Hi-Fi

B Telephones CB etc efc. ’\
c‘CrOLOUR
Open 6 days a week for ALOGUE
callers and telephone orders Wgn;“&"';gms
UK CanfPackfing £2.05 - 26 (oxpury”
Post Free gny wo ftems £2 for collars
FREE updates for
your 91/92

Gk

P stam,

EREE c"'ﬂloq‘:l)es

With Irade prices
for frade ang

£21.95

LCR DIGITAL METER
Pocket size instrument
B 3 1/2 digit LCD, 20 ranges. ?

%
B 7 Capacitance, 0/200 mfd /= -
B 6 Inductonce, 0/200H e >

B 7 Resistance /200 M ohm T
’;31

vgmstﬁéugd g:\f:: g:;ery L\ /
;@ HGﬂRV’Sm Edgware Rd, London W2 1ED

Instruments, Audio, Equipment 071-724 3564
Security, CCTV, Communications 071-724 0323

L_2J Components, Service Aids 071-723 1008
QUANTITY, EXPORT AND EDUCATION DISCOUNTS, education

OFFICIAL ORDER SALES Tel: 071-258 1831, Fax: 071-724 0322 *1e o fox.
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SCHEMATIC DRAWIN
FOR WINDOWS

ISIS ILLUSTRATOR combines the high functionality of our DOS based ISIS products with the
graphics capabilities of Windows 3. The result is the ability to create presentation quality schematics
like you see in the magazines. ILLUSTRATOR gives you full control of line widths, fill styles, fonts,
colours and much more. When the drawing is complete, transferring it your WP or DTP program is
simply a matter of cutting and pasting through the Windows Clipboard.

6

o— —> Features
¥ fe]l 8 Runs under Windows 3.0 or 3.1.

n_" s Fuil control of drawing appearance including line

widths, fill styles, fonts, colours and more.

Curved or angular wire corners.

Automatic wire routing and dot placement.

Fully automatic annotator

Comes complete with component libraries; edit

your own parts directly on the drawing.

s Full set of 2D drawing primitives + symbol

library for logos etc.

Output to Windows printer devices including

POSTSCRIPT and colour printers.

_[_ ; _]_ 8 Loads ISIS SUPERSKETCH and DESIGNER

files directly.

Dt

R1

CADPAK - Two Programs for
the Price of One.

ISIS SUPERSKETCH

A superb schematic drawing
program for DOS offering Wire
Autorouting, Auto Dot Placement, full
component libraries, export to DTP and
much more.

ISIS and ARES - The
Professional's Choice

ISIS DESIGNER from £275
ISIS DESIGNER forms the ideal front end of your
CAD system, providing schematic capture, netlisting,
bill of materials and electrical rules checks.

DESIGNER+ adds advanced design managment
features and is one of the most advanced DOS based
schematics programs on the market.

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest.

ARES from £275
The ARES range of advanced PCB design products
links with ISIS DESIGNER and other schematics
programs. Working from a netlist, ARES helps you get
it right first time with each connection automatically
verified against the schematic.

PCB i
High performance manual PCB layout package for
DOS. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

ARES AUTOROUTE adds multi-strategy autorouting,
whilst for the ultimate in performance, ARES 386 goes
up to 400% faster with unlimited design capacity.

Graphical User Interface with intuitive “point and do"
operation gives unparalled ease of use.

abcenter

E | e ¢c t r o ni ¢ s

Call us today on 0274 542868 o

fax 0274 481078 for 4 deme pack.
- Combination, multi-copy and aducational
discounts available. Prices axe PRP and VAT.

14 Marriner's Drive, Bradford, BD9 4JT.
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WHETHER ELECTRONICS IS YOUR HOBBY
OR YOUR LIVELYHOOD...

ABE. W
ES R DER NO
.1 N 1008 AL :
P ¢REE AP The essential
f reference Work

o Easy-to-use format

o Clear and simple layout

e Reqular updates

o Sturdy ring-binder

: o News of latest developments

b L] e Full components checklist
X —5 M‘ o Extensive data tables

‘A o I . . .

o Detailed supply information

® Ready-to-transfer PCBs

e Comprehensive subject range

EVE RYTH I N G Yo u N E E D To e Accurate assembly instructions
KN OW ABOUT E LECTRON ICS! e Concise repair procedures

If the fascinating and fast-changing world of electronics is your livelihood, your
study subject or simply your passion, the new revised edition of THE MODERN
ELECTRONICS MANUAL is the reference work for you to have at your side.

The base manual contains information on the following subjects:

BASIC PRINCIPLES: symbols, components and their characteristics, passive
component circuits, power supplies, acoustics and electroacoustics, the workshop,
principles of metrology, measuring instruments, digital electronics, operational
amplifiers, timers, physics for electronics.

CIRCUITS TO BUILD: construction techniques, radio, telephony, microcomputing,
measuring instruments, vehicle electronics, security, audio, power supplies, electronic
music (over 25 different projects).

REPAIRS AND MAINTENANCE: radio, television, audio/hi-fi, telephones.

DATA: diodes, transistors, thyristors and triacs, digital and linear i.c.s, microprocessors.
The manual also covers Safety, Specialist Vocabulary with Abbreviations and Suppliers.
OVER 1,000 pages, A4 format weighing over 3.5kg.

Now - at last - the most comprehensive reference work ever produced at a price
you can afford, the new revised edition of THE MODERN ELECTRONICS
MANUAL provides you with all the essential information you need.
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Over 1,000 pages of well-organised and clearly explained information is
brought to you by an expert editorial team whose combined experience ensures

the widest coverage.

Regular supplements to this unique publication, each around 160 pages,
mean that you will always be kept abreast of the latest developments from the
UK, USA and Europe as they occur

ALL-IN-ONE AND
EASY-TO-USE

A sturdy ring-binder allows you to use
the manual on your workbench. The
looseleaf format also means you can
slot in the regular updates as they arrive
~so all your information is there ata
glance.

- EXTENSIVE GLOSSARY

Should you come across a technical
word, phrase or abbreviation you're not
familiar with — simply turn to the
glossary included in the manual and
you'll find a comprehensive definition in
plain English.

REGULAR UPDATES

Unlike a book or encyclopedia, the
manual is a living work — continuously
updated by new material. Recent or
upcoming supplements include radio,
superconductors, electric motors,
basic electronic building blocks for
beginners which can be joined
together to construct elaborate circuits,
filters, IBM PC and compatibles
(including use of PC cards).
Supplements are sent to you
approximately every two months.

THE MODERN ELECTRONICS

Each supplement contains approxi-
mately 160 pages — al! for only £23.50
+ £2.50 p&p. You can of course return
any supplement which you feel is
superfluous to your needs.

RESPONDING TO
YOUR NEEDS

We are abie to provide you with the most
important and popuiar articies in our
updating supplements. Our unique
updating system is based on answers
from readers request
questionnaires. Through this
service you are able to iet us
know exactly what information
you require in your manual.
You can also contact the editor
directly in writing if you have a
specific technicai request or
query relating to the manual.

There’s nothing to beat the
satisfaction of creating your
own project. From basic
principles to circuit-building,
the manual describes cieariy,
with appropriate diagrams,
how to assembie radios,
loudspeakers, amplifiers,
micro-computers and
measuring instruments.

The new revised edition of The Modern
Electronics Manual contains practical,
easy-to-follow instructions for buiiding
and programming your own computer. it
shows you how to make fun gadgets
such as a remote control door opener
and a digital rev. counter for your car. it
also telis you how to construct usefui
devices like test gear, security and baby
alarms — plus — many more popular
devices.

Wimborne Publishing Ltd., 6 Church St,
Wimborne, Dorset BH21 1JH

Tel: 0202 881749 Fax: 0202 841692

‘;lh.‘l:: el

MANUAL

New Revised Edition of Basic Work: Now contains over 1,000 pages of information.

Regular Updates: Approximately 160-page supplements of additional information which are forwarded to
you immediately on publication. These are billed separately and can be discontinued at any time.
Presentation: Durable looseleaf system in large A4 format (197mm x 210mmj

Price of the Basic Work: £39.95 +£5.50 p&p (to include a recent supplement).

r---------------------------------------------------

piease send me on 10 days free approval THE MODERN ELECTRONICS
MANUAL. If | decide to keep the manual, | shall then pay only £39.95 plus

' YES

8 £5.50 postage and packing at the end of the 10 days approvai period. | shall also receive
8 the appropriate Updating Supplements several times a year. These are billed separately

1 and can be discontinued at any time.
|

ORDER FORM

Simply complete and return the order form
to the following address

The Modern
Electronics Manual
Wimborne Publishing Ltd

1

1

]

1

1

]

g 6 Church Street ’
[T {308 ROV | el 1w, e A e i e e o e T i S i) Wi, Wimborne Dorset BH21 1JH 1
0 (PLEASE PRINT) (]
] OVERSEAS ORDERS: Al overseas orders must be|
L ADBRE: o 4o e, A O S S WL e prepaid but are supplied under a money-back guarantee of | I
] satisfaction. If you are not entirely happy with the manual return it [

within a month for a refund of the purchase price (you do have to
] pay the postage). Add the following amounts to the price of the ]
[ ] manual to cover postage: [ ]
et NS B e AT T e T S ey ) vy EIRE £10.50 (air mail only) :
EUROPE (including C.1.S.) £21.00 (air mail only)
| MIDDLE EAST/FAR EAST/INDIA | -] |
AFRICA/SOUTH AFRICA } z
: ........................................................ POSTCORE o 28" L8 i SOUTH AMERICA £37 air :
REST OF THE WORLD £25 surface, £31 air

1 1amOvER 18 Note surface mail can take around 8 weeks to some parts of the | §
1 SIGNATURE world. Each manual weighs about 4-5kg when packed. (]
(TR oo Rt e : : | All payments must be made in £'s Sterling payable to Wimborne 8
(Parent or guardian must sign if under 18) | pypjishing Ltd, We accept Mastercard {Access) and Visa credit cards. F
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THIS MONTH’S SNIP is a Japanese-made 12V d.c. battery operated, brush-
less axial fan. 93mm square, its optimum is 12 but it performs equally well at
only 6V and its current then is only 100mA so it could be made into a hand-
held dry battery-operated cooler. Or, on your desk operated by a P.S.U. or in
the car using the lighter socket. Snip price only £4, Order Ref. 4P65. Mains
power unit to operate this at variable speeds £2, Order Ref. 2P3.

ANOTHER SNIP. Extra lightweight stereo headphones. Superior sound
quality as these were made for a world famous airline. Adjustable
headband makes these extra comfortable and they come complete with
washable foam earpieces. Suitabie for use with all types of cassette players

BARGAINS = Many New Ones This Month

SAFETY LEADS curly coil so they contract but don't hang down. Could
easily save a child from being scalded. 2 core, 5A, extends to 3m, £1,
Order Ref. 846, 3 core, 13A, extends to 1m, £1 each, Order Ref. 847, 3 core,
13A, extends to 3m, £2 each, Order Ref. 2P290.

ULTRA SONIC TRANSDUCERS 2 metal cased units, one transmits, one
receives. Built to operate around 40kHz. Price £1.50 the pair, Order Ref.
1.5P/4.

100W MAINS TRANSFORMERS normai primaries 20-0-20 at 2.5A. or 3CY
at 3.5A, £4, Order Ref. 4P24. 40V at 2.5A, £4, Order Ref. 4P59. 50 V at 2A,
£4, Order Ref. 4P60.

and radios, good long lead terminating with 3.5mm jack plug.
Yours for only £1 per pair, Order Ref. 838.

any radio. Yours for only £8.50, Order Ref. 8.5P1.

LIMITED SUPPLY ITEMS
F.M. CORDLESS RADIO MIKE hand-held battery-operated | are only described in our newsletter.
professional model, has usual shaped body and head and is | Many appear in our current issue. If
tuneable to transmit and be picked up on the F M. band of ] you order something this month you
will receive this and the next three
4 MORE SPEAKERS: Order Ref. 1.5P11 is Japanese-made \ issues posted to you free of charge.

PHILIPS 9" HIGH RESOLUTION MONITOR black & white in
metal frame for easy mounting, brand new still in maker's
packing, offered at less than price of tube alone, only £15,
Order Ref. 15P1.

16 CHARACTER 2-LINE DISPLAY screen size 85mm x
36mm, Alpha-numeric LCD dot matrix module with integral
micro processor made by Epson, thelr Ref. 16027AR, £8,

6%", 8 ohm, rated at 12W max. This is a very fine reproducer.
The makers are SANYO. Yours for £1.50.

Order Ref. 900 is another Far East made 6% ", 4 ohm, 12W max speaker.
Very nicely made, using Japanese Hitachi tools and technique, only £1.
Order Ref. 896 is 6%, 6 ohm, 10W, exceptionally good sounder and yours
for only £1.

Order Ref. 897 is another 8 ohm speaker rated at SW but its unusual feature
is that it has a built-in tweeter. Price still only £1.

MOVEMENT ALARM goes off with slightest touch, ideal to protect car, cycle,
doorway, window, stairway, etc. etc. Complete with Piezo shrieker, ready to
use. Only £2 (PP3 battery not supplied). Order Ref. 2P282.

DRY BATTERIES CAN BE RECHARGED but not with a normal charger, |t
must be a periodic current reversal type. We can supply the kit, with data, for
£9, Order Ref. 9P10.

SOLAR ENERGY EDUCATIONAL KIT an ideal present for electronics stu-
dents. it shows how to make solar circuits and electrical circuits, how to
increase the voltage current, how to use solar power to work a radio, cal-
culator, cassette player and to charge nicad batteries. The kit comprises 8
solar cells, one solar motor, fan blades to fit motor and metal frame to hold it
to complete a free-standing electric fan. A really well written instruction
manual makes this a lovely little present. Price £8, Order Ref. 8P12B.
PROJECT BOX a first-class, Japanese two-part moulding size 95mm x
66mm x 23mm. Held together by 2 screws, this will hold a PP3 battery and a
PCB and is ideal for many projects. To name just a few, the washer bottle
monitor, the Quicktest and the model railway auto signal,
described in Septembers issue of E.E. This is nicely finished
and very substantial. You get 2 for £1, Order Ref. 876.

HOLD IT MAGNETIC BASE embedded in a circular metal
shallow disc, diameter approximtely 65mm (2%"), is the
most powerful magnet. We have yet to find anyone who can
remove this with his fingers. Ideal for adding extra shelves

ASTEC 135 WATT P.S.U.
230V or 115V input with outputs of
+12V at4A, +5V at 16A and
=12V at Y2 A completely enclosed
in plated steel case. Brand new
and yours for £9.50.

Order Ref. 8P48.

INSULATION TESTER WITH MULTIMETER internally generates voltages
which enable you to read insulation directly in megohms. The multimeter
has four ranges. AC/DC volts, 3 ranges DC milliamps, 3 ranges resistance
and 5 amp range. These instruments are ex British Telecom but in very
good condition, tested and guaranteed OK, probably cost at least £50
each, yours for only £7.50, with leads, carrying case £2 extra, Order Ref.
7.5P/4.

MAINS 230V FAN best make "PAPST" 4%'' square, metal blades, £8,
Order Ref. 8P8.

2MW LASER Helium neon by Philips, full spec. £30, Order Ref. 30P1.
Power supply for this in kit form with case is £15, Order Ref. 15P16, or in
larger case to house tube as well £18, Order Ref. 18P2. The larger unit,
made up, tested and ready to use, complete with laser tube £69, Order
Ref. 69P1.

1/3 HP 12V MOTOR - THE FAMOUS SINCLAIR C5 brand new, £15, Order
Ref. 15P8.

SOLAR CHARGER holds 4 AA nicads and recharges these in 8 hours, in
very neat plastic case, £6, Order Ref. 6P3.

FERRITE AERIAL ROD 8" Long x %' diameter, made by Mullard. Com-
plete with 2 coil formers. 2 for £1, Order Ref. 832B.

AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision tuning UHF cir-
cuits, 4 for £1, Order Ref. 818B.

FIELD TELEPHONES just right for buiiding sites, rallies, horse shows,
etc., just join two by twin wire and you have two way
calling and talking and you can join into regular phone
lines if you want to. Ex British Telecom in very good
condition, powered by batteries (not included) complete
with shoulder slung carrying case, £9.50, Order Ref.
9.5P/2.

MAINS ISOLATION TRANSFORMER stops you getting "'to

inside a metal case or to glass without drilling. Its uses, in fact, are
innumerable. Price £2 each, Order Ref. 2P296.

WANT A SPARE 3" DISC DRIVE FOR YOUR AMSTRAD? We have,
unused and believed 0.K., Amstrad 3" disc drives that are all com-
plete but need the front bezel. It shouldn't be too difficult a job to take
the bezel off your old one and fit it to this and you should then have a
new and perfect 3" disc drive which, as you probably know, are
virtually unobtainable now. Price £15 each, Order Ref. 15P45. Or, if
you haven't got a drive from which you can remove the bezel, we can
supply one, with good bezel but with some other fault for only £5,
Order Ref. 5P193. This may seem a lot to pay for the bezel but,
remember, you will have a complete set of spare parts for your 3"
drive so it really is a bargain.

OPD DUAL MICRO DRIVE UNIT. This is a twin unit, each unit having its
own motor, record/playback head and PCB with ail electronics. In addi-
tlon to being a direct replacement in the OPD, this can also be used with
the Spectrum or the QL. We have a copy of the procedure necessary and
will gladly supply a photostat of this if you require it when you purchase
the unit. The price is £5, Order Ref. 5P194.

12V 2A MAINS TRANSFORMER upright mounting with mounting clamp.
Price £1.50, Order Ref. 1.5P8.

earth” shocks. 230V in and 230V out. 150watt upright mounting, £7.50,
Order Ref. 7.5P/5 and a 250W version is £10, Order Ref. 10P79.

MINI MONO AMP on PCB. Size 4'' x 2'' with front panel holding volume
control and with spare hole for switch or tone control. Output is 4 watt into
4 ohm speaker using 12V or 1 watt into 8 ohm using 9V. Brand new and
perfect, only £1 each, Order Ref. 495.

AMSTRAD POWER UNIT 13.5V at 1.9A encased and with leads and output
plug, normal mains input £6, Order Ref. 6P23.

ATARI 65XE at 65K this is quite powerful, so suitable for home or busi-
ness, unused and in perfect order but less PSU, only £19.50, Order Ref.
19.5P/58.

80W MAINS TRANSFORMERS two available, good quality, both with nor-
mal primaries and upright mounting, one is 20V 4A, Order Ref. 3P106 the
other 40V 2A, Order Ref. 3P107, only £3 each.

PROJECT BOX size approx 8" x 4" x 4%" metal, sprayed grey, louvred
ends for ventilation otherwise undrilled. Made for GPO so best quality,
only £3 each, Order Ref. 3P74.

12V SOLENOID has good %' pull or could push it modified, size approxi-
mately 1%" long x 1"’ square, £1, Order Ref. 232.

BUILDING YOUR OWN PSU, battery charger, night light, or any other

AM/FM RADIO CHASSIS with separate LCD module to dis-
play date and time. This is complete with loudspeaker and

with LCD module is £3.50, Order Ref. 3.5P5. All purchasers
will receive connection.

JUST ARRIVED
- J a5 20W 4ohm, mid-range
is mains powered. The price of the AM/FM radio chassis speaker, £3, Order Retf. 3P145 and { 24, x 2v x 1% deep, 2 for £1, Order Ref. 565.
a matching 4chm 20W tweeter,
£1.50, Order Ref. 1.5P9.

gadget that you want to enclose in a plastic case and be
able to plug into a 13A socket? We have two cases, one 3%
x 2% x 1% deep, £1 each, Order Ref. 845. The other one is

EXPERIMENTING WITH VALVES don't spend a fortune on
a mains transformer, we can supply one with standard

2, 3 AND 4 WAY TERMINAL BLOCKS the usual grub screw
types. Parcel containing a mixture of the 3 types, giving you 100 ways for
£1, Order Ref. 875.

12/24v DC SOLENOID. The construction of this is such that it will push
or pull as the plunger is a combined rod and piston. With 24V this is
terrifically powertul but is still quite good at 12V and, of course, it can
be operated by any intermediate voltage. Price £1, Order Ref. 877.

2M 3-CORE LEAD terminating with flat pin instrument socket, £1, Order
Ref. 879. Ditto but with plug on the other end so that you could use this
to extend an instrument lead. £1.50, Order Ref. 1.5P10.

MULTI-CORE CABLES all with 8A 230V cores so suitable for disco and
other special tighting effects. With earthable woven screen and thick
pvc outer. 3 core, 30p per metre, 16 core, 50p per metre, 18 core, 80p
per metre, 25 core, £1 metre and 36 core, £1.50 per metre.

ULTRA THIN DRILLS Actually 0.3mm. To buy these regular costs a
fortune. However, these are packed in half dozens and the price to you
is £1 per pack, Order Ref. 797B.

YOU CAN STAND ON IT! Made to house GPO tetephone equipment, this
box is extremely tough and would be ideat for keeping your small tools.
Internal size approx. 10%" x 4%" x 6'' high. These are complete with
snap closure lip and shoulder-length carrying strap. Taken from used
equipment but in good condition, price £2, Order Ref. 2P283B.

BUILD YOUR OWN NIGHT LIGHT, battery charger or any other gadget
that you want to enclose in a plastic case and be able to piug into a
13A socket. We have two cases, one 3% x 2% x 1%'' deep, £1 each,
Order Ref. 845. The other one is 2% x 2" x 1% deep, 2 for £1, Order
Ref. 565.

mains input and secs. of 250-0-250V at 75mA and 6.3V at
3A. £5, Order Ref. 5P167.

15W 8 OHM 8" SPEAKER & 3" TWEETER made for a discontinued high
quality music centre, gives real hi-fi, and only £4 per pair, Order Ref. 4P57.
3V SOLAR PANEL price £3, Order Ref. 3P99B.

3 GANG .0005 MFD TUNING CONDENSER beautifully made by Jackson
Brothers and current list price is probably around £20. Yours for £5, Order
Ref. 5P189.

BT TELEPHONE LEAD 3m long and with B.T. fiat plug ideal to make exten-
sion for phone, fax, etc. 2 for £1, Order Ref. 552.

WATER PUMP very powerful with twin outlets, an ideal shower controlier,
mains operated, £10, Order Ref. 10P74. Ditto but with a single outlet. Same
price & order ref. Please specify which one you require.

0-1MA FULL VISION PANEL METER 2%’ square, scaied 0-100 but scale
easily removed for re-writing, £1 each, Order Ref. 756.

PCB DRILLS 12 assorted sizes between .75 and 1.5mm, £1 the lot, Order
Ref. 128,

Prices include V.A.T. Send cheque/postal order or ring and quote credit
card number. Add £3 post and packing.
Orders over £25 post free.

M & B ELECTRICAL SUPPLIES LTD

12 Boundary Road, Hove,

Sussex BN3 4EH
Telephone (0273) 430380
Fax or phone (0273) 410142
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ELECTRONICS § LT

135 Hunter Street &
Burton - on - Trent e—
Staffs. DE14 2ST ks

Tel 0283 65435 Fax 46932 EE125

All Prices
include V.A.T.
Add £2.00 per
order p &p

SHOP OPEN 9-5 Mon-Fri9-2 Sat--- OFFICIALORDERS WELCOME ---KITLIST-S.A.E

VERSATILE BBC INTERFACE

A comprehensive interface which allows the BBC
computer to to be connected safely to a wide range
of input and output devices. Two leads connect the
interface to the User Port and the Printer port. The
interface connects to the ‘real world’ via standard
screw terminal blocks. Up to 16 outputs (all via
plug-insingle pole change over relays - 8 supplied)
and 8 fully protected inputs. L.e.d. status monitor-
ing is provided on all input and output lines. The
interface requires an independent 12 Volt supply.

5

KIT844......c..cocoienennn £51.9

STEPPING MOTOR
DRIVER & INTERFACE

A single board stand-alone stepping motor driver
with built in oscillator and speed control circuits. A
computer is not required with this board which will
drive most unipolar 4 phase motors. Variable Ac-
celeration, Speed, and Direction. may be controlled
in HALF STEP. FULL STEP, and ONE PHASE
modes. Up to 35V and 1.5A per phase. L.e.d. mimic
display. Connector is provided for a computer port.
The Kit includes our MD35 motor

KIT 843£29.95 - BUILT £44.95
DIGITAL LCD THERMOSTAT

A versatile thermostat using a thermistor probe and
having an i.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 al.
ternatively allow a wide ‘dead band’ to be set which
can result in substantial energy savings when used
with domestic hot water systems. |deal for green-
house ventilation or heating control, aquaria, home
brewing, etc. Mains powered, 10A SPCO relay out-
put. Punched and printed case.

KIT 841
4 CHANNEL LIGHT CHASER

A 1000W per channel chaser with Zero Volt
Switching, Hard Drive, and full inductive load
capability. Built-in mic. and sophisticated ‘Beat
Seeker’ circuit - chase steps to music, or auto when
silent. Variable speed and mic. sensitivity control,
l.e.d. mimic on front panel. Switchable for 3 or 4
channels. P552 output socket. Suits Rope Lights,
Pin Spots, Disco, and Display lighting.

32.13

KT BBt niintincyaasuies £
SUPERHET LW MW RADIO

At last an easy to build SUPERHET AM radio
kit. Covers Long and Medium waves. Built in
loudspeaker with 1 Watt output. Excellent sen-
sitivity and selectivity provided by ceramic {F filter.
Simple alignment and tuning without special equi-
pment. Supplied with pre-drilled transparent front
panel and dial, for interesting see-through appear-
ance.

KIT835.....cccovevennnn £17.16
ACOUSTIC PROBE

A very popular project which picks up vibrations by
means of a contact probe and passes them on to a
pair of headphones or an amplifier. Sounds from
engines, watches, and speech travelling through
walls can be amplified and heard clearly. Useful
for mechanics, instrument engineers, and nosey
parkers!.

KINEZ 40 5.5 M5 i ausverh £19.98

DIGITAL CAPACITANCE
METER KIT 493 %

This has been one of Magenta's best ever
kits. It provides clear readings of A
capacitance values from a few pF up to
thousands of puF. It is ideal for beginners
as there is no confusion over the placing of
the decimal point, and it allows obscurely
marked components to be idantified quickly and
eastly. Quartz controlled accuracy of 1%, large
clear 5 digit display and high speed operation
make it a very useful instrument for production
and testing departments. The kit is now supplied
with a punched and printed front panel as welt as
the case, all components and top quality printed
circuit board. When assembled it looks a really
professional job. For a limited time this kit is of-
fered at a new low price.

SPECIALKIT
PRICE £34.95

{reduced from £49.95)

MOSFET VARIABLE BENCH POWER
SUPPLY 25V 2.6A

Our own high performance design. Variabie output
Voltage from 0 to 25V and Current limit from O to 2.5A
Capable of powering almost anything. Two panel §
meters indicate Voltage and Current. Fully protected |
against short-circuits. The variable Current limit con-
trol makes this supply ideal for constant current
charging of NICAD celis and batteries. A Power
MOSFET handles the output for exceptional rugged-
ness and reliability. Uses a toroidal mains transformer.

S S s - L fasse. o Wit

8 CHANNEL LIGHT SHOW PROGRAMMABLE
SEQUENCER

A superbly finished kit with pre-drilled case and screen printed front panel. this kit
uses a microcontroller IC to generate over 100 light sequences. Programs in-
clude 3 and 4 channel versions so thet existing light units can be used as well as
8 channel arrangements. NEW output design provides foolproof operation with
pinspots and other difficult loads. Space in memory for 10 user programs up 10 16
steps long. Keypad

KITEB 3B R s e e TR o o £57.17
BAT DETECTOR

An excellent circuit which reduces ultrasound frequencies between 20 and 100 kHz
tothe normal (human) audible range. Operating rather like a radio receiver the circuit
allows the listner 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.

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-
lowed. Safety interlock prevents contact with UV.

KITE7 90, e e £28.51
EE TREASURE HUNTER

Qur own widely acclaimed design. This sensitive
Puise Induction metal detector picks up coins and
rings etc up to 20cm deep. Negligible ‘ground ef-
fect ' means that the detector can even be used with
the head immersed in sea water. Easy to use, cir-
cuit requires only a minimum of setting up as a
Quartz crystal provides all of the critical timing. Kit
includes search-head, handle, case, PCB and all
components.

T S e P o s e £45.95
INSULATION TESTER

A reliable and neat electronic tester which checks
insulation resistance of wiring and appliances etc.,
at 500 Volts. The unit is battery powered. simple
and safe to operate. Leakage resistance of up to 100
Megohms can be read easily. A very popular col-
lege project.

N R S O £22.37
3 BAND SHORT WAVE RADIO

Covers 1.6 to 30MHz in three bands using modern
miniature plug-in coils. Audio output is via a built-
in loudspeaker. Advanced stable design gives ex-
cellent stability, sensitivity and selectivity. Simple
to build battery powered circuit. Receives a vast
number of stations at all times of the day.

.30

KT8 e o EAE £30
DIGITAL COMBINATION LOCK

Digital tock 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 immobiliser, operates
from 12V. Drilled case, brushed aluminium keypad.

KIT 840 L5 vt e s £19.86

PORTABLE ULTRASONIC
PEsT SCARER

A powerful 23kHz ultrasound generator in a com-
pact hand-held case. MOSFET output drives a spe-
cial sealed transducer with intense pulses via a spe-
ciat tuned transformer. Sweeping frequency output
is deSIgned 1o give maximum output without any

QUICK CAPACITANCE TESTER

I'setting up.

KIT 84

A low cost hand-held audio/visual unit which can identify short, open and
waorking capacitors quickly and with a minimum of fuss. Also gives indication of
leakage current . An ideal kit for beginners, built on a single printed circuit board
which has large copper areas used as test pads. Only a minimum of wiring is
needed. 2 l.e.d.s and a piezo transducer provide the output indication.

0.34

RUIRER i el W S, Lot
IONISER

A highly efficient mains powered Negative lon Generator that clears the air by
neutralising excess positive ions. Many claimed health benefits due to the ioniser
removing dust and pollen from the air and clearing smoke particles. Costs virtually
nothing to run and is completely safe in operation. Uses five point emitters.

PEsT SCARER

Produces high power ultrasound pulses L.e.d.
flashes to indicate power output. Battery powered
9-12V, or mains adaptor £2.00 EXTRA

KiT812 14.81

ACTIVE I.R. BURGLAR ALARM

This alarm is useful where ordinary ‘passive’ (pir) detectors are not suitable. It
works by detecting disturbances to its own short wave infra-red beam. Output is
via mains rated relay contacts. Built in timer, and mains transformer.

SR ET010), ST, e V- o o e 1 SR £40.74

LIGHT RIDER DISCO LIGHTS

A six channel tight driver that scans from left to right
and back continuously. Variable speed control. Up
to 500 watts per channel. Housed in a plastic box-
for complete safety. Built on a single printed circuit
board.

KITS605- . 2 Sessund £22.41

LIGHT RIDER
9-12V CHASER LIGHTS

A low voltage DC powered end-to-end type chaser
that can be set for any number of lights between 3
and 16. The kit is supplied with 16 l.e.d.s but by
adding power transistors it is possible to drive
filament bulbs for a larger brighter display. Very
popular with car customisers and modellers. L.e.d.s
can be randomly positioned and paired to give
twinkling effects.

K559 - .- riree e e- £15.68

SEEOUR FULL RANGE OF KITS, BOOKS, TOOLS, AND COMPONENTS IN OUR CATALOGUE

HAMEG HM203-7 20 MHz
& COMPONENT TESTER

DUAL TRACE OSCILLOSCOPE

DC

Ideal

EDUCATIONAL BOOKS & PACKS
ADVENTURES WITH ELECTRONICS

and many other mechanical

MOTOR/GEARBOXES

for robots. buggies,

Western Europe’s best selling oscilloscope -it is RELI-
ABLE, HIGH PERFORMANCE, & EASY TO USE.
Sharp bright display on 8 x 10cm screen with internal
graticule. A special extra feature is the built-in com-
ponent tester which allows capacitors, resistors, transis-
tors, diodes and many other components to be checked.
The quality of this instrument is outstanding, and is sup-
ported by a two year parts and labour warranty.
If you are buying an oscilloscope - this is the one. - It
costs a fraction more than some other 20 MHz ‘scopes
but it is far far superior. Supplied with test probes. mains
lead, and manyal.

Includes FREE

£338,00+£59.15 VAT [jcludes  FRE

{Cheques must be cleared)

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 £28.95, Book only £6.25

FUN WITH ELECTRONICS

An Usborne book, wondertfully itlustrated in colour. Com-
ponent pack allows 6 projects to be built and kept. Sol-
dering is necessary. Age 12 on, or younger with adult

| help. Book & Components £20.88, Book only £2.95
30 SOLDERLESS BREADBOARD PROJECTS

A more advanced book to follow the others. No soldering.
Circuits cover a wide range of interests.
Book & Components £20.69, Book only £2.95

projects. Min. plastic gearbox
with 1.5-4.5V DC motor. 6
ratios can be set up.

Small type MGS...£4.77
Large type MGL....£5.58

STEPPING MOTORS

For computer control via MD35% - standard 48
2.99

standard 4 pole unipolar stepsperrev........ £1
drivers

MD38 - miniature 48 MD200 - miniature 200
steps perrev......... £9.15 steps perrev........ £17.10
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74LS -Series
74LS00 £044
74LS01 £0.14
74L502 £0.14
74LS03 £0.14
74L504 £0.14
741505 £0.14
74LS08 £0.14
74LS09 £0.14
74L810 £0.14
74LS107 £0.23
7415109 £0.20
74LS11 £0.17
74L8112  f0.1
74L8113  £0.21
7418114 £O0.21
741812 £0.14
7418122 £0.1
74L8123 £0.2
7418125 €0.20
7408126 £0.21
74L813 £0.14
74L5132  £0.21
74LS133  £0.18
74L5136 £0.16
7418138 £0.24
7415139  £0.25
74LS14 £0.18
74LS145 £0.56
74L8147 £1.26
74LS148 £0.70
74L815 £0.14
74LS151  £0.25
74LS153 £0.25
74LS154  £0.70
74L8155 £0.25
74L8156  £0.25
74LS157  £0.25
74L8158 £0.25
74L8160 £0.32
74L8161  £0.32
74L5162 f£0.32
74L5163  £0.32
7408164 £0.26
74L8165 £0.48
74L5170 £0.30
7418173 £0.24
7418174 £0.24
74LS175 £0.24
74L5190 £0.25
7418191 f0.24
T4L8192 fo0.24
7418193 f£0.24
74L8195 £0.24
7408196 £0.24
74LS197 £0.24
741520 £0.16
74LS21 £0.14
74L822 £0.14
7408221 £0.36
74LS240 £0.32
74LS241  £0.32
7415242 £0.32
74LS243 £0.32
7415244 £0.32
74LS245 £0.33
7418247 £0.32
7408251 £0.24
74LS257 f0.24
74LS258 £0.24
74LS26 £0.14
7405266 £0.14
74L827 £0.14
74LS273 £0.32
7418279 £0.25
74LS30 £0.14
741832 £0.14
74LS365 fo.1
74LS367 £0.21
74LS368 £0.21
74LS37 £0.14
7418373 £0.32
7418374 £0.32
74LS375 £0.34
74LS377 £0.32
74LS378 £0.62
COPPER
WIRE
All 20z Reels
14 SWG £0.63
16 SWG £0.67
18 SWG £0.67
20 SWG £0.72
22 SWG £0.76
24 SWG £0.80
26 SWG £0.89
28 SWG £0.91
30 SWG £0.93
32SWG £0.93
34 SWG £0.93
36 SWG £1.04
38 SWG £1.10
40 SWG £1.22

4000 Senies
4000

£0.37  2N1613  £0.31
4001 £0.17  2N1711  £0.26
4002 £0.17  2N1893  £0.29
4006  £0.32  2N2218A £0.28
4007 £0.17  2N2219A £0.25
& o pmm o
. 646 .
4010 £0.23  2N2904A £0.25
4011 £0.16  2N2905A £0.23
4012 £0.16  2N2907  £0.20
4013 £0.17  2N2926 Eg.;s
4014 £0.30  2N3053 .27
4015 £0.31 gzgggg gg,:g
4016 £0.18 ;
4017  £0.26 2N3440  £0.50
4018 £0.27 2N3702  £0.09
4019 £0.19 2N3703 £0.10
4020 £0.31 2N3704  £0.10
4021 £0.31 gNa;gg to,1g
4022 £0.32 N3 £0.1
4023 £0.16 52333'2 t:g:
4 f0.21 £1.
2855 £0.15 2N3773 £1.79
4026 £0.40 2N3819 £0.40
4027 £0.18 2N3820  £0.58
4028  £0.22 N3 £0.10
4029  £0.27 2N3%05  £0.10
4030  £0.17 2N3%06  £0.10
4031  f£o.70 2N4036  £O.31
4033 go56 2N5296  £0.57
oA nem og
000 = R0 Svtiz6Na SEDi30
Q) B8 n o
42 002 aca  £037
i pn o ade o
R A :
jos8 L0l ap1es  f1e7
2088  fon ADIE! £0.92
sw0s9 €020 pRIc7 (O
4050 £0.20  gcig78  £0.15
4051  £0.25 pcqog £0.12
4052 £0.25 pCioga  £0.14
4053 €025 pCiogc  £0.14
4054  £0.56  gC109 €014
8 BN agec o
- 8C114 £0.
4063 £0.29 gC115 £0.41
4066 £0.18  gC116 £0.41
4067  E191 BC118 £0.41
2%3 fc-‘g»;g sg! 32 cg.u
BC134 £0.36
4070  £0.17 BCI35 £0.36
4071  £0.20 BC140 £0.26
4072 £0.17  BC141 £0.27
4073  £0.17 BC142 £0.31
4075  £0.17 BC143 £0.34
4076  £0.30 BC149 £0.12
4077  £0.17 BC154 £0.36
4081  £0.14  BC1S7 €0.12
4082 €017 BC159 €0.12
o 3 e ow
4086  £0.26 5
4089 58'55 gg:;?s Eg.:la
4093 .15 .
4094  £0.31 BCI7T1B  £0.16
4095 £f0.56 BC172 £0.13
4097 €120 BC1728  £0.13
4098  £0.31 177 £0.17
g Bm oy
4 | -
450:2; 23,31 BC182 £0.08
4508 £0.90 BCI82L  £0.08
4510 f£0.26 BCIB2LB £0.08
4511  fo.29 BC183 £0.08
4512 f0.39 BCIB3L  £0.08
4514  f0.73 BCIB3LB £0.08
4515  fo78 BC184  £0.08
o oy TRIACS
4520 £0.26 Z0105DA £0.42
4521  £0.62 TIC206D0  £0.65
:ggg :-8‘33 TIC226D  £0.73
i BR i ma
4529  £0.44 .
4532 fom DIAC £0.20
4534 f£2.24 VOLTAGE
4536  £1.00
423? Eog;/ REGULATORS
Lot 0. 78L05 £0.24
4543 £0.45 7543 £0.24
4555 £0.34 38,45 £0.24
4556  £0.34 7905 £0.28
4560 £1.18 7913 £0.28
4566 £1.96 79015 £0.28
4572 £0.25 7305 £0.28
4584  £0.24 7812 £0.28
4585  £0.32 7815 £0.28
4724 £0.70 7905 £0.38
40106 £0.31 7912 £0.38
40109 £0.50 7915 £0.38
40163 £0.46 LM317T £0.44
40174 £0.34 LM723 £0.29
40175 £0.36  L200CV £1.16
40193 £0.60 tmgg: Eg;g
OPTO DEVICES
5mm Red LED £0.09
5mm Green LED £0.10
5mm Yellow LED £0.10
5mm Orange LED £0.10
3mm Red LED £0.08
3mm Green LED £0.12
3mm Yellow LED £0.13
3mm Qiange LED £0.13
5mm Flashing Red £0.50
5mm Ftashing Green £0.54
Smm Bi Colour £0.36
Smm Tri Colour £0.48
5mm Plastic Bezel £0.04
3mm Plastic Bezel £0.05
0.3 7 Segment Dispiay Red
common anode £1.44
common cathode £1.14

CALLIN-OPEN: MON-FRI8.30-5.00 SAT 10.00-5.00

TRANSISTORS LINEARICs SOLDERING IRONS RF CONNECTORS B
BC184L  £0.08 BD44) £0.41  CA311E £0.28  Antex Soldering irons BNC Solder Plug £0.85
BCISE  £033 BDM4Z €041 cazxd fialzdt  IMIZa £ BNC Crimp Plug £0.68
: .4 :
e o 8 X G €022 &yanan €73  BNCSolderskt £1.08
BC207C £0.72 BD536  £0.85 CA741CE  £0.18  csy7wan £7i55 ERIEAIC Chsssts Skt £048
BC208 €072 BD646  £0.52 CA747CE  £0.33  XS25Wan £7.96 :ggg ?»12""“ Eg-:
BC209A €072 BD648  £052 CA3046  £0.37  ST4STAND £285 S . £0.63
BC212  £0.08 BD650  £053 Ca3080  f£o0.72  35Wet Gaslron fa1.97 SQR UHF socket £0.40
BC212L £0.08 BD707 £0.42  (a3q39 £0.98 Desolder Pump £3.00 socke X
BC212L8 £0.08 BD807 £0.80 8 Antistatic Pump £4.30 F Plug RG58 £0.27
BC213 £0.08 BDX32 £1.78 CA3130E  £0.98  22SWG 0.5Kg Solder £7.40 F Plug RG6 £0.27
BC213LC  £0.08 BDX33C £0.46 CA3140 £0.56 18SWG 0.5Kg Solder £6.80 N Plug RG8 £1.64
BC214  £0.08 BDX34C £0.50 CA3240  £1.22  Ymm 3yds Soider £0.58 N Socket RG8 £1.30
BC214L  £0.08 BDX53C £0.47 |CL7621 £1.70 Desolder Braid £0.87 BNC Crimp Pliers £15.50
BC2378  £0.09 BDX54C £0.50
BC238C £0.09 BFIBO  fo CM7%S5  £043 PC8 EQU
BC239C  £0.10 BF182 £0.31 3 UV EXPOSURE UNIT £67.38
BC251 £0.13 BF185 £0. LM301A  £0.25 PLASTIC DEVELOPING TRAY £1.36
BC252 £0.13  BF194 €019 LM348N  €0.31 PHOTO RESIST AEROSOL SPRAY (100ml) £3.90
BC261B  £0.24  BF195 €0.19 | F35IN £0.36 FERRIC CHLORIDE CRYSTALS (0.5Kg) £2.45
gggg;g Eg-gg g:lz’gfl Eg-g LF353 £0.41 TIN PLATING POWDER (90g) £8.33
. . ETCH RESIST PEN €0.72
BC307 £0.10 BF259  g033 LMISEN  £0.27 P8 POLISHING BLOCK £184
Beaes SOMGREprasy E0-6u. LT £2.6% STRIPBOARD 0-1 PITCH BREADBOARD
BC327 £0.10  BFa55 £0.38 LM38ON  £1.12 Pt 1 1% 27T S mien x 600 o
BC328 £0.10 BF423 £0.13 LM381 £2.70 64 & as, £0.90 175mm x 4 26m £350
BC337  £0.10  BF45) £0.19 |36 £0.48 T T £12 e Car o0
BC338  £0.10 BF459 £0.29 i pmx1270hm 0 pmx 67mm -
BC#14C £0.13 BF469 £0.36 LM387 £1.60 64mm x431mm £3.22 203mm x 75mm includes
BCa41 £0.40 BFX29 £029 LM392N £0.79 95mm x 127mm £1.50 mounting plate & posts £6.88
BC461 £0.40 BFXB4  £0.31 LM393N  £0.28 gg'“""‘gg"“'" g-;g COPPER BOARD (G. Fibre)
BC463 £0.25 BFX85 £0.31  |M748CN  £0.31 mg‘"':‘""‘ -l €160  100mmx160mm £0.84
BC478 £0.32  BFY50 £0.29 | Myas: £0.26 L m / 110mm x 220mm £1.24
BC479  £0.32 BFY5t  fo26 L-M1458 2 119mm x 454mm £6.20
BCa90 £0.24 BFYS2 €0.28 LM39%00 £0.72 PHOTO RESIST BOARD PHOTO RESIST BOARD
BC516 £0.22 BSW66  £1.35 LM394 £2.70 . .. [G.Fibre) (Paper)
BC517 £0.20 BU126 £1.32  LM3915 £2.70 3 x4 £0.86
55527 Eo-gg Bg§°5 S;} MC3340  £1.60 poriadd ggg
BC528 0. BU208A ) " x8 .
BCe37 €020 BUIEA €140 N SLER0 6°x6 £2.41
BC546C £0.08 BUS00  £1.80 :
BC547C  £0.09 BUSOBA £1.37 NESS6N  £0.36 _CAPACITORS
BCS48C  £0.08 BUS26 g.n NES67N  £0.36  Ceramic Disc 100V 10pF to 100nF £0.07 SWITCHES
BC549C £0.10 BUSB06 .06 NES532 £0.80 Ceramic Plate 100 & 63V
BC550C  £0.08 BUX84 £€0.77  Ness34 £0.86 1.0pF1012nF Jamp 250v 6.4mm ¢ mounting
BC556A £0.08 (RF540  £1.60 b 1oF-1nF £0.08, 1n2- 207 £0.09, SPST Toggle £0.
BC557C  £0.08 IRF740  £163 IBA120S  f0.77 In3.4n7 £0.12 SPDT Toggle £0.60
BC558C  £0.08 MJ11015 £211 TBAB10S  £0.68 ,OH‘&'; 20 £0.08 SPDT CO Tog £0.64
BC559C  £0.08 MJ11016 £2.11 TBAB20M  £0.39 Potystyrene 160V 5% 87oF 10 10nF DPDT Toggie £0.68
BC560B  £0.09 MJ2501 £1.60 TDA2030 £1.35 Styseney |3 - DPDT CO Toggle £0.76
BC637  £0.21 MJ3001 €152 1069 £0.35 47p-2n2 £0.09. 207-10n £0.12 DPDT CO Toggle
BCS: £0.21 MJIE340  £0.36 ] D CONNECTORS (biased) £1.20
BC639  £0. MJE350 £0.42 L0682 £0.42 o AT DPDT €O Toggle
BC640 £0.21 MPSA13  £0.12 TLO64 £0.46 9pi couzgs %ng (biased 1 way) £1.20
BCY70 £0.21 MPSA42 £0.17 TLO71CP £0.32 15 g': £0.39 £0.39 DPDT mini slide £0.15
BCcy”n £0.20  MRF475 £6.21 TL072CP  £0.34 45 pinHD. £0.81 £0.90 Rotary Wafer 1P-12W, 2P-6W,
BCY72  £0.20 TIP12) £0.36  Ti074CN  £0.48 23 pin Po.da] = | TEVao 3P.4W, 4P.3IW £0.
BD135  £0.20 TIP122  £0.37 d . : Key Switch SPST £2.70
BD136  £0.20 TIP125  f£0.37 .08 £0.33 .25 Pin e LS Y S ks £0.25
8D137  £0.22 TIP127  £0.37 TLOS2CP  £0.34 9 Woy plastic Cover DB, P iio s £0.24
BD138  £022 TIPI32  £0.46 TLOBICN  £0.45 )3 WevPuasticcover B latring Pasnsh ol
potaa | fOgimnE TSN L0465 ua73g £0.64 35 way piastic cover £0.36  PCB Tact6x6mm £0.25
- ! ULN2004  £0.48 :
BD150C  £0.82 TIP147  £1.12 BRIDGE RESISTORS
BD165  £0.42 TIP2955 £o0.63 ZN414Z  £1.04 S 2T e T T
BD166 £0.35 TIP29C  £0.31  ZN425E £4.68 RECTIFIERS 0.5W 5% OF E12 Sories £0.95/100
BD187  £0.39 TIP3055 £0.63 ZNA426E £2.61 ; iRl e
BD201°. 46088 ¢ ATIBAOC FIEOST e 1ZNA2TE! & 4 EEiBRE-UNO0STIDALOY e B g o o oL 0
BD202 £0.40 TIP3IC  £0.32  Zna2gE £612  WO21.54200V £0.20 209 e
BD203  f£040 TIR3C  £032  7nagse  gem  BR323A200v £0.36  pRESETS Enciosed Horz
BD222 £0.40 TIP41A  £0.36 ZN448E £792  BR626A200V £0.64 or Vert 100R - TMO 0.15W. £0.15
B8D225 £0.42 TIPA2C £0.38 1004 10A 400V £1.39 ESETS1S()|:)eIelt)|n H(())g‘lw .
BD232  £0.38 TIP47 £0.48 or Vert 100R - 1MO 0. b
R 5 - SR S CSF Q) D!L SOCKETS TEST & MEASUREMENT
BD240B £0.37 VNIOKM £0.44 BPin £0.07 HM103S ANALOGUE METER Zener Diodes 2V7-33V
BD2438 £0.50 VNG66AF  £1.50 14 Pin £0.17  197anges (inc 10Adc), luse & diode protection, BZY88400Mw  £0.08
BD244A  £0.53 ZTX300  £0.16 16 pin £0.16  battery test. shock resistant tilted case, mirmored scale, ~ BZX851.3W £0.14
BD246 £1.06  ZTX500 £0.16  4gp, £0.16 gpplie&wi%ba;gary, leads & instructions. e 1N4001 £0.06
20Pi .16 T, §o% Xial x 4omm i 1N4002 £0.07
THYRISTORS e o HC2020S ANALOGUE METER M i005 £0.0%
PO102AA  £0.30 N N 20 Ranges (inc 10Adc). fuse & diode protection, 1N4004 £0.07
TIC106D £0.40 28 Pin £0.22 transistor & diode tester, polarity reverse switch, high -
TIC116D CO’&G 40Pin £0.25  impact shock resistant case. Supplied with battery, ::4002 Egg;
. leads. stand & instructions. 4001 L
Tic126D  £0.77 Dim. 150 x 102 x 45mm £18.45  yN4007 £0.08
HYT07 LOGIC PROBE 1N5400 £0.09
HARDWARE VELLEMAN KITS TTL & CMOS, dispiayed in light & sound, pulse 1N5401 £0.09
T2 Box 75 x 56 x 25mm £0.76 Stockists of the tull enlargement, pulse detection down to 26nsec. max 1NS402 £0.09
T3 Box 75 x 51 x 26mm £0.72  range of Velleman kits. freq. 20MHz. Supplied with full instructions.  £7.72 s o
TABox111x67x22mm  £0.92 NEW1992.93 MX190 DIGITAL METER - ;
MB1Box79x61x40mm  £1.36  catalogue now 19 ranges, 3.5 digit 12mm LCD, signat injector, diode ~ 1N5406 £0.11
m available. send or test, fuse protection, auto polarity & zero. supplie .
MB2 Box 100 x 76 x 41m £1.48 [ SAE f f | & lied 1N5407 £0.14
MB3 Box 118 x 98 x 45mm  £1.72 your copy. (A.5) vailh !‘:Iaztéeryi Ieagi& instruction manual e 1N5408 £0.15
i im. 126 x 70 x 24mm - 1N914 £0.06
MBS Box 150 x 100 x 60mm £2.36 23158 DOGITALME‘;ER s o [t
17 Ranges (inc 10Adc), 3.5 digit 12mm LCD, diode
ELECTROLYTIC RADIAL CAPACITORS test, buzzer. auto polarity & zero, over-range & low bal ;PY‘:;;B Eg?g
oF 16V 285V 63V 100V 450V g\;ﬂlcglli%n, s7uzppl:|£d with battery, leads & instructions. G tOIZG
im. x x mm .
OFL £0.05  £0.07 = TL34 DIGITAL METER 0AS0 £0.07
lz.g - 1009 s Eg-}g 33 Ranges (inc 20A ac/dc) PTC & fuse protection. 5 QA91 £0.10
7 L‘0.0S L'0.0G £0.30 capacitance ranges, transistor test 3.5Ad|gn large 0A202 £0.14
:' £0.05 £0.05 £0.06 £0.08 m'“ 24mrq dlspl‘ay. Heavy duty case with n]l stand. BA157 £0.10
22 £0.05 £0.05 £0.09 - . ggpp!lcgc: wgg baaléavv, leads & instructions. £27.50 BAISE EO.‘I o
" v . m. x x mm . o
47 £0.06 £0.06 £0.11 BA159 £0.10
apo S0 \foor im0 > e chad oty hinafidacsiv, 2 TNatap £0.06
220 £0.09 £0.12 £0.31 B ranges, du _e orolecho_n, mirrored scale, Zmm K
a7 £0.15 £0.19 £0.67 - leads. Pocket sized. supplied with battery & 0A200 £0.10
4 y i instructions.
1800 dy22ematn:s Dim. 90 x 60 x 30mm £6.17
e - S ORDERING INFORMATION
ELECTROLYTIC AXIAL CAPACITORS ’
uF 16V 25V 63v 100V 450V All prices exclude VAT.
gie7 TN Please add £1.25 carriage to all orders and VAT (17.5%).
22 €010  £0.10  £0.22 No minimum order charge.
: £€0.09 £0.10 £0.10 £0.34 L .
fo7 - 12 012 £012 foas Free Computer listing with all orders over £5.00.
22 £€0.09 £0.13  £0.1 .06 :
e €010  £011  £018 020  £1.33 Please send payment with your order.
100 £010  £013  £0.21 : £2.46 PO/Cheques made payable to N
220 €013 £0.18  £0.42 >
270 o1 o024 foes ESR Electronic Components  VISA
.33 0. £1. :
Bl cons - foam Tk =4 Access & Visa cards accepted
ey £0.90 ; Offical orders from schools & colleges welcome.

ESR ELECTRONIC COMIPONENTS

Station Road, Cullercoats,

Tyne & Wear NE30 4PQ
Tel. 091 251 4363 Fax:091 252 2296
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6 CHURCH STREET, WIMBORNE,
DORSET BH21 1JH
Phone: Wimborne (0202) 881749

Fax: (0202) 841692. DX: Wimborne 45314.

See notes on Readers’ Enquiries below - we regret that
lengthy technical enquiries cannot be answered over the
telephone.
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ADVERTISEMENTS,
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HISTORIC

As regular readers will know this is a historic issue which not only repre-
sents 21 years of Everyday Electronics but also sees the merger of Practi-
cal Electronics with Everyday Electronics. We have tried to expand the
magazine to meet the needs of both sets of readers and we hope and
believe that this issue represents the best possible electronics magazine
for hobbyists, students and technicians alike.

Never before have we encompassed such a wide spread of articles with
plenty to read on new technology and general developments, plus a good
range of constructional projects. However we do not intend to rest there,
please let us know what you think of the magazine; especially if we are
failing to cover something which interests you. We cannot promise to
meet every requirement but we can try.

DEMAND

We are anticipating a very heavy demand for this issue and have printed
43,000 copies in an effort to make sure everybody who wants one gets one.
However we do want to make sure you can also get your copy next month.
So why not take out a subscription (see page 738), or fill in the blue “Shop
Save” card stitched into this issue. This card will also get you into our free
draw for one of two Maplin multimeters, each worth £30 (UK readers only).
Just fill in the card and hand it to your newsagent, there is no obligation to
buy but he will keep an issue for you to look at — what have you got to loose?

There has been so much pressure on space this month that we have had to
leave out one or two items. These include our Readout (EE) or Wavelengths
(PE) readers letters page. We hope to fit this in next month so keep those
letters coming, we should have room for a lively selection.

SUBSCRIPTIONS

issue. We accept Access (MasterCard) or Visa pay-

Annual subscriptions for delivery direct to any
address in the UK: £20. Overseas: £26 (£43.50
airmail). Cheques or bank drafts (in £ sterling only)
payable to Everyday with Practical Electronics and
sent t0 EPE Subscriptions Dept.,, 6 Church Street,
Wimbormne, Dorset BH21 1JH. Tel: 0202 881749.
Subscriptions start with the next available

EVERYDAY
EI.EC'I‘RICS
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CAPACITANCE METER

ARCO

M
TRADING

12-PAGE CATALOGUE

WHISTLE SWITCH

[ MLTERWATIVE ENBRGY 3:
SURCERY ACTUALLY

L

ments, minimum credit card order £5.

BACK ISSUES

Certain back issues of EVERYDAY ELECTRONICS
and PRACTICAL ELECTRONICS are available price
£2.00 (£2.50 overseas surface mail) inclusive of
postage and packing per copy -~ £ sterling only
please, Visa and Access (MasterCard) accepted,
minimum credit card order £5. Enquiries with remit-
tance, made payable to Everyday with Practical
Electronics, should be sent to Post Sales Department,
Everyday with Practical Electronics, 6 Church Street,
Wimborne, Dorset BH21 1JH Tel: 0202 8817489. In
the event of non-availability one article can be
photostatted for the same price. Normally sent within
seven days but please allow 28 days for delivery. We
have sold out of Jan, Feb, Mar, Apr, June, Oct,
& Dec. 88, Mar & May 89 & Mar 90 Everyday
Electronics and can only supply back issues
from Jan 92 to Oct 92 of Practical Electronics.

BINDERS

Binders to hold one volume (12 issues) are available
from the above address for £5.95 (£6.95 to European
countries and £8.00 to other countries, surface mail)
inclusive of post and packing. Normally sent within
seven days but please allow 28 days for delivery.
Payment in £ sterling only please.
Visa and Access (MasterCard) accepted, mini-
mum credit card order £5. Send card number and
card expiry date with your name and address etc.
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Editor: MIKE KENWARD
Secretary: PAM BROWN
Deputy Editor: DAVID BARRINGTON
Business Manager: DAVID J. LEAVER
Subscriptions: MARILYN GOLDBERG
Editorial: WIMBORNE (0202) 881749

Advertisement Manag
PETER J. MEW, Frinton (0255) 850596

Ciassified Advertisements:
Wimborne (0202) 881749

READERS’ ENQUIRIES

We are unable to offer any advice on
the use, purchase, repair or modification
of commercial equipment or the incor-
poration or modification of designs pub-
lished 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 per-
sonal reply must be accompanied by a
stamped self-addressed envelope or a
self addressed envelope and interna-
tional reply coupons.

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 com-
ponents or kits for building the projects
featured, these can be supplied by adver-
tisers.

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 with PRACTICAL ELEC-
TRONICS take reasonable precautions to
protect the interests of readers by ensuring
as far as practicable that advertisements are
bona fide, the magazine and its Publishers
cannot give any undertakings in respect of
statements or claims made by advertisers,
whether these advertisements are printed as
part of the magazine, or are in the form of
inserts.

The Publishers regret that under no
circumstances will the magazine accept
liability for non-receipt of goods ordered, or
for late delivery, or for faults in manufac-
ture. 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 would like to advise readers that cer-
tain items of radio transmitting and tele-
phone equipment which may be advertised
in our pages cannot be legally used in the
UK. Readers should check the law before
using any transmitting or telephone equip-
ment as a fine, confiscation of equipment
and/or imprisonment can result from itlegat
use. The laws vary from country to country;
overseas readers should check local laws.
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Constructional Project

ALTIMET

JOHN BECKER

Measure up to the outdoor
high-life with this handy
pocket altimeter

NYONE with an interest in the
Aups and downs of outdoor ac-
tivities, walkers, climbers, cyclists,
balloonists, hang-gliders, pot-holers and so
on, will find their curiosity further satisfied
through using the EPE Altimet. It is a
handheld unit which uses two sensors, a
DPM (digital panel meter) chip and an
lcd. (liquid crystal display) to monitor
and display data about altitude in metres
and feet, barometric pressure in millibars,
and temperature in Fahrenheit or Celsius.
The maximum readout range is
+/— 1999 metres relative to sea level. To
facilitate setting-up, access to a digital
multimeter, a good thermometer and a
nearby hill is recommended!

PRESSING FACTS

The earth is surrounded by an envelope
of air extending to around 500 miles above
its surface and having an estimated to-
tal weight of 5,000 billion tons. At sea
level, the pressure exerted by this mass of
air is on average 14-72 pounds per square
inch (PSI), or 1kg per square centimetre.
This average is also defined as a pressure
of one atmosphere, or one bar, although
meteorologists more commonly regard it as
1013-25 millibars (mb).

As one rises higher into the atmosphere,
so the air pressure decreases, reducing to
about one half (500mb) at 5,000 metres —
see Fig. 1. At 16,000 metres the pressure
has dropped to 100mb, while at 100,000
metres it is barely 0.001mb.

Fig. 1. Basic altitude to millibar graph.

Although the pressure versus height
relationship is not linear, for some pur-
poses it may be regarded as such within the
range of 0 to 5000 metres. It can thus be
stated that up to a height of 5000 metres a
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Fig. 2. Altitude to variable atmospheric
pressure conversion graph.

change of Imb represents a change of 10
metres.

However, the atmosphere is in a con-
stant state of turmoil and the total weight
of air above a given location can vary
considerably. Under extreme conditions
the pressure can range from about 940mb
to 1060mb, as indicated by the scale on a
standard aneroid barometer. Obviously,
therefore, an altimeter using the barometric
principle must have a separate control to
adjust for natural changes in atmospheric
pressure.

Variations in height plotted against mil-
libars across the range of 940mb to 1060mb
is shown in the conversion graph Fig. 2.
If the pressure at sea level is 1000mb
(horizontal axis) and a barometer shows a
reading of 900mb (right hand column) the
barometer is at a height of 1000 metres (left
hand column). If the pressure at sea level is
1060mb and the barometer’s altitude is
1000 metres it should show a reading of
960mb.

PRESSURE
SENSOR

A piezo-resistive device, the Motorola
MPX100A, is used as the pressure sensor in
the EPE Altimet. Its schematic functional
details are shown in Fig. 3.

In manufacture, a transverse voltage
strain gauge is diffused on a thin silicon
diaphragm which is mounted across an
evacuated cavity. In the presence of an
excitation voltage across the strain gauge,
when pressure is applied to the diaphragm
the resistance of the gauge changes, causing
a change in the output voltage directly
proportional to the pressure applied.

The MPXI100A produces a voltage
change of between 45mV and 90mV,

Fig. 3. The MPX100A pressure transducer internal structure and function details.

METRES
16000 —
15000 —

10000 —

5000 —

2500 —

0 T T T T
MILLIBARS 0 260 500 750 1000

STAINLESS STEEL CAP

]

)

GEL DIE-COAT |

LEAD FRAME a
i

2 (27,
%

LTI TTTT T

§
TRANSOUCER DIE :
STAINLESS STEEL BASE

)

NOT TO SCALE

THERMOPLA'STIC CASE

ETCHED DIAPHRAGM

TRANSVERSE VOLTAGE
STRAIN GUAGE

PiIN 1 PIN 2 PIN.3 PIN &

GROUND  +0UTPUT +SUPPLY -0QUTPUT

694

Everyday with Practical Electronics, November 1992



the guaranteed minimum to maximum
manufacturing tolerance range, for a
pressure change of 100 kiloPascals (kPa).
100kPa equals 14-5 PSI, which is approxi-
mately equal to one bar.

Taking the typical output as 60mV per
100kPa, a Imb pressure change will
produce a voltage change of approximately
0-06mV. Likewise, a change in altitude of
one metre (below an altitude of 5,000
metres) produces a change of 0-006mV.

Consequently, the interface between the
sensor and the l.c.d. readout must convert
the voltage changes by a factor which will
cause each 0-006mV step to result in a
barometric display change of one unit per
millibar. This factor then has to be multi-
plied by 10 for the metres display, and by a
further 3-28 for the feet display (1 metre =
3280839 feet).

In the practical circuit, whose block dia-
gram is shown in Fig. 4, the sensor output
is in fact multiplied by a factor related to
unitary changes on the feet scale, and then
separately divided for the metres and mil-
libar scales.

SENSORCIRCUIT

In order to ease the understanding of the
EPE Altimet circuit, it has been divided in
to three sections: pressure sensor and psu;
temperature and battery level; an l.c.d. dis-
play and controller.

The details of the sensor amplification
and division scaling circuit diagram is
shown in Fig. 5. It also shows the power
supply details.

TX]1 is the pressure sensing transducer.
Its internal resistance is predetermined in
manufacture within the range of 400 to 550
ohms. The value of the resistor RS in series
with TX1 is selected to suit the resistance of
the transducer at 25°C.

Several of the transducer parameters are
temperature dependent and the value of
resistor RS is instrumental in minimising
part of the effect of their changes. This will
be discussed later.

Fig. 8 Circuit diagram for the EPE Altimet sensor amplifier, division scaling and regulated power supply.

X3 AMP\

=2 INVERTER

PRESSURE BUFFER | x50 aMP
TRANSDUCER :

BATTERY TEMPERATURE TEMPERATURE .
COMPENSATION SENSOR ol L
SELECT ® /
1
+5v
REGULATOR
DISPLAY
0OC. CONVERTER
—5v
LCD DRIVER L—_]
CONVERTER ! 1024

Fig. 4. Full block diagram for the EPE Altimet.

The transducer TX1 has two differential
outputs, pins 2 and 4. The voltage span
across them decreases as atmospheric pres-
sure falls. Both are fed to the non-inverting
inputs of op.amps IC2a and IC2b, which
are configured respectively as a unity gain
buffer and differential amplifier with a gain
of about 50 set by the values of resistors
R10and R11.

From IC2b, the signal is inverted and is
given an additional gain of around 3-3 by
IC2c. Preset control VR2 in series with
resistors R13 and R14 varies the bias at
IC2c¢ pin 12 so enabling the basic output
voltage at IC2c pin 14 to be preset.

Before being further processed by 1C2d,
the voltage at IC2c pin 14 is tapped to
provide barometric pressure data. Preset
VRS in series with resistor R20 divides the
voltage by 32-8 presetting the span range
required by the l.c.d. readout circuit. The
inclusion of preset VR4 in series with resis-
tor R21 is used to impose a bias voltage on

one side of VRS to increase the barometer
readout by approximately 1000mb.

Whereas a barometer shows a decrease
in reading with a decrease in pressure, an
altimeter has to show an increase. Conse-
quently, IC2d is used to invert the voltage
change direction but, within the tolerances
of resistors R16 and R19, does not change
the amplification.

A panel-mounted control VR3 provides
IC2d with a variable bias voltage, allowing
the altitude readout to be set to compensate
for normal meteorological changes in at-
mospheric pressure. The range controlled
by VR3 is about 300 metres. This may be
increased by increasing the value of VR3 or
by reducing the value of R17.

The output of IC2d directly provides the
voltage data for an altitude readout in feet.
For the metres scale, the output of IC2d
is tapped by preset VR6 in series with
resistors R22 and R23, dividing the volt-
age by 3-28. Switch S2 selects between

RS
SELECT ONTEST
(BETWEEN ; 148 82k}
R10
2k

AAA

X1
MPX 1004 .

a2 Nic2aNy:
324

TPt TP2

VR1
100k

10k
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the Feet and Metres modes and feeds to
switch S1 which selects between Height and
Barometric modes.

TEMPERATURE
COMPENSATION

In any d.c. amplification circuit there is
a tendency for voltage levels to change
as temperature changes. The component
which causes most drift in the EPE Altimet
is the transducer TX1.

Even with resistor R5 chosen cor-
rectly, the transducer’s offset voltage
typically changes with temperature by
about +/—15 microvolts per degree
Celsius. In the test model, the offset drift
after amplification was 63mV per 40°F
(22:2°C).

Compensation for this and other minor
drifts is effected by the temperature-re-
lated change in voltage across the for-
ward biased diode D3. The voltage at the
junction of D3 and resistor R7 increases
by about ImV with each 1°F increase
(1-8mV°C).

A proportion of the change, as con-
trolled by the values of resistor R6 and
preset VRI, is fed into IC2d to counter-
balance the majority of the circuit drift
from the altitude readouts. The barometer
output is left uncompensated since the
attenuation by VRS reduces the effect to
only about 2mV per 40°F (22-2°C).

TEMPERATURE
ANDBATTERY
MONITORING

Another diode is used as the temperature
sensing element, shown in Figb as D4.
Resistor R24 and preset VR9 form a poten-
tial divider across the + 5V and 0V power
lines providing a bias voltage to D4. The
voltage across D4 changes at a similar rate
to that across D3 (Fig. 5).

Preset VR9 adjusts the displayed tem-
perature value and VR7 presets the
voltage/temperature output span. The
choice of whether temperatures are shown

in Fahrenheit or Celsius is ‘made when
setting up the unit, and simply entails
adjusting VR7 for the desired ratio. S3a
selects between temperature display and
the modes routed via switch S1 as shown in
Fig. 5.

Whereas height and barometric readings
are shown as integer values, temperature is
displayed to within one tenth of a degree.
The decimal point control being switched
in by S3b.

In height and barometric modes, the
decimal point is pulsed in phase with the
l.c.d. backplane clock, so rendering the
point inactive. In temperature mode, the
point is activated by connecting it via the
OR gate around diodes D1, D2 and resis-
tor RI8 to two segments of the lc.d.
hundreds digit, one or other of which will

D1 R18
INCILB 100k
LCD PIN 29 O3y
INE148
LCO PIN 1 o._i."“_‘ Z
LCD PIN 16

S3b

+5v E: P
LCD PIN 40

Fig. 6. Circuit diagram of the tempera-
ture and battery level section.

always be active irrespective of the number
displayed.

Also shown in Fig.6 is a battery check
facility. Resistors R8 and R9 form a poten-
tial divider across the battery input lines.
The tapped voltage is switched to the l.c.d.
circuit (Fig. 7) via switch S5, an action
which switches the previous mode selectors
out of circuit.

The R8/R9 ratio causes an l.c.d. readout
of approximately 900 for a battery voltage
of 9-0V. There was insufficient room in the
case to fit a d.p.c.o. switch to activate a
decimal point in a similar way to S3.

L.C.D READOUT

The circuit diagram which converts the
monitored voltages levels into an equiv-
alent l.c.d. display is shown in Fig. 7. The
DPM chip IC1 is the heart of the circuit. It
assesses the input voltage level and relates
it to the reference voltage set by VRS in
series with resistor R2, timing the rate at
which capacitor C4 charges and discharges.

The timing is clock controlled at a rate
set by resistor R1 and capacitor Cl and
an internal counter counts the number of
pulses required to discharge capacitor C4.
The counter outputs are internally decoded
to control the four l.c.d. digits and a nega-
tive polarity symbol.

The backplane pulsing and phasing
necessary for controlling lc.d.s is auto-
matically generated by ICl and is in-
ternally set at a sub-multiple of the main
clock frequency. (Note that l.c.d. segments
should NOT be controlled by a d.c. voltage
since this steady state could damage them.)

Irrespective of the reference voltage set,
the full scale range for that voltage is repre-
sented by 1999 steps. Input voltages out-
side the reference range cause the l.c.d. to
blank the three right-hand digits and turn
on the left-hand digit.

Preset VRS is used to vary the reference
voltage to suit the output voltage span
produced by the transducer’s amplifier
stages. In effect, VR8 serves as an
additional gain controller. This means that

Fig. 7. Circuit diagram of the display section and interconnection details between the display driver ICT and the /.c.d.

O+ SV
R2
R1 ct 2018
100K 100p
SUPPLY +VE osc1 B2
D1s osc2 32
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81s TEST 2k2
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Fis 708 o pis o L
G ts +REF CAP
e s —REF CAP [t:oz:* fe—a %
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C 10s INPUT Ht OS5p
B 10s neyT Lo 22
A 10s AUTO-ZERO 22 )
F 10s BUFFER &8
E 105 INTEGRATOR
D 1005 SUPPLY -VE l s
B 1005 105 6 4 S—beh 1000
F 100s 100s C . 100n
E 100s 100s A
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when VRS and VR6 have been set to the
relative span ranges for their mode scales, a
common increase or decrease to the
altitude and barometer mode gains can be
effected by adjusting VR8S.

It will be seen that the lines controlling
the polarity symbol and the thousand’s
digit are apparently connected to unused
pins of the lcd. These connections
correspond with the equivalent 1000 and
polarity segments of a 4-digit l.c.d. module
which may be used in place of the 3-5 digit
version.

MEASURED

TRANSDUCER

RESISTANCE

TRANSOUCER
570 — RESISTANCE
560 — o AT 25°C
550 — — 400
540 — — L10
530 — - <20
520 —{ - <30
S10 — — &40
500 — — 450
490 — - 460
480 — €0 70
25
470 480
10
460 — ) ‘—490
450 — 500
440- 510
i

430 520
420 530
uo—} 540
400 | S0
390
350—1
370

E_—.—T_.T—_

Fig. 8. Pressure transducer MPX100A
resistance/temperature nomogram.

POWER SUPPLY

A regulated +/—5V supply is gener-
ated from a single 9V battery. Referring
back to Fig. 5, the battery voltage is
switched on by S4 and is regulated down
to +5V by IC3.

Using an internal pulsed inverter, 1C4
generates an almost equivalent negarive
voltage from the +5V supply. The load
driven by IC4, though, will slightly reduce
the voltage from the nominal —5V to
around —4-7V.

Capacitor C8 is associated with the
chip’s internal switching and C9 is the
output reservoir capacitor. There is in-
herently a very slight residual ripple of
IC4’s clock frequency left on the negative
line, though the final effect of this upon
the signal input to IC1 is nulled by the
inclusion of resistor R3 and capacitor C3
in Fig. 7.

The current drawn by the circuit is
around 13-5mA. If, as intended, the unit is
used intermittently throughout a journey, a
PP3-sized battery could last for weeks or
even months.

Under continuous switched-on use, a
PP3 battery life of around eight hours
seems a reasonable expectation. The bat-
tery may be run down to about 7-3V
before IC]1 fails to regulate satisfactorily. A
NiCad battery may be used.

COMPONENT
TOLERANCES

Standard carbon-track miniature
skeleton preset potentiometers and 5 per
cent 0-25W carbon film resistors were used
in the prototype, providing accuracy and
stability well within the author’s own
requirements. A more tightly controlied
performance can be obtained by using
cermet presets and one per cent 0-25W
metal film resistors. The main advantage of
cermet over carbon presets in this
application is the smooth linearity of their
tracking, allowing more precise adjustment
of their settings.

Metal film resistors have a better tem-
perature stability than the standard carbon
film variety. Typical temperature coeffi-
cients for the latter are —150 to —800
parts per million (ppm) per °C, whereas for
metal film they are typically +/— 50 ppm
per °C. Even though temperature compen-
sation is provided, the use of metal film
resistors could still be beneficial.

RESISTANCE
MATCHING

Since the correct value for resistor RS is
related to TX]1 transducer’s resistance at
25°C (77°F), it is preferable to take into
account the transducer’s temperature at the
time that the measurement is made. The
Nomogram in Fig. 8 shows how the resis-
tance at a known temperature can be con-
verted to its equivalent at 25°C (77°F).

Clip the leads of a digital multimeter to
the transducer pins 1 and 3, and switch
the meter to a range suitable for measur-
ing up to about 550 ohms. Place a ther-
mometer alongside the transducer and al-
low the temperature to stabilise.

Measure the resistance and note the
temperature. Place a ruler so that its edge
passes through the resistance value in the
chart’s left hand column and the tempera-
ture in the centre column. Read off the
value in the right hand column and multi-
ply it by 3-577 (a factor specified by the
transducer manufacturer). This is the op-
timum value for RS.

The transducer used in the prototype
has a resistance of 433 ohms at 25°C
and the value for R5 was calculated as
1548 ohms (1k548). The resistor with the
measured value closest to this which was
conveniently available was 1567 ohms.
Although not the precise calculated value,
the tolerance margin has proved to be
acceptable.

Two or more resistors in series or paral-
lel may be used to optimise the value.
(There was not enough space on the p.c.b.
to substitute a preset potentiometer for
RS.)

CONSTRUCTION

The topside printed circuit board com-
ponent layout and full size underside cop-
per foil master pattern is shown in Fig. 9.
This board is available from the EPE PCB
Service, code EE807.



Before mounting the components, check
that the board fits the case satisfactorily,
trimming off any excess fibre-glass if neces-
sary. It may also, with some models of the
: case, be necessary to trim down the in-
Resistors ternal partitions to allow the board to fit
R1, R11, R14, lengthwise while still allowing for the bat-
212? R18, R19, 100k (7 off) tery and switches to be inserted.
R2 R23 20k (2 off) The front panel drilling measurements
R3 ™ and Iayput used in the prototype model is
R4 R6, R22 47k (3 off) shown in Fig. 10. Check that they apply to
RS Between 1k4 and your case before drilling any holes!
HE IGHT
e o CIRCUIT BOARD ' @
R9 2M - see text There are several link wires required on
R7, R12, the p.c.b., some of which go below i.c.
R13, R24 10k (4. off) positions (see Fig. 9), and these should be EPE ALTIMET
R10 2k inserted and soldered first, but omit links
R15 33k TP1/TP2 and TP3/TP4 until later. The pre-
R17 470k set “‘pots” and d.i.l. sockets for the i.c.s and
R20 330k the l.c.d. should be inserted next.
R25 10 The board has been designed so that == 5 I
All 0-25W 5% carbon film or better. the display is mounted above IC1. This is 0 06 065 2.7
achieved by first soldering two 20-pin s.i.l. S VR3 s
Potentiometers (single-in-line) sockets into the l.cd. posi- LENGTHS IN INCHES
VR1 100k min. skeleton tion. If s.i.l. sockets are not available, cut a
preset, horiz. 40-pin d.i.1. socket in half. Once assembly is
VR2, VR4, complete, a second level of s.il. sockets to
VR5 10k min. skeleton preset, hold the I.c.d. is plugged into the first. Fig. 10. Case drilling details.
horiz. (3 off)
VR3 5k rotary carbon, linear TP6  TP7
VR6 22k min. skeleton preset, SLHBATT Y 95 YR9 SIS +5Vi “BVIEVRS
horiz. * » f * SEE TEXT l ’
VR7 1M min skeleton preset, r = R9 ¥ . - S g
horiz. 1 \ '/’:::::b
VR8, VRS 2k2 min. skeleton preset,
horiz. (2 off)
All presets carbon or cermet. Ko
01
Capacitors - I
C1 100p polystyrene
C2to C5,
C7,C10,
c11 100n polyester (7 off)
C6,C8,C9 22uradial elect., 16V

(3 off)

Lco
= MODULE

(MOUNTED'
ABOVE-IC1)

Semiconductors
D1 to D4 1N4148 signal diode

iC1 ICL7106 ADC/display Af
driver

1C2 LM324 quad op.amp

IC3 78L05 +5V 100mA
voltage regulator

IC4 ICL7660 voltage converter

Switches
S1,82,

S4, S5 miniature s.p.c.o.
toggle (4 off)
S3 miniature dp.co.See

v SHoOP
TALK

Miscellaneous

™>1 MPX100A pressure
transducer
X1 3% digit l.c.d. display

Handheld, calculator style palastic
case, size 148mm x 60mm x 36mm
(with 50mm x 20mm display window
cutout); 8-pin d.i.l. socket, 14-pin d.i.l.
socket; 40-pin d.i.). socket (3-off — see
text); PP3 battery and snap connector;
knob; p.c.b. stand-off spacer; rubber
grommet for VR3 shaft; connecting
wire; fixings; solder etc.

Printed circuit board availabie from EE

PCB Service, code EE807 (see PCB . £Lo8
page 754). & 13INILTY
L ——* » * ]
| © & odads o
Approx cost £
guidance only 5 o Fig. 9. Printed circuit board component layout and full size foil pattern.
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Solder in the components in order of
resistors, diodes, capacitors and voltage
regulator IC3. Next mount the rotary
potentiometer VR3 in its p.c.b. hole, shaft
protruding from the component side, using
an insulating washer between its body and
the back of the board to prevent shorting
across soldered joints. The transducer TX1
is also mounted on the trackside of the
board, carefully bending its leads through
ninety degrees so that its body lies parallel
to the p.c.b. in the direction of 1C2.

Two versions of the MPX100A may be
available (Fig. 12), one enclosed in a plastic
case, the other not. Either may be used, but
the unenclosed version must have insulat-
ing tape placed between its body and the
p.c.b. tracks. Do NOT cover the hole in
the transducer’s centre, and under no cir-
cumstances poke anything into the hole
below which is the very delicate pressure
diaphragm.

Fig. 11 (right). Interwiring from off-
board components to the p.c.b. Note,
VR3 TX1 and all wires are connected
to trackside.

Details of the interwiring from the cir-
cuit board to all off-board components is
shown in Fig. 11. Wire up all control con-
nections from the trackside of the board
and then thoroughly check with a close-up
magnifying glass that there are no shorts
between joints and adjacent tracks.

INITIAL TESTING

It is suggested that for the setting-up pro-
cedures the unit should be powered from a
bench power supply delivering 9V, or that
a 9V battery of greater size than PP3 be
used. A 12V supply, such as a car battery,
may be used though to avoid overtaxing
IC3, a 390 ohm 0-5W resistor should be
connected in series with the positive battery
lead, so reducing the supply to about 9V
when full load is applied.

Several test points (TP) are provided on
the p.c.b. For ease of use it is recommended
that terminal pins are soldered into these
positions. All tsst measurements are made
with respect to the negative terminal of the
9V battery which should be regarded as the
0OV or “ground” line. The common lead
of the voltmeter should be clipped to test
point TP10.

For the first test, with 1C3 and IC4

N T
i o
sy whyes 6 B
(above) Transducer TX1 and VR3

mounted on the board track side and
(below) the completed circuit board.

s’# 3 7:8* e e

e |

.

AR ARnARRS

a R A

bv'’'eo ve oo s sy vy e Py vy

£

?

NOTCH —=

BASIC ELEMENT
TYPE MPX 1004

ENCLOSED UNIT -PRESSURE SIDE PORTED
TYPE MPX 100 AP

€EI8TI0

Fig. 12 Pressure transducer pintout
details.

in circuit, but the l.c.d. and other ics
omitted, switch on and check that close to
+5V is present at TP6 and that about
— 5V is present at TP7. Check the voltages
at TP6 and TP7 again when IC1, IC2 and
the display X1 have been inserted, but note
that TP7 may now have fallen to about
—4-7V. Any large deviation of the supply
voltages will indicate a fault condition,
such as a wrong component polarity or a
track short or break.

BENCH SETTING

Throughout this section of the setting-
up, the figures obtained from the model are
quoted in square brackets as an example.
They will vary slightly for other units.

a0 VR3
BATTERY HEIGHT -
_‘“ st TRIM
- ON/OFF
—
S5 BATTERY \
[ CHECK
~
{ st
- ——a \/. . e
TP6 TP7 - BARO
A\ >4
HEIGHT
= Py 1TEMP
" = ) r;up
p &=
4 $3 | uEIGHT
CIRCUIT-BOARD LCD MODULE 1BARO
¢2 | FEEY
P
@ METRES
e o TPE®
TP 10 ®1pg I
*
(eEisese)
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Setting-up falls into two parts,
“workshop alignment” and fine tuning
under “field conditions”. Since the
respons¢ of the transducer can vary in
manufacture between 45SmV and 90mV per
100kPa, the final alignment can only take
place after subjecting the unit to known
changes in barometric pressure, such as
those experienced when using it at the top
and bottom of a hill of known height.

However, the millibars and metres pre-
sets VR4 to VR6 are aligned without the
transducer fully in circuit, using the test
circuit shown in Fig. 13. The circuit con-
sists of R24 and VR9 from the temperature
readout circuit, with the addition of a resis-
tor R25 across VR9 to temporarily reduce
its span range.

Temporarily link the outer terminals
of the rotary control VR3 to TP6 and
TP7 instead of to their normal designated
points in Fig. 9. Set presets VR1, VR2 and
VR3 midway, VR4 to ground, VRS and
VR6 to maximum output, and set VRS for
a reference voltage of about 200mV at TP8.

Clip a digital voltmeter across TP9 and
TP10 and on its lowest suitable range
measure the voltage when the wiper of VR9
is at its maximum resistance {4-9mV]. Link
TP2 to TP9 and TP4 to TP10 (as links
TP1/TP2 and TP3/TP4 have been left out,
the transducer is not presently connected to
IC2).

Assume for the moment that the
transducer will have a span of 60mV per
100kPa and that 1000 metres = 10kPa.
Therefore, 1000 metres represents a 6mV
swing from the transducer which equals
3,280 feet (1000 x 3-28). Calculate the
number of feet that the measured mil-
livolt span range of VR9 represents:
[3,280ft/6mV x 49mV = 2,678 feet].

FEET

Set the switches for Feet mode. Set VR9
midway and adjust VR2 and VR3 until the
display X! shows a reading of about zero
(within a hundred units or so0). Note the

IC2a PINS

TP10
Pp—01C2b PIN3

2

Fig. 13. Alignment and setting-up test
circuit diagram.

total l.c.d. readout range with VR at its
minimum and maximum settings.

Adjust VRS until the full range con-
trolled by VR9 is close to that calcu-
lated [— 1305 to +1373 = 2678, TP8 =
178-:4mV]. Set VR9 to maximum output
fl.e.d. = 1373]. (If the feet range span
obtained is not exactly that calculated, for
the next calculations use the maximum
output figure actually obtained.)

METRES

Switch S2 to the Metres range. Div-
ide the maximum feet reading by 3-28
to produce the metres integer equivalent
[1373/3-28 = 418:597561 = 419]. Without
touching VRS, adjust VR6 until the l.c.d.
reads as close as possible to the calculated
metres value [419].

Set VR9 to minimum and check that the
L.c.d. readout is the metres close equivalent
to the minimum feet readout [— 1305/3-28
= 397-865854 = 398]. There is likely to be
a slight non-linearity between the feet and
metres conversion figures within about 10
metres either side of a zero height readout.

Switch S! to the Millibars range, set
VR9 midway and adjust VR4 until an l.c.d.
readout of about 1000 is produced. Do
not adjust VR8. From the measured swing

Layout of function switches on the front panel and position of the p.c.b. inside the
case, showing wiring to track side and switches S4, S5 either side of the battery

compartment.
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range of VRY [49mV] calculate the mil-
libar range that this represents:
[60mV = 1000mb therefore 49mV =
1000/60 x 4-9 = 81-66mb = 82mb)
Swing VR9 back and forth across its
range and adjust VRS until the total l.c.d.
range difference is the calculated millibar
value [975 to 1057 = 82].

TRANSDUCER
BALANCING

The next step is to put the transducer
fully into circuit and adjust preset VR1 to
compensate for l.cd. readout drift with
temperature. Remove *‘test” resistor R2S
from across VRY, disconnect the tem-
porary TP10/TP4 and TP9/TP2 links, link
TP1 to TP2 and TP3 to TP4, and correctly
reconnect VR3. Switch to the Feet or
Metres range, then raise and lower the unit
between floor and ceiling and observe that
the display registers the height changes,
even though accurate altitude setting has
not yet been made.

After leaving the unit switched on for a
few minutes to allow temperatures to stabi-
lise, note the room temperature (as shown
on a good mercury—filled thermometer).
Switch to the metres range, set VR1 mid-
way, adjust preset VR3 and/or VR2 for an
l.c.d. readout of about zero. Note the l.c.d.
readouts with VR1 at minimum, midway
and maximum resistance settings.

Allow the room temperature to rise by
as many degrees as is feasible, 20°F or 10°C
for example. Note the lc.d. readings at
the three VR settings and judge approxi-
mately which value of VRI produces the
minimum readout change.

(A hair dryer blowing low heat across
both sides of the p.c.b. was used in the
original tests, allowing the temperature to
rise slowly over about 15 minutes. Cool-
ing to low temperatures was assisted by a
fridge!

Beware, though, that rapid temperature
changes and uneven p.c.b. heating can
produce misleading results. If condensa-
tion forms on the unit when removed from
the fridge dry it off using the hair dryer.)

Let the room and the unit cool naturally
back to the original temperature, set VR1
to two or three positions close to the es-
timated value noting the l.c.d. readings. Al-
low the temperature to rise again and note
the l.c.d. figures at each chosen VR! posi-
tion. Set VR1 to the resistance setting at
which the minimum output change occurs.

The transducer TX1 and temperature
compensation diode D3 may respond at
different rates affecting the apparent
stability of the readout during the early
minutes of a significant temperature
change. Once the transducer and diode
reach the same temperature the readout
should have returned to its original figures.

HYSTERESIS

It should be recognised that there are
component hysteresis factors which af-
fect the maximum practical balance ob-
tainable. Hysteresis applies particularly to
the transducer and dictates that at any
given pressure or temperature there will
be a difference in the output voltages
produced depending on whether this pres-
sure or temperature is approached upwards
or downwards.

The MPXI00A has typical pressure
and temperature hysteresis factors of
+/-0-05% and + —0-5% of full scale
(100kPa) respectively. Without tempera-
ture drift correction the lcd. output
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change on the test model was about 15
metres per °F (27 metres °C) the equivalent
of around 1-5mV per °F (2:7TmV °C).
Although impaired by hysteresis, the
compensation circuit allowed the drift to be
kept down to only 20 metres over a massive
40°F (22.2°C) temperature change.

Hysteresis and drift factors, however,
should be seen in context with the
scale of potential atmospheric changes. A
barometric change of only one millibar will
cause an apparent change of 10 metres on
the altimeter. At the time of writing, the
weather forecast predicts a 15mb change
from 1020mb to 1035mb over the next 24
hours. The effects of normal ambient
temperature changes become minor by
comparison.

TEMPERATURE
ANDBATTERY
READOUTS

The unit may be set for either Celsius
or Fahrenheit temperature readout scales,
depending on the range set by preset VR7.
Set VR9 and VR7 midway, switch to Tem-
perature mode and note the display reading
and that of a thermometer alongside the
p.c.b.

Allow the room temperature to change
across a reasonable range and note the
difference in the l.c.d. reading and the dif-
ference in temperature. Adjust VR7 up or
down as appropriate and again change the
room temperature. Repeat until the tem-
perature and l.c.d. spans are the same, and
then adjust VR9 so that the l.c.d. reading
matches the thermometer reading.

The values for resistors R8 and R9
should be selected after ICl’s final

reference voltage has been set by VR8. The
ratio of R8 to R9 should cause the l.c.d. to
show a reading of approximately 900 with
a battery voltage of 9-0V. If the reading is
low, increase the value of R8 or decrease
R9.

FIELD SETTING

Final altitude allgnment can only be
done by checking the unit’s height readout
against a known height change. Consult a
local Ordnance Survey (OS) map,
preferably the large scale Pathfinder
(green) series, and find two locations where
the heights are known and of several tens
of metres apart.

Go to one location and using the rotary
control VR3 set the height on the l.cd.,
also noting the temperature. If the tem-
perature is changing and the unit’s tem-
perature balance is not exact, while still
at the same location note the l.c.d. height
reading at different temperatures. Go to the
other location and repeat.

Take two readings made at the same
temperature and calculate the difference
between the l.c.d. change and the actual
height change. Slightly reduce or increase
the setting of preset VR8 as appropriate
and repeat the procedure until the actual
and displayed height spans correspond. An
l.c.d. reading change of 55 metres com-
pared to an actual height change of 60
metres, for example, would require adjust-
ment of VR8 to decrease IC1’s reference
voltage.

It is preferable for the time between high
and low readings to be kept short to mini-
mise the likelihood of atmospheric pressure
changes occurring between readings. It is
advisable, for the same reason, to choose

a day when the BBC TV weather forecast
maps show the isobars well spaced out.

Once VR8 has been finally set, the
current millibar setting for your area
(watch BBC TV again!) can be set by
adjusting VR4. It should be remembered
that weather forecast charts give millibar
figures referenced to sea level. If you live
significantly higher than sea level, the true
atmospheric pressure for your location can
be calculated from the simple equation
+ 10 metres = — Imb.

USINGIT

Since atmospheric pressure is constantly
changing throughout the day, the height
tnmmmg control VR3 should be adjusted
prior to each outing, setting the display to
show the correct height in metres for the
starting location as established from an
OS map. If significant isobar changes are
forecast it is advisable to re-trim VR3 in
association with an OS map occasionally
throughout a prolonged land-bound jour-
ney.

It is assumed that balloonists and other
leisure-aeronauts will not be aloft long
enough for meteorological changes during
their flight to have any significance. Try to
avoid subjecting the EPE Altimet to rapid
or excessive temperature changes. O
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A roundup of the latest Everyday News from the world of electronics

Amateur Radio
Morse Test

proposed changes to the format of the 12 words per

THE Radiocommunications Agency has announced

minute Amateur Radio Morse Test.

It is claimed that the new format will
prepare candidates better for the sort of
operating conditions they can expect to
encounter “On Air”. It follows the same
lines as the five words per minute test
which was successfully introduced last
year.

The new style test will come into opera-
tion from January 1, 1993. Candidates
who have studied under the old format
will still be able to take the old test until
March 31, 1993 when the new test will
become compulsory.

Simultaneously with the introduction of
the new style test, 1 January, 1993 will
also see a new procedure for the identifica-
tion of candidates. Instead of written
proof of identity, candidates will have
to bring to the test centre two recent
passport sized photographs of themselves.
— Shades of code breaking?

In the new test, the candidate will be
required to receive a minimum of 120
letters and 7 figures in the form of a typi-
cal exchange between radio amateurs. A
manual Morse key will be used to send the
message. This portion of the test will last
approximately 2!z minutes and a maxi-

BOOKSHOP

To help make their renowned range
of technical publications more readily
available to industry and educational
establishments alike, Texas have
formed a “Technical Bookshop™ and
issued a catalogue.

The 1992 Technical Bookshop
Catalogue contains a brief description
of titles available and lists data books,
user guides and applications manuals
for engineers and students.

Texas Instruments Ltd, Dept
EPE, Manton Lane, Bedford
MK41 7AP. Tel 0234 270111.
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mum of six uncorrected errors will be
permitted.

In the sending test, the candidate will
be given a text to send by hand on a
straight Morse key consisting of not less
than 75 letters and five figures, also in
the form of a typical exchange. This por-
tion of the test will last approximately 1Y2
minutes. There must be no uncorrected
errors in the sending and not more than
four corrected errors.

The Radio Society of Great Britain con-
ducts both the five and 12 w.p.m. Morse
tests on behalf of the Agency. Further
information on taking the test may be ob-
tained from: Radio Society of Great
Britain, Lambda House, Cranborne
Road, Potters Bar, Herts EN6 3]JE.

Patent News

The first ever report published by the
Patent Office since becoming a Trading
Fund on 1 October, 1991, and its ac-
counts, prepared for the first time on a
full commercial basis, show a surplus of
£603,000 for the six month period to 31
March, 1992.

However, in volume terms, patent ap-
plications in 1991 were two per cent down
on 1990, while trade mark (including
service mark) and design applications
were down by 12 per cent respectively. A
similar trend was evident in the European
Patent Office where a down-turn in activity
was recorded for the first time.

Orange Aid

No its not a new fizzy drink but a
new approach which may help anyone
who has been a victim or does not
want to be the perpetrator of excessive
noise. Thanks to the Castle "'Electronic
Orange”, the annoying sounds which
may be escaping from the local disco
may be a thing of the past.

The sound pressure (noise) within
the room is picked up by a microphone
and when the noise reaches the
threshold, which is adjustable, a
spherical yellow coloured lamp, ‘“‘the
orange’, lights up. If the noise rises
further, the device removes the power
to the amplifiers. After resetting the
electronics, either manually or auto-
matically, the volume must be reduced
to prevent another trip condition from
occurring.

Further information and prices from
Castle Assoclates Ltd, Salter Road,
Cayton Low Road Industrial Estate,
Scarborough, North Yorks YO11 3UZ.

THE PHILIPS LECTURE

Established in 1980 under the sponsorship of Philips Electrical, the Philips Lecture is
given annually on the theme of science in industry. This years lecture is entitled “Ther-
mal Imaging — A New Eye On The World” and is being given by Dr. C. T. Elliott of the
Defence Research Agency, Malvern.

A thermal imager produces a visible, television-like image using the infrared radiation
that warm objects emit. It sees in complete darkness and through smoke and mist. This
enhanced vision capability has given rise to numerous military and civil applications such
as a pilot aid for military aircraft flying at low level in the dark, helping firemen to find
people in smoke-filled buildings, and possibly, in future, helping to drive cars at night.

The development both of high performance imagers, based on cooled semiconductor
detectors, and moderate performance imagers, using uncooled pyreolectric detectors, will
be outlined together with illustrations of some of the applications.

The lecture will take place at the following venues and further details can be obtained
from The Royal Society, 6 Carlton House Terrace, London SW1Y SAG. Tel: 071
839 5561.

Venues: 7 October, 17.30 at The Royal Society, 6 Carlton House Terrace; 12 October,
University of Surrey and the University of Durham on 16 October.
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ku. Light TLC2201
IR Remote Control Reoeiver

The TSL252 and a simple active filter can be used
as an IR remote control receiver. A visible light
filter is used to reject visible light and pass
infrared, thus reducing interference. R1.C!. R2,
C2 and the TLC2201 form an active band pass
filter. The actual values are chosen based on the
data rate of the IR transmirter.

Typical Applications for the TSL250

Adjustable Light-Activated Switch

The IR cusoff filter prevents the switch from being
activated by infrared. Resistor Ry provides
hysteresis to prevent false activation due fo noise.

BRIGHT LIGHTS

Changes in light intensity can be used or monitored with high accuracy
using one of the new family of light-to-voltage optical sensors (types
TSL250/51/52) from Texas Instruments. The devices combine, in a single
three-pin package, a large area photodiode, an operational amplifier and

feedback components.

The devices operate from a single
variable supply voltage (3V to 9V), and
each device provides a voltage out-
put proportional to the incident light
intensity. Because the output is a
voltage level, the devices can be easily
interfaced to comparators or A/D
converters.

Integrating an amplifier and a
photodiode together on the same chip
not only simplifies designs, but also
enhances the noise immunity of the
device. Thus they are particularly
useful at low light levels or in noisy
environments.

. Potential applications for the
TSL250/1/2 include light control, IR
remote control, security systems and
medical chemical testing.

Further details from: Texas Instru-
ments Ltd, Dept EPE, Manton
Lane, Bedford MK41 7AP.

Cable Gains

The number of homes connected to
broadband cable systems rose in July
to 330,630, according to the Independ-
ent Television Commission's (ITC) latest
cable statistics. This was a net increase
of 39,000 (13-5%) over the last three
months and of 139,000 (72-5%) over the
last year.

Because research has shown cable
households to be larger than average
(3-1 people aged four years and over),
it is claimed this means that over one
million viewers now receive multichan-

nel television via one of Britain’'s cable §

franchises. The take-up rate has in-
creased by 2-25 percentage points over
the last year.

In-Car
Stereo.
CD

The closest thing yet to a sound studio
on wheels is one of the claims from
Maplin for their new add-on In-Car
Stereo 6X CD Autochanger System. —
Mind you at £329.95 its only what you'd
expect.

The unit takes standard S in. discs and
also' 3 in. types with adaptors (not sup-
plied). A stereo pair of phono sockets are
supplied for the audio output, but if the
radio cassette does not have spare CD
inputs, there is no problem. The CD
autochanger includes an ingenious v.h.f.
f.m. modulator which can be simply in-
serted between the plug of the aerial lead
and input socket of the radio unit — in
principal just like a video recorder between
antenna and TV at home.

The f.m. modulator provides an interface
between the CD autochanger and the f.m.
stereo radio. But please note: The radio
unit must be f.m. stereo — the unit cannot
work with MW and LW receivers.

The main CD autochanger player can be
fitted distant from the existing stereo sys-
tem, and is remotely controlled via a small
keypad which can be fitted on the dash-
board by means of the self-adhesive Velcro
pad supplied.

AUDIOLINE

The Car CD Multiplay (code GK74R)
from Maplin.

CRICKLEWOOD

E LB R Omd

Tel: 081 452 0161

CRICKLEWOOD ELECTRONICS LTD, 40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Fax: 081 208 1441
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Special Feature

THE NEXT
21 YEARS

BARRY FOX

OR at least ten years the Japanese

electronics companies have been trying
to engineer the marriage of audio and
video. They have many times promised
consumers a single AV centre in the living-
room, with TV screen, hifi sound system,
video tape and disc and surround-sound
speakers, perhaps with a computer key-
board and telephone tagged on. But most
consumers — if only for convenience in
room layout - still prefer to have a separate
TV set and hifi system in different parts of
the room, a telephone on the wall or table,
and a computer in another room.

The situation is likely to change over
the next ten years, because it becomes in-
creasingly hard to draw any dividing line
between audio, video and telecommunica-
tions. Also consumers are becoming in-
creasingly unhappy with the proliferation
of different boxes which serve related func-
tions and all require their own cobweb of
wiring. The time will soon, finally be right
for a more unified approach to electronics
in the home. .

DIGITAL
RECORDING

No-one can yet predict which of the two
competing new digital home recording sys-
tems (DCC or Mini Disc) will win the
standards battle due this winter, or whether
both will fail and let recordable CD fill
the gap. Whatever happens, digital sound
recording will become a way of life, and
with it legislation and technology to restrict
cloning but at the same time legitimize
some degree of copying — probably with the
implementation of a tax on blank media.

Until now, making an audio recording
has been a relatively troublesome business,
with the need to set gain controls to avoid
overload, or rely on automatic gain control
circuitry which compresses the sound. With
digital recorders, making a copy is as easy
as copying computer data from disc to disc.

Once the public gets a feel for this there
will be no turning back - just as people
who have bought CD players seldom go
back to playing vinyl LPs. It is not so much
the sound quality which sells CDs, but the
glorious convenience of the system.

ARMCHAIR
RECORD STORE

From the success of any home digital
audio recording format, it will be a logical
step to combination units, which hard wire
a CD player to a digital recorder. Digital
audio broadcasting, whether by terrestrial
transmitter or satellite, will open the door
to what has been dubbed ‘“‘the armchair
record store”. This is a digital recorder
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which copies broadcast material, for a fee,
and with copyright payment, as an alterna-
tive to record retailing.

Digital TV, whether conventional or
high definition, will provide more channels
from available terrestrial and satellite
bandwidths. Viewers will need a digital
decoder, which will probably double as a
de-scrambling device for subscription en-
tertainment and very probably control a
VCR to tape and decode only what the
viewer has paid to watch.

The advent of digital TV transmission
will create the need for a new kind of home
video recorder, which works digitally. This
will tape the raw broadcast data stream for
later decoding. Where several programmes
are interleaved into the same stream, the
video recorder will tape them all. When the
tape is replayed the viewer will be able to
decide which one to decode and watch.
If some or all of the programmes are
scrambled, the viewer will have to pay a fee
to decode and watch them.

The broadcasters are already using
digital video recorders to originate and edit
programmes. The advantage of digital
recording is that it allows repeated copy-
ing, through many generations, without
loss of quality. For special effects work, TV
producers may well have to copy through a
dozen generations. There are several
different digital formats on offer to
professionals and as the technology ma-
tures it will become cheap enough to spin
off into the domestic market.

HOME VIDEOS

Many people already use camcorders to
make point and shoot video movies. An
increasing number of hobbyists edit their
home videos. These people will welcome
the chance to use digital technology, and so
avoid generation loss.

Recordable discs systems will let editors
work much faster than they can from tape.
Sony’s Mini Disc may well find applica-
tions in video, with first generation units
recording video as an f.m. analogue signal
and later as digital code.

All the new digital audio and video for-
mats will rely heavily on compression, with
data rate dratically reduced by real time
analysis of the signal by a coder which
discards any redundant information.

INTERACTION

The new audio and video transmission
technologies will be used with cable sys-
tems, and with the added benefit of interac-
tion. Viewers will be able to control the
choice of programmes and services sent
to them by feeding signals back up the
same cable. They will be able to vote too,

whether in quiz shows or political ballots.

Although a lot of effort has been made to
provide interaction control without a key-
board, this will change. To anyone who
uses a keyboard, it is infuriatingly clumsy
to have to type text by using a mouse or
similar control to select letters from a
displayed alphabet. And more and more
people are growing up with keyboards.
Within a few years it will be commonplace
to provide TV viewers with a portable
keyboard which connects to the TV set by
infra red link.

The growth of cable will be stimulated by
growing realisation by the public that
the Mercury service already offered or
promised by twenty cable franchises gives a
hassle-free alternative to British Telecom’s
practical monopoly to date.

Much of the talk about video phones is
ill-informed, because few people need or
want to watch who they are talking with
by phone. Picture information can most
easily be sent by fax. But cable links and/or
the new ISDN phone lines should make it
easier for video phones to provide security
surveillance. This will marry the phone to a
domestic TV screen.

cD-/

Although no-one knows how long it
will take, interactive CD (almost certainly
Philips CD-1 format) will become a way
of life, with games probably seeding a
new revolution in home entertainment and
education. Kodak’s Photo CD looks likely
to be a short lived product, simply because
the compatibility bridge between CD-1 and
Photo CD has already made the Photo CD
player little more than a CD-I player with a
few microchips or wires removed to justify
the lower price.

With full motion video, and Photo CD
imaging technology, and the ability to
play CD audio discs, the CD-1 player
could become the CD player of the future.
There is likely to be a second standard,
which quadruples the amount of informa-
tion stored on disc, thereby doubling pic-
ture quality and playing time. This makes
the five inch disc a carrier for movies as
well as games, education, audio etc. So
although digital FMV picture quality can-
not yet match the twelve inch analogue
Laser Disc, this will change. Pioneer, cur-
rently relaunching Laser Disc in Europe, is
researching digital video technology.

STANDARD

The big advantage of digial video disc is
not that the programme can be easily
copied many times. Indeed this is seen by
the movie studios as a very real disad-
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vantage, and they will press for electronic
copy controls similar to the Serial Mange-
ment Copy System already adopted as
a standard feature for digital audio re-
corders. The real advantage is that digital
video can be made standards-indpendent.
One disc or tape will play in any country,
regardless of local TV standard.

This will apply both to conventional TV
formats, and the new widescreen and high
defintion formats that will move into the
home over the next decade. It is too early
yet to predict which formats will prevail,
except to be sure that the long term future
must be digital.

The transition from conventional 4:3 TV
screens to widescreen 16:9 displays will be
governed more by artistic, than techni-
cal, considerations. Producers and broad-
casters have to decide how to make pro-
grammes shot in 16:9 format acceptable
to viewers with 4:3 sets, and how best
to display 4:3 programmes in widescreen
ratio.

All these strands lead to some simplifica-
tion and rationalization of the mess of
equipment now cluttering homes. Quite
simply homes of the future will run out of
space for separate boxes, and will stop
buying unless they are presented with an
acceptable alternative.

At the same time there should be a trend
towards portable information centres, a
Data Discman/CD-I player which sits on
the desk or by the telephone, providing
information such as telephone numbers
from Yellow Pages or the standard tele-
phone directory. But this will only happen
when colour l.c.d. screens of reasonable
size become affordable — and when British
Telecom abandons its policy of charging
over £2000 a year for use of directory data
on a disc that cost only around £1 to press.

Public concern for the environment may
help here. Why spend around 30 million a
year on cutting down trees to print paper
directories when all the information can be
stored on a single piece of plastics, five
inches in diameter?

CHOICES

Over the next decades it is clear that the
consumer will be asked to make many
choices between competing new tech-
nologies. It is also clear that legislators will
be asked to make choices, for instance on
the type of technology to be used for digital
audio and TV broadcasting, and on the
vexed question of taxing blank media.

The already tangled relationship between
consumers’ freedom of choice, natural
rivalry between manufacturers and the
need for governments to keep some kind of
control on broadcasting, will become
increasingly difficult to unravel.

Only one factor will remain constant.
While the hardware industry struggles to
keep prices down, the software industry
will struggle to keep prices up. This, of
course, is why the cash-rich Japanese
electronics compaines are already buying
Western music, film and TV archives — and
why they will continue to do so until the
West has nothing left to sell.

HISTORY
FORETELLS THE
FUTURE

Here history foretells the future. Just
look in your local electronics store and see
how much of last year’s hardware is still on
sale. Then look in your local record and
video shop and see how much old software
is still being repackaged at a healthy price.

Special Feature

TOMORROWS
TECHNOLOGY

/AN POOLE

ECHNOLOGY is advancing at an ever

increasing rate. The necessity to stay
ahead of the competition feeds companies
with the incentive to spend many millions
of pounds each year on research and
development. This brings many advantages
to the electronics enthusiast.

New components which are much better
than anything previously available are con-
stantly being launched onto the market. It
does not normally take long after they are
launched for them to fall in price quite
dramatically and become normal every day
devices.

BRIEFHISTORY

To illustrate this fact it is worth looking
back over technological advances of the
past 21 years. Some of the components we
take for granted today were very much at
the forefront of technology, if they were
even available, at that time. The one which
stands out above all the others must be the
introduction of the microprocessor.

The first processor was in fact launched
21 years ago in 1971. Designed by the Intel
Corporation, microprocessors arose out of
the first calculators which were beginning
to hit the market.

The first microprocessor was the 4004. It
contained about 2500 transistors — a very
large number for a single i.c. at the time,
and it used a 4-bit word.

Along with the processor itself Intel
launched a number of other companion
i.c.s. These included a RAM i.c., memory
control, and an I/O expansion chip.

A year later Intel announced their first
8-bit processor, the 8008. Then in 1974 this
was followed by the 8080. This processor
was a great improvement on the previous
chips. It used NMOS technology for in-
creased speed and it soon became an in-
dustry standard.

Intel was not the only company in the
microprocessor race, many other manufac-
turers started to produce them. These in-
cluded many famous names. One was
Motorola who launched their 6800, also in
1974.

MICRO-
PROCESSOR
DEVELOPMENT

The introduction of the microprocessor
was a revolution in itself. It reflected many
of the advances which were taking place
particularly in i.c. manufacture. However,
developments within the whole field of
electronics were involved. If these had not
been made then the idea of a microproces-
sor would not have been possible.
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One of the major advances which
enabled the very large scale integration
used in microprocessors to become possible
was the development of MOS technology.
Bipolar i.c.s were limited in the number of
transistors which could be placed on a
single chip. This was because of the current
they consumed and the resulting heat
which had to be dissipated.

The foundations for MOS technology
were laid in 1959 when the first f.e.t.s were
produced. They caught on only slowly
because they were expensive and unreli-
able. However development continued and
improvements came. By 1970 MOS tech-
nology was well established and it was
widely used. Suitably refined silicon was
available. In addition to this complemen-
tary MOS (CMOS) was becoming a stan-
dard because it enabled less power to be
used than ordinary bipolar technologies.

The development which lead to all of this
was the integrated circuit itself. Two people
are credited with its discovery. One was
Jack Kilby who worked for a small com-
pany called Texas Instruments. The other
was Bob Noyce of Fairchild (who later
co-founded Intel). They were both inves-
tigating ways of making electronics equi-
pment smaller. By the end of 1961 their
work had lead to both their companies
producing small quantities of i.c.s.

During the 1960s and 1970s a tremendous
amount of effort was placed into research
of i.c. technology. The American defence
and space industries gave impetus to these
developments and gradually their cost fell
and they became far more widely used.

In fact, today much of the research and
development in the electronics industry is
devoted towards i.c. technology. Some of it
may not bear any fruit, but some of it may
be just as revolutionary as the i.c. or the
MiCroprocessor.

CURRENT
EXAMPLES

Today a very large amount of research is
allied to improvements in computer re-
lated technologies. This is not to say that
other areas of electronics are not seeing
major developments. However computer
sales represent one of the major electronics
sales areas.

Within the computer related develop-
ments there are a number of main areas
of research. Size is obviously one major
concern. Although today’s personal com-
puters represent a considerable achieve-
ment in terms of miniaturisation there is
still a need to make the basic elements
within i.c.s smaller. If this can be done
then operating speeds can be increased
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TIP OF A FINGER OF
— TUNGSTEN ATOMS

XENON ATOM (SWITCHES BETWEEN
TUNGSTEN TIP AND FLAT NICKEL CRYSTAL)

»_——ATOMS IN A FLAT NICKEL CRYSTAL

silicon and gal-
lium arsenide on
the same chip.
The first super-
conducting i.c.s
are likely to find
uses in military
equipment, par-
ticularly in radar
systems where
very high speed
signal process-
ing is required.
Another use is
in radio com-
munications equi-
pment where

Fig. 1. Structure of the atom sized switch.

and production costs for the final units
can be reduced.

One interesting development is being
undertaken at IBM’s Research Centre in
California. It is aimed at enabling much
more to be packed into integrated circuits.
Currently the dimensions of the smallest
transistors are around 0.5um. It is ex-
pected that this will be reduced to about
half by the end of the century. This
naturally limits the ultimate size of any
i.c. which is made.

To make any major reductions in the size
of basic i.c. components a complete review
in thinking is needed. This is exactly what
the IBM researchers have been doing. They
have performed some experiments which
have shown how the movement of a single
atom can act as a switch.

In these experiments a single atom was
successfully moved between two electrodes
spaced apart by a few atom diameters
(Fig. 1). The effect was monitored by look-
ing at the change in tunnelling current as
the atom changed its position. The two
different values of current can then be
equated to the different logic levels.

Unfortunately it is not easy to
demonstrate the effect. A temperature of
~269 degrees C is required together with
some very specialised equipment. It is
hardly surprising that the effect is not in a
state where it can be used commercially.
However it is likely to have an impact on
future generations of miniaturised devices.
Also if a method is found whereby it can be
incorporated into an i.c. then it could help
solve many of the problems facing i.c.
designers today.

SUPER-
CONDUCTING I.C.s

Another interesting idea which is more
likely to bring some direct results in the
near future uses superconducting technol-
ogy in i.c.s. The advantage of it is that it
enables i.c.s to operate at very fast speeds
whilst dissipating only minute amounts of
power. This is a great advantage because
today's fast i.c.s are power hungry. This is
a problem because the heat generated by
the i.c. has to be removed otherwise the
chip will overheat.

Using this superconducting technology,
a company in the USA. called Hypress Inc.
has made a shift register. It can operate at
frequencies up to 4GHz whilst only dis-
sipating 40uW. In fact it is estimated that
i.c.s using these techniques could be able to
operate at 25GHz and more. .

Another advantage of these devices is
that the fabrication process uses tempera-
tures of only 150 degrees C. This means
that it is ideal for making i.c.s with both
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very high speed
analogue to digi-
tal converters
could be made and used with high speed
processors for advanced digital signal
processors.

Longer term aims are very exciting. It
is hoped to build a complete computer
processor with them. Current estimates
indicate that it should be possible to make
a computer processor out of 16 chips. It
would have 1000 times the processing
power of a VAXI11/780 and it would
consume less than one watt in power.

GALLIUM
ARSENIDE RISES
TO THE FRONT

Gallium arsenide has long been thought
of as the answer to many problems. It has
many advantages over silicon, especially in
terms of speed, but until recently it has only
been used in applications where current
consumption is not of major importance.
Accordingly its uses tend to be confined to
high performance r.f. circuits and very high
speed logic. In none of these applications
can it compare with the low power used
by fairly standard silicon technologies like
CMOS.

The high current consumption and
power dissipation of gallium arsenide i.c.s
has also limited the scale of integration of
any i.c.s made from it. Honeywell have
been looking at ways of reducing this
power requirement. It has long been
accepted that complementary circuits like
those used in CMOS are the key to low
power consumption. However until now it
has not been possible to make this

type of structure in gallium arsenide.
By generating a new type of structure
called a complementary HFET (C-HFET)
Honeywell have been able to create
complementary structures.

The first departure from the normal is
that these chips do not consist of straight
gallium arsenide. Instead they use a
structure containing aluminium gallium
arsenide and indium gallium arsenide to
achieve much better results. Like CMOS
this new structure only draws current when
it changes state. This means that power
consumption is considerably reduced and
integration levels can rise.

To produce the new structures required
for this process it has been necessary to use
a process called molecular beam epitaxial
deposition. This enables the very precis
structures required for the C-HFETs to be
made (Fig. 2).

Although the development of these
devices is still in its very early stages, a 4K
bit static RAM has been produced. In tests
this had an access time of only 4nS and it
dissipated only 100mW. This is about one
fifth of that used by a standard gallium
arsenide memory of the same size. These
new devices are not available yet because
there is still plenty of work to do. However
they are likely to be very much in demand
when they hit the market place.

I-D STORAGE

Memory development is one area of
electronics which is also receiving plenty of
attention. Whatever the capacity of disc
drives people always want more. This has
fuelled development of various storage
media for many years. It is only about 15
years since disk drives for anything apart
from a personal computer were housed
in 19 inch rack mounting units. Now
with much smaller disk drives available,
development is still progressing quickly.

One of the major problems with disk
storage is that it is relatively inefficient in
terms of space because it can only use the
surfaces of the discs. When the two sides of
the disc are insufficient then several disks
can be stacked to increase the capacity.
Unfortunately this does not really over-
come the root of the problem.

To overcome this a new idea of using 3-
D storage blocks is being developed. Data
can be stored in all positions in the cube
and this means that the storage capacity
can be dramatically increased.
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Fig. 2. C-HFET structure. In view of the complicated nature of the C-HFET it can be

seen that it was not easy to develop.
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Fig. 3. 3-D storage medium.

NEW MATERIALS

To achieve this, radically new techniques
and materials are needed. The basic idea
involves the use of a specialised organic
material which changes state when it is
energised by two intersecting light beams.
It is very fast and its storage density is
very high. In fact the density is limited by
the definition and registration of the light
beams and not the material, which works
at the atomic level.

The system is based around the fact that
the material is normally absorbent to UV
light and clear to wavelengths in the visible
section of the spectrum. However when it is
excited by two intersecting beams of light,
its absorbency changes (Fig. 3). It then
starts to absorb light in the red/green part
of the spectrum. These two states of ab-
sorbency can be used to represent the two
digital states.

To read data from the material an equiv-
alent process is used. Two intersecting UV
beams detect the absorbency of the material.
The resulting light can then be detected by
an array of photodiodes which convert the
information into electrical signals.

Although the write process is fast, it can be
speeded up even further by projecting an ar-
ray or pattern of data onto the material. The
second light beam is then used to fix the data
in the correct plane in the cube. Using the
process in this way large amounts of data
can be stored exceedingly quickly.

Work on this idea is still very much in
its experimental stages and there are many
problems to be overcome. One is that the
storage material which is used at the mo-
ment is only stable at low temperatures. If
the process is to be widely used then it must
be able to operate at room temperature. To
achieve this other substances are being in-
vestigated.

The possibilities of this new technology
are very exciting. Its size and speed mean
that it could very quickly out-perform any
other type of storage for many years to
come. There are even further possibilities.
Being an optical form of storage it could be
ideal in linking into optical computers
which are being discussed as the next
revolution for the future. Not surprisingly
many companies are taking a keen interest
in this work.

NEWBATTERIES

Not all the developments which are
taking place in electronics are associated
with computers. Some are equally impor-
tant and likely to have a large impact on
the electronics world. One interesting area
for research is in batteries.

Existing technologies have many draw-
backs. Non-rechargeable or primary cells
are expensive. They have to be discarded
once they are used despite the fact that
they remain basically intact after use. Their
disposal also poses problems in this age
when people are rightly conscious about
the environment.

Rechargeable cells offer a very attractive
alternative. Of the technologies which are
available NiCads hold a virtual monopoly
despite a number of difficulties. Firstly they
only produce 1-2 volts instead of the 1-5
produced by a primary cell. They also have
a finite number of charge/discharge cycles.
Under ideal conditions this can be as many
as several thousand, but under normal use
it is somewhat less. One major mode of
failure occurs as a result of the mechanical
stresses which are set up in the cathode as a
result of even normal use.

A new battery technology which is emerg-
ing could overcome these problems. The
batteries use a form of ceramic called a
ternary oxide. There is a wide variety of
these ceramics and by choosing the correct
types voltages over a relatively wide range
can be generated. This means that it is
possible to make batteries using this technol-
ogy which will give a voltage of 1-5 volts.

The other advantage of these ceramic bat-
teries is that they can endure an almost un-
limited number of charge/discharge cycles.
This results from the fact that there are al-
most no internal stresses set up during nor-
mal use: a fact which has been verified using
X-rays.

Work is progressing quite rapidly on
developing these cells. Although the results
look very promising it will still be a few
years before they are available.

SILICON LIGHT

Light emitting diodes are now a standard
component, used in a wide variety of ap-
plications. However they have always been
made from gallium arsenide. Whilst gal-
lium arsenide performs very well it is dif-
ficult to handle and more expensive than
silicon. If a process could be devised to
use silicon then enormous savings could be
made in view of the extensive use of l.e.d.s.

Some progress is now being made
towards this goal. The key to it is based
around a process being developed by
Siemens. It involves an electrochemical
process which creates minute pores in the
silicon about 1nm in diameter.

These holes have the effect of restricting
the movement of the charge carriers i.e.
holes or electrons. In turn this causes the
silicon to exhibit properties more like that
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of gallium arsenide where light emission
and absorption are concerned.

Work is still in its early stages. Experi-
ments using the treated silicon have shown
that it can be stimulated into generating
red or yellow light when exposed to a blue
laser. The actual colour of the light which is
generated is dependent upon the size of the
pores. Now it remains to generate light
using an electric current.

FOR THE FUTURE

It is very difficult to gaze into the future
and predict how the electronics world is
likely to be in 21 years time. A few
people have managed to produce predic-
tions which have come true. For example
Isaac Asimov talked about a man using a
small hand-held calculating machine with
its red numerals. This was many years
before the calculator with either lLe.d. or
l.c.d. displays was available.

To have an idea of what technology may
be like in a few years time it is possible to
look at today's research and see where it
could lead. Alternatively one can look at
today's needs and see how this could stimu-
late research and development.

SMALLER
ANDFASTER

Much of today’s research seems to
be associated with faster, more power-
ful and smaller computers with more
memory. The need for this seems to have
been amply demonstrated by the fact
that whenever a more powerful computer
comes on the market then it can be
used immediately. The same can also be
demonstrated with even the compara-
tively humble PC. Ever larger programs
are being written which require more
memory and higher speeds.

The original 8080 or 8086 machines
cannot cope with most programs on the
market today. Even the 286 machines are
becoming obsolete and the 386 is being
overtaken by the 486.

Storage is another area where there will
be major advances. PCs today now have
the disc storage capacity which only a large
machine would have had ten or fifteen years
ago. With this in mind it is quite possible
that ideas like the 3-D storage system could
become a reality relatively soon.

However one area which desperately
needs to be addressed is that of the user
friendliness of computers and computer
related products. Even video recorders and
similar items can be far too complicated for
the non-technical man in the street. Far
more research needs to be put into the
man-machine interface. Currently this is the
most difficult area of any computer product.

Apart from computer products there will
be major advances in personal communica-
tions. Cellular phone technology has proved
to be a great success and has shown that
there is a need for flexible mobile com-
munications. In the years to come this form
of communications will become cheaper and
more reliable. However whether there is a
real need for a globa! system remains to be
seen. After all most people really only want
to speak regularly to someone less than 30
miles away.

Like all technology, the developments we
see in the next 21 years will vary. Some
will bc good and others may seem like a
retrograde step. What is certain is that the
developments will be exciting. With what
currently appears to be on the horizon the
next 21 years will be just as exciting as the
last 21 if not more so!
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TAHCA020M
T4HCI040M
74HCA046M
TAHCA060M
TAHCA0B6WM
T4HC4538M

1.76 7905 032
08t 7905FA 060
094 7049 085
084 79 030
086 79124 036
090 7912FA 078
342 7915 030
0.70 7918 030
137 7924 030

070 7912 036
0.68 791 12acP 035
070 79mo5 0482
0.70 79mosA 042
063 romosFa 065
038 79m12 050
1.08 somi2a 060
182 (m3irr 050

17MP 106

M3
T4HC SERIES IMI7LZ 055
URFACE MOUN LM338K 445

UATSGUIC 102
021 yazoGUIC 102
02! pcatgsN 180
021

021
o2t chsuLS
021

o1 CANTYPE
034 HCas( HC18A)
0.2¢ FreqMHz

021 1843200 160
021 2000000  1.66
027 2457600 149
029 3276800  0.98
065 3579545  1.10
0.34 3686400  1.02
042 4000000 102
046 4.096000 1.10
0.42 4.134304 1.10

076] 14.00000 1.64
0.76 14.31818 08s
1.09 14.74560 1.10
0.84! 1500000 1.10
0.84 16.00000 1.02
0.44° 18 43200 1.10
0 44| 19.66080 120
0.44} 20.00000 1.60
1.68 22 11840 168
046 24 00000 1.82
084 27 64800 120
0.76 30.00000 6.99

74HCT SERIES [IRLRvY 168
SURFACE MOUNT

7AHCTOOM
TAHCTOSM
T4HCTOSM
TAHCTI2M
T4HCT74M
74HCT138M
TAHCT166M
74HCT193WM
TAHCT244WM
TAHCT245WM
74HCT251M
TAMCT257M
T4HCT27IWM
TAHCT373WM
TAHCTIT4WM
TAHCTS40WM
| 74nCTSaIWM

T4HCTS74WM

TAFCT244M
TAFCT245M
T4FCT273M
74FCT373M
74FCT374M
TAFCTS41M
74FCT573M
TAFCTST4M

0.21

0.2t 0204800 823
0211 0307200  6.99
021, 1.000000 395
0.27| 1.843200 an
034 2000000 465
0.65/ 2.007152 371
048] 2457600  1.92
0.55 2500000  1.92
0.1 3000000  2.25
0.34:

032 HCAWUAH
058§

055 3276800  1.66
055 5068800 228
076! 7864320 149
076 8000000 1.14
084 1000000 225
2.40
194
228
114
319/ 2000000 182
469/ 2400000 190
219

1 uM-1

319

8.95 8000000  2.25
356 8192000 202
356 1000000 225

VOLTA 1500000 225
ll REGULATOR! 18 00000 2.50
2000000 225

7B008AP

TBLOSACLP
7BLOSACZ
78L12
78L12A
T8L12ACZ
76L15
78L24
78L56
78M05
78MO5A
ToM12
78M12A
7BMI3A
78M15
78505
78512
78515
7905

032 1773447 280

5
0.28) CRYSTALS MISC.
o028 HCMU
032/ 0100000  12.87
026 HCA3T
0.32, 1.000000 699
0.32| MINICYLINDER
0,28/ 0032768 088

0.40 HC13U

028 0100000 1287
028

028 CR

PRl OSCILLATORS
028

0.28 SPGBG4OAN 925
1.10 SPGBES0BN 9.25
0.32 | SPGB650BN 9.25

032 | We stock Surtace|

0.48 | Transistors. DIL &
0.48 | TTL Xtal Osc.
0.55 Headers and
028 Connectors
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wiCROPROCESSOR |lle X 460 HME2256LP-10 793 ADCOBIZTCCN 2396 ICL76526CPD
PPOATICs |Rantiiilid 730 HME264ALP-12  395[ ADCOBIOCCY 681 ICL7660CPA
| PCFaseeP 676 HM6264ASP-20  395| ADCOB44CCN 1260 ICL7BE2CPA
8321P 420, PCF8566T 676 HME267P-35 507| ADCBKG-10 1260 ICL7683BCPA
83485CP3Z/SMD 32 50| PCFB570P 493 HME28128LP-80 18 55| ADDISOICCN 2367 ICL7864CPA
63803XP IIDS| PCF8573P 581 HMGE204L-12 15 80| ADG201AKN 360 ICL7665BCPA
€502 340 PCFEST4P 590 KM62256ALP-10 4 95| ADOPOTCN 1.60 ICL7687CPA
65024 390] PCF8s74T 590 LH5164D-10L 2.40| AH0015CD 1720 ICL7660CPA
6520 389, PCFBS7TT 770, P2114AL-2 3.40( AY-3.1270 360 ICL7673CPA
522 360/ pCFasa1P 935' P2114AL4 340| AY-5-1013 320 ICLECICCPO
65224 795| A6S02AP AY-5-10134 524 ICLAOS2ACPD
6551 310 RE520P AY-5-8138 6.45 | ICLB0SBACID
6581A 3.60) AES22 BAG109 1.8 | ICLB0SOCCSO
65C02P2 690] RE522AP BAS208 140]
6 90| RESCO2P2 BA8251 260,
65C102P2 840! RESCO2P3 BAA1505 80! ICLE211CPA
85C22P2 567 RESC22P2 CA1458P 0.52 | ICLB212CPA
65CS1E 385 RESC102P2 1.78{ ICM7170IPG
85CS1E2 445 CAI045 8.30 PO
68000CP10 6.02| TMPBOBSAP-2 CA3046 0.51 | ICMT211AMIPL
68000CP12 7.72| TMSITTNL CA053 1.57 | ICM7212AMIPL
68000CP16 1267 | TMSTICOINL oer2se 5.40) CA054 094 | ICM7216AIN
498 HMZTC101G-20  9.60] CA0SS 1.20{ ICMT217AIPY
68008CP10 7.70 | TMSSBOINL HN27C1024HG10 16.63 CA078AT 2.42 | ICMT1 TR
68000CP8 5.95 | TMS9902ANL CA079 0.88 | ICM72180L%
6002 247 | TMSSQ0RNL CA3080€ 0.70 | ICM7218ELL
6803P 498 | TMSODI4ANL CA081 0.86 | ICM72240PL
€808E2P 9.18 CA082 1.32 | ICMT22681PL
8810P 298| TMSOROSIOL CA3083 132 | ICM7227AIP1
6821P 152 UMB84SE CA088 0.60
8840P 310 | UPBE282C CA3089€ 1.10| ICMT5SSIPA
6844P 17.20 | UPBB2B4AD 260! M2716-1F1 CAJOMAE 2.0t | ICM7SS8IPD
e8asL 800 | UPBS28SC 3.001 M5L2732K CAJ0RBAE 2.18{ICL7104-16CPL
o845P 540 UPDTO106C-8 695! MSL2764K CA087E€ 2,45 ICL7106CPL
€8455P 692! UPD70106C-10  9.10 MBM27C64-2021V 4.90| CA3100E 1.50 | ICL7107CPL
68A00P 702 UPD70116C8 920 MBM27C128-30  4.20| CA31308T 13.20 | ICL7100CPL
S8A0OP 7.63| UPD70116C-10 1290, MBM27C256-30  S.10] CA130E 0.78 | ICL7116CPL
68A21P 3.03| UPD7201AC 680' NMC27C2500-25 4 95| CA3140E 0.47 iCL7128CPL
£8A40P 483 UPD7201C 600 NMC27C640-25 3,66 CAI141E 1.42 | ICL7611DCPA
S8ASOP . 5.42' TMS25180L45  4.58| CA3146E 1.18 | ICL76210CPA
66809P . - 498 TMS27128-25 4 60) CAS100E 1.25 | ICL7660CPA
68800P 842) TMS27160L-45 4,60 CA3161E 1.41 { ICL7682CPA
68821P 13.84 UPD27258D721V  5.60| CA3162E 5.29 | ICL7673CPA
68821P 200 UPD2TR2A21V  4.95| CA3183E 1.39 | ICLBOBOCCSO
68840P 578 UPD27C256D-15  5.80} CAIIBOE 1.20 | 1ICLB0GOOCSQ
688459 X 332 UPD27C5120-15  6.98] CA3240E 0.95 | ICLOOSIDCZR
8088AP-2 4.95| CA%4E 0.4 | ICLB211CPA
8088 CA3200€ 1.68 | ICLO212CPA
8006-2 CAR90E 0.91 | icMn1701PG
80C85A CA3306CE 6.98 | ICM7207IPD
80C8SA-2 CASSSCE 020 { ICM721 1AIPL
80C206-12PCA 38.50 CAT41CE 0.18 | ICM7211AMIPL
AM9OSOCOC 0.40 | ICMT212AMIPL
AMSOSOCPC DACOBEP 2.78 | ICMT216AI
C8283 2,60 | IcM7217A0P1
CN 3.60 | ICM72170
DACOB0ILCN 3.00 | ICMT218ALN
DACOB0BLCN 310 | ICMT218CI0
DACOBIOLCN  12.26 ICM7218D14
DACOB32LCN 713 | ICMT218EL
DACI1000LCN 1909 | ICM72240PL
DACI00SLCN 1999 | ICMT22681PL
DACI008LCN  11.85 | ICM7555IPA
DACI1020LCN 1867 ICM7S581PD
DACI20KPV 1438 ILD74
IDT7130LA-100P 10.43| DG200CY 4.18 | INATOYHP
IDT7132LA-100P 11.19 | DG201ABX 437}
95| DA201ACY 373|18Q74
2.80] DA201CY .70 | L293E
DG@211 1.56{ L297
0G212C4 22512974
DGIIACS 685 | L4805CV
DG508CS 4.45 | L487
DGSOBAC) 6.30|1723
DP&212N 2.56 1 L7808CV
2.40 | LF13201N
081221 8.44 [ LP132008
DS129t 4.44 | LF1393N
081231-20 4.44 | LF13508D
081232 3.78 | LF13741N
DS1488N 0.30 | LFI78N
DS1480N 0.30 | LEIATN
DS14C8EM 1.60 | LF353N
DS14C88N 125 | LFI8SN
DS14CaIN 1.56 | LF356BN
DS3408N 1.92 | LF358H
DSMEIN 1.92 | LF3S6N
DSI4CBEN 2.80 | LF3S7BN
0SMCETN 2.00| LF7N
MCB88010P8/10 PO.A. | 4164-10 DS75150N 1.21| LFI98H
MSMBOCISRS  4.90[ 4164-12 DS75154N 1.21 | LF3BeN
MSMSOCS5A  380( 416415 DS75160AN 5.68|LF411CN
MSMBOCSSA2 385 0S7S161AN 6.14! LFa12CN
MSMBOCE8 7.00 DS75176BN 1.82 LPM4ICN
MSM81CSS 400 DS875381N 2.51 LF442CN
MSME2CSTA 358 DS754S1IN 0.82 LF444CN
MSMB2C532 298 DS75452N 0.62 | LHODG2CH
MSMB2C53-5 358 DST8483N 0.62 | LHOOOZCN
MSMB2CS42 420 DS75491N 0.85 LHOG21CK
MSMB2C504-2 396 DST5492N 109 L
MSMB2CB4A 330 0875494 2.38 | LMIO1AH
USM82CB4A2 360 DSB8640N 0.98 | LMIO1AJ
MSME2C38 12.00 DS8838N 1.05 | LMIOCH
1890 DS8EI7TN 210 | LMI0CN
PROCI2 700 DS8a3eN 2.10 | LM1038N
POO3AM 20 DS88C20N 5.72 | LM110H
PBOS1AH 1n20 HAY12017 1.44 | LMITIH
PBOS2AH/BASIC 2345 HA13426 11.98 | LMtI7H
PBOSOA 3 HCPL-2231 10.28 | LMt1OH
PBOBSA-2 100 HCPL-2002 689 LM119H
PBOSSAH-2 330 HCPL-2630 4.80 | LM1180
PBOSS 480 HCPL-2730 3.90 | LM124AJ
PBOCBBAL2  14.60 HCPL-273 3.00 | LM124J
PB1SSH 350 HCPL-4200 615 | LM12CLK
PeIeS 1810 HCPL-2200 6.38 | LM31H
P820S 2.00 HEFATSAVP 12.40 | LM134H
Pa212 240 H1-0201-5 3.30 | LMy38H
Pe226 240 9.68| 11.0500-5 684 | LM13600N
Pa228 386 35.89( 1411-05004-5 9.79 | LMI3700N
Pe2s1 245 21.86| 141-574AKD-5  42.50 | LM130J
PE2STA 205 HSST4AK 19.90 | LM14SEM
220 4.93 | LM14SSN
PO2SBA-S 240 32 80| |CL7106CPL 6.75 | LM1498N
Pe2% 280 -40 | ICL7109CPL 6,60 LM158H
PE2SOA 270 6.26( \CL7126CPL .35 | LMIB1H
Pa274 9.90 687 )CL7135CPt 0.32 | LM1BSIN
Pe2rs 2120 11.0411C1.76110CPA 1.32 | LM193H
PE279-5 2680 1330 ic1.7612DCPA 1.71 | LM20VAH
Peze2 264 7541 1CL7621BCPA .79 | LM20BH
PE208 360 N 7.08|1CL7621DCPA 198 | LM218H
Pa28? 485 260 ADCOBOALCWM  754||Ci78426CPD 324 | LM224N
P82CSA 4.10| HUB1ITLP-3 575 ADCOSOSCCN  9.87|(CL78508CPD  448|LM23IN

5.82
324

LM238N
LM2575T-12

LM2575T-5.0
LM2575T-ADJ

128

1.58)

LM741CN 0 28S1.380GCM 1391 2N2369

LM741H 4 40| SL4080P 298 2N2360A

LM7414 396 |SL4008 251 2N2484

LM747CN 056 SL6700COP 547 2N2894

LM748CH 2.20|SL9520P 726 2N290S

LM748CN 078 SN75107AN 187 2N2905A
2.98 |SN751078N 157 2N2907

LM78GCP 182 | SN751088N 208 2N2907A

LM78LOSACZ 0 30| SN75108AN 246 2N2823

LM7BMGCP 1 57| SN7S110AN 1.87 2N2243

LMT912CT 0.0 | SN7STI2N 450 2N3053

LM7915CT 0.40|SN7S113N 457 2N3058

LMB33N 1.48|SN7S114N 457 N34

LMB3TN 2.0t |SN75115N 120 2N35S3

LMCSSSCN 0060 |SN7S116N 360 2NJ684

LMCBB0CN 1.79|SN7S124N 242 2N3702

LS204C8 134 |SN75136N 310 2N3704

LS285AB 355 |SN75138N 441 2N3708

LS2088 3.60 | SNT5140P 311 2N3728

LS404CB 2 36| SN75150P 1.62 2N3780

LS7210 2.90 [SN7518IN 502 2N3819

LTI004CLP-1.2  2.79|SN75152N 636 2NJ068

LTI004CLP-28  2.79|SN751S4N 156 2N3004

LTI006CNS 268 |SNTS155P 1.36 2N3005

LT1007CP 407 |SNTS157P 568 2N3906

LT1009CP 2m 404 2NJ0S8

LT1014CY 0 80| SN75150N 577 2N4037

LT1028C 7.02|SN751608BN 7.36 2N405

LT1630CN 3.28|SN75181AN $.31 2N4062

LT1032CN 2.96 | SNTS1628N 11.76  2N40D1

LT1037CP 4.07|SNTSI7N a8 NI

LT1054CP 4.34|SNTSI7ON 456 2N24

LT1070CT $.14 | SN75174N 328 2N412S

LTI071CK 10.54 | SN75175N 528 2N4126

LT1084CY 6.36 |SN7S176AP 1.80 2M4221A

LT1084CK 10.54 | SN751768P 228 24236

LTC4B5CNS 1.92| SN781778P 2741 284401

M70881 1.40 |SN751798P 246 | 2N4403

MAX232CPE 2,00 |SN75182N 290 | 284821

PE 495 290 2N5401

8.6 0.40{ 2NS41S

MAXISOCPE 6,90 | SN7S180AN 085 2NS449

MAXASZCPA 5.38 | SNT5180N 085 | 2N5459

MC10109P 124 | SN7S4I7ANE 3.26 ) 2N5485

MC1350P 3.10| SN75451N 026 2NS876

MC1377P 4.93|SN754518P 099 2N6034

MC1413P 0.74 | SN754528P 0.48 2N6037

MC1455P 0.40| SN754538P 099 2N8050

MC1458P 0.32 | SN75454BP 099 2NBO51

MC1488N 0 22| SN75462P 182 2N60S4

MC1488L 1 48 | SN7548F 152 2N60S6

MC1480N 0.22|SN7S488 433 2NBOS?

MC1480A 080 |SN75489N 4.33 2NE058

MC3301P 0088 | SN75472P 1.89 2N6V0D

MC3302P 0.60 | SN75477 210 2N6125

MC3479P 7.92|SNTSE12BN 476 2N6388

MC3486N 245 | SN7SC 188N 1.43 2NG517

MCT2 0.84 | SN75C188CN 1.43 2N8S19

MCTE1 1.18 | SPBSSODP 300 2Necss

LS4 4.90|STR41470 470 2NGOG

MIMSI200N 208 |STKa18201 775 2N706A

MM58187AN 13 32 | TA7215P 7.20 25A01S

MMS8174AN 1452 164 o

MMS8274BN 8.30|TAB410K 4.20| 28A1048Y

MMS8274CN 6.30|TBAT20S 0.80 | 2SA1006R

MN3004 4.34|TCMA105N 698 | 28A1100

MN3011 2039 | TDA1083 2.60 + 25A1102

MN3101 1.16 | TDA1085A 296 28A1104
2.02| TOA1085C 380 28ANITY

MUX08-EP 6.52|TDA1151 1.10 | 28A1115

MV8010P 331 |Tm 006 | 2541145

NE264N 368 |TiL117 0.06 | 2SA1260N

NESIN 1.60|TIL119 0.76 ' 28A1264N

NESO20N

NESSI2N

NESS34P

NESSSN

NESSSN

NESESN

NESESN

NESETN

NESEON

NESTON

NESSON

NESG2N14

NJM45580

NIM4S565

NUM4SS80X

NS16450N

OPO7T-CP

OP11-GP

oP227-GY

OP27-GP

PBOAS2302

PB0J52303

PBLI7208

PCBBOCIS-11P

PCD3311P

PCOIS12P

PCF8583P

ACA136N

RCA2070GN

RC4558C

RCASSOMSMO

REFOICP

REFOIHP

REFQ2CP

REFO2GP

REFOIGP

REF25Z

SAA1027

SAA1043P

SAAI049P

SAAS50230

SAASONA

SAS580S

SASS708

SFC27410C

SL14510P

8L1452

SL14540P

8L1455DF

SL1612CDOP

SL1813COP

SL1640CDP

SL1841COP

SL2363CCM

SL2304COP

SLIOILCM

SLI127COP

SLI4SCOP

088,
0881 BCS16
0.90 BC517

WE STOCK OVER 10,000 LINE ITEMS. PLEASE PHONE OR WRITE FOR ITEMS NOT LISTED.

VIEWCOM ELECTRONICS

77 UPPERTON ROAD WEST
PLAISTOW, LONDON E13 OLT

PLEASE PHONE/WRITE FOR ITEMS NOT LISTED

PLEASE ADD 95p P & P and then 17.5% VAT. OFFICIAL ORDERS from Govt. &
Educational Establishments are accepted. OVERSEAS orders, postage AIR/'SURFACE
charged at cost. VAT not applicable for EXPORT orders. Stock items by return of post.

N.B. All prices are subject to change without notice & stock availability.

Retail Shop: 139, New City Road, Plaistow, London E13 9PX
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Constructional Project

REACTION

TIMER

I. R. de VAUX-BALBIRNIE ——

Just how fast do you think

you are?

HiIS Reaction Timer project was
Toriginaﬂy designed for fun at a party.

However, it could have other more
serious applications -
lessons, for example.

Reaction time is the time taken for a
person to detect something (a stimulus)
and for the brain to process it and make
something happen. For example, when a
child runs out in front of a car. the
motorist applies the brakes as quickly as
possible. The time elapsing between seeing
the child (stimulus) and producing an
action (pressing the brake pedal) is the
reaction time.

The Highway Code uses the term think-
ing distance since here the reaction time
is translated into the distance travelled at
various speeds. This is more easily under-
stood by motorists. For example, if a car is
travelling at 30mph, the Highway Code
tells us that the thinking distance is 30ft.
A simple calculation can turn this into a
reaction time:

30mph = 44ft/second.
So 30ft. is covered in
30/44 second = 0-7s approx.

in school science

THINKING TIMES

Thinking distance or reaction time
depends on several factors. Firstly, the
person concerned - some people. have
faster reaction times than others and, to
some extent, this depends on the person’s
age. Secondly the state of alertness. The
time will be greatly increased if the subject
is tired or not concentrating.

Finally, the rype of stimulus - the reac-
tion time for a visual stimulus may not be
the same as that for an aural one. Also, the
effect of alcohol and some medicines (such
as cough mixtures and so-called “‘cold
cures” containing certain antihistamines)
these will increase the reaction time.

IMPORTANT WARNING: Under no
circumstances must this reaction timer be
used to indicate the ability to drive safely or
to judge any impairment on driving due to
the effects of alcohol.

The Reaction Timer is a battery-powered
circuit housed in two interconnected units
each built in a small plastic box. The main
section has an on-off switch, a row of nine
l.e.d.s (light emitting diodes) and a push-
button (Freeze) switch. It also contains the

Fig. 1. Complete circuit diagram for the Reaction Timer.
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circuit panel and battery. The remote sec-
tion has a Start/Reset pushbutton switch
mounted on top.

TESTING TIMES

Two people are needed to perform the
test. The person performing it (the tester)
sits with the remote section in such a way
that the person being tested (the subject)
cannot see the Start/Reset switch and pos-
sibly anticipate the start. The subject sits in
front of the main unit with his or her finger
ready on the Freeze button.

The unit is switched on and the tester
presses the Start/Reset button whereupon
the first L.e.d. in the display lights up. After
some random time the button is released.

At this point, the le.d.s in the display
operate one by one in rapid succession. As
soon as the subject sees the first Le.d. go
off, he or she presses the Freeze button
and keeps it pressed. This stops the display
and the l.e.d. which remains lit indicates
the reaction time against a scale of values
marked alongside.

The button is now released ready for
another try. Normally, several trials will be
performed on the subject and an average
time taken.

The prototype unit measurers the reac-
tion time in 0-1 second (100ms) increments
up to 0-8s (800ms). If there is a delay of
more than 0-8s between observing the
display and pressing the button, the unit
“locks out” automatically and all l.e.d.s go
off. The circuit could be adjusted at the
setting-up stage to go up in larger steps,
say, 150ms giving a maximum display
readout of 120ms (1-2s).

In the prototype model, the first three
l.e.d.s are green, the next three yellow and
the last three red. These could be used to
indicate Good, Fair and Poor reaction times.

CIRCUIT
DESCRIPTION

The full circuit diagram for the Reaction
Timer is shown in Fig. 1. IC1 is a 5§55 timer
i.c. which is connected as an astable muiti-
vibrator. Thus, while a supply exists — that
is, with On-Off switch S3, on, pulses are
produced continuously from the output,
pin 3, at a nominal rate of 10 per second
(10Hz).

The exact frequency depends on the
values of fixed resistors, R1 and R2, preset
potentiometer VR1 and capacitor, C1. To
allow for component tolerances, and to
enable different rates of operation, VRI
forms the adjustment for the pulse repeti-
tion frequency. The setting-up procedure
for getting this right is described at the end.
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The pulses supplied by ICI are applied
direct to the clock input pin 14 of IC2, a
CMOS decade counter. This device has ten
outputs, 0-9, each one (apart from num-
ber nine) being responsible for lighting one
l.e.d. in the display, D2 to D10.

As each pulse is received, successive out-
puts 0-9 (pins 3, 2, 4, 7,10, 1, 5, 6, 9
and 11 respectively go high (supply positive
voltage) and each l.e.d. lights in sequence.
Since only one lLe.d. is on at a given time,
they can all share the same common cur-
rent-limiting resistor, R5.

Normally, on the tenth pulse, IC2 would
self-reset and begin a further cycle. To
prevent this happening, so that timings
above 0-8s are invalid, output 9 (pin 11),
which has no lL.e.d. connected to it, disables
the i.c. by applying a high state to clock
inhibit pin 13 through diode, DI.

Thus, output nine remains high con-
tinuously, further clock pulses then have
no effect and all l.e.d.s are off. In use, the
subject will try to press the Freeze button,
S2, before the display reaches the last l.e.d.
— this action also inhibits the clock by
making pin 13 high.

The Start/Reset switch, S1, on the remote
section resets the display by applying a
high state to IC2 reset input (pin 15). In the
reset state, output 0 goes high and the first
lLe.d., D2, lights.

When S1 is released, pin 15 goes low via
resistor R3 which enables the clock. The
test then proceeds in the manner already
described.

Since 1C2 cannot supply a large output
current, low current l.e.d.s were used in the
prototype unit coupled with a relatively
high value of current-limiting resistor, RS.
Standard l.e.d.s could probably be used but
they would not be very bright.

COMPONENTS

Resistors

R1,R3 re
R;u ; }82k(30ff) §ﬁ9&)

RS 1k2

All 0.25W 5% .

carbon film
Potentiometer

VR1 2M2 skeleton preset, horiz.
Capacitors

C1,C2  100n ceramic (2 off)

C3 100y p.c.b. mounting

elect., 10V

Semiconductors

D1 1N4148 signal diode

D2to D10 Low currentl.e.d.s: red
(3 off); yellow (3 off);

green (3 off)
IC1 555 bipolar timer
1C2 4017 decade counter
Miscellaneous
$1,82  Miniature push-to-make
switch (2 off)
S3 Miniature toggle switch
B1 PP3 battery and connector

Stripboard, 0-1in. matrix, size 15 strips
by 27 holes; plastic boxes, size 114mm x
76mm x 38mm and 50mm x 37mm x
24mm; 8-pin d.i.l. socket; 16-pin d.i.l.
socket; 10-way “rainbow’ ribbon cable;
stranded connecting wire; twin multi-
strand connecting cable; stand-off in-

Approx cost

guidance only

sulator; fixings; solder etc.

ciIrRCUIT
BOARD

Construction of the
Reaction Timer is based
on a circuit panel made
from a piece of 0-lin.
matrix stripboard, size .
15 strips x 27 holes.

Fig. 2 shows full top- i
side component layout

and the track breaks
required on the copper

strip side.

Begin by cutting the
material to size, drilling
the single fixing hole and
making all track breaks
and inter-strip links as
indicated. Follow with
the soldered on-board
components but do not
insert the i.c.s into their
sockets until the end of
construction. Note that
diode DI and capacitor
C3 are polarity-sensitive
components and must
be connected the correct
way round.

Leave the anode (a)
end of diode DI un-
connected for the mo-
ment. Solder a short
stalk (clipped-off resistor
end) to board matrix
position H19. At the
end of construction DI
anode end lead will be soldered to this stalk
so completing the connection. The reason
for doing this is to help in the setting-up
procedure at the end.

It will help construction if 10-way
“rainbow™ ribbon cable is used for the
edge connections to strips D, E, G, H, 1. J,
K. L, M and O on the right-hand side of
the circuit panel. This will keep the wiring
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©
g
£
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neat and help in avoiding wiring errors
later.

Solder a 10cm piece of red light-duty
stranded wire to strip C and solder the
black battery connector *“negative™ wire to
strip N as shown in Fig. 3. Solder a similar
piece of wire to strip J on the left-hand side.
Leave VRI adjusted to approximately mid-
track position.

FIX°|NEG
3 HOL
1 $ w / 195 20 25 17‘
A
P &
€ - pt= 53
ol YR > D10
. » LAl I e D 6
i » STALK
o e .; l r2| ISE DS
*!” —
=t e et BT
] N
521—‘.‘ "‘": -0 &,
L WSS, c2 c1 b0 2
L 03 |
s1-—_’ T —l
L B o SR 1L #—t—a= BATTERY -VE
L] ==02-010
COMMON CATHODES
) L] 10 1% 0 -3 a7
0[O OO0 000000000000 Q D O 00000 o
L] Q000008000 . 0 0 .
NOCOO®MOO0OO0O0OCO0O0OOO0OOO0S® O O [+] o
L 0000000 0 O O 0O o ® [+] 0 O
Xl O QOO ®0000 00000 [*M+] [=] O O
JI O OO O OQOQODODO0O0O0OO OO ® 8 080 O o
IjcoceocoCe®O ® 0000 o 00 o (=]
WO O OODDO® 80 [] O 00 o800 & 00
sfloocc00C e e O OO 0 & > O} e O O @
FlO O O O O e 0 o o 8. o o 8 0O e ® e O
&0 O 0O ® 0000 D O 0O O 0800000 0 e
ole# 0 OO 00000 ® 0 0 O OO0 O0O®0O0O0CO 0
cjlo o O 800 [N-X-) ® 000 00000 GO @ O
00O 00D OO O O0++40 0O O OO COOO0OOO0DOOO0O0DO
A[DOD 000000 O0OO0OO0O00C0O0O0O00O0O0OD0OO00O0
(t3skec)
Fig. 2. Stripboard component layout and details of breaks required in the un-
derside copper tracks. Do not connect the diode D1 anode to the short lead
from hole H19 at this stage, wait until after the setting-up has been completed.
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Fig. 3. Interwiring from the circurt board to the display l.e.d.s and other off-board
components. Switch S1 is mounted inside the remote “tester” box.

MAIN UNIT

Refering to Fig. 3 and photographs, pre-
pare the main unit box by drilling holes for
S2 (Freeze) and S3 (On-Off) also a small
hole in the side for the interconnecting wire
to pass through. Drill holes for the nine
l.e.d.s — it is worth measuring the positions
of these carefully since the appearance of
the finished project depends largely on the
display being neat.

The holes should be of such a diameter
that the l.e.d.s are a tight push-fit. They
may then be secured with a little glue. Al-
ternatively, l.e.d. mounting clips could be
used.

Mount all remaining components. Note
that everything is secured in the main sec-
tion of the box with nothing on the lid
this avoids strain on the interconnecting
wires.

Complete the internal wiring — note
particularly the common connection for
all le.d. cathode (k) ends. Follow the
colours of the ribbon cable carefully so
that the l.ed.s end up lighting in the
correct sequence.

Do not cut the end leads of the l.e.d.s too
short and take care when bending them
not to break them off. Solder the led.
connections quickly to avoid heat damage.
Note that l.e.d.s are polarity-sensitive and
will not work if connected the wrong way
round.

To avoid a lot of inconvenience later, try
to get the polarity of the le.d.s right first
time. Note the “flat” on the body and the
shorter end lead - both these denote the
cathode (k) end.

Cut off a suitable length of light-duty
twin wire to use as the interconnecting lead
between boxes and solder the two wires at
one end to strip L on the left-hand side of
the circuit panel and the other to switch S2.
Tie a knot in the wire to provide strain
relief and pass it through the hole in the
side of the case from the inside. (Note:
Never tie a knot in a mains carrying lead to
act as a strain relief).

Attach the circuit panel above the l.e.d.
display in the position shown in the
photograph. Use a plastic stand-off in-
sulator long enough for the copper strip

Layout of components inside the completed main unit. The remote case is similar
but only houses the Start/Reset switch S1.
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side to be held clear of the led.
connections. A long 6BA nylon bolt with
three nuts was used for the purpose in the
prototype — one nut to secure the bolt and
two to sandwich the circuit panel.

Use a piece of thin plastic p.v.c. tape to
provide some insulation for the copper strips
if necessary. Secure the battery to the base of
the case using an adhesive fixing pad.

REMOTE UNIT

Drill holes in the remote box for
Start/Reset switch, S1, and for the inter-
connecting lead to pass through. A
keyboard-type switch was used in the
prototype but any small push-to-make
switch will do.

Mount switch S1, pass the twin wire
interconnecting cable through the hole and
tie a knot in it to provide strain relief.
Solder the two end wires to SI terminals
leaving some slack in the wire so that it
cannot pull free in service.

Back to the main unit. After a check
for errors. insert the i.c.s with the cor-
rect orientation — note that IC2 is “upside
down” compared with ICl. In theory at
least, as IC2 is a CMOS device it can be
damaged by any static charge which may
exist. To be safe, touch a water tap or other
earthed object before removing it from its
packaging. Alternatively, avoid touching
the pins when inserting it into its socket.
Switch S3 off” before proceeding.

TESTING AND
ADJUSTMENT

Commence the testing and setting-up by
connecting the battery and switching S3
on. The l.e.d.s should light rapidly one by
one in sequence then start again (the cycle
keeps repeating because one end of diode
D1 has been left disconnected).

If any l.e.d. fails to light, suspect that it
has been connected the wrong way round
in the circuit. If any l.e.d.s operate out of
sequence, they have been connected to the
wrong IC2 outputs.

By timing ten complete cycles and adjust-
ing preset VR1 to make this exactly 10
seconds (since it cycles through ten out-
puts), you will know that the time taken for
the display to advance by one l.e.d. is 0-1s
(100ms). This rate was found to be satisfac-
tory in practice but it could be speeded up
or slowed down as required by suitable
adjustment to VRI.

Once this operation has been carried out,
the wire stalk at board matrix position H19
may be soldered to diode D1 anode. When
tested, the unit should behave as before ex-
cept that all l.e.d.s will go off after the first
cycle.

It only remains to label the switches
and le.d. display — this may be done in
milliseconds i.e. 0.100, 200 so on — see
photograph. Use dry print lettering to give
a professional appearance.

REACTION

It is interesting to note that most people
have a reaction time shorter than the High-
way Code seems to suggest. This is prob-
ably because the situation in driving is not
the same as here.

In these tests, the level of concentration is
greater since it only needs to be kept up for
a relatively short time. In driving, it would
be impossible to maintain this degree of
concentration.

This could be investigated by allowing a
long time before releasing the Start/Reset
switch. This will usually be found to in-
crease the reaction time of the subject.  [J
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Finally...an exceptional PCB and Schematic CAD

system for every electronics engineer!

BoordMoker 1is a powerful software tool which
provides a convenlent and professional method
of drawing your schematics and designing your
printed circuit boards, in one remarkably easy to
use package. Engineers worldwide have
discovered that it provides an unparalleled price
performance advantage over other PC- based
systems.

BoardMaker 1 is exceptionally easy to use - its
sensible user interface allows you to use the
cursor keys, mouse or direct keyboard
commands to start designing a PCB or
schematic within about half an hour of opening
the box.

Hardware:

B IBMPC, XT, AT or 100% compatible.

B MSDOS3.x.

B 640K bytes system memory.

@ HGA, CGA,MCGA, EGA or VGA display.

B Microsoft or compatible mouse recommended.

Capabilities :

Integrated PCB and schematic editor.

8 tracking layers, 2 silk screen iayers.

Maximum board or schematic size - 17 x 17

Inches.

2000 components per layout. Symbols can be

moved, rotated, repeated and mirrored.

User definable symbol and macro llbrary facilities

including a symbol library editor.

Graphical library browse facllity,

Design rule checking (DRC)- checks the

clearances between items on the board.

Real-time DRC display - when placing tracks you

can see a continuous graphical display of the

design rules set.

B Placement grid - Separate vislble and snap grid -
7 placement grids in the range 2 thou to 0.1 Inch.

B Auto via - vias are automatically placed when
you switch layers - layer pairs can be assigned by
the user.

B Blocks - groups of tracks, pads, symbols and text
can be block manipulated using repeat, move.,
rotate and mirroring commands. Connectivity
can be maintained if required.

B SMD - full surfface mount components and
facllities are catered for, including the use of the
same SMD library symbols on both sides of the
board.

B Circles - Arcs and circles up to the maximum
board size can be drawn. These can be used to
generate rounded track corners.

B Ground plane support - areas of copper can be

filled to provide a ground plane or large copper

area. This will automatically flow around any
existing tracks and pads respecting design rules.

Output drivers :

Dot matrix printer

Compensated HP laser printer
PostScript output.

Penpilotter driver (HPGL or DMPL).
Photoplot (Gerber) output.

NC (ASCH Excellon) drilt output.

All trade marks acknowledged

65CS1
XN

46 aa

=

Produce clear, professional schematics for
inclusion in your technical documentation.

eictn noae
Al Boyer
Segmnent layer
all - idth
Segment Bidth
phit

epeat

nvert order
Bhift track
i

Bearest pad
Assist O lip

LW, S .00AIN Track 1/00 45° Zoow: Vidth=40 § Node .
PCB layout editor provides full analogue, digital and surface
mount support - ground and power planes (hatched or

solid)- 45 degree, arced and any angle tracks.

Despite its quality and performance,
BoardMaker 1 only costs £95.00. Combine
this with the 100% buy back discount if you
upgrade to BoardMaker 2 or BoardRouter
and your investment in Tsien products is
assured. Price excludes carriage and VAT.

£05

Don’t take our word for it. Call us today for a
FREE demonstration disk and judge for yourself.

Tsien (UK) Limited

Cambridge Research Laboratories
181A Huntingdon Road
Cambridge CB3 0DJ

Tel 0223 277777

Fax 0223 277747
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Special Feature

ALTERNATIVE
ENERGY

I. R. de VAUX BALBIRNIE

Developments using renewable
energy sources. Energy from water.

series about renewable energy — that is,

sources of power which will last for
ever unlike those derived from the fossil
fuels - coal, oil and natural gas — which will
eventually run out. This month we shall
examine various ways of using water power.

The Department of Energy has funded
a programme of research and development
into alternative energy methods since 1974.
Some ideas turn out to be economically and
technically attractive, some could be promis-
ing in the medium term and others are long
shots and unlikely to be used in the foresee-
able future.

The Government is working towards an
electrical generating capacity of 1000MW
from renewable energy sources by the end of
the century - equivalent to the output of one
large coal-fired power station. Technically,
renewable energy sources could furnish all
our needs but they are diffuse — that is, the
power is spread out over a large area and
this often makes exploitation difficult and
therefore expensive.

WATER, WATER
EVERYWHMHERE

Water power in its various forms, to-
gether with on-shore wind energy, geother-
mal energy and schemes producing energy
from waste material (of which more will be
said next month), are likely to make a
significant contribution to Britain’s total

THIS is the fourth article in a short

energy needs in the 2lst century. This,
together with nuclear power and a smaller
contribution from the dwindling supplies of
fossil fuels, should maintain our increasing
energy needs.

Water power in some form is an ancient
technology — water wheels have been used
for milling corn and other purposes for cen-
turies. There is a reference to water power
having been used in Greece during the First
Century A.D. and in the Middle Ages the
water wheel was in widespread use in several
countries.

The traditional overshot and undershot
types of water wheel are shown in Fig. 1.
Today, the water wheel would be described
as a turbine where the water turns blades on
a shaft which can then provide useful work.

There are several ways of obtaining energy
from water and hence to generate electricity
— from the tides, from waves and from the
power of falling water — that is, Aydroelectric
power schemes. It is also possible to use
naturally-occuring hot water — springs and
geysers — and this method will be discussed
in more detail next month. Unlike tides,
springs and geysers, both wave energy and
hydroelectric schemes actually use indirect
solar power.

Waves are caused by the wind blowing
across the surface of the sea and it is the sun
which causes the differences in temperature
which cause the wind to blow. As well as
causing horizontal currents, the water is

~)2))

OVERSHOT WATER WHEEL

Fig. 1. Types of traditional waterwheel.

UNDERSHOT WATER WHEEL
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made to move up and down. It is this
movement which carries vast amounts of
energy and which may be exploited to
generate electricity.

Hydroelectric power is also derived in-
directly from the sun since it is the heat of
the sun (solar radiation) which evaporates
the water in the first place and carries it up
as vapour to the high ground where it falls
as rain. The energy held by the water on
the high ground is called potential energy
(energy due to position). As it falls, the
power may be transferred to a turbine which
rotates the shaft of a generator and produces
electricity.

We saw in a previous article that approx-
imately 20 per cent of solar energy falling
on the earth causes evaporation of water but
much of it happens very diffusely with small
amounts of flowing water spread out over a
very large area. It would be uneconomic to
extract the energy from such small amounts
of slow-moving water.

EBB ANDFLOW

Tidal energy is an “odd man out” because
here the power has not come from the sun.
Tides are caused chiefly by the gravitational
pull of the moon and, to some extent, the
sun on the mass of water which makes up
the oceans of the world. Although the sun
is massive in comparison to the moon, it is
also much further away so it is the moon
which has the greater influence. The gravita-
tional force causes the water to pile up and it
moves as the earth turns on its axis.

Most parts of the world experience two
tides each tidal day — that is, every 25 hours
and 5 minutes. When the sun aligns with the
moon there is a larger than normal gravita-
tional force and a particularly high tide
results. This occurs twice a month and is
called a spring tide.

When the sun and the moon are in opposi-
tion, a smaller gravitational force results and
this gives rise to a lower tide than usual
called a neap tide. Even so, tides are very
complex and far removed from the pattern
suggested by simple theory. The size of a tide
is influenced by the shape of the coastline
with funnelling effects tending to increase
the tidal range.

Advisors to The Department of Energy
believe that tidal energy and wind power
(which has been discussed in previous parts
of this series), have a promising future and
together have the potential to generate a
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Potential sites for tidal barrage
schemes.

significant fraction of the total electricity
needs of the U.K. We may draw on the
experience of the French, Americans and
Canadians who have had large-scale tidal
power schemes in operation for several
years.

In Britain, we are fortunate in having
some of the highest tides in Europe and
these are ideal for economic exploitation.
It is thought that the tidal range needs
to exceed about five metres to make- this
method commercially worthwhile and many
such sites are to be found around the west
coast and elsewhere — see the map of poten-
tial barrage scheme sites. .

In the Severn Estuary, funnelling and
other effects combine to provide one of the
largest tidal ranges in the world — over 11
metres in the region between Barry and
Weston-Super-Mare (see Fig. 2). The flow of
water carries a vast amount of energy and
using this to generate electricity is a very
attractive and economically viable proposi-
tion.

By maximum commercial exploitation,
we could generate at least 20 per cent
of Britain’s total electricity needs by tidal
power alone — rather more if we did not
look too coldly at the commercial aspects
but weighed them up against the indirect
benefits. Even if we abstracted energy only
from the largest tides — those of the Severn,

the Mersey and a few more, 10 per cent of
our total energy needs could be realized. The
cight largest schemes used together could
save Britain about 25 million tonnes of coal
per year.

We presume that by drawing energy out of
the tidal system, we are slowing down the
rate at which the earth spins on its axis.
However, this effect is so small as to be
imperceptible and is happening all the time
anyway.

TIDAL BARRIERS

To exploit tidal energy, a barrage or dam
needs to be built to control the flow. A river
basin is thus formed. The barrage has a
number of turbines set into it and as water
flows in and out of the basin with each
change of the tide, the turbines rotate, tumn
generators and make electricity (see Fig. 3).

The proposed Severn Tidal Barrage
scheme is, at the moment, undergoing
extensive study. The Severn Tidal Power
Group has completed a programme of
investigations and has confirmed that a
suitable barrage could be constructed using
existing technology. It is further believed
that, once built, the scheme would be
capable of delivering electricity to the public
supply network for more than a century.

The Severn Barrage project, if put into
operation, would be the largest tidal power
scheme in the world. The barrage itself
would be enormous — some 16km (10 miles)
in length stretching between Lavernock
Point (between Barry and Cardiff) to a point
near Weston-Super-Mare (see Fig. 2). The
basin would enclose an area of 480 square
kilometres.

Into the barrage would be set 216 turbines
each with a diameter of 9m and each having
a generating capacity of 40MW giving a
total power output of 8640MW - that
is, it would exceed the output of eight
large coal-fired power stations. This would
provide seven per cent of the total electrical
energy requirement of England and Wales.

Despite the great capital cost — some £8
billion (at 1988 prices) — the potential for
saving fossil fuels would be vast — some 8
million tonnes per year. The reduction in
carbon dioxide emission would be almost
18 million tonnes per year with consequent
relief from the greenhouse effect.

Construction of the Severn Barrage would
probably involve floating large hollow con-
crete sections to the site. Each section -
called a caisson - would carry one of the
turbines. It would be necessary to provide
locks to allow the largest ships to pass to the
ports along the river and some means of
allowing fish through without harm. The

BARRAGE

—
ﬁ TURBINE

Fig. 3. Principle of the tidal barrage.

construction time scale would be approxi-
mately 14 years — about five years for
preparation, a further seven for construction
and first power production and a further
two years for full-stream operation.

ACROSS THE
MERSEY

A similar but much smaller Mersey Bar-
rage project would use a dam 2km in length
with a basin enclosing 61 square kilometres.
There would be 28 turbines set into it, each
having a diameter of 8m and each with a
generating capacity of 25MW. This would
provide a total peak output of 700MW. The
Mersey is well suited to such a scheme with
spring tides reaching a range of 8m.

The preferred siting for the barrage is be-
tween the Liverpool Garden Festival site
near the city centre and a point close to New
Ferry on the Wirral - see Fig. 4. As in the
Severn project, a system of locks would be
required to allow the passage of ships to the
Manchester Ship Canal.

The Mersey Barrage scheme would save
some 700,000 tonnes of coal per year. Con-
structional cost is estimated at £880M (at
1989 prices). If the scheme were approved by
Parliament, the project could be complete
and generating power within two years.

In addition to the two largest projects out-
lined above, Britain has the potential for
several less ambitious schemes each making
a small but significant contribution. A study
made in 1986 identified 34 such sites each
with the potential to generate between 30
and 1SOMW.

A feasability study on a possible Conway
(North Wales) Barrage shows the poten-
tial to generate 33MW while a Wyre Bar-
rage (near Fleetwood in Lancashire) could

I SWANSEA

MINEHEAD
[ ]

WATCHET

Welsh Grounds

Fig. 2. Possible location of a Severn barrage.

Severn Bridge
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Fig. 4. Possible location of a8 Mersey barrage.
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produce 47MW of electricity. Scotland tends
to have lower tides so there are fewer
commercially attractive sites there. How-
ever, Scotland has a greater potential for
hydroelectric schemes than England and
Wales.

EFFECTS ON THE
ENVIRONMENT

Tidal energy has the advantage of being
less diffuse than many other forms of renew-
able energy. Also, the energy in moving
water is easily turned into electricity by
well-known and relatively inexpensive tech-
nology. However, the use of tidal energy is
not without some cost to the environment.

Abstraction of tidal power alters the pat-
tern of water movement and lessens the
speed of the currents. This can cause sedi-
ment build-up and lower turbidity with
possible effects on wildlife. Within the river
basin, the tidal range would be reduced and
the low-water level raised.

It is thought that lower turbidity could
increase the availability of food for fish
and birds but, on the negative side, there
would be a reduced mudflat area for feeding
wading birds. However, taking everything
into account, tidal power is thought to rank
with the wind in being among the most
environmentally-friendly sources of power.

Because a tidal energy scheme controls
the flow of water, it prevents flooding along
large stretches of the river during extreme
high tides. Other methods of flood preven-
tion would therefore not be required and the
savings made here offset some of the con-
structional costs of the barrage itself.

WAVE ENERGY

It is well known that waves carry an
enormous amount of energy. Our coast has
a history of broken seawalls and seaside
piers having being destroyed during violent
storms. Research into abstraction of wave
energy has been carried out since the mid-
1970’s and extensive studies have been made
to find the best types of device for the job
some 300 ideas in all.

The best places for large-scale wave energy
exploitation lie between latitude 40 and 60
degrees and many parts of Britain have a
near-ideal situation. Off the West Coast, in
the NW approaches, there is said to be
available some 70MW of power per km of
coastline ~ that is to say, over a stretch of
approximately 15km (about 10 miles) there
is available the equivalent energy of a large
coal-fired power station,

In fact, the waves around our coast carry
all the energy we need but its abstraction
would prove very expensive and difficult.
Also, the power of the waves is notoriously
unpredictable depending as it does on wind
speed and the exact way and time for which
the wind blows across the water surface.

OFFSHORE

There are basically two wave energy
extraction technologies - offshore and
shoreline. Large off-shore wave energy
projects are exciting and once seemed
attractive on account of the vast amounts of
energy available. The up and down wave
energy could be extracted by transferring the
motion to floating nodding ducks in the
manner developed by Professor Salter of
Edinburgh University (see illustration). The
motion would then be transferred to
an electrical generator. However, qff-shore
wave technology is difficult.

The mighty 2000MW off-shore proposals
originally investigated by the Department of
Energy now seem far too expensive to imple-
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FLOAT ROCKS UP AND DOWN

Salter's Ducks, method of operation.

ment. The technique of bringing the energy
ashore and difficulties in maintenance of the
equipment would also raise problems. It ap-
pears that the economic viability of using
off-shore waves as a source of energy would
depend on other methods rising in price.

SHORELINE

On the other hand, due to the relatively
low cost involved, small-scale shoreline
projects seem to hold much promise. These
would be of value as local power sources in
remote regions where it is expensive to lay
on a supply of electricity — perhaps by using
diesel generators.

One such scheme under investigation is
the Shoreline Rock Gully System developed
by Queen’s University, Belfast and funded
by the Department of Energy. This is
presently undergoing trials on Islay in the
Inner Hebrides (see below). In this scheme,
the energy is extracted from waves in a
natural gully so greatly reducing construc-
tion costs.

The waves force water into a large cham-
ber (a capture chamber). This rises like a
piston and forces the air through a turbine
which then operates an electrical generator.
As the water retreats, the air ren-enters the
chamber and the turbine is operated once
again.

A special air turbine developed by Profes-
sor Alan Wells — the Wells Turbine — can
operate without reversing whichever way the
air is moving through it and this is a great
advantage. The output from the generator
varies from a peak of some 100kW during a
storm to some 75kW during normal work-
ing conditions. Work began on the project
in 1985 with construction commencing in
1987. The output was connected to the Na-
tional Grid in 1991.

One advantage of wave energy which is
not always true of other alternative energy
sources is that production tends to track

demand - in winter, when more electricity is
needed, the waves are generally larger and
so more electricity is produced.

HYDROELECTRIC
POWER

The technique of producing energy from
falling water has been well established in
Britain — as in many other parts of the world
— for many years. Unfortynately, there is
little room for expansion since all the major
resources are already in use.

Currently, about two per cent of U.K.
electricity needs are supplied in this way —
mainly in Scotland which holds 90 per cent
of the total resource. Really large amounts
of energy are only available where the
head (height of fall) exceeds 50m and these
provide 85 per cent of the total energy
produced by H.E.P. technology.

Britain is not as fortunate as certain other
countries (Canada and Sweden, for ex-
ample) in having large masses of falling
water. Perhaps the future lies in develop-
ing many small-scale projects which would
nevertheless, provide a useful contribution
to our total energy needs.

Work by the University of Salford has
shown that some 300MW of power is avail-
able where the head is little more than three
metres. It could be argued that 300MW is
too small to be worthwhile — it is, after all,
only one-third,of the output of a large con-
ventional power station, but the energy is
available using well-established technology
and at a reasonable price.

Many such schemes could provide up to
one per cent of our total requirements in the
future. This would be helpful to island com-
munities too remote from the nearest con-
ventional electricity supply.

PUMPED
STORAGE

Although not a source of alternative
energy as such, this month’s work would not
be complete without a brief mention of
pumped storage power stations because these
schemes provide an indirect saving in the use
of fossil fuels and a consequent reduction in
carbon dioxide emission.

To understand the principle of pumped
storage power generation, we need to know
that the public demand for electricity varies
throughout the 24 hour cycle. During the
night, the requirement both by private

The shoreline generation system, this cutway artists diagram shows the principle of

operation.
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homes and industry falls off considerably.
The generating companies wish to boost
demand in the off-peak period to provide a
better balance between off-peak and on-
peak usage since this makes for more
efficient operation of the network.

Schemes such as Economy-7 help to do
this by offering electricity to the consumer at
a discounted price between certain hours of
the night and early morning. In this way,
storage heaters and other pieces of equip-
ment may be used to take advantage of the
lower price.

On a much larger scale, off-peak power
may be used to pump water from a lake at
the bottom of a mountain to a reservoir at
the top. At times of peak demand or perhaps
when there is a sudden unexpected need
for power such as during a spell of cold
weather, the water is allowed to flow down-
hill again, turn the turbines, and gener-
ate electricity just as in a conventional
hydroelectric scheme.

At Dinorwig in North Wales, this method
is used to provide full generating capacity
within ten seconds. The turbines which gen-
erate the electricity when the water flows
downhill may be operated in reversing as
pumps to drive the water up again. It is true
that some energy is lost in the process — that
is, some is turned into heat in the water and
therefore unavailable for use. In modern sys-
tems this amounts to 10 per cent approxi-
mately.

A pumped storage system does not make
much use of a renewable energy resource
since mainly fossil fuel energy is used to
raise the water to the higher level in the first
place. However, by providing a more even
demand, the overall efficiency of the dis-
tribution system is increased. Even taking
into account the *“lost” 10 per cent, this
means an ultimate saving in the use of fossil
fuels.

HYDROGENAS A
FUEL

A further way of obtaining energy from
water — this time a chemical one — is to use
hydrogen gas as a fuel. Water consists of
only two basic materials (elements) — the
gases hydrogen and oxygen. If hydrogen is
removed from water, it may then be used to
power a car. A conventional petrol-burn-

The BMW hydrogen drive engine in a 735iL.

ing engine may be adapted to use hyr-
dogen. However, as every schoolboy chemist
knows, hydrogen must be treated with
respect since it forms a highly explosive
mixture with air.

To remove the hydrogen (and the oxygen)
from water involves passing an electric
current through it — that is, to perform
electrolysis. Obviously, in order to do this,
the electricity has to come from somewhere
and this may be derived from fossil fuels,
nuclear energy or some renewable energy
source.

When the hydrogen burns and delivers
power to the engine, we are simply regaining
the energy which generated the electricity in
the first place. However, there are some ad-
vantage in doing this. Firstly, the relatively
inexpensive and well-known technology of
the internal combustion engine may con-
tinue to be used. Also, hydrogen is a per-
fectly clean fuel.

The only product of combustion is water
— that is, regaining the water which was
electrolysed. This means that the exhaust is
totally harmless and non-polluting, There is
no carbon dioxide produced and therefore
no contribution to the greenhouse effect.

GASCAR

Since the early 80’s, the German car
manufacturer, BMW, has been carrying out
a research programme to examine the use of
hydrogen as a fuel for motor vehicles. The
idea is to use solar cells to generate electricity
which is then used to electrolyse water and
produce hydrogen gas.

In the BMW system, the hydrogen is /i-
quefied and so stores much more energy in a
given space than the gas. This method brings
certain problems, however, The greatest of
these is that liquid hydrogen only exists at a
temperature of —253°C.

In practice this means that the storage
tank must be very well insulated to prevent
the fuel from boiling off rapidly into
the atmosphere. The fuel tank specially
developed for the purpose is double-walled
with very sophisticated insulation. This is
capable of holding 93 litres (20.5 gallons) of
liquid hydrogen which provides a range of
300km (190 miles approximately).

The tank is fitted in the 6-cylinder 3.5 litre
long-wheelbase 735iL model across the lug-
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gage compartment. This avoids problems
with the rear seating which is unaffected.
Developing engines to produce maximum
power using hydrogen fuel demands dif-
ficult and expensive technology. BMW sece
one possible way forward in not trying to
develop maximum power but to reduce it by
some 30 per cent compared with using
petrol. A lean mixture is then used and this
simplifies the procedure and reduces costs.

HAZARD

Even with the high degree of insulation
used on the fuel tank, liquid hydrogen does
boil off and is released through safety valves
— a maximum of two per cent of the fuel is
lost to the atmosphere this way each day.
There are concerns about the safety aspects
associated with this free hydrogen and also
the possibility of damage to the fuel tank in
an accident leading to large-scale release of
gasinto the atmosphere.

It is impossible to remove ali risk but this
must be compared with the hazard due to
the storage of petrol. At least, unlike petrol,
hydrogen is non-toxic and when released
into the air is quickly diluted, and rapidly
becomes harmiess.

An interesting feature prevents accidental
build-up of hydrogen in the passenger com-
partment. If a predetermined concentration
of gas is exceeded, a sensor detects it and an
electronic circuit causes the sliding roof, win-
dows and boot lid to open so preventing an
ignitable mixture accumulating.

In the event of an accident, the doors un-
lock, the windows and boot lid open and
the sun roof slides back. Taking everything
into account, it is doubtful if a car burning
hydrogen as a fuel involves any more risk
than a conventionally-powered car.

BMW are taking their Hydrogen Drive
research project very seriously. To improve
the development of hydrogen-burning en-
gines they started to use the world’s first
purpose built test bed in March, 1989. This
uses a complete data processing system with
results being recorded electronically in a
measuring and control room. Data is then
analysed and optimum working conditions
determined.

VIABLE

Research into hydrogen-powered cars
suggests that this fuel could make a viable
alternative to petrol. At the moment costs
are still too high, however, and problems still
remain. Experimental cars have been built
using hydrogen compressed into cylinders
but the quantity of gas is not sufficient to
provide a satisfactory range. A further idea
is to absorb the gas into various materials
but this method has not been altogether
successful either.

A variation of the method is to use fue!
cells. Here, instead of burning the hydrogen
in an engine, the hydrogen and oxygen ob-
tained by electroysis are passed over special
porous plates. The two gases re-<combine to
provide water and in the process a voltage
is formed between the plates. Thus, electri-
cal energy is produced direct from the fuel.
This may then be used to operate an electric
motor to power the car. At the moment
fuel cells are rather bulky but further re-
search could possibly bring them down to a
manageable size.

Next month we shall look at some fur-
ther examples of renewable energy sources —
those using household waste, biomass and
geothermal energy. We shall also look at
some aspects of nuclear power to see how
this fits into the complete Alternative Energy
picture.
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Project Update

BATTERY TO

MAINS INVERTER /.

DAUGHTER BOARD

MARK DANIELS

Anadd-on board for a past project.

which appeared in the March 1991

issue of Everyday Electronics used an
M706B! timebase i.c. to generate the ac-
curate S0Hz timing signals required for its
correct operation. Unfortunately, it would
appear that this device is no longer readily
available and no direct replacement or
substitute for it is known to be in exist-
ence. To help readers already constructing
this project or contemplating its construc-
tion an add-on daughter board has been
designed to take the place of the now
clusive M706B1. (The March 91 issue
is available as a back number from the
Editorial office - see the Editorial page for
details — Ed. -

CIRCUIT

REQUIREMENTS
The M706B1 i.c. which was specified for
ICI in the original design was supplied in a
standard 8-pin d.i.l. package and provided
complementary S0Hz square wave outputs
from a 3-2768MHz crystal reference.
Ideally the circuit which replaces this
device should make use of the existing
components and i.c. socket for its connec-
tions. To enable us to mount extra com-
ponents in place of the original device a
small daughter board carrying the sub-
stitute parts is mounted above the main
p.c.b. and connections between the two
boards are made using tinned copper wire.

THE Battery to Mains Inverter project

CIRCUIT
DESCRIPTION

The circuit shown in Fig. 1, comprises
two standard low power CMOS ics.,
ICI(1) and IC1(2). ICI(1) is a 14 stage
binary counter with an on board crystal
oscillator section designed for connection
to an external crystal. A number of the
stages are made available on the device
pins, but in this application the largest
division ratio is chosen, giving an output of
200Hz at pin 3, using the original crystal,
X1 (see original article).

The counter/oscillator ICI(1) has only a
single output and a division ratio which is
insufficient for our requirements, so extra
stages in the form of a dual bistable, IC1(2)
are added at its output.

The two bistables in IC1(2) are cas-
caded to provide a further division by four
thus reducing the 200Hz at its input to
the required S0Hz complementary outputs.
Reference to Fig. 1 will show how the
replacement components connect to the
pins of the original IC1 position, using all
other existing components on the parent
board in their original positions and with
no changes in their values.

CONSTRUCTION

The full size foil pattern and component
overlay for the small daughter board are
given in Fig. 2. For ease of construction it

il

D IC1(2)

[ J
r._ ——
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IC1(1)
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Fig. 1. Circuit diagram of the Daughter Board.
Numbers outside the dotted line correspond to

the original pin numbers.
Fig 2. (right) P.C.B. construction.
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is recommended that sockets are used for
the twoi.c.s.

Eight lengths of 20 s.w.g. tinned cop-
per wire (30 amp fuse wire) approximately
30mm long are soldered to the remaining
pads on the reverse of the p.c.b. to make
the connections to the parent board.

If the parent board is already assembled
ICl and its socket (if fitted) will need
removing before the daughter board can be
offered up.

Feed the tinned wires into IC1 holes
in the parent board allowing sufficient
clearance above the parent board com-
ponents to preclude the possibility of short
circuits in the future. Check that the board
is correctly aligned; the figures on the
daughter board corresponding to the
original IC1 connections, before solder-
ing the connections. Reference to the
photograph should clarify any obscurities.

Before fitting the two new i.c.s. it may be
sensible to check that the power rails are
all present and correct. 0V on ICI(1) pins 8
and 12 and ICI1(2) pins 4, 6, 7. 8 and 10.
Twelve volts should be present on ICI(1)
pin 16 and IC1(2) pin 14.

TESTING

Fit the two i.c.s, observing CMOS
handling precautions and polarity require-
ments and switch on.

The inverter should start immediately if
the parent board was working prior to
modification. If not, fault finding is pretty
much the same as in the original design,
with the possibility of a check for 200Hz at
pin 3 of ICI(1). Use Fig. 1 of this article in
conjunction with the main schematic of the
original article if fault finding should be-
come necessary.

CONNECTION
CLARIFICATION

The small transformer T2 in the original
article appears to have caused confusion
among some readers, as its secondary is
incorrectly labelled in the main circuit dia-
gram, Fig. 2. It should be labelled 12V-0V-
12V, not OV-12V as shown. The p.c.b. lay-
out of Fig. 3 is also incorrectly labelled,
and should be marked 12V-0V-12V, the
centre-tap lead being cut off as it is not
required in this application.

Editorial Note: The author is presently
working on a 250W inverter design together
with an uninterruptable power supply add-
on, which we hope to publish in a few months
time. 0
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NOVEMBER SPECIAL OFFER

SOUND LAB CAR EQUALIZER/BOOSTER

BOOS5G KB211
High power stereo equalizer booster,
Twin 5-band graphic equalizer, fader
control for front/rear speakers and twin
10-LED power indicators. Inputs for high
or low level from car stereo. Mounting

EXTRADING

INCORPORATING EAST CORNWALL COMPONENTS
WHOLESALE ¢ MAIL ORDERS ¢ RETAIL

hardware inciuded.
Output power

SEND ORDERS TO - DEPTMNM

MARCO TRADING

THE MALTINGS. HIGH STREET, WEM
SHROPSHIRE SY4 5EN
Tel: (0939) 232763 Telex: 35565
Fax: {0939) 233800
ELECTRICAL & ELECTRONIC
COMPONENT SUPPLIERS

24HR ANSAPHONE

VISIT:

OUR OTHER BRANCHES
SUPERTAONICS
Tel: 021 666 6504
65 HURST STREET
BIRMINGHAM BS 4TE
WALTONS
Tel: 0902 22039

Normally

.30W per channel

Only £29.99

£37.95

While Stocks Last

55A WORCESTER ST
WOLVERHAMPTON Wv24LL

Visit our shop In

WEM
Tel 0939 232763

BROAD BAND RADIO RECEIVER £17.50
CB FM AIR BAND - POWER 4 x AA’s

LATEST 1992
CATALOGUE

* Velleman Kit Catalogue

% Free pre-paid envelope
* Many new lines

% Pages of special offers
* Free gifts

132 PAGES €2.00
FREE with orders over £10

POST & PACKING

LI £3.00 | ,

All prices include VAT.
Delivery Guaranteed
within three days

AD R

i mnu—mm "‘l.l

BATTERIES
PRICE EACH
+ 10+

£1.50 £1.30

95p

Ni-Cads 240V AC £4

Charges AA, AAA C.D & PP3

AAA
AA
C

£195
D £20 £185
99! i 3w £375

OME ALARM PACKAGE

Includes:

# Optima Alarm Control Panet
# External Red Bell Box

# 2x 1 internal Passive LR

# 2x Door Contacts

* Siren for bell box

# 100 mtrs cable and clips

# Full fitting Instructions CHARGER

onLY£130 ¥ g€19.99
* & BELL BOXES * %

A very aftractive external box made of Polypropylene
Supplied complete with back plate. Avallable in Red.
Yellow, Blue, White. BASIC FLASHING
SEC/RED £6.99 SEC/RS
SEC/YELLOW £6.99 SEC/YS
SEC/BLUE £6.99 SEC/BS
SEC/WHITE £6.99 SEC/WS

LOSED CIRCUIT TELEVISION SYSTEM
1 xCAMERA £120 1X CAMERA BRACKET

; £7.75
&

BACK-UP LEAD
4C ACID BATTERY

12V 1.9Ah

£15.27
LEAD ACID

£9.99
£9.99
£9.99
£9.99

USED

Complete price

£185

Plus £15 carr

QUARTZ-HALOGEN SPOTLIGHT
THIS UNIT SUBJECT TO DESIGN CHANGE

Hand held or hanglng. Heat resis-

tant polycarbonate housing, highly
polished reflector. Protective lens &
cover doubles as base stand. With .,,.‘F;‘
On/Ott switch and 12ft curly cable LR
terminating in cigar lighter plug.
Produces 250,000 candie power — 5

times the intensity of average car
headlamps Price £5.75

Power 12V d.c. 4.5A 55W

Dims 160 x 88 x 110mm

C-15W IRON. .£9.30 XS-KIT25W.........£13.45

CS-17W IRON. £9.15 CS-KIT 17W .£13.30
XS-25W IRON. £9.50 C-KIT 15w...........£13.15
All bits for irons £1.95, Hlements £5.30 Stands £3.75

1+

10+
18swg [4 95 I4 70
22 swg

4.99
Remember Qur pnces INCLUDE VAT!

SOLDER PACK
A mixed pack of both 18swg and 22swg
solder. Each pack contains 10 assorted 12"
lengths of solder.

SOLDER 18 & 22 SWG -500gm REEL

TWIN FLUORESCENT LAMP - 12V

‘/b

A very attractive twin tube lamphoider with
two 12V BW Huorescenl tubes. White plas.
tic case with clear plastic nbbed diftuser
and ON/OFF swilch. Supplied with 90cms
of twin flex for connection to 12V battery
{Red stripe to positive). Ideal tor caravans
boats, vans, etc.

Overall dimensions: 370 x 85 x 4Imm
ORDER CODE Op(o TFL|2

504
Price 26 50 26 00 £5.25
SINGLE FLUORESCENT LAMP - 12V

Identicai to above unit but single tube. 12V
dc. B Watts. Dims 360 x 62 x 37mm
ORDER CODE Opto SL £5.50

P
£1.80

“LT RSGB

CALL BOOK
1991-92
Now £2.50

While stocks last

PORTABLE FLUORESCENT LAMP - 12V

3

Free-standing or hanging with 151t cable
terminating in cigar fighter plug, For use in
car. boat, van or home emergency. 12V dc.
EVEN FLOATS IN WATER!
Overall dimensions: 430 x 30mm
ORDER CODE 1

Price £6.50 £6. 00
SPARE TUBES

Replacement tube for above Twin and
Single flourescent jamps Fits most 12V
fluorescent lampe. Philips, etc Tube
length: approx 300mm (inc. pins)

‘ORDER CODE Opto Tube

£1.50 ea, 10 for £12

504
£5.25

PIR
FLOODLIGHT

ONLY £29.99
HURRY WHILE
STOCKS LAST

A high power security flood-
light with buiit-in PIR detector
which reacts to body heat,

USED
> £70 1xmonToR | ORDER CODE:PACK 043 Price £1.50

TRANSF_ORMER PACK

A super pack containing various small transformers, all belng 220-240V primary. The secondary outputs wihli
vary anything from 4.5V 10 12V, Malinly chassis type but maybe some PCB types Included. Current ratings

anything from 200mA to 1 Amp. Total Pack Quantity: 20 pleces PRICE £1 5 oo
o

ORDER CODE: PACK 035

switching on the floodlight
whenever somebody is within
the detection zone. The PIR
detector Iis adjustable for
horizontal and vertical angle
and contains a photo detection
detector to prevent daylight
operation.

Power: 220-240V a.c. 50Hz

DESOLDER TOOL §
High quality, fitted with /
Teflon micro nozzle
Length: 190mm
Dia: 20mm

PRICE: £2-99

SPARE NOZZLE
9SP each

RESISTOR KITS

YeW pack 10 each value E12 - 10R to tM 610 pieces.
YeW pack 5 each value E12 - 10R to 1M 305 pieces.
%W pack Populsr - 10R to 10M 1000 pieces.

YW pack 10 each vaiue E 12 - 2R2 to 2M2 730 pieces
AW pack 5 each value E 12 - 2R2 10 2M2 365 pieces.
YaW pack Popular - 2R2 to 10M 1000 pieces.

1W pack $ each value E12 - 2R2 to 1M 365 pieces.
2W pack 5 each value E12 - 10R to 2M2 317 pieces

WALKMAN PACK

Yes, you read It right. A very mixed pack ot Walkmans which may be complete, blts missing, working,
non-working. cased of uncased. A very mixed pack at a very cheap price. Feeling lucky? NO GUARANTEES!

Makes may include: AIWA, SANYO, SONY, JVC, MURPHY, etc

Total Pack Ouanmé 4 pieces approx PRICE t 1 o oo
L

GOODY PACK

ORDER CODE: PACK 036

This pack contains a random selection of very assorted components including: Resistors, Capacitors, Con-
nectors, ICs, Diodes, Potentiometers and much, much more. Many of the items are to a much higher
specification than those usuaily available to the hobby market. These packs really are a bargain. These

packs are sold by welght.
PRICE £2.50

Total Pack Weight IK%
50
0.5W

ORDER CODE: PACK
RESISTOR

0.25W RESISTOR PACK
PACK

Assorted values, some popular because we are overstocked, others

simply values we don't stock. Either way, these really are a bargain. A

minimum of 10 ditterent values. All 0.25W carbon film, §% toterance. Same as left
PACK 020

€£2.00

Total Pack Quantity: 1000 pieces P_RIEE c 1 .99
LOTS

ORDER CODE: PACK 049
MORE

TUNGSTEN DRILL BITS
PACKS IN

A range of metric, solid tungsten drill bits, suitable for

drilling glass fibre based pcb's and general hobby use,

giving extended life over HSS drills,

Drill bits range in size from 0.4mm to 3.0mm. Our STORE

packs of 10 are a random mix. Unsorted. Original price —See
Special

Offer

Sheets

BLACK PLASTIC
ABS BOXES

L 8 &

Quantity
prices
avallable

ORDER
CODE

PRICE
1 OFF

INTERNAL
DIMENSIONS
mm

B

58

£5.10
£3.75
.£6.99
£8.75
£5.40
£10.75
£1525
£25.00

A
76

C

35 BOX/MB1 £1.25

95 71 35 BOX/MB2 £1.35

115 37 BOX/MB3 £1.58

each value
individually
packed

145 55 BOX/MBS £2.20

ADDITIONAL KITS
Disc ceramic 50V....125 pieces £3.99
Zener Diodes 5ea ... 55 pieces £3.99
Electrolytics caps.
radial. .100 pieces
Fuses Q blow 20mm.80 pieces
Fuses T delay 20mm 80 pleces
Pre-set pots. Hor.... 120 pieces
Pre-set pots. Vert....120 pieces
Polyester 100V.......110 pieces

165 75 B8OX.MB7 £3.20

ABS
BOXES
Miniature
Box T3
75p
Box T4
90p

77 BOX/MB4 £4.96
£3.78

£3.20

207
£8.50
£4.75
£8.50
£7.75
£7.75
£5.00

213 57  BOX/MB6
of these bits was £4.20 each!l. They really are the

highest quality. ORDER CODE: SO/610

£3_50 per pack of 10 Buy 10 packs for oniy £30

174 80 BOX/MB7

147 47 BOX/MB8 £2.15
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Constructional Project

PERSONAL
STEREO
AMPLIFIER

. A. DUNCOMBE

A versatile, low cost, add-on stereo
amplifier (approx. one watt] for your

personal stereo.

Let your friends hear your “top ten” to.

cellent for the purpose they were

designed, i.e. personal listening. If a
wider listening audience is envisaged, then
the output power is hardly adequate for the
purpose.

This unit may be used directly from the
mains supply or, as will probably be the
case, from the personal stereo’s own a.c./d.c.
adapter. The output power has been chosen
to be deliberately small for two reasons:

Cost — It is hardly worthwhile designing
a larger more powerful amplifier as they al-
ready exist in the form of the home music
centre etc.

Flexibility — The amplifier will work into
a variety of loudspeaker impedances, and
accept a wide range of inputs. Finally the
amplifier may be varied to suit the users’
individual requirements and pocket!

CIRCUIT
DESCRIPTION

The complete circuit diagram for the
audio stages of the Personal Stereo
Amplifier is shown in Fig. 1. It is based
upon the very popular audio amplifier i.c.,
the TBA820. This is capable of delivering a
maximum of 1-6W, although in this design
it is slightly lower than this.

The incoming stereo signal is applied, via
plug PLI, to the individual volume con-
trols VR1/VR10! and hence to the input,
pin 3 of ICI (left) and ICI01 (right chan-
nel). Resistor R1, (the remainder of the
description applies equally to the right
hand channel - prefixed with one hundred),
sets the input impedance and R2 the gain.
The open loop gain is 70dB but is reduced
substantially in this design.

Capacitor C4 provides for ripple rejec-
tion of the power supply. Capacitor C6
provides for a degree of “bootstrap”
feedback and C5 adjusts the frequency
response. Components R4 and C7 form a
Zobel network.

The output signal is passed to the
speaker via the electrolytic capacitor

P ERSONAL stereos (Walkmansy are ex-

720

C8. This is a non-standard value and
some constructors might wish to insert a
470 type. This will not affect the
performance.

No tone controls are provided as it is as-
sumed that the personal stereo will already
possess these, even if it is in the form of a
simple tone control rather than combined
bass/treble controls.

POWER SUPPLY

The power supply (Fig. 1a) is a conven-
tional full-wave one and consists of a 6VA
transformer T1, ““bridge” diodes DI to D4
and smoothing capacitor C10 and provides
a basic 14V to the main amplifier. The volt-
age regulator IC2, enables a variable stabi-
lised voltage to be produced, which can be
used t0 power most personal stereos.

The output voltage from 1C2 may be
varied, using preset-potentiometer VR2.
from SV (the regulator voltage) up to
around 12V, thus making it fairly universal
for most applications. A changeover switch
S3 is provided to change the polarity of the
d.c. applied to the personal stereo’s d.c.
input.

Fig. 1. Full circuit diagram of the audio section of the Personal Stereo Amplifier.
The “preset’ power supply circuit is shown opposite, output voltage is set by VRZ.

—C 4V

C1
47y
PLI o ov
A o
INPUT
—0+V
VR101

L
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Socket SK2 allows for the user to use an
already existing a.c.-d.c. adapter instead of
the internal mains supply. A changeover
switch is not necessary here as the bridge
rectifier formed by D1 to D4 protects the
circuit from any reverse voltages.

DESIGN OPTIONS

One or two features of the present design
could be omitted or changed if desired. For
example, the internal mains supply could
be omitted — saving the cost of the trans-
former and associated components — and
utilising the existing a.c./d.c. adapter. Note
that the main amplifier will work off a
variety of voltages and does not need the
voltage to be especially stable.

The design used two separate volume
controls as this is the writers’ preference
although it is probably more convenient
to use a “ganged” stereo variable poten-
tiometer. Note that whichever method is
used. the control(s) must be of LOG law
type.

A bridge rectifier in a single encapsula-
tion could be substituted for the four
separate diodes if this is more convenient.
The author also preferred push switches for
S1 and S2. (mainly because these were
already to hand!) as they look more attrac-
tive than toggle switches. The constructor
may wish to change these. in which case the
mains neon could be omitted as the toggle

switch will show if the unit is switched on
or off.

The Mono/Stereo switch could also be
omitted as most cassette tapes and radio
programmes are in stereo, but was con-
sidered to be useful for a.m. medium wave
broadcasts.

CONSTRUCTION

The amplifier is built on a single-sided
printed circuit board (p.c.b.), the topside
component layout and full size underside
copper foil master pattern being shown in
Fig. 2. This board is available from the EE
PCB Service, code EE808.

Some readers may note that the p.c.b.
is reasonably spacious. not using in its
construction any vertical mounting com-
ponents (except the regulator). This allows
a degree of flexibility in the size of com-
ponents, particularly that of the capacitors.
If desired (not part of the PCB Service) the
p.c.b. could be scaled down to fit whatever
case you may have.

If desired the circuit could also be con-
structed on plain perforated board fol-
lowing a similar layout as in the p.c.b.
design. Stripboard is NOT recommended
due to the capacitive effects of the un-
wanted tracks.

Before continuing with construction
decide carefully on the options described
earlier and vary the construction as you go.
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D.C o —e % N
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COMPONENTS

Resistors See
:;: :;’01 10k (2 off) gH@P
R102 470 (3 Off) TALK

R3, R103 56 (2 off)
R4, R104 1 (2 off)
All 0-:25W 5% carbon film

Page

Potentiometers
VR1, VR101 °"4k7 min. rotary carbon,

log (2 off)

VR2 1k horizontal p.c.b.

mounting preset, lin.
Capacitors

C1,C101 474 axial elect., 25V
(2 off)

C2,C3,C4,

C6, C102,

C103, C104,

C106 100u axial elect. 25V
(8 off)

C5,C105  120p polystyrene (2 off)

C7,C107  220n polyester (2 off)

C8,C108  "330p axial elect, 25V
(2 off)

C9,C12 100n polyester (2 off)

C10 2200y axial elect, 25V

c1n 330n polyester

Semiconductors
D1, D2,D3,
D4 *1N4002 1A 100V

rectifier (4 off)

IC1,1C101 TBA820M audio
amplifier (2 off)

IC2 7805 5V 1A positive
regulator

Miscellaneous

PL1 *Stereo jack plug 2-1mm
or2:5mm
PL2 *Mono line jack socket

2:-1mm or 2-:5mm
SK1, SK101 joudspeaker chassis
socket (2 off)

SK2 *Chassis mounting jack
socket 2-1mm or
2-5mm

S1, 82 *Single pole push or
toggle switch

S3 Standard d.p.d.t. slide
switch

LP1 Mains neon 240V

T Mains 6VA transformer,

mains primary; two
secondaries 0-9V at
300mA or one
secondary 0-9V at
600mA
Printed circuit board available from EE
PC8 Service, code EE808; metal case,
leather-grain finish, size 200mm x
125mm x 50mm; two control knobs;
8-pin d.il. socket (2 off); stereo
screened cable; mono screened cable;
3-core mains cable; connecting wire;
solder; hardware etc.
Items marked ° - See text

G' T0 @

SK101
04——@

R102
+

R101

10
T0 SK1
VR10 1 1

-

02& 3
+
. h *
c103 ¥ s
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| C106 c104
€105 R10&
® C107 o) ci10

R3 0UT COM. IN

Approx cost
guidance only
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First though, examine your personal stereo
and ascertain the diameter of the d.c. input
socket and the headphone output socket.
They will either be 2:lmm or 2-5mm,
choose the correct type and fit them where
shown.

The recommended layouts of the front
and rear panels are shown in Fig. 3 and
could, of course, be varied as desired. it is
important though to use a metal case to
provide a certain amount of screening.

INTERWIRING

The final wiring details are shown in
Fig. 4. Check carefully the connections to
the transformer as those shown may not
correspond exactly to the type you are
using. It is most important to insulate ALL
mains wiring using either sleeving or insulat-
ing tape.

It is very important that the pc.b.
“earth” be connected to the metal case
chassis, by means of a solder tag under
the transformer mounting. Also, if you
are using the mains supply connect the
Earth lead of the mains input to a similar
tag.

Remember to use screened cable when
wiring from the potentiometer(s) to the
p.c.b. and input plug to the poten-
tiometers. The left-hand channel is nor-
mally the *“tip” connection on the jack
plug, but do check first.

If you are going to use the amplifier
with just one type of stereo, then switch
S3 may be omitted and the d.c. out-
put cable can be connected permanently

Fig. 2. The printed circuit board component layout (above left) and the full size
underside copper foil master pattern (above).

Fig. 3. (bottom left). Suggested front and rear panel component layout. in whatever polarity is required. Use
Fig. 4. Interwiring details from the circuit board and front and rear panel mounted ~ screened cable for this.
components. Layout of components inside the completed unit is shown in the Some readers may note the lack of

photograph left centre. heatsinking on the amplifier ics. and
! regulator. In the prototype version this was

not a problem, although the regulator did
operate slightly warm.
- If needed then small squares of
R = aluminium may be Superglued to the
' o o SCN amplifier i.c.s and bolted to the regulator.
a\[ b No more than one square centimetre will
@ D be needed for the i.c.s, and perhaps slightly
S e 13 10 larger for the regulator.

| RS € Finally, remember to fit a 3A fuse in the

i i mains plug, as the unit is not itself fused.

INUSE

Using the Personal Stereo Amplifier is
quite straightforward. Simply plug the
“A.F. In.” lead into the Headphone output
socket of the personal stereo, and the
“D.C. Out.” lead into the D.C. In socket of
the stereo. If you are not using the internal
mains supply then you will need to plug the
stereo’s a.c./d.c. adapter into the “*DC In”
socket on the amplifier.

Remember to adjust preset VR2 for the

voltage required for the type of personal
stereo you are using. Set the volume con-
trol of the stereo to three-quarters of thaxi-
mum output — absolutely no more - if
you do so distortion will be introduced
and will overload the amplifier. It will be
wise to experiment with the setting of the
stereo’s volume control to achieve a correct
balance.
B ON NO ACCOUNT connect the output
from the amplifier to headphones of any
type. Even with just over one watt output
damage to the ears could result.

Remember that resistor R2 sets the gain,
the smaller the value the larger the gain and

hence larger the output. Conversely, in-
‘ creasing the value reduces the output and
égi’ELLEE‘NED this may be a consideration if the output of

A

\\
Y

—

—

the personal stereo overloads the amplifier
Lt Peet = - e = - even if the volume is well turned down. [}
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SHOP

Mini Lab

Itis important when buying components
for the Teach-In 93 series Mini Lab
project that the items will fit on the p.c.b.
and are suitable for use with the series.
These restraints mean that a number of
components must be of the correct type
and manufacture and therefore we have
provided the following detailed informa-
tion.

The variable resistors are PIHER fully
enclosed types with the optional clip-
on thumbwheel, available in various
colours, these come from Cricklewood
Electronics. Toggle switches are from the
C&K Z101 range available from Farnell,
148-705, or Maplin, FHOOA. Although
designed for panel mounting, they fit the
p.c.b. without adpation.

The current rating is important because
this switch later turns the 5V rail on/off,
and 1A+ rating is required. Other types
either will not fit the p.c.b. or have low
ratings. ElectroValue also sell C&K toggle
switches but they haven’t been tried. We
think they will also fit.

The push switches are from the MEC
range available from Farnell as follows (a
limited range is listed by Maplin - part
no's. in brackets): switch body 148-464
(FP51F); red bezel 148-474 (FP53H -
black); buttons engraved 1, 2 or 3 149-
245/6/7/ (UHS58N red unengraved).

It is important that the correct turned-
pin s.i.l. sockets are used. We recommend
beginning with two 32-way strips:; Farnell
170-715 or Cricklewood Electronics also
supply. The RS 402-642 (available from
Electromail —~ see note below) is the more
expensive wire-wrap version. These are
repeatedly used in future parts, so buy in a
small stock. No other types are suitable.

The buzzer or audible warning device is
the RS 245-017 only. Very cheap, others
won't fit the board. Otherwise, stick a wire-
ended type onto the board and solder the
leads to the p.c.b.

Relay, recommended RS 346-637 or
Farnell 103-080. Again very cheap. 6V
0.1A M.E.S. bulb and holders, the p.c.b.
was designed to fit the Maplin JX87U. The
6V 0.6W M.E.S. bulbs are commonplace.

P.C.B. mounting “Jacks”, Farnell 149-
318/8 or RS 434-712 will fit directly.
Farnell 149-319 is recommended because
it's gold plated. P.C.B. 0.5in. insulated
shorting link plug, Farnell 149-315/6/7
(black/red/blue) is the only source we
know for this part. The RS version won't
fit. These components are used in future
projects as on-board selector switches for
frequency, l.e.d. voltmeter f.s.d. selection,
etc.; in total the Mini Lab needs 17 “jacks”
and four shorting plugs.
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P.C.B. mounted “pluggable’ screw ter-
minals, The Pluggable types permit the
terminal blocks to be unhooked without
having to screw/unscrew terminals, thus
reducing strain on the p.c.b. track. The
screw terminal mates with a board-
mounted pin header. Extremely convenient
to use. RS 426-142 (2-way) and 426-143
(4-way) plus 24-way pin header 426-165.

Trouble is, RS only sell in packs of
five. Therefore, choose the identical Farnell
105-499 (2-way), 162-007 (4-way) and
one pack of 25 loose pins 105-503, all
available singly. Alternatively, use normal
screw terminal blocks but you need a
screwdriver to unhook wires all the time.

Breadboard (solderless prototyping
board) - Veroblock; check the prices
carefully before buying! Maplin YL11M;
Greenweld Hobbiblock looks suspiciously
similar; ElectroValue or Cirkit Hobby Bloc.

P.C.B. mounting pillars and screws:
20mm length or more. Fully insulated nylon
types are O.K. — they are needed to keep the
p.c.b. clear of any working surfaces where
the tracks might be shorted out.

In later parts, a loudspeaker is mounted
under the board so it has to be stood off
anyway. The central stand-offs also impart
mechanical strength to the board and stop
it from flexing when you press down on it.

Interconnecting wire — single core insu-
lated 1/0.6mm (0.28mm?2) as required. This
gauge has been proven to work with the
turned-pin sockets to provide a quick and
reliable means of connection.

All RS items are available
to anyone with an RS ac-
count directly from RS Com-
ponents or via mail order
from Electromail, PO Box
33, Corby, Northants NN17
SWZ (e 0536 204555)
(many schools and colleges
keep either an RS or an

Electromail catalogue) Farnel!
Electronic Components are
at Canal Road, Leeds, West
Yorkshire LS12 2TU. Please note
that Farnelt have a minimum order charge
of £6 and post and packing charges are
applied by all the companies.

Both Cricklewood and Maplin are
advertising in this issue. Electrovalue are
at 28 St. Judes Road, Englefield Green,
Egham, Surrey TW20 OHB. (4 0784
433603). The Greenweld catalogue sup-
plied free with this issue should also prove
very helpful.

The Mini Lab p.c.b. is only available
through the EPE PCB Service see page
754,. Please remember that in considera-
tion of the effort by both Authors which
went into the Mini Lab design, the copper
track layout remains Copyright Dytronics
1992

We think the design of the Mini Lab is
the most ambitious and versatile educa-
tional system undertaken in recent years by
any magazine, and will be a credit to Every-
day with Practical Electronics: we're jus-
tifiably proud of the system and hope it will
capture the imagination of young readers
and more mature students alike.

Since it contains everything needed for
even quite advanced circuit development,
the convenience of the Mini Lab might
even appeal to experienced electronics
technicians and enthusiasts.

EPE Altimet

The special pressure transducer type
MPX100 called for in the ££€ A/timet project
comes in two versions, plastic cased and
uncased.

Either type can be used, but it is
preferable to use the cased version and this
one carries the type prefix MPX100AP. The
MPX100AP version is stocked by Maplin,
code UH37S

The uncased one is marked MPX100A
and if this is to be used it must be in-
sulated from the p.c.b. copper tracks. If
any readers have difficulty in locating the
voltage converter, ICL7660, or the display
driver, ICL7106, they are listed by View-
com and Electromail. The handheld
case is also listed by Electromail (507-983)
but it can now be obtained from most of
our components advertisers.

The altimeter printed circuit board is availe
able from the EPE PCB Service, code 807.

Personal Stereo Amplifier

We do not expect too many problems
when shopping around for parts for the
Personal Stereo Amplifier.  The plugs and
sockets used in the model were purchased
from Cricklewood but they also appear in
many of our advertisers listings. When order-
ing the volume control potentiometer, be
sure to ask for a “Log"’ type.

The TBA820M 2W power amp i.c. seems
to be fairly widely stocked and most sup-
pliers should also be able to offer a suitable
6VA mains transformer. The ones used in the
prototype came from Maplin.

The woodgrain finish aluminum case used
in the model no longer seems to be in
existance. However, one of the “leather-
grain”, p.v.c. covered aluminium boxes from
Marco Trading (W 0939 232763) seem
ideally suited for this unit: Marco code
Box/J9. You could opt for the “black”
vinyl-cover type, available generally.

Vibration Alarm

Some readers may experience local dif-
ficulties sourcing the p.c.b. mounting choke
for the Vibration Alarm. Looking through
the Circkit (M 0992 44441717) catalogue,
their range of inductors, including chokes, is
probably one of the largest in our market
today and one of their RB series should fit
the bill,

Although the photograph of the prototype
model shows the use of a toggle switch,
the slider version seemed to be more readily
available and was used in the final version,
hence its inclusion on the working diagram.
It may seem strange to include the switch in
the battery negative lead, but it ensures that
capacitor C2 in fully discharged each time
the unit is switched off.

Reaction Timer

We cannot see that there will be any com-
ponent buying problems for those wishing
to build the Reaction Timer project.

Be sure to make it clear that you re-
quire “Jow current’ types when ordering the
l.e.d.s. The multi-colour ribbon cable is now
stocked by nearly all component advertisers.

Battery/Mains Inverter -
Daughter Board

This time around, the i.c. used in the
Battery/Mains Inverter - Daughter Board are
from the ever popular 4000 series of i.c.s. and
should be widely stocked. They are certainly
listed in the current Viewcom (g 087
471 9338) advertisement and in the latest
Greenweld, Cricklewood and Maplin
catalogues.

The small printed circuit board is available
from the £€ PCB Service. code EES09.

As a footnote and at the time of going to
press, we understand that although the
original M706B1 50Hz timebase i.c. is
still being listed in the very latest Maplin
catalogue they are only carrying stocks in
the region of "tens” not hundreds; their
quotel

PLEASE TAKE NOTE
Quicktest (Sept '92)
The op.amp (IC2) used in the Quicktest
project is, of course, the ubiquitous 747.
Quite how the error escaped three
checks we do not know, but please be
assured we do try very hard.
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EASY-PC PCB and Circuit Diagram CAD

Forget using tapes and lightbox! Create your
Circuit Boards using CAD - like the professionals.

eDesign Schematics .
Single and Double
sided and Multilayer
boards including
Surface Mount.

eStandard output
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eRuns on PC/XT/AT etc. || & g5 ' ‘w150
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and many DOS
emulations. o
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includes Dot Matrix /
Laser / Inkjet Printer,
Pen Plotter,
Photo-plotter and N.C.
Drill.

eExtremely powerful.

eVery easy to use.

EASY-PC

Technical support
is free, for life!

£98.00!

Plus P&AP +VAT

Over 13,000 Installations in 70 Countries Worldwide!

Options:-500 piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

DIGITAL ANALOGUE SMITH CHART CAD
SIMULATION  £195 SIMULATION  £195 £195
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e At last! A full featured Digital
Circuit Simulator for less than
£1000!

e PULSAR allows you to test your
designs without the need for
expensive test equipment.

eCatch glitches down to a pico
second per week!

eincludes 4000 Series CMOS
and 74LS Libraries. 74HC/HCT
libraries only £48.00 each.

oRuns on PC/XT/AT/286/386/486
with EGA or VGA.

e NEW powerful ANALYSER Il has
full graphical output.

eHandles R’s,L’s,C’s, Bipolar
Transistors, FET's, OP-amp’s,
Tapped and Untapped
Transformers, and Microstrip
and Co-axial Transmission Lines.

ePlots Input / Output Impedance,
Gain, Phase & Group Delay.

eCovers 0.001 Hz to > 10GHz

eFor PC/XT/AT/286/386/486 with
EGA or VGA.

e Very fast computation.

eZ-MATCH Il simplifies RF
matching and includes many
more features than the standard
Smith Chart.

eHandles transmission line
transformers, stubs, discrete
components, S Parameters etc.

e Supplied with many worked
examples.

eSuperbly easy to learn and use.

eRuns on IBM PC/XT/AT/386/486,
CGA,EGA,VGA.

eldeal for Education and Industry.

For full information, Write, Phone or Fax:-

Number One Systems Ltd.

o TECHNICAL SUPPORT FREE FOR LIFE!
e PROGRAMS NOT COPY PROTECTED.
eSPECIAL PRICES FOR EDUCATION.

REF: EVD, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PE17 4WR.
Telephone: 0480 61778 (7 lines) Fax: 0480 494042
International: + 44 -480-61778, Fax: + 44-480-494042 ACCESS, AMEX, MASTERCARD, VISA Welcome.
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Teach-In '93

with Alan Winstanley

and Keith Dye B.Eng(Tech)AMIEE

Part 1

Teach In ’93 continues a tradition of offering 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 to give the student a solid
foundation before proceeding onto further topics.

the various GCSE Electronics Syllabuses, which them:-

selves comply with the National Criteria for Science,
no attempt is made to explain the “physics” behind any
electronic components. Instead, we are much more inter-
ested in what they look like and how to use them, rather
than what makes them work in the way they do. Many
text books on electronics start with the very dry theory
of atoms, electrons and semiconductor physics, much of
which in our opinion may deter the less able candidate:

IN ACCORDANCE with the recommendations contained in

apart from being of academic interest only, it can also be a
bit boring!

We invited a highly-qualified and experienced Moderator
and GCE A Level Examiner to join us and the text incor-
porates his very valuable suggestions to enable Teach /n
to have maximum appeal to those candidates undertaking
GCSE or GCE examinations and coursework. Teach /In we
hope will also appeal to the experienced Everyday with
Practical Electronics reader who might like to brush up
on his or her theory.

INTRODUCING THE

MINILAB

As a means of helping to demonstrate
various topics, the authors have designed a
unique electronics “Mini Lab” which should
be of great assistance to the novice or stu-
dent following the series. Once the series
has been completed, the Mini Lab will be of
on-going use to help readers develop ideas
of their own, no doubt utilising many prin-
ciples gleaned from Teach In.

The Mini Lab consists of a single printed
circuit board (p.c.b)) which is divided into
various areas. As we proceed through the
Teach In course, the areas will gradually fill
with a variety of interesting and economi-
cal circuits which demonstrates a topic and
forms a useful piece of equipment to aid the
student.

Although it is necessary to solder com:-
ponents to the board, the use of a p.cb.
helps to ensure a high success rate for can-
didates, with less chance of any disappoint-
ing failures. The component count is spread
over many months, and the use of plastic
boxes and enclosures is avoided, helping to
keep construction costs down. A solderless
plug-in prototyping board is incorporated
which is regularly used to connect up re-
usable electronic components to form a cir-
cuit.

The Mini Lab develops from basic
principles, working all the way through
from switches, batteries and bulbs to a
microprocessor development system - the
“Micro Lab"” — which Is connected to the Mini
Lab through an expansion unit. Construc-
tional details relating to the Mini and Micro
Labs are given separately, as and when
required.
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BREADBOARD

We'll shortly be using the plug-in “bread-
board” area of the Mini Lab. This is essen-
tially a set of spring contacts interconnected
to form a pattern of conducting rows. You
can simply push components into them and
connect parts together, without the need
for soldering. Obviously you can remove
and re-.use the parts too. The breadboard

we have chosen is the popular “Veroblock”
type, and several blocks can be joined to-
gether to form larger units for more am-
bitious designs.

Take care of your new breadboard: the
wires of components should slide in and out
easily. Don't force unduly large wires into the
socket strips, and avoid bent or deformed
wire ends which might damage individual

The complete Mini Lab which is used for the tests and experiments in Teach-In.
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NEW SYMBOLS

= CELL
'T:

FILAMENT
LAMP

1
. CURRENT

FLOW

Fig. 1.1(a). Basic electrical circuit.

sockets. A pair of fine-nose pliers might help
when inserting or removing wires. Used with
care, your breadboard will last many years. In
the meantime, welcome aboard to Teach In!

Our analysis of electricity starts with some
simple battery and bulb experiments, and
the Mini Lab is immediately pressed into
service to help demonstrate a few basic prin-
ciples. We won't let you proceed until the
foundations are firmly laid!

ELECTRICITY -

WHAT IS IT?

For the first two parts of Teach /n the
Mini Lab is operated by a battery at a safe
low voltage. Later, as the Mini Lab grows, a
mains power supply is described which you
will be able to build with complete con-
fidence. Take a look at Fig. 1.1(a), which
shows a very simple electrical circuit consist-
ing of nothing more than four 1.5 VOLT (V)
("dry cells”, labelled B1 to B4, and a bulb

LP1).

Don't worry too much about any symbols
which may be unfamiliar, because soon you
will be able to read a circuit diagram as
easily as reading this text (we hope!). We will
always introduce new symbols by highlight-
ing them separately next to the circuit dia-
gram. The symbols which you see represent
the cells and bulb: B1 to B4 are four 1.5V
cells, and the circle with a cross is a simple
indicator bulb, like a torch bulb.

All four cells are connected together one

after the other to make a six volt battery — -

just like you might need in a radio or cas-
sette recorder for example. It's important
that they are all connected the right way
round with respect to each other or the
circuit simply won’t work.

As you will doubtiess know, cells have
two terminals marked "+ " and “~" and the
negative terminal of one is connected to the
positive of the next The diagram shows
you which terminal is which. Often designers
don't bother showing all four cells in the
circuit diagram, just the “first” and “last”.

The bulb is labelled "LP1” for “Lamp 1"
and the supplier’s catalogue says that it's
rated at “6V 100mA”. What do these ratings
mean? To find out, let's build the circuit
shown in Fig. 1.1(a).

BATTERY PACK

As we have said in the initial stages of this
series, your Mini Lab is powered by an exter-
nal battery pack. In Part Three it becomes
mains-operated via a versatile power supply
unit. For now, you must select the “EXT
BATT" option as your source of power by
inserting a selector shorting plug between
the appropriate sockets of the “Power Sup-
ply” section: this is clearly marked on the
board. You must do this, otherwise your
battery pack will remain disconnected.

An on-off switch is also fitted to the Mini
Lab, so that you can easily tum the 6V bat-
tery supply on or off when required. It's best
to switch off before making any modifica-
tions to your experiment.

(14
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BATTERY PACK
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Fig. 1.1(b). The electrical circuit built on
the Mini Lab. The 6V Battery Pack is
connected externally by screw terminals.
Use the ON/OFF switch as needed, and
ensure the “EXT BATT” option is
selected with a shorting plug. See the Mini
Lab constructional details. The “6V
ON/OFF" switch is not shown in any
demonstration circuit diagrams.

Refer to the constructional detaiis of the
Mini Lab which describes the assembly and
connection of the 6V battery pack. The
positive and negative terminals of the 6V
supply are available on distribution socket
strips mounted on the Mini Lab board, and
you can now build the circuit as shown in
Fig. 1.1(b). Insert solid-core jumper wires as
shown, to connect the battery to either one
of the filament indicators clearly marked on
your board.

The bulb should illuminate. (if not, check
the bulb is screwed fully home, and the cells
are the right way round.) So far so good!
What is happening is that electric current is
flowing out of the positive terminal of the 6
volt battery pack, through the buib which
lights up, and back into the negative ter-
minal. (Take care not to “short out” the
battery or a very high current will flow, which
could ultimately damage it) So what's the
difference between voltage and current?

VOLTAGE

Batteries are a source of electrical energy.
We call this the “electromotive force” or
e.m.f. for short. The energy is still there in the
battery even if you disconnect it from the
circuit (unless the battery is flat).

Across the terminals of each individual
1.5V cell exists a potential difference of 1.5
volts. Fitting B1 to B4 together in the holder
connects the cells in series to make an
overall potential difference of 6 volts. So a
potential difference (p.d.) can exist between
two points in a circuit, compared with an
electric current which flows through the cir-
cuit. This is the most fundamental of all rules
in electronics.

Strictly speaking it's wrong to talk of “ +6
volts and —6 volts” because this implies that
the p.d. is actually 12 volts. More accurately
we should say “+6 wvolts with reference to
0V”, the p.d. is then 6 volts. This becomes
important when we talk later about split
power rails, which have both positive and
negative voltage s ipplies with reference to
ov.

If no p.d. exists between two points, then
no electromotive force is present and sc: no
current can flow if you try to make a circuit
A voltage needs to exist before current can
flow, and the current always flows from the
higher voltage (the most positive one) to the
lower voltage (the least positive/ most nega-
tive one) in the circuit.

Because the current only flows one way
in this instance, it's called direct current
or “dc.” for short. In other areas of elec-
tronics, we will be looking at currents which
flow forwards then backwards — alternat-
ing current or “a.c.” for short You might
see “240V ac.” marked on an electrical
appliance designed to be plugged into the
mains. When you're dealing with batteries,
the voltages are always understood to be
dc.

CURRENT

The electric current which flows through
the circuit is actually 2 measure of the rate
of flow of electric charge past any given
Polnt. Electric charge is the fundamental
‘raw material” of electric current, which in
simple terms consists of nothing more than
a flow of electrons. More electric charge on

The mains supply unit (detailed in a later issue) and battery pack used with the Mini Lab.
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the move implies a greater rate of flowing
electrons - this means that a “faster” or
higher current is flowing.

By convention it's easiest to think of cur-
rent flowing from the most positive to the
most negative potential: this theory dates
back to the days of the earliest discoveries of
the principles of electricity. The trouble is, we
now know that the theory isn't true!
electrons have a negative charge and are
attracted to a more positive charge (just like
dissimilar poles of a magnet are attracted to
each other), so in real life electrons actually
flow from the most negative to the most
positive potential and not the other way
round.

There’s no need to worry: mercifully every-
one still talks in conventional current terms,
where current is deemed to flow from posi-
tive to negative potentials. This doesn'’t affect
circuit design or our understanding of elec-
tronics whatsoever. Those studying atomic
physics, for instance, might talk in terms of
what's happening in real life at sub-atomic
level - but in electronics, we don't need to.

Some substances are very good at letting
current flow through them. Copper is com-
monly used as the conductor in electric
wire because it lets current flow through it
extremely easily ~ it has plenty of loose
electrons available which can cany iots of
electric current Other conductors indude
aluminium, steel, lead, gold, silver and tin.
Gold is a particularly useful element which is
often used to plate electrical contacts, so that
they don't corode with age and become
unreliable.

INSULATORS

An insulator contains hardly any free
electrons and so is very poor at letting current
flow. For example, an electrical cable
supplying your TV will have copper cores
camying “live” electric cumrent, each core
being insulated with a plastic such as PV.C.
The insulator will not allow current to flow
through, so it protects you from electric
shock. Other examples of insulators are glass,
wood, ceramic and rubber.

Current is given the symbol | and is
measured in Amperes, or often “Amps” (A)
for short. Voitage is given the symbol V and,
not surprisingly, is measured in Volts.

Sometimes the units of volts and amperes
can be too large to be of use in electronics.
Designers often have to use prefixes when
talking about volts and amps to make them
more manageable units. Common prefixes
which we will use a lot when describing cur-
rent and voltage are:-

SYMBOL PREFIX FRACTION

m milli 1/1000

m micro 1/1000,000
Example:

ImV= 1 millivolt=0.001 volts.
s0 100mV = 100 millivoits = 0.1 volts.

1 pA=1 microamp = 0.000001 amps.

To answer our question posed earlier, LP1

is rated at'6V (the bulb’s maximum reli-
able operating voltage), at which voitage a
current of 100mA (0.1 amperes) will flow
through the bulb. We'll talk about milliamps,
microamps, and also millivolts, as necessary
from now on - it saves having to write lots of
zeros. There are other prefixes which we use
in other areas of electronics, which we'll
introduce when appropriate.

SWITCHES
On its own, our circuit of Fig. 1.1(a) isn't
much practical use (except as a torchi) but
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NORMALLY OPEN
PUSH SWITCH

LP1
6V 100mA

NEW SYMBOLS
—olo—
NORMALLY
- CLOSED

S
LP1 PUSH SWITCH
6V
100ma

Fig. 1.3(a). Circuit with normally-closed
switch

NORMALLY OPEN
PUSH SWITCH
(81}

FILAMENT
INDICATOR

P}

ov +6v

NDRMALLY CLOSED
PUSH SWITCH

FILAMENT 1s1)

INDICATOR
(LP1}

Q)

Fig. 1.2(b). Interwiring diagram — be sure
to use the correct pins of the switch.

we can add some useful functions if we
introduce some switches. The simplest of
all switches is a basic push switch, see Fig.
1.2(a), which also shows the circuit sym-
bol for this component (S1). This can be
demonstrated with the Mini Lab as shown in
Fig. 1.2(b), which places a normally-open
(n.0) push switch in series with LP1. Press-
ing S1 completes the circuit and the bulb
lights — releasing it extinguishes the bulb.

A reverse effect can be achieved with a
normally-closed (n.c.) switch, as shown in the
circuit diagram of Fig. 1.3(a), which is wired
up on the Mini Lab as shown in Fig. 1.3(b).
Make sure you connect to the correct socket
strips adjacent to the switch,

Here, pressing the switch actually breaks
the dircuit, interrupting the supply to the
bulb. Releasing it restores power once more.
Normally-closed circuits like this are used a
lot in burglar alarms, for instance, where
deliberately cutting a security wire or releas-
ing a n.c. switch causes an alarm to sound.

Fig. 1.3(b). Using the normally-closed
contacts of a push switch.

Toggle switches are very widely used on
equipment as on-off or control switches, and
their circuit schematic symbol is shown in
Fig. 1.4(a). S1 is a “changeover" toggle
switch which can be switched between two
circuits. Here, the two circuits are LP1 and a
buzzer (audible waming device) labelled
WD1. The moving contact (or “wiper”) of S1
can be moved by operating the toggle (or
“tang”) between two positions.

Build this circuit on your Mini Lab by refer-
ring to Fig. 1.4(b), and compare your wiring
with the circuit diagram so that you can see
how we wired the circuit up. Now by operat-
ing S1, you can apply power alternately be-
tween the Mini Lab buzzer and the bulb. This
type of switch is known as a single pole
double throw switch or s.p.d.t. for short.

An interesting variation of this circuit is
shown in Fig. 1.5(a) which utilises two s.p.d.t
toggle switches and a bulb. Connect up
this circuit on your Mini Lab as shown in
Fig. 1.5(b). What happens every time you

RESISTOR COLOUR CODE

Most resistors you see have four
coloured stripes to indicate their resis-
tance and tolerance. How do you know
which way round to read the resistor?
The gold or silver stripe features last in the
code.

COLOUR NUMERAL MULTIPUER

TOLERANCE

ist& 2nd %
Black 0 x IR
Brown 1 x 10R
Red 2 x 100R
Orange 3 x 1k
Yellow 4 x 10k
Green S x 100k
Blue 6 x1M
Violet 7 x 10M
Grey 8
White 9
Gold 5%
Silver 10%

EXAMPLES

Red/Red/Red/Gold =
2 2 x 100R = 2,200 ohms or 2k2 5%
Yellow/Violet/Orange/Gold =
47x1k=47k 5%
Grey/Red/Green/Silver =
8 2 x 100k = 8,200,000 ohms
or 8M2 10%

We nervously offer the following
mnemonic which might heip you to
remember the order of the colours: “Bad
Boys Rape Our Young Girls But Violet

Gives Willingly”! (Dont blame the
authors.)

Ist [Muttipiier]

|2nd % Tolerance |
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NEW SYMBOLS

_/"— SINGLE POLE
DOUBLE THROW

*I | O " SWITCH
- +
1 -
B~ B4 WARNING
LX1-5V LP1 g DEVICE
H 6V = (BUZZER)
I 100mA  wDt
= WIRE JOINT
('SOLDER BLOB

| e g | g

S1
[}

Fig. 1.4(a). Introducing a changeover
switch to control a buzzer and bulb.

ov +6V
S.P.D.T. E
TOGGLE
SWITCH
{51}

wD1

Fravent [@]@F— L____EFT]
INDICATOR

[LP1]

Fig. 1.4(b). Connecting diagram for a
changeover circuit. The buzzer must be
correctly polarised or it won't work. Use
S$1 to switch between the buzzer and bulb.

S1 S2
4.]

-
81-8s | LP1
LX1-5V | 6V
] 100mA
e

_'r

Fig. 1.5(a). Electrician’s staircase lighting
circuit,

S.P.O.T

TOGGLE S.P.OT.

SWITCH TOGGLE SWITCH
152} {s1)

o) &P

FILAMENT @E

INDICATOR
(LP1})

Fig. 1.5(b). Using both s.p.d.t. toggle
switches to control alamp.

operate a switch? You might find this sort of
circuit in everyday use as a lighting circuit in
a house — switches at the top and bottom of
a staircase can control the light at the top of
the stairs.

There are many other types of switches
available. Some types have two wipers, and
can switch two completely separate circuits
at the same time. These double pole (d.p.)
switches, and some more switches besides,

An analogue multimeter.

A digital multimeter.

USING YOUR MULTIMETER

Multimeters are available In two types:
anaftogue which uses a standard moving-
coll meter movement, and digital which
is much easier to read and generally
more precise. They can measure cufrent,
voltage and resistance. Some can also
measure other additional parameters like
frequency or capacitance or even test
transistors.

Muttimeters, especially moving-coil
types, are not perfect. When used to
measure voltages, meters “look like”
resistors in a circuit and can affect the
circuit under test {see “Potential Dividers”
for an explanation of loading effects).
Typically, an analogue meter will be
described as “20,000 o.p.v.” {ohms per
volt}, which means that on, say, a 2V d.c.
range, the meter acts like a 40k resistor.
The higher the o.p.v. specification, the
more accurate your voltage readings will
be. In GCSE Electronics, “perfect” meters
are atways assumed so you need not
worry about accuracy.

VOLTAGE MEASUREMENTS

When reading voftages, you need to
make sure that your multimeter doesn't
load your test circuit too much or you will
obtain misieading results. Try to use a
voltmeter on the. highest range setting
possible, so that the resistance of the
meter Is as large as practical. However, it's
pointless trying to read a voitage of
S00mV on a 50V fs.d. {full scale deflec-
tion} scale, so you will have to com-
promise somewhere.

Voltmeters are of course used to
measure potential differences across com-
ponents such as resistors. it's wise to
ensure that the resistance of your
voltmeter [calculated from its o.p.v. rating)
is at least ten times greater than any
resistor across which you are measuring a
voltage - see the “Ten Per Cent Rule”.
This way, you will not load the circuit
excessively and will obtain acceptable
accuracy.

CURRENT MEASUREMENT

Current flows from the most positive
potential to the most negative, so con-
nect the positive and negative test leads

from your meter the right way round - see

the section on “Resistance and Ohm’s
Law” where we measure current through
a resistor.

Always de-energise the circuit first, then
insert the ammeter before powering up
again. Start with a high current range, so
that you avoid damaging the meter by
overloading it. You can atways switch to a
lower range afterwards, but you shouid
disconnect the power from the circuit in
between switching ranges ~ uniess you
have an autoranging digital muitimeter,
which will take care of itself.

An ammeter “lcoks like” a short-circuit
{almost) between its terminals. Never treat
an ammeter as a load in itself - don’t put it
across a battery or power supply to see
what happens, because any high short-
circuit current which flows (several amps,
in the case of an aikaline battery) may
damage your meter and the battery.

RESISTANCE

if you have an analogue meter, you will
notice that zero chms is on the extreme
right of the scale. Higher resistances are
on the left, but the scale is non-linear and
the calibrations tend to become cramped
on the left. You should always “zero” your
meter before testing resistance: do this by
shorting the leads together and adjust the
meter’s zeroing control accordingly. You
have to repeat this every time you change
the resistance range.

Testing resistors etc. /n sitv in a circuit
can often give strange results: this is
generally because there might be other
components actually in parallel with the
component, which affects the resistor
value — see “Resistors In Parallel” and
“Potential Dividers” in the text.

Ohmmeters use an internal battery to
enable them to measure resistance. You
must always ensure that the circuit un-
der test is fully de-energised when the
meter is set to any resistance range, of
damage may result.

RESISTOR COLOUR CODE

Most resistors you see have four
coloured stripes to indicate their resistance
and tolerance. How do you know which
way round to read the resistor? The gold or
silver stripe features last in the code.
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are summarised in Fig. 1.6. We also show a
one pole 3-way rotary switch.

Some switches are blased which means
that they are spring-loaded in one direction.
Press them to operate them, and release
them to retum to the previous state, An
elec_t’ﬁc lawnmower uses this sort of switch —

Alternatively, some push switches are
latching, which means that you press them
once to operate them, and they stay like that
when you release the actuator. Press them
again to return to the previous state. A table
lamp might use such a switch. Have a look
through some catalogues to see if you can
recognize different sorts of switches yourself.

In fact, we cheated a little when we
designed the Mini Lab; you will have noted
that both the n.o. and n.c. push switches
(Figs. 1.2(b) and 1.3(b)) are both one and the
same switch. It's actually a s.p.dt push
switch which can form either a n.o. or n.c.
function by selecting the relevant socket
strip on your Mini Lab. Check it out by using
the battery pack and bulb to confirm how it
works.

Switches have electrical ratings which
are indications of how large a voltage they
can be allowed to switch without being

is like squeezing the hosepipe to slow the
water down.

We can examine the operation of the resis-
tor by taking some measurements with a
muitimeter. We show you separately how to
use your test meter - if necessary, read that
section in conjunction with this part.

+ =

A

MULTIMETER

NEW SYMBOLS

OR RESISTOR

Fig. 1.7(a). A resistor in a circuit with the
bulb. Also shown is the basic connection
for using your multimeter when set to
its voltage range. Connect the right way

voltmeter is represented by a circle contain-
ing the letter “V" and because voltmeters
are polarised, you must connect them the
right way round.

MULTIMETER

Connect the + terminal of your multi-
meter to location A", and the - terminal to
location “B” and read the voltage from the
scale, noting it down as “Result 1" in the
table below. Then repeat, with the + ter-
minal to “B” and the - terminal to “C"
(Result 2), and finally read the voltage at "A™
(+) and C(-) to obtain Result 3.

OUR READING TEST RESULTS:
Result 1 3.15V

(Voltage across the resistor)

Result 2 3.08v

(Voitage across the bulb)

Result 36.3v

(Voltage across the battery)

What has happened is that the potential
difference (p.d.) across the battery pack has
been split up between the resistor R1 and
the bulb. The 6.3 volts of the battery is no

damaged, and how much current their  yound! longer placed solely across the bulb — some
Y
ov +6V VRN
e SINGLE POLE SINGLE THROW ($.P.S.1) L.LL?I povidc
7 c o % _
Py DOUBLE POLE SINGLE THROW (D.P.S. T.) Q Q
O G N
—‘/—_. & E t Rl o H ] M
| == DOUBLE POLE DOUBLE THROW(D.P.O.T.} % ?;gg @;ﬁf‘a )’:;’ s
! .P.D.T. R P t o, W
—_— : A,Bxﬁew X Ak % A B
E— ¥ OMEXRF | RaKRF E
@ B XREXK AXEKE ¥
o — L Yw  RRARGE
O 1- POLE 3- WAY ROTARY SWITCH FILAMENT 0 KXW Tty )
— INDICATOR B, CRWRKFE | L emEmE W .
Len) R S o 3 TS 7 .1 JUN N

Fig. 1.7(b). Interwiring diagram. The locations “A” and “B” are con- -

TOGGLE SWITCH

&1

SLIDE SWITCH

ROTARY SWITCH

& :

PUSH SWITCH

ROCKER SWITCH

nected to the positive and negative terminals respectively of your
multimeter, set to a suitable voltage range. Repeat for BC and AC

+8v A

FILAMENT
INDICATOR
e,

Fig. 1.6. A selection of switch types and styles.

contacts can carry. Exceeding these ratings
could be dangerous. This is of particular
importance when we examine how to safely
switch mains el supplies, which is
discussed in Part Three of Teach in.

RESISTANCE AND

OHM'’S LAW

Take a look at the circuit diagram of Fig.
1.7(a) - it's just like the battery and bulb of
earlier experiments but included in series
with the bulb is a zig-zag symbol, R1. (Many
Examining Boards use an equally accept-
able rectangle symbol instead of the tradi-
tional zig zag) This new component is a
Resistor and not surprisingly, its job is to
introduce resistance to electric current. if
you imagine electric current as water flowing
through a hosepipe, introducing a resistor
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Resistors all look the same, though they
have different sizes and can be made of dif.
ferent materials. We measure resistance in
ohms. The value of their resistance is shown
in a series of coloured stripes printed on the
body of the resistor. For now, you need to
acquire a 47 ohm resistor. The coloured
stripes to look for are yellow/ violet/ black/
gold. Buy a “quarter watt carbon film" type.
(We'll explain the jargon later.)

Using the breadboard area of the Mini
Lab, construct the circuit as shown in Fig.
1.7(b), connecting the battery pack and
indicator bulb using jumper wires. (The bulb
will glow when the dircuit is completed.)
Select the voltmeter function of your multi-
meter by choosing the “d.c. voltage” range,
say 10V fullscale deflection (fs.d.), which
is safe for our drcuit where the maxi-
mum voltage anywhere will be 6 volts. A

Fig. 1.7(d). Measuring current through the resistor and bulb.

NEW SYMBOLS
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Fig. 1.7(c). Measuring current with an am-
meter (Amps range of your multimeter).
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of it appears across the resistor. In our own
results, a small voltage (0.07V) actually ap-
peared across the meter, which proves that
meters aren't perfect, or all the battery voit-
age would be split between the bulb and
resistor.

CURRENT
MEASUREMENT

Now we are going to use the multimeter
for another function, to measure the current
flowing through the circuit. The symbol for
an Ammeter is depicted in Fig. 1.7(c). To
measure current, we have to break the cir-
cuit and insert the meter so that the cur-
rent in the circuit flows through the meter
to produce a reading. This is different to
reading a voltage, where we simply take a
measurement between two points in a cir-
cuit Don’t attempt to measure the current
“‘across” the battery, because you will short
out the battery pack and probably damage
your meter.

Construct the circuit on the Mini Lab as in
Fig. 1.7(d). Set your muitimeter to “d.c. cur-
rent” and select a high full scale deflection
(fs.d.) to be on the safe side, say 500mA (0.5
amps), and simply touch the + meter probe
to point “A” (battery + terminal), and the
- probe to “B" (resistor R1). This will com-
plete the circuit, current will flow through the
meter and the bulb will glow. Note the read-
ing on the current range of your multimeter.
We took a reading of 62mA. Call this Result
4, and note it here:

OUR READING TEST RESULTS:
Result 4 62mA
(Current flowing through the circuit)

In this simple circuit, the current flows
through the ammeter, resistor and the bulb,
and the current will be the same wherever
you measure it. Putting the ammeter in the
circuit say between the bulb and the battery
negative terminal instead, will produce the
same result. Try it.

Now short out the resistor with a jumper
wire and repeat the experiment. What hap-
pens to the bulb? This is in effect exactly the
same as the very first circuit we saw in Fig.
1.1(a), because the resistor is now bypassed
and no longer has any effect. What is the
current reading on your multimeter now?
We measured 97mA. Call this Result 5, and
note it here:

OUR READING

Result 5 97mA
(Current flowing through the bulb,
resistor shorted out)

TEST RESULTS:

OHM'’S LAW

The Ohm's Law Equation states that:
R=V/I

where V is the voltage appearing across the
resistor,

lis the current flowing through the resistor
and R is the value of the resistance
measured in Ohms.

FromFig. 1.7(a) V = Result 1 = 3.15V
From Fig. 1.7(c) | = Result 4 = 62mA
(0.062 Amps)

Using our actual measurements and
Ohm's Law, the resistance of R1 works out
as 50 ohms (3.15 / 0.062). Looking at our
various test results, we can also state that by
adding a resistor into a circuit, two things
happen:-

1 It reduces the cument flowing
through the circuit Compare Result 4
(resistor in circuit) with Result 5 (resistor
shorted out with a wire). More
resistance causes less current to flow.
Current always takes the path of least
resistance.

2 A voltage appears across the resistor.
Not all the voltage of the battery now
appears across the bulb. Some of it is
wasted by the resistor. We say that the
resistor has produced a “voltage drop”.

But wait! We reckoned we had put a
47 ohm resistor into our circuit (identified
by its colour code), but our calculation
using Ohm’s Law showed it to be actually
50 ohms! (You might get slightly different
results from ours.) Don't worry, here's why:

Manufacturers of resistors have a

tolerance to work to. This means that the’

resistor values might not be exact, but will be
within a certain range. The gold band of the
colour code tells us that the tolerance is +5
per cent, so in fact our 47 ohm resistor
could be anywhere between roughly 44 to
50 ohms. Rarely do you need a “tighter”
tolerance, though sometimes you might see
precision one per cent or two per cent types
for critical circuits.

COLOUR CODE

We show separately the RESISTOR
COLOUR CODE which enables us to
identify the ohmic value of any common
resistor. Rather than have an infinite number
of different resistances, manufacturers also
produce resistors in a range of preferred
values. The so<called E12 values you will
commonly use are:-

10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68,
82 and their multiples of ten. Larger resis-
tor values are abbreviated and simplified by
using prefixes to describe their value. We say
kilohm (or letter “k”) to mean thousands of
ohms, and megohms (letter “M") for mil-
lions. The letter is a multiplier abbreviation
which is often used in place of the decimal
point to indicate the resistance value. You
might see the letter “R” used instead of the
Omega symbol (or nothing at all) just for
ohms. Here are some examples:

47R = 47 ohms.

820 = 820 ohms.

1k = 1 kilohm = 1,000 ohms.

2k2 = 2.2 kilohms = 2,200 ohms.

10k = 10 kilohms = 10,000 ohms.

390k = 390 kilohms = 390,000 ohms.

1M = 1 megohm = 1,000,000 ochms.

4M7 = 4.7 megohms = 4,700,000 ohms.

When current flows through a resistor, the
electrical energy is tumed into heat The
temperature of the resistor will increase
though you might not notice. We say that
the resistor is dissipating power.

An electric fire element is an example of a
large resistor which is deliberately allowed

A

Fig. 1.8(a). Three resistors in series.
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to dissipate so much power that it becomes
red hot and warms the room. The filament
of a light bulb is actually a resistor which
dissipates so much power that it becomes
white hot (They are actually much more effi-
cient sources of heat than light!)

The power dissipation, or rate at which the
resistor converts electrical energy into heat,
is determined by the simple formula:

P=1xV

where P = Power dissipation (Watts, sym-
bol “W™)

lis the current flowing through the resistor

(Amps)

and V is the voltage across the resistor
(voits.)

In our earlier experiment of Fig. 1.7(b) the
power dissipated by the 47 ohm resistor
will be 0.062 x3.15 = 0.19 Watts. The
47R resistor is rated at 0.25 Watts which is
satisfactory. Exceeding the power dissipa-
tion rating of a resistor may damage it.

Substituting Ohm’s Law into the above
formula, we obtain two further formulae

which can be very useful:
P=1Ix]lxR=RER
Alternatively,

P=V/RxV=VJ/R

Different materials are utilised by
manufacturers when making resistors but
the most common type you will use will be
cheap and cheerful carbon film. Larger
resistors can dissipate more power; for
instance the electric fire element is actually a
large wirewound resistor. Have a look
through some supplier’s catalogues to see if
you can now recognise other types. What
values are available? What tolerance (%) do
they have? How much power can they
dissipate? Lastly, how do they compare for

RESISTORS IN SERIES

Three resistors in series are shown in Fig.
1.8(a), values 100R, 470R and 220R, con-
nected across the 6V battery pack. Obtain
suitable 0.25 watt carbon film five per cent
resistors and build this circuit on the bread-
board of the Mini Lab as per Fig. 1.8(b).

Firstly measure the voltage across the
resistor chain at points “A” and “B", using
your multimeter set to a d.c. voltage range of
10V fs.d. Also record the across
each resistor. Then break into the circuit and
measure the current | with your multimeter
set to its "d.c. current” range, say 10mA
fs.d, recording all your readings below.
Again, we show you what we obtained when
we ran the experiment.

ov +8v

LT & Y W

Fig. 1.8(b). Resistors R1 to R3 in series on
the breadboard. Measure the current by
placing your multimeter (set to 10mA) at
the location “X". Then substitute with a
jumper wire and measure the voltages as
per the text.
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OUR READING

Voltage “AB" 6.2V
Vacross R1 0.8V
Vacross R2 3.7V
Vacross R3 1.7V

TEST RESULTS:

Current | 79mA

The voltage A‘B represents the voltage
across the ends of the resistor chain. Of
course, it's the same as the voltage across
the battery in this example. Using Ohm's
Law, we can calculate the actual value in
real life of the overall resistance chain:

Riotai = V1 YOUR CALCULATION:

= 6.2/0.0079
= 784 ohms.

Don't worry if your results are a little
different to ours. Remember that resistors
have a tolerance, so results are likely to vary
somewhat in practice.

The formula for any number of resistors in
series is simply:

Riotai= R1 + R2 + R3 .. . etc.

Thus in our circuit of Fig. 1.8(a) we could
simply replace all three resistors with a
single component of 100 + 470 + 220
ohms = 790 ohms, if one existed.

Having calculated the overall value of the
resistance chain, a practical alternative” ap-
proach is to measure the resistance with a
multimeter set to its Ohms range. Try this:

Disconnect the breadboard from the bat-
tery pack. Choose a low resistance range
(say lk fs.d), adjust your meter for zero
ohms if required, and measure the resis-
tance between points “A” and “B" in Fig.
1.8(b). We noted an overall resistance of 780
ohms using our digital multimeter, which
compares favourably with the value of 784
ohms we calculated using Ohm's Law. Your
own multimeter reading should be almost
exactly the same as the value you calculated
yourself with Ohm's Law.

In actual fact, if each resistor in the chain
has a tolerance of five per cent, then the
tolerance on the overall value of the resis-
tors in series will also be five per cent. So our
own actual reading of 784 ohms falls within
the expected resistance range for the resis-
tors in series, namely 750 to 829 ohms (790
ohms + 5%).

The other aspect to note is that by
connecting several resistors in series, the
potential difference applied across the
chain (voltage AB) is split up across the
resistors. Total up the voltages across R1,
R2 and R3 and compare against the p.d.
across the chain: they should be the same.
We promise we didn't fix our results!

RESISTORS IN

PARALLEL

Two resistors, both connected to our 6V
battery pack are shown in Fig. 1.9(a). We also
show a current / which is flowing into the
resistor network. At the junction where R1 and
R2 are joined, / divides into two currents /a
and /b, which themselves are determined by
the values of the associated resistors.

Assemble the two resistors onto the Mini
Lab breadboard using 0.25W types, and
measure the three currents with your multi-
meter. Set it to a “d.c. current” range of
about 100mA, and break into the circuit at
locations A, B and C in succession, as
shown in Fig. 1.9(b). Simply unhook one end
of the resistor and link it back into circuit via
the test leads of your ammeter, to measure
the current flowing through the component.

Then fill in the results in the table below,
and compare against our results.

132

1 _ I=laslIb
=l
= la Ib
B1-84l
Lx1.5vl
1 R1 R2
| L70R 220R
—r—
T
I

Fig. 1.9(a). Two resistors R1 and R2 in
parallel across the 6V battery pack.

OUR READING

A: Current /42mA
B: Current /a 13mA
C: Current /b 29mA

TEST RESULTS:

Clearly what happens is that current |
splits into two components /a and /b. This
leads us to Kirchhoff's First Law (or Current
Law) which states that the amount of cur-
rent flowing into the junction of the resis-
tors is the same as the sum of the currents
flowing out of it — because 42mA flows into
the junction which divides into two currents
coming out of 13mA and 29mA. The same
is true if you have three or more currents
coming out of a junction: they all add up to
the value of the single current going in.

In Fig. 1.9 the two resistors are said to be
connected in parallel. The formula for cal-
culating the overall resistance of two resis-
tors in parallel connection is:

Riotal = R1 X R2/(R1 + R2)

An alternative formula yielding the same
resultis:

1/Riotat = 1/R1 + 1/R2....+ 1/Rxetc.

(Take the reciprocal of 1/Riga to reveal
the answer.)

Our 470R and 100R resistors could thus
be replaced by a single resistor of 150R.
it's useful to remember that by placing two
resistors in parallel, the overall resistance will
always be smaller than either of the two
individual resistors. it's impossible to make a
resistance larger by placing another resistor
in parallel with it.

Additionally, when you have two or more
resistors in parallel with each other, the
potential difference or ‘“voltage drop”
across each of the resistors is bound to be
the same. In our example, the p.d. across
both resistors happens to be that of the
battery voltage.

POTENTIAL DIVIDERS

Earlier we saw how a potential difference
placed across a chain of resistors in series,
is divided up amongst those resistors. A
p.d. appears across each resistor and when
added together, they equal the p.d. across
the extreme ends of the resistor chain.

A simple network consisting of two resis-
tors is shown in Fig. 1.10. V,, is the voltage
from the 6V battery pack and V is the out-
put voltage from the potential divider.

Three different sets of values are shown in
the table for R, and Ry,: construct this simple
network on your breadboard using 1k, 2k2
and 4k7 0.25W five per cent carbon film
resistors, then measure the voltage Vo, —
the p.d. across R, — with your multimeter
and record this in the table. Our results are
shown too. If you are uncertain of the resis-
tors’ colour codes, double-check their values
using your multimeter set to an ohms range.

This type of circuit is called a potential
divider and is very useful in electronics for
reducing the level of an input or output
voltage. The output voltage from the divider
depends on the ratio of the values of the two
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Fig. 1.9(b). Measure the currents using
your multimeter at locations “A”, “B”
and “C”.

resistors. In fact it's possible to calculate the
output from a simple formula:

Vout = Vin X Rp/(Ra + Ryp)

Now try calculating the values of V,, and
compare it against your actual test readings
just recorded.

Our formula assumes that there is no cur-
rent (I,) drawn by anything connected to the
output. By adding a “load” as shown in Fig.
1.11, in effect you reduce the resistance of
the bottom half of the potential divider, by
adding R, in parallel with R,. This has the
effect of lowering the output voltage of the
divider as it is “pulled down™ towards OV.

There comes a point when the potential
divider formula may give misleading results,
because it does not take into account the
“shunting effect” — if any — which a load
connected to the divider may have on R,.
How much effect the load has depends on
its resistance — a lower resistance will pull
down the output even more. We'l see in
future parts of Teach In, how the load could
be something more complex than a resistor,

Ro w | enr]2k2
[ Tk | 2k2]|4k?
YouT | 3.av]2-9vfieav

YOUR
READINGS
I
+
A "
B1-B¢
Lx1-5v= YIN Io -+
]
-—l
_T Rp vout
:{ov

Fig. 1.10. The Potential Divider. Build this
on the Veroblock yourself, and measure
Vour (the voltage across Ry) — fill in your
results in the table. :

+10V, Ra = Rp = 10k
Jog Ipg

! %Rbla %Rl vlm
. l

Fig 1.11. The Ten Per Cent Rule. The out-
put current should be no more than 1/10th
the current | flowing into the divider.
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________GCSEQUESTION

MIDLAND EXAMINING GROUP
General Certificate of Secondary Education

17511

12v

ELECTRONICS
PAPER 1 (reproduced with their permission)
2
1 Fig. 1 shows a buzzer in series with a pair of resistors. »

gold
black
red
brown

gold

Buzzer

resistance of that resistor.

a circle round your choice.

OV——l_

Fig. |

(@) The coloured bands on one of the resistors are labelled. Use the colour code to find the

................................. 0
(b) The buzzer is rated at 6 V. When connected to a 12 V supply, it must have a resistance
of 60 Q in series. What is the value of the unlabelled resistor of Fig. 17 [1]
................................. 0

(c) Select a suitable value for the unlabelled resistor from this table of preferred values. Draw

(2l

{1

MEG 704

10 11 12 13 15
16 18 20 22 24
27 30 33 36 39
43 47 51 56 62
68 75 82 91 100
(d) Write in the colours of the bands on the unlabelled resistor. [3]

(¢) Draw on Fig. |1 a voltmeter which measures the potential difference across the buzzer.

2]

S1 vour S Vout
OPEN OPEN
CLOSED CLOSED

+6V +sv—I—
R
k7 |'| 5

+ -+
w |
"| 2 vour tk7 Vour
ov oV ov ov

like the input of an amplifier section, where
a.c. signals may be involved.

THE TEN PER CENT
RULE

I's best to ensure that the output current
from the divider is no more than 10 per cent
of the current flowing through the divider it-
self, so that you don't unduly load the div-
ider. Firstly work out the current / flowing
through both R, and R, with no load at-
tached. This is calculated very simply with
Ohm'’s Law: | = Vi, / (Ra+ Rb).

We know that the current / into the div-

ider will equal the current through the two
resistors plus the output current, refer to
Fig. 1.11. Ignoring the load current /,, and
with the values for R, and R, set at 10k
for example, utilising a 10V supply the cur-
rent through the divider is 0.0005 amps or
0.5mA.

The output current should be no more
than 10 per cent of this, i.e. 50 microamps.
This means that the load resistor should
preferably be the equivalent of 100k or
more, i.e. 5 volts (= V) / 50 microamps.

The circuit of Fig. 1.12 shows a 4k7 resis-
tor and a normally-open push switch con-
nected between the 6V and OV rails of the

Everyday with Practical Electronics, November 1992

Fig. 1.12 (left). Switching System with Pull
Up Resistor. Build this on the Mini Lab
and record your voltage measurements in
the table.

Fig. 1.13 (right). Switching System with
Pull Down Resistor.

battery pack. Build this circuit on the Mini
Lab yourself, and measure the d.c. voltage
output using the multimeter, recording the
result both when the switch is open and
closed.

Resistor R1 serves as a pull up resistor
because it “biases” the output towards the
+ 6V rail when the switch is open. Pressing
the switch shunts the output to OV. This is
one way of obtaining a signal which is nor-
mally at 6V (or whatever the supply rail hap-
pens to be) and which is sent to OV as a
result of an operation.

A similar circuit is shown in Fig. 1.13 but
this time a pull-down resistor R1 biases the
output to OV. Thus the output will be at zero
potential when the switch is open, but a
“high” signal of + 6V is generated when the
switch is closed. Prove it by building it on
your Mini Lab.

These simple “input systems” enable us
to obtain a suitable electrical signal — nor-
mally high or normally low, whichever we
need - as a result of performing a mechani-
cal operation. Both these functions are of
great importance when we come to look at
the world of digital systems. These only
have two states — on and off, or high and low.
It's even more relevant when we introduce
the Micro Lab, an optional microprocessor
expansion unit for the Mini Lab, later on.

VARIABLE RESISTORS

The simple switching systems just intro-
duced enable one of two states ~ “high” or
“low” - to be obtained from simply pushing
a button. There will be many times when you
will want to vary a voltage. A very common
method of doing this is based on a variable
potential divider. Fig. 1.14(a) introduces the
potentiometer (pronounced “po-ten-she-oh-
meter”) which is a three terminal variable
resistor. It has a moving contact B which
forms a wiper on a resistance matenial.

By connecting the potentiometer as a volt-
age divider to an input voltage Vi, it's easy
to change the output voltage V,, by rotating
the shaft of the potentiometer. The varying
voltage output is available at the wiper of
the pot. Thus by performing a mechanical
operation (rotating the spindle), an eléctrical
function is carried out.

A very common application of this ar-
rangement is a volume control of a radio
or a hifi. Sometimes you need to adjust
a voltage just once, in order to set up
a signal, perhaps on a television circuit
board. Small “trimmer resistors” or “preset
potentiometers” are available, and these are
generally fitted to a circuit board so that they
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full marks.

Answer 12 ohms (12R).

was marked as correct.

green/brown/black.

GCSE QUESTION (see previous page)

The Teach In Reader would have no problems with this straightforward question
which concerned resistors in series. The following answer would have earned you

(a) Simply use the resistor colour code. The brown and red bands mean that the
numerals of the code are 12. The black band means that the multiplier is 1R (x 1).

(b) Use the formula for resistors in series. We are told that the total resistance in
series with the buzzer must be 60 ohms. We have shown one of the resistors to
be 12 ohms — the unlabelled component must therefore be 48 ohms

(©) The nearest preferred values to 48 ohms in the table are 47 or 51 ohms. Either

(d) Resistor Colour Code again. 47R is yellow/violet/black. 51R is

(e) The voltmeter is drawn in parallel with the buzzer. Voltmeters measure the
voltages (p.d.) across components, i.e. between two points in a circuit.

N.B. No extra marks would have been awarded by mentioning the resistor tolerance.

Also, the Resistor Colour Code was shown on the Exam Paper for reference.

to enable the switch contacts to join to-
gether. The contacts themselves may be
capable of switching very heavy currents, in
the order of several amps or more. Fig.
1.15(a) is a demonstration circuit of a relay
RLA, the coil of which is activated by press-
ing S1. The relay actually has changeover
contacts (RLA1) so that a load can either be
switched on or off when the coil operates.
Here, a bulb LP1 is connected as the load.
The whole circuit is powered by the 6V bat-
tery pack.

Build this on your Mini Lab as shown in
Fig. 1.15(b). When you press S1, you will
hear the relay click and the bulb will
illuminate. Now add the audible warning
device (correctly polarised) between the n.c.
terminal (buzzer +) of RLA and OV
(buzzer-). What happens now when you
press the switch?

The relay used on the Mini Lab has the

Bl
2=

81-84

—l

T .

.8 ——F _

i
]
LX 1SV { viN bk?
1 :*F
] c PRESET
| . vout _ﬁ_ POTENTIOMETER
Ap ¢

POTENTIOMETER (NOT TO SCALE)

NEW SYMBOLS

NEW SYMBOLS

RELAY
NO. OF CONTACT SETS __ RLA
e d PIITH
RLAY 0

CoIL
RESISTANCE
CONTACTS

COMMON

I _
WIRES CROSS
4 DON'T JOIN

PRESET

Fig. 1.14(a). A preset variable resistor. Physical forms are also shown.

Fig. 1.14(b) (below). Connecting one of the preset potentiometers
mounted on your Mini Lab. Measure the voltage between *“B” and 0V,

when you rotate the control.

can be adjusted with a screwdriver. The
for a preset (or trimmer) is also
shown in Fig. 1.14.

Potentiometers and timmers are speci-
fied by the ohmic value of their tracks. Any-
thing between 100R to 1M is common. Addi-
tionally, the power dissipation of the track,
in watts, is also generally given. Small pre-
sets might only be 0.15 watts, but large

“wirewound” potentiometers could dissipate:

up to 25 watts of power. Look through a
catalogue to check out some other var:
able resistors, comparing specifications and

prices.
The Mini Lab incorporates a selection
of preset resistors which can be used as

Fig. 1.15(a) (above

right). The Relay, used
here to switch between

a bulb and the buzzer. (RLA)

Add the buzzer (WD1)
after building and

NORMALLY OPEN
PUSH SWITCH
is1})

testing the rest of the con
circuit. 9

Fig. 1.15(b) (right).
Operating the buzzer
and bulb with the
changeover contacts of
the relay. Connect WD1
the right way round.

FILAMENY
INDICATOR (LP1)

and “C" (OV) with your multimeter set to a
d.c. voltage range. See what effect rotating
the control has on the meter reading.

RELAYS

The simple switching systems we have
looked at so far are limited by the current
they can camy and the voltage they can
switch. The smallest switches available can
only carry a few tens of milliamps and switch
up to 20V d.c. or so. In some applications,
this could be far too restricting when we
want to switch a heavy load such as a motor.

A relay is an output device in which a
small current can be used to control a much
larger current. They take advantage of the
electromagnetic effect where a potential
applied to a small coil tums it into an
electromagnet. This magnetically operates
some contacts to form a switch.

Only a small current is needed in the coil

following specification:
Coil Resistance: 100 ohms

Coil Voltage: 6 volts

Contact Current: 3 amps maximum

Contact Voltage: 24V d.c/120V a.c. maxi-
mum

Contact Configuration:
changeover

What will be the current flowing through -
the coil when 6 volts is applied? Use Ohm’s
Law (| = V/ R) and compare your answer
(60mA) against the much higher contact
current which the relay can safely switch.

We need to take certain precautions when
using relays in transistorised circuits. Next
month we see how relay coils can gener-
ate some unbelievably high voltages when
they are switched off This can ruin certain
electronic components uniess precaution-
ary measures are taken. We also introduce
more electronic devices.

single pole
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UK's leading module manutacturer since 1972

*AUDIO MODULES*

Scanning Receivers || CVALLTNA L

MVT 7000

@ 100kHz to 1300MHz, continuous coverage

B 200 programmable channels

@ Search and scan facilities

8 AM, FM and WBFM modes

@ 10 programmable bands

W Excellent sensitivity

B LC display with signal strength meter

@ Supplied with ni-cad batteries, mains
charger/adaptor, telescopic aerial, carry

@ strap, belt clip, 12Vdc lead and manual,

AL 12580-125W AMPLIFIER

A rugged high powered module that is ideal fo
use in discos & P.A. Systems where powers of

up 1o 125W, 4 ohms are required. The heavy

duly output transistors ensure stable and

reliable performance. It is currently supplied to a
large number of equipment manufacturers where 3
reliability and performance are the main s

considerations. whilst for others its low price is 3 £18.95
the major tactor. Operating from a supply L s + VAT

voltage of 40-80V into loads trom 4-16 ohms.

AL 2550-COMPACT LOW-COST 25W AMPLIFIER

One of our most popular audio modules with tens of
thousands installed. Ideal for domestic applications

o

=
=
.
-
-
-

padisgitainn

szooo where low distortion and compact size are £6.55

I h . the prime requirements. Used with supply -

Ay maTE i B Continuous tuning raids of 20V-50V into loads of 8-16 ohms. feiger

from 500kHz to 1300MHz MM 100-BUDGET 3-INPUT MIXER
B 1000 programmable channels With a host of features including 3 individual level controls, a master volume
iliti and separate bass and treble control, it provides for inputs for microphone,

u Search and scan facilities magnetic pick-up and tape, or second pick-up (selectable), and yet costs,
B AM, FM and WBFM modes considerably less than competitive units ;
B 10 programmable bands This module is ideal for discos and public

a Supplied with telescopic, UHF and VHF address units and operates from 45V-70V.

antennae, ni-cad batteries, carrying case, M 100G GUITA RBEKRS

2 As MM100 with two guitar + 1 microphone
dc cable, mains input intended for guitar amplifier applications.
charger/adaptor

angd¥kaal,
SEND FOR DETAILS TODAY

SECURITY EQUIPMENT

V1225 7

B Civil and military airband receiver - SwnchableTDual range, detects intruders up to 6 or 12 metres
; Quan his advanced sensor operates by detecting the body
@ Covers 108 to 391MHz in 3 bands ' ' d‘scougg heat of an intruder moving within the detection fleld

B AM and FM modes start at 3 Slow ambient changes such as radiators, etc. are
units.  ignored. Easily installed in a room or hallway. Providing
reliable operation trom a 12V supply, it is ideal for use

1 7 95 with the CA 1382 or equivalent high quality control unit
Supplied with full instructions.

@ 100 programmable channels
@ Scan and search facilities
W LC display with signal meter

- | ’ VAT Size 80x60x40mm
R Db it R lbalRont roals DIGITAL ULTRASONIC DETECT S 5063
Charger'power supply, rubber duck antenna, # Crystal controlled movement detection module operating
carry strap, belt clip, 12Vdc lead

at 50kHz with an effective range up to 20h. Suitable for

‘M £1 FRCKJ operation in household or vehicle security systems. 12V
f + VAT

and manual.

operation and built-in timing makes it suitable for a
w:de range of aDphcatlons

ADVANCED CONTROL UNIT-CA 1382

Automatic Loop Test On Switch On #* Automatic Siren
Re-Set # Audible Entry/Exit Warning Buzzer # Two
Separate Loop Inpuls + 24-hr Circuits #

Easily instalted. Full Instructions Supphed

This advanced control panet provides effective and
reliable control for all security installations, yet its
s operation is sheer simplicity for all members of the
I family, and is supplied with two keys.Housed in a steel
case with an attractive moulded front panel, it compares
with units costing twice the price.

Low CONTROL UNIT-CA 1250
This tried and tested control unit provides the tinest

1

40-00225

Easily Installed

VT125UK

B VHF, AM Airband receiver

m Covers 108 to 142MHz

B 30 programmable channels

W LC display with signal meter

® Supplied with ni-cad batteries
mains charger/power supply, rubber
duck antenna, carry

Onty value for money in control systems, with many
strap, 12Vdc lead 132 <1 thousands protecting houses all over the country.
and manuat 5 paval) A suitable steel enclosure is avaitable separately.

SOFT INFRA-RED BEAM-IR 1470 [P0 "0 r
The IR1470 consists of a separate transmitter e
Full details of all the above are i i i and receiver providing a beam of up to 50ft :
inchided in'our comprehnsive which, when interrupted, operates a relay in the receiver which
catalogue, £1.70 (plus 30p p&p) in tum may be used to control external equipment. The system
All the above are currently in stock and available for immediate requires only 65mA from a12V supply. Size:feach unit) 82 x 52 x 57mm

delivery. Standard p&p £1.40, next day delivery £4.60. PLUS FULL RANGE OF sgc ACC

Al prices include VAT (at 17.5%) DOMPLIIE HENES TS

@ o TELEPHONE FOR FREE LITERA
C’r 'f TDEPT EE 11 Order by Credit Card for
| ] I ] 549 POPPY ROAD immediate despalcp
PRINCES RISBOROUGH — B
CIRKIT DISTRIBUTION LTD BUCKS HF17 oD —=
TEL: (084 44) 6326 Add VAT. Carriage only £1.50
Park Lane - Broxbourne - Hertfordshire - EN10 7NQ “ FAX: (084 44) 7102 Export 10% minimum £1.50 '

Telephone (0992) 444111 - Fax (0992) 464457
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Teach-In Project

MIN,
LAB

Alan Winstanley & Keith Dye B.Eng(Tech}AMIE —

The Fueryday with Fractical Electronics Mini Lab has been crealed lo
accornpany Teach In ‘93, and enables the reader lo assemble demonsiration
circulls by following the clear instructions and diagrams contained in the
main lext, with every chance of it working first time. The MiniLab is an
exciling learning aid which brings electronics to life in an eryoyable and

" inleresting way: you will both see, and hear, the electron in action.

SPECIALLY-DESIGNED printed circuit board (p.c.b.) forms
Athe heart of the Mini Lab which includes a “bread-

board” area or plug-in contact block with which basic
circuits can be tested. One Veroblock breadboard is required
initially and the Mini Lab has room for another.

Ancillary components such as presets, switches and buzz-
ers etc. which cannot be plugged directly into the breadboard
are also permanently fitted to the Mini Lab board, and are
easily connected to the Veroblock through breadboard-type
sockets which are conveniently located nearby.

All the areas are interconnected to a common power
supply and the Mini Lab becomes mains-operated in due
course. However, only low voltages are ever present on the
Mini Lab, so the unit is completely safe to use at all imes. A
microprocessor expansion port facilitates connection to our
Micro Lab microprocessor add-on system which is intro-
duced later in the series for GCE A Level.

When the Mini Lab is finished, you will possess an excellent
self-contained development unit complete with a range of test
and demonstration items which will help you to widen your
knowledge and produce your own designs. We hope that you
will enjoy building and using your Mini Lab, and find it of con-
tinued use when Teach In ‘93 draws to a close. Thereafter, we
hope to follow up with occasional articles which will utilise the
Mini and Micro Labs in some interesting applications.

Should you have any particular queries or problems, please
write to us c/o The Editor — we'll be only too glad to help. We
also welcome any comments and constructive criticism from
both teachers and students alike, so do get in touch with a
progress report: we'll be delighted to hear from you! -

’ Alan Winstanley and Keith Dye.

The printed circuit board designs of the Mini and Micro Labs are ©
Copyright Dytronics 1992.

FIRST STEPS IN

CONSTRUCTION

The Teach In Mini Lab is constructed
on a pcb. measuring approximately
295mm x 210mm (the size of a page of
EPE) and is divided into distinct sections.
Every month Teach In discusses a particular
topic and accompanying the text will be a
brief constructional article describing a
relevant circuit which fills one of the sections
on the Mini Lab board. There is, however,
the requirement to solder a number of
components to the board each month, so a
litle practice with a soldering iron will be
useful. Space precludes us from exploring
the circuits in any depth: the main thing is to
build them!

For Part One of Teach In, it is necessary
to assemble the “general-purpose” central
area of the Mini Lab which contains the
plug-in breadboard and other components.
The breadboard readily copes with most of
the electronic components used in Teach
In, but cannot direcly handle certain
parts like switches, bulbs or preset poten-
tiometers. These components are instead
soldered directly to the Mini Lab p.cb., then

printed circuit board.
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the components’ terminals connect via the
p.cb. to adjacent groups of contact strips
which form breadboard-style connection
points for these parts.

It therefore becomes very easy to connect
switches, pots etc. to the breadboard with
standard solid core 0.28mm? insulated
wire, see Fig. 1. Simply cut some wire to
length, strip about 5mm of insulation from
each end and push the jumper wire into the
relevant sockets on the Mini Lab and con-
nect over to the Veroblock. You might often
find it easier to use a pair of fine-nose pliers
to grip and locate the wires into the sockets.
The system works perfectly but it's impor-

Fig. 1. Using a jumper
wire to connect a s.i.l.
socket on the Mini Lab

tant that you use both the correct socket
strips and also the right gauge of wire so
that a reliable connection can be made
each time.

COMPONENTS

The Components List gives all those parts
which you can solder to the Mini Lab board
for Part One. It does not list the extra parts
required to fill the other sections of the
board: these will be gradually introduced
as required in each month's article which
makes the Mini Lab extremely cost-effective.
Also, rest assured that we have chosen
the most economical components wherever

>/ «

« I:‘, >

f( ‘i]:ﬂ:l
SINGLE - IN - LINE TURNED

.~ PIN SOCKET SOLOERED TO
%Vgé? THE MIn1 LAG BOARD,

SINGLE SOLID COR
110-6mm {0- 20 mm <)
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Mini Lab Components

Variable Resistors See

VRI1 4k7 @LN/AD
VR2 47k
VR3 100k
VR4 2M2 TALK
Page
Switches
S1toS3 S.P.D.T. sub-miniature toggle

81

+6Y OV

O]
EB‘A‘FV?&‘:' voﬁ 3|

o

POWER
SUPPLY

O]

switch (3 off)

S4toS6 2-pole n/o + 2 pole n/c mom.
action push switch, p.c.b.
mounted with bezel and

button (3 off)
Miscellaneous
wDI1 6V p.c.b. mounted audio

warning device
RLA 6V 100ohm s.p.c.o. p.c.b.
mounting relay

COm

o~ WU M

e ©

TRIANGLE

LP1,LP2 6V 100mA M.ES. bulbs with
skeleton hoiders (2 off)

Mini Lab Printed Clrcuit Board 295mm X
210mm approx. [available from the EPE
PCB Service — order code MINI LAB). p.c.b.
mounting “jacks” (3 off); 0-5 inch shorting
selector  plug; single-in-line turned-pin
sockets, 2% 32-way, “pluggable” p.c.b.
mounting screw terminals, 1 each 2-
way, 4-way, Veroblock breadboard; M2-5

&7

x {2:5mm screws and nuts to mount
breadboard (4 off); 20mm p.c.b. stand-offs
with screws (8 off]; wire — single core
insulated 1/0-6mm (0.28mm?) as required.

A detalled Buyers Guide is given in
Shop Talk which shows all part num-
bers, alternative sources and additional
Information.

£38

Approx
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Fig. 2. Construction of the central part of the Mini Lab as required for Part 1 of Teach-In. T
photograph below shows the complete Mfini Lab. VKL i P of L
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possible. We also give a list of other require-
ments for tools, etc. which the newcomer
might find useful.

The top side of the Mini Lab p.c.b. is fully
silk screen printed with the descriptions and
locations of the various components, and
you should find the initial assembly very
straightforward. Fig. 2 shows the arrange-
ment of the central part of the Mini Lab
which can now be constructed.

BATTERY PACK

Also assemble the battery pack (Bl to
B4); use four 1.5V cells such as R20S types
and connect them the right way round into
a suitable holder to make 6 volts. It is con-
nected to the Mini Lab through screw ter.
minals on the printed circuit board, see Fig.
3. We recommend “pluggable” terminals,
so that the relatively bulky battery can be
conveniently unhitched when desired, with-
out straining the printed circuit board.

The battery must be selected for use by
inserting a shorting plug (see Parts List)
between two small sockets marked “EXT
BATT", and also a d.c. on-off switch is fitted,
so that you can readily disconnect the
battery. Later, this switch serves a different
purpose: it tums a 5V supply on and off for
digital circuits, once the battery has been
replaced with a very comprehensive Mains
Power Supply.

I.C. MOUNTING

The sil. ("single in line") socket strips
are designed to cary integrated circuits and
mainly come in lengths of 32 terminals, and
these are snapped off as required to form
small groups which can then be soldered to
the p.c.b., perhaps using sticky tape to hold
them down while you solder the pins. Be-
cause they are central to the whole design,
we again emphasise that only “tumed pin”
sil. sockets should be used: other types
will not work in this application. Invariably,
some terminals will break, so allow for a little

wastage.

Many parts have to be be pin-compatible
with the hole layout in the p.c.b. or they will
not fit, so consider the Components List
and Shop Talk carefully. The recommended
parts should solder directly to the board
without any problems. A 4-way screw ter-

+
= _ix1.5v cELLS
IN BATTERY
HOLDER
B+

1olofojofol  [oldololol
ov +6V

RED (+1VE)
BLACK (-1VE)
TWO - WAY ‘PLUGGABLE TERMINAL BLOCK
=——MOUNTED ON 2- WAY PIN HEADER
o] o
6V ON/OFF
ExTERNAL /Z-sv
=) |oN BatrERY '« ——P.C.B. SELECTOR LINK SET FOR BATTERY
OPERATION.

Fig. 3. Connection arrangement for external battery pack. The connection link for selecting

“External Battery” is shown.

minal is fitted at the bottom of the board so
that later on, components with long wire
leads can be made to connect to the Mini
Lab.

The bulbholders can be mounted by sol-
dering their tags to a couple of solder pins
fitted to the board. The push switches must
be the approved type or they will not fit the
board: those used on the prototypes used a
bezel with engraved buttons marked 1 to 3
as a nice touch. They are, incidentally, the
only p.c.b. switches we know of which have
an acceptable current rating for our pur-

poses.

Finally, to finish off, the board requires
quite a number of 20mm stand-off pillars as
shown so that the board can stand on a desk
or table top. They stop the whole p.c.b. from
flexing unduly when engaged in frenzied ex-
periments!

To avoid confusion, it's important to note
that the component designations (VR1, VR2,
S1 etc.) shown both in the Components List
and Fig. 2 are only used here for the pur-
pose of helping you to assemble this part of
the Mini Lab. In the main tutorial of Teach
In, you will find that the components are
given different designations in various circuit
and interwiring diagrams.

TOOLS

The following is a list of basic require-
ments for tools and equipment, and is given
as guidance to those approaching the sub-
ject for the first ime:

Fine-pointed long nose pliers with ser

rated jaws.

Wire stripper, variable gauge, with built-in
wire cutter.

Round-jaw pliers (luxury, useful for bend:
ing leads neatly).

Screwdrivers, small flat-bladed and cross-
head No. 0 and No. 1 types.

Soldering iron, 15 Watt mains operated
pencil type with fine tip, preferably with
bench stand.

Soldering Iron Tip Cleaner and Tinner
(Multicore TCC1).

Solder 60/40 22 s.w.g.

Suction Desoldering Tool (luxury but use-
ful to have).

Small Freezer aerosol (handy)

Multimeter, 20,000 ohms per wolt or
higher: reading 250V d.c/500mA d.c.
minimum plus resistance range. Or
Digital Pocket Multimeter, same read-
ings or better. A modest multimeter will
be quite adequate for following Teach-In

Next month: LE.D. Voltmeter Module.
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—_— = = —mem—m=— | OPTO DEVICES -LEDS -ETC
— m— — — - — e — i — PHOTO SENSITIVE SCR
= -an = I S = e Mounted on a PCB. No data,

2 — - — G - ] —— 60p each, 2 for £1.00

- - A - - o ——r— 7 SEG DISPLAY

A ——— A A - MANG6610 2 digit 0-6" high com anode, amber
_aE—_—_ s =m == a2 = - 60 p each, 4 for £2.00

é E;é_: e S——  S— —— '_—'_ — OPTO-ISOLATOR OP12252

50p each 10 for £4.00
ELECTRONIC COMPONENTS SoTore
£1.00 each

MAINS TRANSFORMER Pri. 120V-0V, 120V-0V.

Sec. 0V-12V, OV-12V, at 3VA £2.62 each
PROJECT BOXES A range of high quality boxes moulded in black high
impact ABS, easily drilled or punched to produce a professinal looking
end product

TYPE w L H PRICE | —
T2 75 56 25  £0.77 LCD DOT MATRIX
T4 11 57 22 £0.92 GRAPHICS DISPLAY.
mMB81 79 61 40 £1.35 MADE BY HITACHI,
MB2 100 76 41 €147 PART No LM225.
MB3 118 98 45  £1.71 Module size:
MB4 216 130 85 £5.19 270w x 150h x 13t,mm
MB5 150 100 60 £2.35 Display area:
MB6 220 150 64 £3.95 239w x 104h mm.
MB7 177 120 83 £3,42 No. of dots 640 x 200.
MBs8 150 80 50 £2.22 Data sheet supplied.
All sizes are in millimetres ONLY £23.50.
SPECIAL OFFER - PROJECT BOX = e v .o |
As above boxes 50 x 70 x 25mm 30,00 SWITCHES
60p each 10 for £5.00 TO CLEAR. MIN TOGGLES,
ROCKER, TAB, SLIDE, ETC.
KEY SWITCH 45 ASSORTED SWITCHES

3 Position keyswitch FOR ONLY £8.95.

MICRO SWITCH roller arm operation spdt 40p each
MINIATURE TOGGLE SWITCHES

spdt 60p each spdt 3 position c/off 70p each
dpdt 70p each dpdt 3 position c/off 80p each
spdtbiased 60p each spdt 3 position c/off biased both ways 70p each

dpdt 3 position c/off biased one way 80p each

MINIATURE TOGGLE SWITCH pcb mounting 3pdt  50p each 10 for £4.00
MINIATURE PUSH TO MAKE SWITCH 50p each
DIL RELAYS 5 volt dp/changeover 60p 10 for £5.00
12 volt dp/changeover 80p 10 for £6.00
RELAY 10 amp contacts sp/changeover 12 voit coit £1.20 each
CAR HORN RELAY in metal can with fixing lug, s/pole on
10 amp contacts £1.00 each 6 for £5.00
20 AMP RELAY dp on 12 volt coil £1.50 each 4 for £5.00
REED RELAY 12 volt 50p each 10 for £4.00
240 VOLT AC RELAY. 3-pole c/o 10 amp contacts £1.50 each 4 for £5.00
12 VOLT DC RELAY BOARD A useful PCB (196mm x 71mm) with 3 x s/pole ¢c/o
relays and 1 x d/pole c/o relay. Connections to relay contacts and coils are
brought out to pcb mounting terminal blocks £1.00 each 6 tor £5.00

DIL SKTS ‘D' CONNECTORS

8 pin 10 for £0.60 plug socket cover
14 pin 10 for £0.90 9 pin 30p 30p 35p
16 pin 10 for £1.00 15 pin 40p 40p 35p
18 pin 10 for £1.00 25 pin 50p 50p 40p
20 pin 8 for £1.00
24 pin 8for £1.00 ALL COMPONENTS FULL
28 pin 6 for £1.00

40 pin 5 for ¢100 | SPECIFICATION DEVICES

SEMICONDUCTORS - TRANSISTORS -
ICS - DIODES - REGULATORS -ETC

2N3702 10p ea 12for £1.00 VOLTAGE REGS
BC337 10p ea 12 for £1.00 7812/705/7912/7905
2N3904 10p ea 12 for £1.00 all 35p each, any 4 for £1.20
TIP318B 30p ea Apsg2An Temperature Sensor i.c.
TIP 3055 90pea  mounted on 1.5m screened lead
2N3055H 60pea . ,mplete with data and
2N3771 £1.208a o00)ication notes £1.50 ea
7410p-amp  25pea S5for £1.00 | \3g14/ M3915 Bargraph ics £2.95 ea
555 timer ic 30pea 4for £1.00 | \347T variable voltage regulator
LM324 quad mounted on a small heat sink

op-amp 30p ea 4 for £1.00 4 for £1.00

1N4007 diode 20 for £1.00

Dept EE, Mailtech
PO Box 16 Ludlow

Shropshire
SY8 4NA
Tel: 058 474475

Everyday with Practical Electronics, November 1992

LEDS - LEDS - LEDS
5mm rnd red/yellow/green/amber 10p each 12 for £1.00 any mix
5mm rnd high brightness red/green  20p each 6 for £1.00 any mix
5mm rnd flashing red 60p each, yellow/green 70p each
5mm rnd bi-colour 20p each, tri-colour 30p each
Rectangular 6 x 6 x 2mm red stackable 10p each 12 for £1.00
LED mounted In chrome bezel red, yellow or green 30p each, 4 for £1
LED mounted in a black bezel red only 25p each, 5for £1.00
PLASTIC BEZEL for 5mm rnd leds 10 for 40p
20 ASSORTED FULL SPEC LEDS. Various shapes and colours £1.00
CONSTANT CURRENT LED 5mm round, red, 2V-18V a.c. ord.c.
Nom. 14mA 30p each, 4 for £1

ALARM CONTROL UNIT

Single zone alarm control unit built into a domestic light switch
box. Ideai for home, caravan, boat, garage, shed etc.

Facilities: — Normally closed loop for pir sensors, door/window
contacts etc. [ eIrReN |

“SIREN
Normally open loop for pressure mats. 12 volt dc for external use
24-hour toop for personal attack button 115db £8.95
Visual indication that the system is BELL BOX ’

operational.
Automatic entry/exit delay.
Automatic system reset.

A plastic bell box cover
supplied with backplate.
Red/yellow/white

Alarm output cmos logic level £6.95 each

PRICE COMPLETE WITH FULL INSTRUCTIONS £8.95
BELL/SIREN INTERFACE BOARD COMPLETE £3.95
BELL/SIREN INTERFACE PCB ONLY £1.50

PASSIVE INFRA-RED ALARM SENSORS

SUB-MINIATURE PASSIVE -

INFRA-RED SENSOR ONLY J ]

£5.95 ‘

Brand new passive in- l

fra-red sensor, measures ) |

only 33mmW x 24dmmH x I

29mmD. Loglc level output. g

Fuli data and application i 13

notes supplied. = |

EX INSTALLATION SENSORS tested working

Type 1. Measures 180 x 112 x 70mm with walk test led, relay output

and tamper protection. 12 voit dc supply required £8.50 ea

Type 2. As above but a smaller unit 123 x 62 x 50mm £11.75 ea
DOOR/WINDOW Please note: There may be variations in

CONTACTS the size of the above passive Infra red
Surface or flush mounting, 5 .

white £1.10 ea| Sensors depending on stock at the time
JUNCTION BOX of ordering. But the unit will certainly be

white 6 way 80P | within the stated sizes

DUAL TECH SENSOR Microwave and passive infra-red combined.

Separate led indication for each function. Measures 120 x 75 x

50mm. Relay output 12 volt dc tamper protection £29.95 ea
BREADBOARDS - CAPACITORS -

SOLAR CELLS - HEATSHRINK - ETC

SOLAR CELL 2 volt 150mA max, size 60 x 100mm £1.35ea 5 for £6

HEATSHRINK SLEEVING 8mm dia x 40mm iong 5 lengths for £1.00

BNC SOCKETS 50 ohm single hole fixing 50p ea 10 for £4.00

MIN BNC PLUG AND SOCKET 2 pairs for £1.50

PIEZO TRANSDUCER 5 assorted types £1.00
MERCURY TILT SWITCH BREADBQARD
Standard on/off £1.00 each 173 X 65mm 840TP £5.25 each
4 Contact (Directionai) £1.50 each TEXTOOL ZIF SOCKET
28 pin zero insertion socket £5.95 each
PIEZO VIBRATION SENSOR SOLID STATE RELAY
with data sheet £1.00 each Switch mains up to 7 amp 12 or 5 volt
control voltage both types £2.95 ea

£3.95
60p each

6 VOLT NI-CAD PACK 5AA NI-CADS, tast charge type
CAPACITOR 10,000 mtd 25 volt with fixing ctip
CAPACITOR 470 mfd 400 volt £1.50 each 4 for £5.00
CAPACITOR 0.1mfd 63volt 6p each 10 for 50p
EPROMS 27C256 — 30 27C512 - 25. Once programmed but never
used eprom. Mounted on a plastic carrier, can easily be removed
from the carrier or used with a low insertion force socket.

27C256 £1.00 each 6 for £5.00 27C512 £1.20 each 5 for £5.00
Suitable low insertion force socket 28 pin 40p ea 3 for £1.00
MULTITURN PRESETS 20mm RECT, 500R, 1K, 5K, 10K, 20K, 50K
100K 1MO. 40p ea, 3for £1.00

All prices include VAT.
Please add 75p carriage to all orders
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AST MONTH the topic of customis-
I_jng projects was discussed. This is
something that the majority of construc-
tors indulge in, and it adds to the inter-
est and enjoyment obtained from the
hobby. You do need to be slightly careful
when doing your own thing though,
and in particular, you need to be care-
ful when using substitute or equivalent
components.

SUBSTITUTION

There are several possible reasons for
using substitutes. One is simply that
you cannot find exactly the right com-
ponent listed in any of the component
catalogues.

Another is that you have almost the
right component in your spares box, and
that you would prefer to use this rather
than buy the right component. A third
possibility is that the project under con-
struction is an old design, and that some
of the components used in the original
unit are no longer available.

It is clear from readers’ letters that
many constructors are simply not sure if
certain components are the right ones or
not. A fair percentage of queries from
readers who are having difficulty get-
ting projects to work include inquiries
about the suitability of one or more
components. In most cases the com-
ponents in question seem to be perfectly
suitable, but in a few cases a misun-
derstanding has resulted in a totally un-
suitable component being used.

For complete beginners at electronic
construction the best advice is to only
build projects using what you are certain
are the correct components. When build-
ing a project from “Everyday with Practi-
cal Electronics’ remember to consult the
Shoptalk feature.

If for one reason or another you can-
not obtain all the right parts, then it is
best not to go ahead with the project.
Once you have gained a small amount
of experience it is probably safe to start
making some simple substitutions.

SWITCHES

In theory, provided a switch has the
right number of ways (contacts) and
a sufficient number of poles (“moving
contact”), it will do the job. It does not
matter whether you use a pushbutton,
slider, rotary, or rocker type.

In reality you need to be very care-
ful that the switch contacts have suitable
current and voltage ratings. The most im-
portant point to watch is that you do not
use an unsuitable switch on the mains
supply. This could be lethal for the switch
and anyone who uses it!

740

Techniques

ACTUALLY DOING [T1
-by Robert Penfold

Generally speaking, miniature switches
are not intended for operation on the
240V a.c. mains supply. Most of those
that are intended for use on mains sup-
plies are only suitable for continental and
US supplies of around 110V to 120V. For
mains operation use the larger switches
that are intended for on/off switching of
the 240V UK mains supply.

Sometimes a components list specifies
that a switch should be a make-before-
break or a break-before-make type.
These terms only apply to changeover
and multi-way switches, not simple
on/off types.

With a “make-before-break’” switch, as
the moving contact is shifted from one
terminal to the next it momentarily short
circuits the two terminals together.

With “break-before-make” switches
the moving contact (pole) becomes
briefly isolated from both terminals as it is
switched from one to the other.

In most cases it does not matter which
of these switch types is used. However,
where one type or the other is specifically
called for in a components list it is essen-
tial to use the right kind. Otherwise you
might, for example, find that the power
supply is short circuited each time you
operate the switch. At best the switch
would be short lived, and at worst expen-
sive damage would be caused to other
components in the circuit.

CAPACITORS

If you look in one of the larger
electronic component catalogues there
will almost certainly be more than a
dozen different types of capacitor on
offer. Capacitors that operate well in
some respects tend to be less impressive
in others.

Circuit designers therefore have to
look at the important requirements for
each capacitor, and choose a type
which measures-up to these require-
ments. Using a capacitor having the right
value, voltage rating, etc., but having the
wrong type of construction, may not be a
safe substitute.

Ceramic capacitors provide good per-
formance at high frequencies. They are
often used for supply decoupling and
signal coupling in radio frequency cir-
cuits. In other respects the performance
of ceramic capacitors tends to be poor.

The tolerance figures are mostly quite
high, and the values drift significantly
with changes in temperature and the
passage of time. They can also give
problems with microphony in audio
circuits (i.e. they act like crude
microphones). It is unwise to substitute
another type of capacitor for a ceramic

type, Or to use a ceramic capacitor where
some other kind has been specified.

The various plastic foil capacitors,
such as Mylar, polyester, polystyrene, and
polycarbonate types have broadly similar
characteristics. In fact components list
sometimes just specify “plastic foil”
capacitors rather than a particular type
within this category.

Provided the electrical ratings are
suitable it is unlikely that there will be any
problem if one kind of plastic foil
capacitor is substituted for a different
type. Bear in mind though that there are
substantial variations in the sizes and
shapes of plastic foil capacitors. A
substitute capacitor might have suitable
electrical characteristics, but can it be
fitted onto the circuit board?

POLARISED

Higher value capacitors are mostly of
the electrolytic and tantalum types. The
latter are physically very small, and have
superior electrical characteristics. Ac-
cordingly, a tantalum type can be used
instead of an electrolytic type. A substitu-
tion in the opposite direction is unlikely
to give good results though. In a timing
circuit for instance, the higher leakage of
an electrolytic capacitor could result in
greatly extended times, with the times
possibly carrying on indefinitely.

Tantalum and electrolytic capacitors
are polarised components which must be
connected the right way round if they are
to function properly. It is not a good idea
to use a polarised capacitor in place of a
non-polarised type. The signal across a
polarised capacitor must include a d.c.
component if the component is to func-
tion reliably.

If a large non-polarised capacitor is
called for, it is likely that this d.c. com-
ponent is not present, or that the applica-
tion is a critical one where the quality of a
polarised component would simply not
be good enough anyway.

Silvered mica capacitors are some-
times specified for radio frequency cir-
cuits. These are very high quality com-
ponents with price-tags to match.

Mica capacitors are still available, but
are becoming increasingly difficult to
track down. A good quality polystyrene
capacitor is about the only reasonable
substitute for a mica type.

LOUDSPEAKERS

The main ratings of loudspeakers are
the physical size, the power rating, and
the impedance. Using a slightly smaller
or larger loudspeaker than that speci-
fied is fine, but only if the substitute
component has a high enough power
rating. Be especially careful about using a
loudspeaker that is smaller than the spec-
ified size.

In general, the larger the physical size
of a loudspeaker, the higher its power
rating. Some miniature loudspeakers
have very low power ratings. Bear
in mind that seriously overloading a
loudspeaker can burn out the coil, or
(more probably) result in it literally
ripping itself apart.

If an eight ohm impedance
loudspeaker is required there should
be no difficulty in obtaining a
suitable component, since virtually all
loudspeakers have this impedance. The
main exceptions are the high impedance
types, where there is a definite lack of
standardisation.
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A variety of impedances from about
50 to 80 ohms are used. Using a
loudspeaker of not quite the right
impedance should not cause any dif-
ficulties. A 64 ohm component should
work perfectly well in place of (say) a 50
ohm or 80 ohm loudspeaker.

Never use an eight ohm loudspeaker
instead of a high impedance type. This
could damage the semiconductors in the
circuit driving the loudspeaker, and (or)
result in severe overloading of the
loudspeaker. Substituting a high im-
pedance loudspeaker for a low im-
pedance type should be quite safe, but
the maximum output power and volume
will both be substantially reduced.

DIODES

Occasionally a special diode of some
kind will be required, but in most cases
projects just use ‘bog standard” silicon
types such as the 1TN4148 and 1N914,
or very occasionally germanium diodes
such as the OA90 and OA91. Substitut-
ing one silicon diode for another, or one
germanium device for another should not
give any problems.

However, do not use a germanium
device in place of a silicon type, or vice
versa. They have very different characteris-
tics, and are not usually interchangeable.

On the face of it there is no problem in
using a silicon rectifier such as a 1N4002
instead of a silicon diode such as a
1N4148. In practice this is not usually a
good idea. There are subtle differences
between the two types of component
which could cause difficulties.

Rectifiers generally have lower for-
ward voltage drops which could cause
problems in biasing applications. They
also have slow response times which
could produce poor results in a.c.
applications. i

Substituting a rectifier having a higher
than specified voltage or current rating is
perfectly safe. For example, a 1N4002
(1A 100V) rectifier can be used in place
of a 1N4001 (1A 50V) type. Going up to
a higher current rating is safe from the
electrical point of view, but bear in mind
that a higher current rating usually means
a much larger physical size as well.

Never use rectifiers having lower voit-
age or current ratings than the specified
components. Apart from the almost cer-
tain and spectacular destruction of the
substitute rectifiers, other components in
the circuit could be damaged.

RESISTORS

Most components list specify some-
thing like “0-25 watt 5 per cent carbon
film” for all the resistors. This is a mini-
mum requirement, and it is quite in order
to use higher quality components such as
one per cent metal film resistors.

Itis also in order to use a higher wat-
tage than that specified in the “Comps
list.” However, note that in many cases
this would mean trying to use resistors
that were far to large to fit into the avail-
able spaces on the circuit board.

In the vast majority of cases you can
get away with using one value up or
down from the correct one (e.g. a 12k
or 8k2 resistor instead of a 10k type).
This may cause some loss of performance
though, and it is advisable to fit the cor-
rect value as soon as a suitable com-
ponent can be obtained.

If you try using a “logarithmic” (log.)
potentiometer instead of a “linear”” (lin.)

type, or vice versa, the project will work
properly. The substitute potentiometer
will have rather an odd control charac-
teristic though.

For example, suppose you used a
logarithmic potentiometer instead of a
linear type for the balance control in a
stereo amplifier. This would provide the
correct channel balance with the control
set almost at one end of its adjustment
range, rather than at a roughly middle
setting. This is again fine for a temporary
fix until you can obtain the right type, but
does not provide a satisfactory long term
solution.

TRANSISTORS

With projects that operate from a small
9V battery and use transistors as simple
amplifiers and switches, BC549s and
BC559s can respectively be used in place
of virtually any npn and pnp transis-
tors. There are plenty of other transis-
tors which are suitable as general pur-
pose npn/pnp substitutes (BC109/179,
BC547/557, etc.).

When using substitutes make sure that
you connected the transistors correctly.
The fact that two transistors have the
same case style does not necessarily
mean that they have the same pin leadout
configuration.

Using substitutes where higher
powers and higher frequencies are
involved is rather more tricky. Even very
experienced constructors can run into
difficulties when attempting this type of
thing. For the beginner the best advice is
to not bother trying substitutes for any
transistor that is at all out of the ordinary.

INTEGRATED CIRCUITS

In general it is not possible to use sub-
stitutes for integrated circuits (i.c.s.) due
to their specialist nature. However, one
exception is operational amplifiers.

There are plenty of operational
amplifiers which are designed to be
superior versions of the industry standard
HA741C. This includes popular devices
such as the TILO71CP, TILO81CP,
CA3140E, and LF351N. Using one of
these instead of a pnA741C, or in place of
another “super” 741C device is almost
invariably all right.

Using a pA741C instead of a “‘super”
741C is more dubious. The project is
almost certain to work, but with some
reduction in performance.

Some circuits make use of the
CA3140F's ability to operate with a
single supply rail in situations where
other types require dual supplies. Using a
substitute in such a circuit is more or less
guaranteed to prevent it from working at
all

There are various families of TTL logic
integrated circuits, with each family
having “pin-for-pin” equivalents to the
devices in the other families. Com-
patibility between these logic families is
actually quite an involved topic, but there
is a fairly high degree of compatibility
between most of them.

Compatibility is to some extent de-
pendent on the exact way in which a
device is used. A substitution might be
successful in one circuit, but unreliable in
another.

Compatibility is very good between
the original 74 series, the popular 74LS
series, and the increasingly popular
74HCT devices. It is highly unlikely that
an unsuccessful substitution wili cause
any damage, so the “suck it and see” -
approach is quite acceptable.

In practice with 74 series substitution
you seem to be able to get away with
rather more than the theory would dic-
tate. Unfortunately, this is not the case
with most component substitution.

Fixed and variable resistors.

Fixed and variable capacitors.

{b)

FIXED

YARIABLE

POLARISED

i
=

NON - POLARISED

7

VARIABLE
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Constructional Project

VIBRATION
SENSITIVE

ALARM

M. G. ARGENT

Safeguard your valuables with this novel alarm.
Endless possible applications in and around the home.

HE VIBRATION alarm circuit to

be described here consists of a

piezoelectric sounder (which is used
both as a vibration sensor and also a mini
speaker), a latch and two oscillators
formed by a CMOS quad 2-input NAND
Schmitt trigger ic., and two transistor
amplifiers.

HOW IT WORKS

The circuit block diagram is shown in Fig.
1. Vibration of the piezoelectric transducer
WD generates small voltages which are
amplified by the transistor amplifier TR2
and provides a negative “feedback” pulse to
flip the latch ICla and IClb.

When the unit is switched on, the latch
automatically resets itself. When triggered
by TR2, the latch changes over, and
remains in this “alarm” state until the unit
Js switched off.

The output of the latch enables two
oscillators, creating the required pulsed
tone for the alarm sound. The output from
the last oscillator is connected to the same
transducer WD as is used for the alarm
sensor. This eliminates the need for two
piezoelectric devices and also provides a

+
PIEZO
wD1
R1
RESET
Ic1 j(of 1C1
c2 adb c d AL TR2
; LATCH Low HIGH PIEZO AMPLIFIER
4 FREQUENCY FREQUENCY ORIVER A
OSCILLATOR OSCILLATOR
(eaesis)

regenerative action, guaranteeing positive
triggering.

CIRCUIT
DESCRIPTION

The full circuit diagram for the Vibra-
tion Sensitive Alarm is shown in Fig. 2.
The latch, IC1a/IC1b, mentioned earlier is
reset by the resistor capacitor combination
R1/C2. Capacitor C2 always starts up from

Fig. 2. Complete circuit diagram for the Vibration Sensitive Alarm,

Fig. 1. Block diagram for the Vibration Sensitive Alarm.

the uncharged state due to it being shorted
out by the On/Off switch S1 each time the
unit is switched off.

The latch output at IC! pin 3 will be
“low™ (0V) when the unit is on but not
triggered. When the laich changes state,
due to a negative pulse from TR2, it’s out-
put goes **high™ (+9V) enabling the low
frequency oscillator formed by IClc.

This oscillator pulses on and off a high
pitched audio oscillator IC1d, providing
the alarm sound. The fre-
quency of the second os-

[} ]
INLY4S
aapk

cillator is adjustable by
VRI to set the loudest
(and most nauseating) fre-

c2 "1IC1b

10p 4093 M5

c3

TYOOH

2
=1 L1
—_

10mH

cS
p 100n

1C1d
g 4093 /L

TR
BC108

INLILE
&

PIEZO
w01

quency. This is then buff-

Re ered by transistor TR1 to

éZZOk drive the piezo sounder
WDI1.

Piezoelectric devices are
excellent for fow power
consumption but are not
generally loud enough to
be heard far away. This
problem is easily over-
come by connecting an
inductor L1 across it.
When transistor TRI! is
switched on an off at the
high pitched audio fre-
quency, L1 “‘rings” and

L_ON, ., %

provides a large volt-
age swing across the
transducer WD, giving a

greatly increased volume
than otherwise available.
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If an inductor is not readily available, it
can be substituted with a resistor, typically
10 kilohms, and the unit will function as
normal except for the reduced volume,
which might still be sufficient in many
cases.

Diode DI is provided to protect the unit
against accidental battery reversal.

CONSTRUCTION

The complete unit can be built up on a
piece of 0-lin matrix stripboard, size 36
holes by 17 strips, and the topside com-
ponent layout is shown in Fig. 3. There are
14 copper track breaks required and these
are shown in the underside plan view.

Commence construction by inserting the
1] link wires and i.c. socket. This provides
a good reference point when mounting
components later. The i.c. should not be
mounted in it's socket until all wiring has
been completed and checked.

The small links can be made with bare
off-cuts from component leads, but the
longer ones should be made with insu-
lated wire. Before adding the components,
double check the position and wiring of the
links; this will save a lot of headaches at the
testing stage.

The rest of the components should now
be mounted and soldered on the circuit
board. The order should be in ascending
size, i.e. diodes, resistors, capacitors . . .
transducer.

It might be wise to leave the transistors
until last as they are not to happy about
being exposed to heat and they must be put
in the right way round. Also, be careful to
check the polarity of the diodes and the
electrolytic capacitors.

It only remains to wire the slide switch
to the board and the battery clip leads to
the board and switch. In this design, the
On/OfT slide switch is wired in the negative,

Resistors See
R1,R6 100k (2 off
2% 1M5 (Fofl SH@@
47k
RA  3k3 TALK
RS ™ Page
R7 220k

All 0-25W 5% carbon film
Potentiometer

VR1 100k skeleton carbon
preset, lin.
Capacitors
(03] 100y axial elect., 35V
C2 10puradial elect., 16V
C3,C5 100n ceramic or poly (2 off)
Cca 10n ceramic or poly

Semiconductors
D1, D2 1N4148 signal diode
TR1,TR2 BC108 npn silicon
transistor (or similar)
IC1t 4093 quad 2-input CMOS
Schmitt trigger

Miscellaneous

L1 10mH p.c.b. mounting
choke
S1 Single-pole slide or toggle

changeover switch
wD1 Piezoelectric transducer
Stripboard, 0-1in. matrix, size 36 holes
x 17 strips; 9V PP3 battery and connec-
tor leads; plastic case to choice; board
spacers, fixing nuts and bolts; solder etc.

£4

plus case

Approx cost

guidance only

black, battery lead. This is to ensure that
in the off position the electrolytic capacitor
C2 is discharged.

No details have been provided for a case
and this has been left to individual choice.
However, a small hole or series of holes
should be drilled in the case above the
sound transducer.

TESTING

Once assembled, check the board for
any errors or solder shorts across copper

tracks, plug the i.c. into its socket and
connect up the battery. The diode DI
protects against reverse battery polarity.
Switch on and wait a few seconds while
the unit resets itself, via R1/C2. Tap the
piezoelectric transducer WD, this should
give out a pulsed high pitched sound.
Leave the alarm running and adjust pre-
set VR for the loudest and most annoying
output. This type of sound carries a long
way and would, hopefully, deter most un-
wanted intrusions. @
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required in the copper tracks.

| 4

Fig. 3 Stripboard component layout and underside details of breaks
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Regular Clinic

CIRCUIT
SURGERY }"

MIKE TOOLEY B.A.

Welcome again to Circuit Surgery, our regular clinic for readers’ problems
and a particularly warm welcome to readers of Practical Electronics. For the
benefit of our new readers, Circuit Surgery provides a regular “self-help”’
Sorum for readers problems. We aim not only to provide a regular cocktail of
practical hints and tips but also some rapid feedback (including modifications
and trouble-shooting information) concerning many of the projects which have
appeared in the pages of both Everyday and Practical Electronics. Naturally,
this column relies almost entirely on input from readers, so please drop me a
line and let me know what topics you would like me to cover.

This month’s Surgery should have a
particular appeal to the audio enthusiast.
We shall be describing some simple cir-
cuitry for compressing audio signals, a
power supply for a low-noise pre-amplifier
stage, and also suggesting some useful
background reading on “‘digital audio™.

Finally, for those who may not be so in-
terested in audio, we include some infor-
mation on the popular RS-232 serial com-
munications interface.

Constant level

Audio enthusiast Chris North writes
from Bristol with a request for a simple
circuit which will help him keep the level of
a microphone signal reasonably constant.
Chris writes:

“I am regularly invoilved with public ad-
dress work and often have difficulty with
varying microphone levels. I need a cir-
cuit which will accept a signal from a
medium impedance dynamic microphone and
deliver a constant output signal to the power
amplifier.”

The output signal from
a microphone can vary

The solution to this particular problem is
a circuit which will provide a rapidly falling
voltage gain as the amplitude of an in-
put signal is increased above a threshold
level. Such a circuit is known as a “‘com-
pressor” and a practical example (based
on two commonly available operational
amplifiers) is shown in Fig. 1.

The compressor circuit can be used
to replace an existing microphone pre-
amplifier but offers the advantage that its
output remains reasonably constant (at
about 2V peak-peak) for any input greater
than 20mV peak-peak. The circuit has a
frequency response which extends from
100Hz to over 10kHz and thus should be
more than adequate for most public
address work.

Preset VR sets the amount of compres-
sion provided by the circuit and the correct
setting for this component will usually re-

circuit will operate as a *‘straight” pre-
amplifier with a voltage gain of about 750
(the signal shunt, TR1, will never be driven
into conduction).

If high-quality low-output microphones
are to be used, greater sensitivity may be
required. In this case both R2 and R7 can
be increased to 470k. The onset of com-
pression will then be reduced to approxi-
mately SmV with VR at maximum setting.

30V power supply

Regular reader Simon Jones writes from
Liverpool with a request for information
on the design of a 30V power supply.
Simon writes:

‘I am constructing an ulira low-noise pre-
amplifier based on a TDA3410. This re-
quires a 30V power supply. Can you provide
me with a circuit which can power two iden-
tical pre-amplifiers using this chip?”

from less than a hundred
microvolts to several tens
of millivolts depending
upon the distance of the
source and the inten-
sity of the sound and
such varying signal levels | sx1 ¢
can be a real problem |"f% e
with public address equi-
pment.

Unfortunately, inex-
perienced public address
users are often blissfully
ignorant of this fact and
frequent adjustment of the
volume control may be
required in order to

Q—Aw—

quire a little experimentation. If no com- The TDA3410 requires a fairly
pression is required, VR1 should be set to modest supply current (approxi-
minimum (slider at OV). In this case, the mately 10mA) and thus a simple
Fig. 1. Circurt of the audio compressor.
+9v To
+15v

R}

SK1

QUTPUT]

provide an acceptable
output level (neither
deafening an audience nor
straining their ears).

oV}
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transformer/rectifier/regulator combina-
tion should suffice, see Fig. 2.

The 14-pin d.il. regulator (ICl) is
capable of operation over a very wide
voltage range (2V to 37V at a maximum
load current of 150mA) and thus should be
more than adequate for this application.
The output voltage of the power supply is
set by means of VRI whilst the current
limiting resistor (R2) has been chosen so as

connected in series. Maplin’s WBIOL is
ideal for use in this circuit. The bridge
rectifier, D1-D4, is a W0l device (100V
Pl1V) rated at 1A.

1t is worth pointing out that care should
be taken when positioning the power sup-
ply within the pre-amplifier enclosure. The
transformer, T1, and mains wiring should
be kept well away from the input connec-
tions to the TDA3410 devices in order to

Fig. 2. Circuit of the 30V power supply.

to provide a maximum output current of
100mA (sufficient for several TDA3410
devices). _
The mains transformer, T1, should be
rated at 6VA (or more) and should have
two 12V secondaries (each rated at 250mA)

prevent hum and induced noise. Further-
more, an earthed metal enclosure should be
employed (with ground connections taken
to a single common earth point in order to
prevent earth loops) and all internal signal
wiring should use screened audio cable.

Modem connections

George Smith writes from Edinburgh
with a query relating to the the serial port
connections on a BBC Micro:

*‘On reading your Circuit Surgery article
in which you supplied Mr Ron White with
connection details of the SCART connector,
I wonder if you could help me with a similar
problem. .

I purchased a British Telecom
Mainstream modem model FM 1200 from a
sale. Unfortunately it did not contain any
technical data. The problem is that there is a
25-way D-socket on the rear panel of the
modem which I wish to connect to the 5-pin
domino DIN socket fitted to the RS-423 port
of a BBC Micro.

The pins on the RS-423 port are: A - data
in; B -data out; C-0V; D-CTS; and E -
RTS. Do you have any idea of the pinout of
the 25-way D-socket?”’

The RS-232/CCITT V.24 interface
undoubtedly reigns supreme as the
most widely used standard for serial
communication between microcomputers,
peripheral devices, and remote host
computers. which were not defined under
RS-232C. The standard was first defined by
the Electronic Industries Association (E1A)
in 1962 as a recommended standard (RS)
for modem interfacing.

RS-232 relates essentially to two types of
equipment; Data Terminal Equipment
(DTE) and Data Circuit Terminating
Equipment (DCE). Data Terminal Equip-
ment (e.g. a microcomputer) is capable of
sending and/or receiving data via an
RS-232 serial interface. It is thus said to
*“terminate” a serial link.

Data Circuit Terminating Equipment
(formerly known as Data Communications
Equipment), on the other hand, is generally
thought of as a device which can facilitate
serial data communications and a typical
example is that of a modem (modulator-
demodulator) which forms an essential link
in the serial path between a microcomputer
and a conventional analogue telephone line.

Digital audio

Judging from a number of readers’ let-
ters *Digital Audio” is quite a "*hot™ topic
these days! Unfortunately, the subject of-
ten does not feature in many of the older
textbooks and several readers have asked
me to suggest sources of information. Two
books which are well worth reading are:.

The Art of Digital Audio (Focal Press,
ISBN 0-240-51270-7) by John Watkinson
provides an excellent introduction to the
subject. It contains all of the essential
theory of digital audio and should appeal
to those with little previous experience of
the subject. John Watkinson provides a
very detailed description of digital audio
coding, processing and conversion without
getting too bogged-down in complex math-
ematics. The book then continues with a
description of a number of current digital
standards and error correcting techniques
before describing a variety of equipment.

Digital Audio and Compact Disk Tech-
nology (Heinemann Newnes, ISBN 0-434-
91868-7) is edited by staff from the Sony
Service Centre (Europe) and contains a
wealth of information relating to a wide
variety of digital audio equipment. The
book provides a useful introduction to the
principles of digital signal processing, sam-
pling, quantization, conversion and coding
and also contains chapters on Compact
Disk players, Video 8, Digital Audio Tape
(DAT) and Digital Audio Stationery Head
(DASH) formats.

D RTS RXD

, {TOP}

13 122 11 1! 9 8 6 S

© 0 o 0 o ©o o O
o ©° © 0o 0 0o 0o o ©o o
25 26 23 22 29 20 19 8 17 %

RS-232 D-TYPE SOCKET
(FACE VIEW OF FEMALE CONNECTOR)

R
CTS TXD
BBC MICRO DOMINO SOCKET
{FACE VIEW)

Fig. 3. Pin connections for the 25-way D-Connector.

Data terminal equipment (DTE) is normally
fitted with a male connector whilst data
circuit terminating equipment (DCE) con-
ventionally uses a female connector (note
that there are a few exceptions to this rule!).
Fortunately the solution to Mr Smith’s
problem should be fairly straightforward
since the BBC Micro uses only a subset of
the full set of RS-232 port connections.
Furthermore, the wiring of the 25-way

Next month:

In next month’s Surgery we shall be
attempting to explain the mysteries of
“safe area protection”. We shall also
be taking a look at several probes
which can be used to extend the
functions provided on basic test equi-
pment. We also have a *“round-up” of
hints and tips sent in by readers over
the past six months.

In the meantime, if you have any
comments or suggestions for inclusion
in Circuit Surgery, please drop me
a line at: Faculty of Technology,
Brooklands College, Heath Road,
Weybridge, Surrey, KT13 8TT. Please
note that I cannot undertake to reply
to individual queries from readers
however 1 will do my best to answer
all questions from readers through the
medium of this column.

modem connector should be reasonably
standard and should obey the following
convention in respect of the most impor-
tant signals present:

Pin Signal Function
no:

1 FG Earth connection to the

equipment frame or chassis.

Serial data transmitted from
DTE to DCE.

Serial data received by the
DTE from the DCE.

When active, the DTE is
signalling that it wishes to
send data to the DCE.

When active, the DCE is
signalling that it is ready to
accept data from the DTE.

When active, the DCE is
siplallintithat a communica-
tions has been, properly
established.

Common signal return

path (0V).

When active, the DTE is
signalling that it is operational
and that the DCE may be
connected to the communica-
tions channel.

2 TXD

6 DSR

8§ DTR
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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 available.

Every HART KIT is not just a new equipment ac-
quisition but a valuable Investment in knowledge,
giving you guided hands-on experience of modern
electronic techniques.

In short HART is your 'friend in the trade’ glving
you, as a knowledgeable constructor, access to
better 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 fuller detalls of all our Audio
Kits, components and special offers.

AUDIO DESIGN 80 WATT POWER AMPLIFIER.

v Ky B e P e

This fantastic John Linsley Hood designed
amplifier Is the flagship of our range, and the Ideal
powerhouse for your ultimate hifi system. This kit
is your way to get £K performance for a few tenths
of the costl. Featured on the front cover of
‘Electronics Today International’ this complete
stereo power amplifier offers World Class perfor-
mance allled to the famous HART quality and ease
of construction. John Linsley Hood's comments on
seeing a complete unit were enthusiastic:- “The
external view is that of a thoroughly professional
piece of audio gear, neat elegant and functional.
This impression is greatly reinforced by the
internal appearance, which is redolent of quality,
both in components and in layout.” Options
include a stereo LED power meter and a versatile
passive front end giving switched inputs using
ALPS precision, low-noise volume and balance
controls. A new relay switched front end option
also gives a tape input and output facility so that
for use with tuners, tape and CD players, or
indeed any other ‘fiat’ inputs the power amplifier
may be used on its own, without the need for any
external signal handling stages. ‘Slave’ and
‘'monobloc’ versions without the passive input
stage and power meter are also available. All
versions fit within our standard 420 x 260 x 75mm
case to match our 400 Series Tuner range. ALL six
power supply ralls are fully stabilised, and the
complete power supply, using a toroidal trans-
former, is contained within a heavy gauge
aluminium chassis/heatsink fitted with IEC mains
input and output sockets. All the circuitry Is on
professional grade printed circuit boards with
roiler tinned finish and green solder resist on the
component ident side, the power amplifiers
feature an advanced double sided layout for
maximum performance. All wiring in this kit is pre-
terminated, ready for instant use!

RLH11 Reprints of latest articles.

K1100CM HART Construction Manual

LINSLEY HOOD 1400 SERIES

ULTRA HIGH-QUALITY PREAMP
Joining our magnificent 80 Watt power amplitier
now is the most advanced preamplifier ever of-
fered on the kit, or indeed made-up marketplace.
Facilities include separate tape signal selection
to enable you to listen to one programme while
recording another, up to 7 inputs, cross record-
ing facilities, class A headphone amplifier, can-
cellable 3-level tone controls and many other use-
ful functions, all selected by high quality relays.
For full details see our list.

....£1.80
...£5.50

LINSLEY HOOD "SHUNT FEEDBACK' R.|.A.A.
MOVING COIL & MOVING MAGNET
PICKUP PREAMPLIFIERS

Modern, ultimate sound systems are evolving
towards built-in preamplifiers within or near the
turntable unit. This keeps noise pickup and treble
loss to a minimum. We now offer two units, both
having the sonically preferred shunt feedback
configuration to give an accurate and musical

sound, and both having the ability to use both
moving magnet and moving coil cartridges.

Kit K1500 uses modern integrated clrcurts to
achieve outstanding sound quality at minimal
cost. The very low power requirements enable
this unit to be operated from dry batteries and the
kit comes with very detailed instructions making it
ideal for the beginner. K1500 Complete kit with all
components, printed circuit board, full instructions
and fully finished case....

Instructions only i‘.2 80
Kit K1450 is a fully discrete component implemen-
tatlon of the shunt feedback concept and used with
the right cartridge offers the discerning user the
ultimate in sound quality from vinyl disks. Can
be fitted inside our 1400 Preamp, used exter-
nally or as a standalone unit. It has a higher
power requirement and needs to be powered
from our 1400 Series preamplifier or its own
dedicated power supply. K1450 Complete kit of
board mounting parts for discrete component
RIAA preamplifier...... .....£61.06
1500/2-8 Case to suit, including Hardware....£39.52
K1565 Power Supply in matching case. Features
shielded toroidal transformer and upgrade path to
{ull preamp power supply... .£79.42

ALPS PRECISION LOW-NOISE STEREO POTS.

To fulfil the need for higher quality controls we are
now importing an exciting new range of preci-
sion audio pots in values to cover most quality
amplifier applications. All in 2-gang stereo format,
with 20mm long 6mm dia. steel shafts. Now you
can throw out those noisy ill-matched carbon pots
and replace with the real hi-fi components only
used selectively in the very top flight of World
class amplifiers. The improvement in track ac-
curacy and matching really is incredible giving
better tonal balance between channels and rock
solid image stability. Motorised versions have 5v
DC Drive motor.

2-Gang 100K Lin.

2-Gang 10K & 50K Log.

2-Gang 10K Special Balance, zero
crosstalk and zero centre loss..
2-Gang 20K Log (Volume Control)
MOTORISED.
2-Gang 10K Special Balance
MOTORISED, zero crosstalk and
< 10% centre loss with near
Log/Antilog Tracks).......

Send or ‘phone for your copy of our List {5S0p) ot these and many other Kits & Components. Enquiries from Overseas
customers are equalily welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 tor Airmail.
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 teiephoned 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 toliows:—-INLAND Orders up to £20 - £1.50
Orders over £20 - £3.50 Express Courier, next working day. £10 (For safety ail computer parts
are only sent by courler) OVERSEAS ~ Please see the ordering Information with our lists,

STUART REEL-TO-REEL TAPE RECORDER
CIRCUITS

Complete stereo record, replay and bias circuit
system for reel-to-reel recorders. These circuits
will glve studio quality with a good tape deck.
Separate sectlons for record and replay give
optimum performance and allows a third head
monitoring system to be used where the deck has
this fitted. Standard 250mV input and output
levels. Ideal for bringing that old valve tape
recorder back to life. Suitable stereo heads are in
our head list. This basic kit is suitable for ad-
vanced constructors only. K300W Stereo Kit with
Wound Colls and Twin Meter Drive.............£123.93
RJS1 Reprints of Origlnal Descrlptlve

Articles.. .

LINSLEY-HOOD CASSETTE RECORDER
CIRCUITS
Complete record and replay clrcults for very high
quality low noise stereo cassette recorder.
Circuits are suitable for use with any high quality
cassette deck. Switched bias and equalisation to
cater for chrome and ferric tapes. Very versatile,
with separate record and play circuits and easy to
assemble on plug-in PCBs. Complete with
full Instructions. Complete Stereo Record/Play
Kit. - ......£62.58
VU Meters to sult (Each) £3.99
RLH1 & 2 Reprints o( onginal Articles ...£270

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

£3.60

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 spe-
cial 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
fower prices, compare our prices with other sup-
pliers 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 construction and industrial users.
HCB80 NEW RANGE High Beta Permalloy Stereo
head. Modern space saver design for easy fitting
and lower cost. Suitable for chrome metal and fer-
ric tapes, truly a universal replacement head for
everything from hi-fi decks to car players and at
an incredible price tool....... - .£8.30
HS16 Sendust Alioy Stereo Head.. .i‘.21 .49
HRP373 Downstream Monitor
Stereo Combination Head. .
HC15 Special Offer of Standard

Quality Stereo R/P Head with

slight face scratches....................... 3 for Only £4.80
HQ551A 4-Track RECORD & Play
Permailoy Head.for auto-reverse car
players or quadraphonic recording.
HM120 Standard Mono R/P Head....................
H524 Standard Erase Head.
HS561 Hi Field Erase Head for
METAL Tapes.

SM150 2/2 (Double Mono) DC
Erase Head..... .

HQ751E 4/4 True 4-Track Erase Head...............

REEL TO REEL HEADS
999R 2/4 Record/Play 110mH. Suits Stuart
Tape Circults.........ccccc.o.. o
998E 2/4 Erase Head 1mH. Universal
Mount. Suits Stuart.

TAPE RECORDER CARE PRODUCTS
DEM1 Mains Powered Tape Head
Demagnetizer, prevents noise on playback
due to residual head magnetisation................ £
DEM115 Electronic, Cassette Type
demagnetizer...........

QUALITY
AUDIO KITS
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INTERFAC

Robert Penfold

JUDGING from readers’ letters, playing
around with stepper motors is cur-
rently a popular pastime for the electronic
hobbyist. Driving stepper motors is ac-
tually much more simple than many
people seem to imagine. It looks complex
because most stepper motors have about
six leads, as opposed to the two of an
ordinary d.c. motor.

Also, stepper motors are normally
driven via special driver circuits which are
almost invariably based on dedicated
integrated circuits. The circuit diagram
therefore gives few clues as to what is
going on.

Next Step

The stepper motors that are avail-
able to the hobbyist are virtually all of
the four-phase variety. You need to be
slightly wary of cheap surplus stepper
motors as these are often something other
than four-phase types, and could be very
difficult to drive properly. Fig. 1 shows
the basic way in which a normal four-
phase stepper motor functions.

The basis of the motor is two
electro-magnets in an X" formation. Each
electro-magnet has two coils wound in
anti-phase, so that the polarity of the
magnetic field can be changed by
switching over from one coil to the other.

Obviously the same thing could be
achieved by having a single coil and
changing the polarity of the drive volt-
age. However, the driver circuit can be
more simple if twin anti-phase windings
are used.

A bar magnet is fitted to the drive
shaft, and the orientation of this mag-
net will depend on the polarities of the
electro-magnets. Bear in mind here that
like poles repel, and unlike poles attract.

As you will see from Fig. 1, by altering
the polarities of the electro-magnets in

Is./5th 2nd

Fig. 1 Method of operation used in a
four-phase stepper motor.

the correct manner the bar magnet can be
dragged round in 90 degree increments.
By repeating the sequence over and over
again the magnet can be made to rotate
continuously. By reversing the sequence it
can moved in the opposite direction.

In a practical stepper motor there are
usually several sets of electro magnets,
giving much smaller steps. The Maplin
stepper motor for instance, has 7-5 degree
steps, or some 48 steps per complete turn.

Clearly a much finer degree of control
will be needed in most applications, but
this can be provided by some step-down
gearing. For example, with an eight-to-
one step-down ratio there would be 384
steps per turn, and slightly better than
one degree resolution.

Stepping Power

An important point to bear in mind is
that stepper motors are not very power-
ful, and even with the aid of step-down
gearing they can only drive light loads. It
should also be borne in mind that they
are not really a good choice where con-
tinuous rotation is required. An ordinary
d.c. electric motor can usually handle that
type of thing perfectly well, and at a frac-
tion of the price.

Four-phase stepper motors have six
leadout wires. Two of these are “com-
mon” leads which simply connect to the
positive supply rail. The other four are
driven from open collector outputs, which
should include protection diodes because
the solenoids in the motor obviously
provide highly inductive loads.

One way of handling things is to
simply control the solenoids directly from
some digital outputs of the computer.
Outputting the appropriate values in the
correct order then steps the motor in the
required direction. Most people prefer to
use a proper driver circuit, which usually
means one based on the SAA1027 in-
tegrated circuit. Control of the motor is
then very straightforward, and is achieved
using two outputs. Pulses on one output
provide stepping of the motor, while the
logic state of the other output determines
the direction of the motor.

Next month we will consider some
practical stepper motor interface circuits.

P.C.B. Shareware

In the past there has been plenty of
high cost software for producing printed
circuit board designs on a computer, but
there has been little low cost commercial
or shareware software of this type. In
recent times some good low cost p.cb.
software has appeared, some existing
programs have been subjected to spec-
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tacular price cuts, and some good
shareware p.cb. programs for the PCs
have appeared. | reviewed the British
produced “Quickroute” a couple of
months ago, and this was probably the
first shareware program to offer a real
alternative to the low cost commercial
p.c.b. programs.

Pads-PCB

Now there are two new shareware
p-c.b. programs for the PCs in the form of
“Pads-PCB” from the USA, and “LAYO1”
from France. These are both sophisti-
cated programs, and “Pads-PCB” would
seem to be the most advanced shareware
p-c.b. program currently available. It has
facilities which rival the cheaper and
mid-priced commerecial offerings.

Unfortunately, it is sufficiently ad-
vanced to be unusable on many PCs. To
run this program you require at least an
80286 based PC fitted with 640K of RAM
and a hard disk with at least seven
megabytes of free space. A V.G.A. display
is also needed, and some super V.G.A.
modes are also supported.

Part of a screen dump from “Pads-
PCB". Showing a zoomed 'ratsnest”’
and menu bar and status information.
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Control of the program is via a com-
bination of the keyboard and a Microsoft
compatible mouse. The program is sup-
plied on three high density 3:5 inch or
5-25 inch disks.

There are really two programs, one of
which is a front-end which is used to
produce circuit diagrams (or “schematics”
in American terminology), and to produce
- netlists which are fed to the second pro-
gram. A netlist is basically just a com-
ponents list together with details of all
the interconnections.

The second program takes the netlist
and converts it into physical representa-
tions of the components, complete with a
“ratsnest” of interconnections. The com-
ponents can be placed onto the board
manually, or there is an auto-placement
facility which can be used. This is quite an
advanced feature which is normally only
found on very expensive p.cb. design
programs.

In the “ratsnest” each connection runs
straight from one pin to the next, prob-
ably crossing several other tracks and a
few pads on the way. Each track therefore
has to be carefully routed to avoid any
short circuits. The routing can be per-
formed manually, and there are plenty of
editing tools which permit corners and
angles to placed in the tracks, the track
width to be varied, etc.

Auto-Routing

There is also an automatic routing
facility with various options that can alter
its approach to routing a “ratsnest”. In
common with other auto-routers which
use “maze-search” and other relatively
simple methods, it will work- quite well
with certain types of board, but is vir-
tually useless with many other types.

The problem with virtually all auto-
routers is that they tend to produce com-
plex two-sided layouts, whether or not
the design really justifies it. Also, they
generally complete about 90 per cent or
so of the tracking, leaving the user to
finish the rest.

This would be fine, but most auto-
routers tend to “paint you into corners”,
possibly leaving a board that is impos-
sible to finish without some substantial
redesigning. Simple auto-routers are great
fun to try out, but are not usually of much
practical help.

The “Pads-PCB” actually has two auto-
routers, and these seem to be better than
most. Although the success rate is not ex-
ceptionally high, the routers do seem to
route the tracks more sensibly than much
of the competition.

Both routers are also much faster than
many other auto-routers I have tried.
Great claims are made for the 100
per cent rip-up-and-retry and “power”
routers, but unfortunately these are not
included in the shareware version of the
program.

The netlist approach is the one
favoured by most professional p.cb.
designers, but it is a bit over the top if
‘you only need to draw up relatively
simple printed circuit designs. Like
most p.c.b. design programs, “Pads-PCB"
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One to one output from
“Pads-PCB"” at 300d.p.i.

allows you to use the p.c.b. design part of
the program as an electronic drawing
board if that is all you need.

The program can output to a wide
range of devices, including dot-matrix
printers, laser printers, plotters, and
photo-plotters. I tried printing out one of
the demonstration designs on a 24-pin
dot-matrix printer and a 300 d.p.i. laser
printer, and the quality seemed to be
about as good as the printers would
allow.

In a short review of this type it is im-
possible to cover such a complex piece of
software in detail. It is a very sophisti-
cated and well thought out program, and
it seems to be reasonably bug-free. There
is plenty of documentation in the form of
ASCII files on the disk, and the documen-
tation is very concise and complete by
shareware standards.

If you have a suitable computer and
you are interested in electronics, then this
is a program that you should definitely
give a try. The running demonstration for
the p.c.b. section of the program will give
you a good idea of what “Pads-PCB"” can
do.

The shareware version is limited to
logic boards having about 30 integrated
circuits, or analogue boards having an
equivalent number of interconnections.
However, this should be sufficient for the
majority of do-it-yourself projects.

If the shareware version'is sufficient for
your needs, then “PADS Software Inc.”
are apparently quite happy for you to go

on using their program, with no registra-
tion fee being required. All you pay is the
£18-00 (including V.A.T. and postage) for
the three high density distribution disks.
This must be one of the best software
buys of all time!

LAYO1

It is difficult to comment on the
“LAYO1” program. It is produced in
France, but the on-disk documentation is
in English. At least, it is almost in English.
Unfortunately, the documentation is
rather cryptic and contains more than a
few errors. The program seems to be
fairly sophisticated — it includes an
auto-router for example. I found it difficult
to get this program to do anything
worthwhile though.

The hardware requirements seem to be
similar to those of “Pads-PCB”, and the
program is supplied on a single high den-
sity disk. Be warned that the installation
program generates a large sub-directory
structure which it fills with dozens of files.
If you have suitable computer equipment
it is probably worth giving this program a
try, but you will need plenty of time to
work out how to use it!

“LAYO1"” and “Pads-PCB"” are available
from The PDSL, Dept EE, Winscombe
House, Beacon Road, Crowborough, Sussex,
~TN6 1UL (4B 0892 663298), and are on
disks H027 and H031A/B/C respectively.
They might be available from other
shareware libraries, but will have different
catalogue numbers.
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CONTROL PORT for PCs

This 1/0 Port follows the general approach of the 'INTERFACING to PCs’
series in this mag, BUT allows user's prototype control circuitry to be set
up and run QUTSIDE the PC.
The double sided pcb fits into an /0 slot, and a ribbon cable terminating
in a D-25 plug allows the control of projects with littie risk to the PC. On
board facilities include: 8-bit A-D, 8-bit D-A, 8 inputs, 8 latched outputs,
3 strobes and 1 1RQ.
Available as:
(a) Etched double sided board with full instructions for drilling/
assembly/testing using BASIC.... £1
(b) Complete 1/O card with ribbon cable and BASIC test programs.
(Built and tested).. ; £29.0
Also available: Test pod with D-25 socket providing analogue and digital
test signals/outputs for the 1/0 card, with BASIC

test programs on disc..... .£17.00

All above prices include P&P. Mail Order only from:

R. BARTLETT,

17, LIME TREE AVENUE, TILE HILL,
COVENTRY CV4 9EY

LOW COST 418MHz UHF RADIO SWITCHING
AS USED BY THE PROFESSIONAL SECURITY MARKET

Incorporating the latest Surface Acoustic Wave technology, the system consists of a small
‘zero-power "', UHF transmitter with digital encoder and a UHF recelver unit with dlgital decoder
and momentary output. Transmitter avatlable either as fully assembled unlt in its own key-fob
case which is fully MPT approved (codes set by cutting tracks}) or in kit form with 8-way DIL
switch. Recelver aiso availabie in two kit forms, one which uses cut tracks to set code {over
13,000 codes avallable), the other uses an 8-way DIL switch {256 codes).

Kit Sizes: Tx 45 x 30mm Rx (both) 45 x 55mm
Kit Supplies: Tx3-15V  Rx (both) 8-15V Range: Up to 100m
Approved Key-fob Transmitter: TXKF £25.99
Individual Kit Transmitter: TXKT. £15.99
Individual Kit Recelver (8-way DIL switch): RXDS. £19.99
Inidivdual Kit Receiver {Cut Tracks): RXCT £18.99
1 x TXKF + 1 x RXCT:SYS1 £39.99
1 x TXKT + 1 x RXDS: SYS2. £29.99
Quantity Discounts Available. Please atlow 28 days for defivery
Cheques/POs to

BLB Electronics

341 Darwen Road, Bromley Cross, Bolton BL7 9BY

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX % 031 667 2611

The supplier to use if you're looking
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PICO ADC-10

8-bit Analog to Digital Convertor

for IBM PCs & compatibles
* 10-25 kHz typical sampling speed

* 0-5 v input range E I 9

+ VAT
(including p+p)

* Plugs directly into parallel printer port
* Requires no external power or expansion slots
* BNC input connector
* Supplied with software to use as a voltmeter &

£99 8051 ‘C' COMPILER £99
® Preprocessor. compiler. optimiser ® Micro Cis not a re-worked small C
® Integer implementation ® Other code generators available: 68HC11
® Inline assembler 6809. 8085
® Assembler level simulator and monitor. ® Low cost cross ussembler available: 8031
® Single chip to fully expanded memory 8051. 6800/01/03/05/09/11. 8085, 8096

£99 8051 BASIC COMPILER £99
® Integer BASIC compiler ® Specific functions to access 8051 SFR's
® Supporting single chip mode and internal memory
® 8051 cross assembler included ® Line editor included. accepts text files
® High Level debugger runs on PC ® Generates INTEL hex format output
® Standard Basic commands supported ® Output suitable for 87C751

8051 ICE (ICESt™)
® Low cost 8051 In-Circuit Emulator ® Assign memory and SFRs
® Low power. S volt operation ® Uploud/download INTEL hex files
L4 Plugs directly into the 8051 processor @ PC host software communicates via serial port
socket on target hardware ® Monitor file supplied in assembly form
® 32K Bytes of battery-backed RAM for ® On-screen disassembly of code
program/data ® 1°C drivers available
® Single stepping and break points ® Real time clock version available
™ICES1 is a trademark of Intel Corp.

87C751 ICE (ICE751)

® Low cost 87C751 In-Circuit Emulator ® Monitor uses only 48 bytes of program memory
® Emulation cable plugs into the 87C751 ® Upload/download INTEL hex files

processor socket on target hardware ® Assign memory and SFRs
@ On-board programmer for DIL devices @ Sct break points
® PLCC adaptor available for 87C751 ® {2C drivers available
® Programs 87C752 DIL and PLCC devices  ® On-screen disassembly of code

through optionat adaptors ® PC host software communicates via serial port

8051 BOOK PEBSS2 1’

oscilloscope, plus Turbo C and Pascal drivers

Pico Technology Limited
Broadwavy House, 149-151 St. Neots Road.

Hardwick, Cambridge CB3 70J
Tel 0954 211716 Fax. 0954 211880

Everyday with Practical Electronics, Noveniber 1992

Architecture. Programming
and Applications (£49.95).
This book includes a free
assembler and simulator for
personal or educational use

The Philips evaluation board
for the B80C552 processor
variant, 4 monitor and pro-
gramming adaptor arc avail-
able for this product

Quick Basic development
tpols available which includes
;‘33 MONHOr  program. uﬁc‘(‘
connector/cabie ussembly and
parallel 1/O demo board

MACH I
An RTX 2000/ PC bused

1CC2000

An 8 channel intelligent

board
the RTX 200t RISC Forth
processor capable of sustain-

mg up to 12 MIPS

card using
the RTX2001 RISC Forth
processor capable of sustain-
Ing up to |12 MIPS

FORTH + +
A low cost RTX200/) com-
piler _optimised for use on
the IBM PC based MACHI
development board but can be
interfaced 1o other boards

fumily. and desi

The 8051: An Introductory Course

This is 2 one day course aimed at customers who nced to become familar with the MCSS1 (8051)

d to give a detailed look at the generic 8051 processor facilities.
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VIDEOS

ON ELECTRONICS

Everyday Electronics is pleased to announce the availability of a range of videos designed to
provide instruction on electronics theory. Each video gives a sound introduction and grounding in
a specialised area of the subject. The tapes make learning both easier and more enjoyable than
pure textbook or magazine study. They should prove particularly useful in schools, colleges,
training departments and electronics clubs as well as to general hobbyists and those following
distance learning courses etc.

The first four videos available are:

Electronics And You — Part 1: D.C. Series and parallel circuits and the

use of a digital multimeter. Running time approx. 51 mins.
Order code VT1 £29.95 inc. VAT

Part 2: A.C. Coils, capacitors, transformers and other a.c. devices.

Running time approx 62 mins.
Order code VT2 £29.95 inc. VAT

Part 3: Semiconductors. Basic semiconductor theory plus fifteen different

semiconductor devices explained. Running time approx. 56 mins.
Order code VI3 £29.95 inc. VAT

Part 4: Power Supplies. A step by step look at how they work plus trouble
* shooting tips. Running time approx. 56 mins.
Order code VT4 £29.95 inc. VAT

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.

To order see our Direct Book Service “Ordering Details” - the postage for tapes is the same as for our
range of books and you can order tapes and books at the same time and pay only one lot of postage.

(Al videos are to the UK PAL standard on VHS tapes)

[PHOTOTRANSISTOR
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Showing Large Base Arez

£29:95

each

50!
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ELECTRONICS TEACH-IN 88/89-

INTRODUCING MICROPROCESSORS

Mike Tooley BA (published by Everyday Elec-
tronics)

A complete course that can lead successful readers to the
award of a City and Gullds Certificate in Introductory
Microprocessors (726/303). The book contains every-
thing you need to know including full details on register-
ing for assessment, etc.

Sections cover Microcomputer Systems, Micro-proces-
sors, Memories, Input/Output, interfacing and Program-
ming. There are varlous practical assignments and eight
Data Pages covering the most popular microprocessor
chips

An excellent introduction to the subject even for those
who do not wish to take the City and Guilds assessment.

80 pages (A4 size) £2.45

ELECTRONIC PROJECTS BOOK 1

Published by Everyday Electronicsin association with
Magenta Electronlics.

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, Minl Strobe,
Digital Capacitance Meter, Three Channel Sound to Light,
BBC 16K sideways Ram, Simple Short Wave Radio, Insula-
tion Tester, Stepper Motor interface, Eprom Eraser, 200MHz
Digital Frequency Meter, Infra Red Alarm EE Equaliser

Guip,

From the
Publishary os

O Certificate
N

RODUC 2
TAL p‘"‘"’MPLETJ q

TROP .-,

So3e

loniser, Bat Detector, Acoustic Probe, Mainstester and Fuse
Finder, Light Rider — (Lape! Badge, Disco Lights, Chaser
Light), Musical Doorbell, Function Generator, Tilt Alarm,
10W Audio Amplifier, EE Buccaneer Induction Balance
Maetal Detector, BBC Midi Interface, Varsble Bench Power
Supply. Pet Scarer, Audio Signal Generator. 3
.45

128 pages (Adsize)

ELECTRONICS TEACH-IN No. 3 - EXPLORING ELEC-
TRONICS (published by Everyday Electronics)

Owen Bishop

Another EE value for money publication aimed at students of
electronics. The course is designed to explain the workings
of electronic components and circuits by Involving the reader
in experimenting with them. The book does not ¢ontain
masses of theory or formulae but straightforward explana-
tions and circuits to build and experiment with.

Exploring Electronics contains more than 25 useful
projects. assumes no previous knowledge of electronics and
15 split into 28 easily digestible sections.

88 pages (A4 size) £2.45

ELECTRONICS TEACH-IN No.4

INTRODUCING DIGITAL ELECTRONICS (published
by Everyday Electronics)

Michael J. Cockcroft

Although thls book is primarily a City & Guilds Introductory
level course (726/301). approximately 80% of the informa-

tion forms a very basic introduction to electronics in general,
it therefore provides an excellent introductory text for begin-
ners and a course and reference book for GCSE students.

Full details on registering for C&G assessment, details of
assessment centres. components required and Information
on the course in general are given

The City & Guilds Introduction to module 726/301 reads:
‘A candidate who satisfactorily completes this module will
have a competence to identify basic components and digital
integrated circuits and connect them together to form simple
working circuits and logic units.” This provides an excellent
introduction to the book.

112 pages (A4 size) [Order code T14] £2.95

ELECTRONICS TEACH-IN No.5 GUIDE

TO BUILDING ELECTRONIC PROJECTS

Published by Everyday Electronics

Due to the demand from students, teachers and hobbyists
we have put together a range of articles from past issues of
Everyday Electronics that will assist those involved with the
construction of efectronic projects.

The book contains the complete Project Development for
GCSE series.

Contents: Features - First Steps In Project Building;
Building with Vero; Project Development for GCSE;
Getting your Projects Working; Gulde to Printed Circuit
Boards; Choosing and Using Test Equipment — The
Multimeter, The Oscilloscope, P.S.U.s, Logic Probes,
Digital Frequency Meters, Signal Generators, etc; Data
- Circuit Symbols; Component Codes; Resistors; Iden-
tifying Components; Capacitors; Actually Doing It
Understanding the Circuit Diagram, Component Codes,
Mounting circuit boards and controls, Understanding
Capacitors; Projects - Lie Detector; Personal Stereo
Amplifier; Digital Experimentsr's Unit; Quizmaster; Siren
Effects Unit; UV Exposure Unlt; Low-cost Capacitance
Meter; Personal Radio.

£2.95

88 pages (Ad size)  [SITITRENINLR

EVERDAY ELECTRONICS DATA BOOK
Mike Toocley BA

(published by EE in association with PC
Publishing)

This book is an invaluable source of Information of
everyday relevance in the world of electronics. It con-
tains not only sections which deal with the essential
theory of electronic circuits, but it also deals with a wide
range of practical electronic applications.

It is ideal for the hobbyist, student, technician and
englneer. The Information is presented in the form of a
basic electronic recipe book with numerous examples
showing how theory can be put into practice using a
range of commonly available “industry standard” com-
ponents and devices.

A must for everyone involved in electronics!

256 pages (Grdercode DATA N ET

DIRECT BOOK SERVICE

The books listed have been selected by Everyday with 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

ELECTRONIC

EQUIPMENT  nanD: ERT=RBIN EORY AND REFERENC E ittt
BOOK where possible and many tables

Steve Money
The principles of operation of the various types of test
Instrument are explained in simple terms with a minimum
of mathematical analysis. The book covers analogue and
digital meters, bridges. oscilloscopes, signal generators,
counters, timers and frequency measurement. The practi-
cal uses of the instruments are also examined

Everything from Audio oscillators, through R, C & L
measurements (and a whole lot more) to Waveform Gen-
erators and testing Zeners. A truly comprehensive book for
the hobbyist, student, techniclan and engineer.

206 pages (€ der codel= 100 IR
HOW TO TEST ALMOST EVERYTHING
ELECTRONIC - 2nd EDITION

Jack Darr and Delton T. Horn

Describes electronic tests and measurements — how to

make them with all kinds of test equipment, and how 10
interpret the results. New sections in this edition include
logic probes, frequency counters, capacitance meters, and
more. {An American book.)

£9.06

190 pages (0. dc: code Y2528

GETTING THE MOST FROM YOUR MULTIMETER
R. A. Penfold

This book is primarily aimed at beginners and those of
limited experience of electronics. Chapter 1 covers the
basics of analogue and digital multimeters, discussing the
relative merits and the limitations of the two types. In
Chapter 2 various methods of component checking are
described, including tests for transistors, thyristors, resis-
tors, capacitors and diodes. Circuit testing is covered In
Chapter 3, with subjects such as voltage, current and
continuity checks being discussed.,

In the maln little or no previous knowledge or experience
Is assumed. Using these simple component and circuit
testing techniques the reader should be able to confidently
tackle servicing of most electronic projects.

96 pages O 9 £2.95

MORE ADVANCED USES OF THE MULTIMETER

R. A, Penfold

This book is primarily intended as a follow-up to BP239,
{see above), and should also be of value 1o anyone who
already understands the basics of voltage testing and
simple component testing. By using the techniques des-
cribed in chapter 1 you can test and analyse the perfor-
mance of a range of components with just a multimeter

(plus a very few inexpensive components in some cases).
Some useful quick check methods are aiso covered.

While a multimeter is supremely versatile, it does have
its limitations. The simple add-ons described In chapter 2
extended the capabillties of a multimeter to make it even
more useful. The add-ons described Include an active r.f.
probe, a high resistance probe, an a.c. sensitivity booster,
and a current tracer unit.

£2.95

84 pages [Order codo BPZOY

THE ILLUSTRATED DICTIONARY OF
ELECTRONICS - 4th EDITION

Rufus P. Turner and Stan Gibilisco

With more than 27,000 terms used in electronics today,
this collection is THE most comprehensive dictionary
available. Including all practical electronics and computer
terms, it is as up-to-date as the latest advances in the field
Itself! Tables and data on subjects most often consulted for
projects and experiments are included. Other conversion
tables include English/metric and metric/English con-
versions for units of energy, power and volume, and
Fahrenheit/Celsius temperature conversion charts.

Setting this edition apart from other electronic dic-
tionaries is its emphasis on illustration. Featurlng more
than complete definitions, this fourth edition includes over
450 detalled drawings and diagrams.

All entries are listed In alphabetical order. Abbreviatlons
and initials are listed in sequence with whole words. All
terms of more than one word are treated as one word. (An
American book).

£23.95

648 pages Urder code 12960

ELECTRONICS - A "MADE SIMPLE” BOOK

G. H.OlIsen

This book provides excellent background reading for our

Introducing Digital Electronics series and will be of interest

10 everyone studying electronics. The subject is simply ex-

plained and well illustrated and the book assumes only a

very basic knowledge of electricity i
.95

330 pages

PRACTICAL ELECTRONICS CALCULATIONS AND
FORMULAE

F.A.Wilson, C.G.L.A.,C.Eng., F.I.E.E,F.L.LE.R.E.,F.B...M,
Bridges the gap between complicated technical theory,
and “cut-and-tried” methods which may bring success in
design but leave the experimenter unfulfliled. A strong
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have been included
The book is divided into six basic sections: Units and
Constants, Direct-cument Circuits, Passive Components,
Alternating-current Clrcuits, Networks and Theorems,
Measurements.
256 pages O ) £3.95

PRACTICAL DIGITAL ELECTRONICS

HANDBOOK

Mike Tooley (Published in association with
Everyday Electronics)

The vast majority of modern electronic systems rely
heavily on the application of digital electronics, and the
Practical Digital Electronics Handbook aims to provide
readers with 8 practically based introduction to this
subject. The book will prove invaluable to anyone
involved with the design. manufacture or servicing of
digital circuitry, as well as to those wishing to update
their knowledge of modern digital devices and tech-
niques. Contents: Introduction to integrated circuits;
basic logic gates: monostable and bistable devices;
timers; microprocessors; memories; input and output
devices; interfaces; microprocessor buses. Appendix 1:
Data. Appendix 2: Digitail test gear projects; tools and
test equipment; regulated bench power supply; logic
probe; logic pulser; versatile pulse generator; digital
IC tester; current tracer; audio logic tracer; RS-232C
breskout box; versatile digital counter/frequency meter,
Appendix 3: The oscilloscope. Appendix 4: Suggested
reading. Appendlx §: Further study P

208 pages [0 ercode PET00)

ELECTRONICS-BUILD AND LEARN

R. A, Penfold

The first chapter gives full constructional details of a cir-
Cuit demonstrator unit that is used In subsequent chapters
to introduce common electronic components - resistors,
capacitors, transformers, diodes, transistors, thyristors, fets
and op amps. Later chapters go on 1o describe how these
components are bullt up into useful circuits, oscillators,
multivibrators, bistables and logic circuits.

At every stage in the book there are practical tests and
experiments that you can carry out on the demonstrator
unit to investigate the points described and to help you
understand the principles involved. You will soon be able
to go on 1o more complex circuits and tackle fault finding
logically in other circuits you build.

120 pages (G- er code 105 BTN
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AUDIO AND MUSIC

LOUDSPEAKERS FOR MUSICIANS
Vivian Capel
This book contains all that a working musician needs to
know about loudspeakers; the different types, how they
work, the most suitable for different Instruments, for
cabaret work, and for vocals. It gives tips on constructing
cabinets, wiring up, when and where to use wadding, and
when not to, what fittings are available, finishing, how to
ensure they travel well, how to connect multi-speaker
arrays and much more.

Ten practical enclosure designs with plans and com-
ments are given in the last chapter, but by the time you've
read that far you should be able to design your ownl!

164 pages CNOEEMAZEN  £3.95

MAKE MONEY FROM HOME RECORDING
Clive Brooks
Now that you've spent a fortune on all that recording gear,
MIDI and all, wouldn't it be nice to get some of it back?
Well here's the book to show you how

It's packed with money making ideas, any one of which
will recoup the price of the book many times over. Whether
you have a tully fledged recording studio at home. or just
a couple of stereo cassette recorders and a microphone,
you'll be able to put the ideas In this book into practice and

make money.
105 pages 5

INTRODUCTION TO DIGITAL AUDIO

(Second Edition)

lan Sinclair

Digital recording methods have existed for many years
and have become familiar to the professional record-
Ing engineer, but the compact disc {CD) was the first
device to bring digital audlo methods into the home. The
next step is the appearance of digltal audio tape (DAT)
equipment.

All this development has Iinvolved methods and cir-
cuits that are totally alien to the technician or keen
amateu: who has previously worked with audio circuits.
The principles and practices of digital audio owe little or
nothing to the traditional linear circults of the past, and
are much more comprehensibie to today’s computer en-
gineer than the older generation of audio engineers

This book is intended to bridge the gap of understand-
ing for the techniclian and enthusiast. The principles
and methods are explained, but the mathematical back-
ground and theory is avoided, other than to state the end

product.
128 pages £6.95

SYNTHESIZERS FOR MUSICIANS

R. A.Penfold

Modern synth are ex ly complex, but they
mostly work on principles that are not too difficult to

understand. {f you want to go beyond using the factory
presets or the random poking of buttons, this is the book
for you.

It covers the principies of modern synthesis - linear
arithmetic as used by Roland, phase distortion (Caslo),
Yamaha's frequency modulation, and sampling -~ and
then describes how the instruments are adjusted to
produce varlous types of sound - strings, brass. percus-
sion, etc. The theoretical side of synthesis is treated in an
easy to understand way - the technical informatlon
being restricted to what you need to know 1o use your

instrument effectively.
168 pages (O der code PCT05 IR

AUDIO

F.A. Wilson,C.G.I.A., C.Eng.. F.L.E.E., FLE.R.E.,

F.B.I.M,

Analysis of the sound wave and an exptanation of acousti-

cal quantities prepare the way. These are followed by a

study of the mechanism of hearing and examination of the

various sounds we hear. A look at room acoustics with

a subsequent chapter on microphones and loudspeakers

then sets the scene for the main chapter on audio systems
amplitiers, oscillators, disc and magnetic recording and

electronic music.

320 pages 0 de BP £3.95

CIRCUITS AND DESIGN

REMOTE CONTROL HANDBOOK

Owen Bishop

Remote control systems lend themselves to 8 moduiar
approach. This makes it possible for a wide range of
systems. from the simplest to the most complex. to be
built up from a number of relatively simple modules.
The author has tried to ensure that, as far as possible.
the circuit modules in this book are compatible with
one another. They can be linked together in many dif-
ferent configurations to produce remote control systems
tailored to swhch a table lamp on and off, or to operate
an industrial robot, this book should provide the circult

you require.
226 pages £3.95

COIL DESIGN AND CONSTRUCTION MANUAL

B. B. Babani

A complete book for the home constructor on “how to
make” RF, IF, audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and
calculations necessary are given and explained in detail
Although this book is now rather old, with the exception of
torroids and pulse transformers little has changed in coii
design since It was written.

96 pages £2.50

30 SOLDERLESS BREADBOARD PROJECTS -
BOOK 1

R. A. Penfold

Each project, which is designed to be bullt on a “Vero-
bloc” breadboard. is presented in a similar fashion with a
brief circuit description, circuit diagram, component layout
diagram, components list and notes on construction and
use where necessary. Whenever possible, the components
used are common to several projects, hence with only a
modest number of reasonably inexpensive components, it
Is possible to build in turn, every project shown. Recom-

mended by BICC-Vero
160 pages [C1dercode =107 BEEEEE

BOOK 2

All projects use CMOS i.c.s. but the items on component
identification etc.. are not repeated from Book 1

160 pages [0 dercode EFT TS IR

ELECTRONIC CIRCUITS HANDBOOK

Michael Tooley BA

This book aims 1o explode two popular misconceptions
concerning the design of electronic circuits: that only
those with many years of experience should undertake
circuit design and that the process relies on an under-
standing of advanced mathematics. Provided one is not
too ambitious, neither of these popularly held beliefs Is
true.

Specifically, this book aims to provide the reader with
a unique collection of practical working circuits to-
gether with supporting information so that circuits can
be produced in the shortest possible time and without
recourse to theoretical texts.

Furthermore, information has been included so that the
circuits can readily be modified and extended by readers to
meet their own individual needs. Related circuits have
been grouped together and cross-referenced within the
text (and also in the index) so that readers are aware of
which circuits can be readily connected together to form
more complex systems. As far as possible, a common range
of supply voltages, signai’levels and impedances has been
adopted

As a bonus. ten test gear projects have been included.
These not only serve to illustrate the techniques described
but also provide a range of test equipment which is useful

in its own right.
277 pages

AUDIO IC CIRCUITS MANUAL

R. M, Marston

A vast range of audio and asudio-assoclated i.c.s. are
readily available for use by amateur and professional
design engineers and technicians. This manual is a guide
10 the most popular and useful of these devices, with
over 240 diagrams. It deals with i.c.s. such as low
trequency linear amplifiers, dual pre-amplitiers, sudio
power amplitiers, charge coupled device delay lines,
bar-graph display drivers, and power supply regulators,
and shows how to use these devices in circuits ranging
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from simple signal conditioners and filters to com.
plex graphic equalizers, stereo amplitier systems, and
echo/reverb delay line systems etc.

168 pages £12.95

HOW TO DESIGN ELECTRONIC PROJECTS

R. A. Penfold

The aim of this book is to help the reader to put together
projects from standard circult blocks with a minimum of
trial and error, but without resorting to any advanced
mathematics. Hints on designing circuit blocks to meet

your special requirements are also provided.
128 pages Temporarily out ol print

50 CIRCUITS USING GERMANIUM SILICON AND
ZENER DIODES

R. N. Soar

Contains 50 interesting and usetul circuits and applica-
tions, covering many different branches of electronics,
using one of the most simple and Inexpensive of com-
ponents - the diode. Includes the use of germanium and
silicon signal diodes, silicon rectifier diodes and Zener

diodes, etc.

64 pages [0/ der code B30 IR
DESIGNING WITH LINEAR ICs
G. C. Loveday

A book that deals with the design of the vital area of
analog circuitry covering design with modern linear in-
tegrated circuit devices. The first chapter introduces the
reader 1o important design techniques, test strategies,
layout, and protection and also includes a section on the
use of a typical CAD tool. There are separate chapters
that cover in depth the use of op-amps, comparators and
timers each with detailed design examples and reader
exercises. A final chapter brings all the previous work
together In a number of complete design problems with
tully worked solutions. The text is essentially non-math-

ematical and is supported by many diagrams.
64 pages 0 Special Price £6.00

TIMER/GENERATOR CIRCUITS MANUAL

R. M. Marston

This manual is concerned mainly with waveform gener-
ator techniques and circuits. Waveform generators are
used somewhere or other in most types of electronic
equipment, and thus form one of the most widely used
classes of circuit. They may be designed to produce
outputs with sine, square, triangle, ramp, pulse, stalr-
case, or a variety of other forms. The generators may
produce modulated or unmodulated outputs. and the
outputs may be of single or multipie form.

Waveform generator circuits may be built using tran-
sistors, op-amps, standard digital ICs, or dedicated
wavetorm or “tunction” generator ICs.

The manual is divided Into eleven chapters, and
presents over 300 practical cifcuits, dlagrams and tables.
The subjects covered include: Basic principles; Sine
wave generators; Square wave generators; Pulse gener-
ator circuits; “Timer IC" generator circuits; Triangle
and sawtooth generators; Multi-waveform generation;
Waveform synthesizer ICs; Special waveform generators;
Phaselocked loop circuits; Miscellaneous 555 cir-

cuits.
£12.95

267 pages

OPTOELECTRONICS CIRCUITS MANUAL

R. M. Marston

A useful single-volume guide to the optoelectronics
device user, specifically aimed at the practical design
engineer, technician, and the experimenter, as well as
the electronics student and amateur. it deals with the
subject in an easy-to-read, down-to-earth, and non-
mathematical yet comprehensive manner, explaining the
basic principles and characteristics of the best known
devices, and presenting the reader with many practical
applications and over 200 circuits. Most of the i.c.s. and
other devices used are inexpensive and readily available
types, with universally recognised type numbers.

182 pages 0O £12.95

4 4

POPULAR ELECTRONIC CIRCUITS - BOOK 1
POPULAR ELECTRONIC CIRCUITS - BOOK 2

R. A. Penfold

Each book provides a wide range of designs for
electronic enthusiasts who are capable of producing
working projects from just a circuit dlagram without the
aid of detailed construction information. Any special
setting -up procedures are described.

BOOK 1760 pages rder code B0 £2,95
:{ofel R J7)-2EELM O der code BPIS £2.95

CMOS CIRCUITS MANUAL
R. M. Marston
Written for the protessional engineer, student or en:
thusiast. It describes the basic principles and charac-
teristics of these devices and includes over 200 circuits:

All the circuits have been designed, built and tully
evaluated by the author; all use inexpensive and interna-
tionally available devices.

£12.95

187 pages

Note — our postage charge
is the same for one book or
one hundred books!
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PROJECT CONSTRUCTION

HOW TO DESIGN AND MAKE YOUR OWN P.C.B.s
R. A. Penfold

Deals with the simple methods of copying printed cir-
cuit board designs from magazines and books and covers
all aspects of ssmple p.c.b. construction including photo-
graphic methods and designing your own p.c.b.s 2w

80 pages

HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING

R. A. Penfold

We have all built projects only to find that they did not
work correctly, or at all, when first switched on. The aim
of this book is to help the reader overcome just these
probtems by indicating how and where to start looking for
many of the common faults that can occur when building

up projects.
96 pages
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SETTING UP AN AMATEUR RADIO STATION

1. D. Poole

The aim of this book is to give guidance on the decisions
which have 1o be made when setting up any amateur radio
or short wave listening station. Often the expefience which
is needed Is learned by one’s mistakes, however. this can
be expensive. To help overcome this, guidance is given on
many aspects of setting up and running an efficient sta-
tion. It then proceeds 10 the steps that need to be taken in
gaining a full transmitting licence.

Topics covered include: The equipment that Is needed:
Setting up the shack; Which aerials to use: Methods of
construction; Preparing for the licence.

An essential addition to the library of all those taking
thelr first steps in amateur radio
86 pages 0 BP300 £3.95

BEGINNER'S GUIDE TO RADIO - 9th EDITION
Gordon J. King

Radlo signals, transmitters, receivers, antennas. COmM-
ponents, valves and semiconductors, CB and amateur

radio.
266 pages O NEOS £6.95

SERVICING PERSONAL COMPUTERS -

2nd EDITION

Mike Tooley BA

The revised and enlarged second edition contains a new
chapter on the IBM PC, AT, TX and compatibles. It Is es-
sential for anyone concerned with the maintenance of per-
sonal computer equipment or peripherals, whether profes-
sional service technician, student or enthusiast.

240 pages (Hard 28 O dier code NET5 ) £256

HOW TO EXPAND, MODERNISE AND REPAIR PCs
AND COMPATIBLES

R. A, Penfold

Not only are PC and compatible computers very expan
dable, but before long most users actuslly wish to take
advantage of that expandability and start upgrading their
PC systems. Some aspects of PC upgrading can be a bit
confusing, but this book provides advice and guidance on
the popular forms of internal PC expansion, and should
help to make things reasonably stralghtforward and pain-
fess. Little knowledge of computing 1s assumed. The only
assumption is that you ¢an operate, a standard PC of some
kind (PC. PC XT, PC AT, or a 80386 based PC).

3 ey N LBy i
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ELECTRONIC SCIENCE PROJECTS

O. Bishop

These projects range in complexity from a simple colour
temperature meter 1o an infra-red laser. There are novelties
such as an electronic clock regulated by a resonating
spring, and an oscllloscope with solld-state display. There
are scientific measuring instruments such as a pH meter
and an electro-cardiometer. All projects have a strong
scientific flavour. The way they work, and how to build

and use them are fully expiained.
144 pages emporarily aut ol print

BEGINNER'S GUIDE TO BUILDING ELECTRONICS
PROJECTS

R. A. Penfold

Shows the complete beginner how to tackle the practi-
cal side of electronics, so that he or she can confidently
build the electronic projects that are regularly featured in

DATA AND COMPONENT IDENTIFICATION

CHART OF RADIO, ELECTRONIC,
SEMICONDUCTOR AND LOGIC SYMBOLS

M. H, Banani B.Sc.(Eng.)

Illustrates the common, and many of the not-so-common,
radlo, electronic, semiconductor and logic symbols that
are used in books, magazines and instruction manuals,
etc., in most countries throughout the world.

Chart [Order code BP27] £0.96

RADIO, TV, SATELLITE

ANINTRODUCTION TO RADIO DXING

R. A. Penfold

Anyone can switch on a short wave receiver and play with
the controls untll they pick up something. but to find 8
particular station, country or type of broadcast and to
receive it as clearly as possible requires a little more skill
and knowledge. The object of this book is to help the
reader to do just that. which in essence is the fascinating

hobby of radio DXing.
£1.95

112 pages

EXPERIMENTAL ANTENNA TOPICS

H.C. Wright

Although nearly a century has passed since Marconi’s first
demonstration of radio communication, there is still re-
search and experiment to be carried out in the field of
antenna design and behaviour.

The aim of the experimenter will be to make a
measurement or confirm a principle, and this can be done
with relatively fragile, short-life apparatus. Because of this,
devices described in this book make lberal use of
cardboard, cooking foil, plastic bottles, cat food tins, etc.
These materials are, In general, cheap to obtain and easily

The subjects covered include: PC overview;, Memory
upgrades; Adding 8 hard disk drive; Adding a floppy disk
drive; Display adaptors and monitors; Fitting a maths
co-processor, Keyboards: Ports; Mice and digitisers,
Maintenance (including preventative maintenance) and
Repairs. and the increasingly popular subject of d.L.y. PCs.
156 pages [0 Jor col G2 7T BEERL

AN INTRODUCTION TO PROGRAMMING THE BBC
MODEL B MICRO

R.A & J.W. Penfold

Wiritten for readers wanting to learn more about program-
ming and how to make best use of the incredibly powerful
model B's versatile features. Most aspects of the BBC
Micro are covered, the omissions being where little could
usefully be added to the information provided by the
manufacturer’'s own manual.

144 pages O BP139 £1.95

AN INTRODUCTION TO 6502 MACHINE CODE
R.A. & J. W. Penfold
No previous knowledge of microprocessors or

magazines and books. Also includes examples in the form

of simple projects.
112 pages £1.95

TEST EQUIPMENT CONSTRUCTION

R. A. Penfold

This book describes In detail how to construct some simple
and inexpensive but extremely useful, pieces of test equip-
ment. Stripboard layouts are provided for all designs. to-
gether with wiring dlagrams where appropriate, plus notes
on construction and use.

The following designs are included:- AF Generator,
Capacitance Meter, Test Bench Amplifier, AF Frequency
Meter, Audio Millivoltmeter, Analogue Probe, High Resis-
tance Voltmeter, CMOS Probe, Transistor Tester. TTL
Probe. The designs are suitable for both newcomers and
more experienced hobbyists.

104 pages 0 £2.95

INTERENATIONAL TRANSISTOR EQUIVALENTS
uIiD

A. Michaels

Helps the reader to find possible substitutes for a
popular selection of European. American and Japanese
transistors. Also shows material type, polarity, manufac-

turer and use.
£3.95

320 pages

worked with simple tools, encouraging the trial-and-error
philosophy which leads to innovation and discovery

Although primarily a practical book with text closely
supported by diagrams, some form lae which can be used
by straightforward substitution and some simple graphs
have also been included.

72 pages O BP £3.50
NEWNES SHORTWAVE LISTENING
HANDBOOK

Joe Pritchard G1UQW

Part One covers the “science” side of the subject. going from
a tew simple electrical “first principles”, through a brief treat-
ment or radio transmission methods to simple receivers. The
emphasls is on practical receiver designs and how to build
and modify them, with several circuits in the book.

Part Two covers the use of sets, what cap be heard,
the various bands, propagation, identification of stations.
sources of information, QSLing of stations and listening
to amateurs. Some computer techniques, such as com-
puter morse decoding and radio teletype decoding are also

covered.
224 pages [0 de: code NETo IR

machine code is assumed. Topics covered are:
assembly language and assemblers, the register set
and memory. binary and hexadecimal numbering
systems, addressing modes and the instruction set,
and also mixing machine code with BASIC. Some
simple programming examples are given for
6502-based home computers like the VIC-20,
ORIC-1/Atmos, Electron, BBC and also the

Commodore 64.
£2.95

112 pages

The PRE-BASIC BOOK

F. A. Wilson, C.G.lLA., C.ENG., F.L.E.E..

F.I.LE.R.E.. F.B.I.M.

Another book on BASIC but with a ditference. This
one does not skip through the whole of the
subject and thereby leave many would-be pro-
grammers floundering but instead concentrates on
introducing the technique by looking in depth at the
most frequently used and more easily understood
computer instructions. For all new and potential micro

users.
192 pages £2.95

DIRECT BOOK SERVICE

ORDERING DETAILS

Please state the title and order code clearly,
print your name and address and add the re-
quired postage to the total order.

Add 75p to your total order for postage and packing
(overseas readers add £1.50 for countries in Europe,
or add £2.50 for all countries outside Europe, surface
mail postage) and send a PO, cheque, international
money order (£ sterling only) made payable to Di-
rect Book Service or credit card details (includ-
ing card expiry date), Visa or Mastercard (Access)
—~ minimum credit card order is £5 — quoting your
name and address, the order code and quantities re-
quired to DIRECT BOOK SERVICE, 33 GRAVEL

order only).

Although books are normally sent within seven days
of receipt of your order, please allow a maximum of 28
days for delivery. Overseas readers allow extra time for
surface mail post.

Please check price and availability (see latest issue of
Everyday with Practical Electronics) before ordering

from old lists.

HILL, WIMBORNE, DORSET BH21 1RW (mail

Note - our postage charge is the same for one-
book or one hundred books!

MORE BOOKS NEXT MONTH

DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD

Everyday with Practical Electronics, November 1992
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B i St BABANI BOOKS Wl «dSisgaii

We now supply a/l the books published by Bernard Banani (Publish-
ing) Ltd. We have always supplied a selected list of Babani books and
you will find many of them described on the previous pages or in next
months issue of Everyday with Practical Electronics (the books with a

BP prefix to the order code are Babani books).

Many readers have asked us to also supply various other Babani
books, which have a reputation for value for money. Our customers tell
us they appreciate our speedy service and low postage charge and they

would like to be able to purchase ali the books from us and thus keep
the postage charge to an absolute minimum (75p for UK p&p no
matter how many books you buy). We are pleased to be able to
respond; with the aid of Michael Babani (M.D.) we are now able to

meet all your requirements for their books. /f it's Babani and in print we

can supply it. Babani presently list over 180 different technical titles
those not described in detail on the previous Direct Book Service pages
or in next months issue are listed below:

Code  Title Price Code  Title Price Code  Title Price
208 Practical Stereo & Quadrophony Handbook £0.75 BP145 25 Simpie Tropical and MW Band Aerials £1.75 BP250 Programming in FORTRAN 77 £4.95
214 Audio Enthusiast’'s Handbook £0.85 BP148 Computer Terminology Explained €1.95 BP251 Computer Hobbyists Handbook £5.95
219 Solid State Novelty Projects £0.85 BP149 A Concise Introduction to the Language BP258 Learningto Program in C £4.95
225 A Practical Introductlon to Digital ICs 0.0.P. of BBC Basic £1.95 BP259 A Concise Introduction to UNIX £2.95
BP28  Resistor Selection Handbook £0.80 BP152  Anintroduction to Z80 Machine Code £2.75 BP260 A Concise Introduction to 0S/2 £2.95
BP37 50 Projects using Relays, SCRs and TRIACs £2.95 BP153  Anintroduction to Programming the BP261 A Concise Introduction to Lotus 1-2-3
BP39 50 (FET) Field Effect Transistor Projects £2.95 Amstrad CPC 464 & 664 £2.50 (Revised Edition) £3.95
BP44  IC 555 Projects £2.95 BP154  An Introduction to MSX BASIC £2.50 BP262 A Concise Introduction to Wordperfect
BP48 Electronic Projects for Beginners €1.95 BP156  An Introduction to QL Machine Code £2.50 {Revised Edition) £3.95
BP49 Popular Electronic Projects £2.50 BP157 How to Write ZX Spectrum & Spectrum + BP263 A Concise Introduction to dBASE £3.95
BP56 Electronic Security Devices 0.0.P, Games Programs £2.50 BP264 A Concise Advanced User's Guide to
BPS8 50 Circuits Using 7400 Series IC's £2.50 BP15B  An introduction to Programming the MS-DOS 0.0.P
BP63  Alternating Current Theory {Elements of Commodore 16 & Plus 4 £2.50 BP269  An Introduction to Desktop Publishing £5.95
Electronics - Book 2) £3.50 BP159 How to Write Amstrad CPC464 Games BP270 A Concise Introduction to Symphony £3.95
BP68  Choosing and Using Your Hi-Fi €1.65 Programs £2.50 BP272 Interfacing PC's & Compatibles £3.95
BP74 Electronic Music Projects 0.0.P. BP161  Into the QL Archive £2.50 BP273 Practical Electronic Sensors £4.95
BP76 Power Supply Projects £2.50 BP162 Counting on QL Abacus £2.50 BP274 A Concise Introduction to SuperCals £3.95
BP78  Practical Computer Experiments €1.75 BP171  Easy Add-on Projects for Amstrad CPC 464, BP276 Short Wave Superhat Receiver Construction  £2.95
BP84 Digital IC Projects £1.95 664, 6128 and MSX Computers £2.95 BP277 High Power Audio Amplifier Construction £3.95
BP86  AnIntroduction to BASIC Programming BP174 More Advanced Electronic Music Projects £2.95 BP279 A Concise Introduction to Excel £3.95
Techniques £1.95 BP175 How to Write Word Game Programs for BP280 Getting the Most From Your PC’s Hard Disc £3.95
BP30  Audio Projects £2.50 the Amstrad CPC 464, 664 and 6128 £2.95 BP283 A Concise Introduction to SmartWare 1! £4.95
BP94  Electronic Projects for Cars and Boats €1.95 BP182 MIDI Projects £2.95 BP284 Programming in QuickBASIC £4.95
8P85  Model Railway Projects £2.95 BP1B7 A Practical Reference Guide to Word BP286 A Reference Guide to Basic Electronics Terms  £5.95
BP97  IC Projects for Beginners €1.95 Processing on the Amstrad PCW8256 BP2B7 A Reference Guide to Practical Electronics
BP99 Mini-matrix Board Projects £2.50 and PCW8512 £5.95 Terms £5.95
BP106 Modern Op-amp Projects £1.95 BP190 More Advanced Electronic Security Projects £2.95 BP288 A Concise Introduction to Windows 3.0 £3.95
BP109  The Art of Programming the 1K ZX81 £1.95 BP191  Simple Application of the Amstrad CPCs for BP291 A Concise Introduction to Ventura £3.95
BP114  The An of Programming the 16K ZX81 £2.50 Writers £2.95 BP292 Public Add Loud: ker Sy £3.956
BP122 Audio Amplifier Construction £2.95 BP192 More Advanced Power Supply Projects £2.95 BP293  An Introduction to Radio Wave Propagation £3.95
BP125 25 Simple Amateur Band Aerials £1.95 BP193 LOGO for Beginners £2.95 BP294 A Concise Introduction to Microsoft Works £4.95
BP126 BASIC & PASCAL in Parallel £€1.50 BP196 BASIC & LOGO in Parallel £2.95 BP298 A Concise introduction to the Mac System &
BP128 20 Programs lor the ZX Spectrum & 16K ZX81 £1.95 BP197 AnIntroduction to the Amstrad PC's £6.95 Finder £3.95
BP129  An Introduction to Programming the ORIC-1  £1,95 BP198  An Introduction to Antenna Theory £2.95 BP299 Practical Electronic Filters £4.95
BP132 25 Simple SW Broadcast Band Aerials £1.95 BP230 A Concise Introduction to GEM £2.95 BP302 A Concise Users Guide to Lotus 1-2-3
BP133 An Introduction to Programming the BP243 BBCBASIC86 on the Amstrad PC's and IBM Release 3.1 £3.95
Dragon 32 £1.95 Compatibles - Book 1: Language 3.95 BP303 Understanding PC Software £4.95
BP136 25 Simpie Indoor and Window Aerials £€1.75 BP244 BBCBASICB6 on the Amstrad PC's and IBM BP307 A Concise Introduction to QuarkXPress £4.95
BP137 BASIC & FORTRAN in Paraliel £1.95 Compatibles - Book 2: Graphics and Disk Files £3.95 BP311  An Introduction to Scanners and Scanning £4.95
BP138 BASIC & FORTH in Paraliel £€1.95 BP245 Dignal Audio Projects £2.95 BP312  An Introduction to Microwaves £3.95
BP143  An Introduction to Programming the Atari BP246 Musical Applications of the Atari ST's £5.95 BP313 A Concise Introduction to Sage £3.95
600/800XL £1.95 BP247 More Advanced MIDI Projects £2.95 BP314 A Concise Introduction to Quattro Pro £4.95
BP144  Further Practical Electronics Calculations BP249 More Advanced Test Equipment Construction £3.50 BP318 A Consise User's Guide to MS-DOS § £4.95
& Formulae 0.0.P BP325 A concise User's Guide 1o Windows 31 £4.95
IF NO PRICE IS SHOWN THE BOOK IS OUT OF PRINT (0.0.P.)
PROJECT TITLE Order Code Cost
et —— S S, . o .
Tea Tune Thermostat AUG 88 609
Time Switch 614
Suntan Timer 610
Printed circuit boards f EPE ional proj iable f et e
rinted circuit boards for certain constructional projects are available from pF+=——F-—— SeT 20 B BT
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled _Epron_\ Er_ase_r “QVC’I;88_ - 620
and roller tinned. All prices include VAT and postage and packing. Add £1 per | Doorbell Delay NOV'88 616
board for airmail outside of Europe. Remittances should be sent to The PCB | Infra-Red Object Counter (Set) 622/3/4
Service, Everyday with Practical Flectronics, 6 Church Street, Wim- |5 \beat Me E nbc on BBV —
2 % - ronom DEC'8 A
borne, Dorset BH21 1JH. Cheques should be crossed and made payable to Er?wn il ST e 2 251
Everyday with Practical Electronics (Payment In £ sterling only). | hasor., IR, el
MOTE: While 95% of our boards are now held in stock and are dispatched | Continuity Tester FEB 89 619
within seven days of receipt of order, please allow a maximum of 28 days for | Mini PSU ] - 636
delivery —overseas readers allow extra if ordered by surface mail. Sound-to-Light Interface MAR 89 637
Please check price and availability in the latest issue. Midi Pedal 639
Boards can only be supplied on a payment with order basis. M'd[ Merge 640
. Audio Lead Tester 641
¥ All p.c.bs on this Light Sentinel: Main Board APR 59 XY,
] ed d t Remote Interface (4 bds) 633
page r uce o 4-Channel Auto-Fader Interface 642

A L 1 [ Electron A/D Interface = 645 ==
/2 PRI E | Spectrum EPROM Programmer 628
Programmable Pocket Timer 048
: | Electronic Spirit Level ) " 649
(Just send half the price shown, while stocks last) Distance 'Recorder 651
PCBS ON OPPOSITE PAGE PRICES AS SHOWN Xenon Beacon "SEP 89 | 650
Probe Pocket Treasure Finder 653
Power Supplies: Fixed Voltage 654
Variable Voltage 655
PROJECT TITLE Order Cod Cost IE=" T S i
s . ) Sk Music on Hold T 646
Video Guard Alarm ) B'8 556 £3.80 Power Supplies — 25V 700mA 656
[ Computer Buffer/interface  INLXAKIA | 560 £3.32 e . 3é’V 1A| ggg
e — - eismograph - Control
rigpe AN, et e e Detector 659
Monomixer ULy 87 ] 571 £4.75 Lego/Logo & Spectrum 660
‘Noise Gate IR | 577 £4.41} I WashPro - EEER| 643
Game Timer 583 £355] | Logo/lego & Sepctrum Interface | 664
[ “Multi-Chan Remote Light Dim Biofeedback Monitor - Front End 661
Relay/Decoder 601 £4.86 __ Processor 662
| Power Supply 603 | £3.00] [ EEG Electrode Impedance Meter 665
Video Wiper EDNINERR | 612 £6.75] | Biofeedback Signal Generator 666
754
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PCB SERVICE

See opposite page for ordering details.

PROJECT TITLE Order Code Cost
Quick Cap Tester 668 £3.92
Weather Stn: Anemom. - Freq./Volt Board 670 £3.94
Optional Display 669 £3.73
Wind Direction 673/674 £4.22
System Power Supply 675 £3.59
Prophet In-Car loniser 676 £3.18
| Weather Stn: Display Driver 6728678 | £4.22
Display and Sensor 671 £4.47
Fermostat Mk2 677 £4.28
Superhet Broadcast Receiver/Tuner/Amp 679/680 £4.22
[ Stereo Noise Generator EXEDE | 681 £4.24
Digitat Experimenter’'s Unit - Pulse Generator 682 £4.46
Power Supply+ 683 £3.66
Enlarger Timer 684 £4.28
Weather Stn: Rainfall/Sunlight Display 685 £4.27
Rainfall Sen and Sunlight Sen 686/687 £4.16
I Amsurad Speech Synthesiser T IERED | 689 £4.68 |
[ 80 Metre Direct Conversion Radio  [INISINERE | 691 £4.95
[ “Mains Apphiance Remote Control [EICICLIN | = ]
Encoder Board A 694 £6.61
Encoder Board B 695 £4.78
The Tester 696 £4.15
Mains Appliance Remote Control [
Mains ON/OFF Decoder 697 £4.55
(5 or more 697's ordered together£3.25 each)
Simple Metronome 698 £3.94
Hand Tally: Main Bd and Display Bd [IHaE0M | 699.700 | £10.9
Alarm Bell Time-Out 701 £4.10
Mains Appliance Remote Control
Temperatuve Controller (p.c.b. only) 702 £5.20
| Ghost Waker T 703 £4.32
Frequency Meter 704 £5.25
Freq. Meter/Tachometer EEYEd | 705 £3.98
EE Musketeer (TV/Video/Audio) 706 £5.78
Colour Changing Christmas Lights 707 £4.39
Microcontroller Light Sequencer 708/709 £10.9G
Versatile Bench Power Supply Unit 710 f4.24
Teach-In ‘91, Part 1 -L200 Module 711 £3.93
Dual Qutput Module 712 £413
LM723 Module 73 £4.21
[ Spatial Power Display JAN'91 714 £6.33
Amstrad PCW Sound Generator 715 £5.03
Teach-In ‘91, Part 2 -G.P. Transistor Amp 717 £3.77
Dual Op.Amp Module 718 £3.83
Intercom (Teach-In 91 Project 2) 719 £4.41
Anatogic Test Probe 720 £3.24
| MARC Phone-in 721 £6.87
Teach-in ‘91 Pant 3 - TBA820M Amplifier 723 £4.05
High Quality Power Amp 724 £4.93
Bench Amplifier (Teach-in ‘91 Project 3) 725 £4.45
[ Gingernut 80m Receiver | FE8'97 NI
R.F. section (726), Voltage Regulator (727) 726/7/8 £3.06
Audio Amplifier (728) per board
ali 3together] £8.16
| Pocket Tone Dialler 729 £4.36
Battery To Mains Inverter 730 £4.97
Simple Basic Alarm 731 £4.50
Car Code Lock {pair) 732a/b £4.69
Teach-In"91 Part4 - Il AR 9 BRI =
Sinusoidal Oscillator 733 £4.39
8038 Oscillator 734 £4.15
Waveform Generator (Teach-in ‘91 Project 4) 735 £4.72
Humidity Tester 716 £4.97
Model Train Controfier (double-sided) 736 £9.75
Electronic Die (Teach-In ‘91 Project 5) 737 £4.93
Teach-In '91 Part 5 —Digital Counter Module 738 £4.35
Modular Disco Lighting System XL
Switched Power Output Module 739 £5.91
Digital LCD Thermostat-Controt Board ¢g ¢, pair 740 £4.05
~Power/Relay Board 741 £3.76
Pulse Generator (Teach-in ‘91 Project 6) 742 £4.97
Teach-In '91 Part 6- Timer Module 743 £4.62
| Digilogue Car Tachometer 744 £5.63
Modular Disco Lights — Simple Chaser 745 £5.00
Sweeper Module 746 £5.17
Automatic Light Control — PSU Board 747 £4.88
Logic Board 748 £5.17
Radio Receiver (Teach-In ‘91 Project 7) 749 £4.57
Teach-1n 91 Part 7 ~ R.F. Amplifier Module 750 £4.23
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PROJECT TITLE

Modular Disco Lights - Masterlink
Ultrasonic Proximity Meter

Display Unit (7563) & Sensor Unit (754)
Disco Lights (Teach-In ‘91 Project 8)

PSU and Pre-amplifier

Low, Mid, High Filter/Triac (set of 3 boards)
Teach in '91 Part 8 - Solid State Switch Module
[ Mod. Disco Lights — Pattern Gen
Teach-In '91 Part 8-Light Sensitive Switch
Opto-Link (Teach-In '91 Project 9) - Transmitter

Juty'91 §

Modular Disco Lights — Dimmer Interface
[ Mod. Disco Lights
VU Sound Module (Double-sided)
UV Exposure Unit
PC-Scope Interface ~ Main Board
Expansion Plug (Double-sided)
Mod. Disco Lights
Superchaser (Double-sided)
Supersweep (Double-sided)
Bicycle Alarm
Darts Scorer
| Knockerbox
Signal Generator ~ Main Board
PSU
Mind Machine — Main Board
Auto nghthght
| Mind Machine — Programmer Board
Transistor Checker
Stepping Motor Driver/Interface
Micro-Sense Alarm
| Telesound
Programmable Timer
Auto Garage Light
Versatile BBC Computer interface
Economy Seven Timer
Sonic Continuity Tester
Telephone Ringer
Experimental Weighing Scale
12V Driil Charger/PSU (both boards)
Digital Servo Interface
Tie Puiser
CCD Reverb Unit
Switch-Mode Power Supply
UV Exposure Timer
Cricket Game

NOV'AN

EPE Altimet (Aitimeter)
Personal Stereo Amplifier
inverter Daughter Board

Receiver
Portable PEsT Scarer
Capacitance Meter “SEP91

[ ocTo1 |

Il ceCcor RN

TEIAERN | 780

Quick Prom 7
[ Gas Alarm ll AUG 92 |
Dual Metronome
Uftrasonic Tape Measure EEE
Quicktest
Extended Range Capacitance Meter [ICISAICYM |
Whistle Switch
Traffic Lights System - |
[ Mini Lab l NOV 92 |

Order Code L_Cosl
752 £6.36
753/754 £7.06
755 £454
756 £11.00
757 £4.24
760 | £679
761 £4.74
762 £4.85
763 £4.88
764 £3.77
[ 751 £5.17
765 £8.17
767 £868
768 £463
769 £6.95
770 £5.96
m £6.91
772 £8.26
773 £5.01
774 £7.90
775 £5.35
776 £7.46
777 £4.73
778 £7.00
779 £5.03
780 £7.39
781 £463
782 £10.39
783 £5.42
| 784 £4.66
785 £463
786 | €6.10
787 £11.59
788 £5.20
789 £479
790 £5.46
792 £517
793 £5.31
791 £4.73
794 £519
795 £6.39
796 £7.01
797 £533
798 £6.77
| 799 £5.61
800 £5.47
801 £6.74
[ 802 £6.06
803 £4.82
| 804 £5.63
805 £4.89
806 £5.04
MINI LAB £14.95)
807 £6.30
808 £6.47
809 £3.00
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REPORTING
AMATEUR RAD

Tony Smith G4FA/

WHAT'S IN A NAME?

From the earliest days, radio amateurs in
the United States have been known as
“radio hams"’, or simply “hams”, although
amateurs in some countries have resisted
the term for various reasons, prefer-
ring to be known as ‘radio amateurs’.
Some are simply resisting the spread of
“Americanisms”, and others see it as a
derogatory term, wrongly implying a less
than satisfactory level of competence.

There are any number of different
explanations of the origin of the term. One
version credits three amateurs whose
combined initials spelt out the word HAM
to provide their station’s call-sign. This
particular station is said to have been
discussed by Congress when considering
a Wireless Regulations Bill in 1911, and
nationwide publicity of the proceedings
resulted in the term being used from that
time on to describe all amateur radio
stations.

Another version describes how Home
Amateur Mechanic magazine, in the early
1900's, published details of how to build
the "Home Amateur Mechanic” (HAM
for short) radio. Thus, those who built
and used these sets became known as
HAM radio operators.

A less complimentary explanation is that
landline Morse operators used the word to
describe inexperienced or poor operators. |
have a copy of The Telegraph Instructor
by G. M. Dodge, proprietor of Dodge's
Institute of Telegraphy in Valparaiso,
Indiana, 4th edn. 1908, for instance,
which defines a “ham” (or alternatively a
“plug”’) as a telegraph operator who is not
proficient. It has been suggested that the
professionals extended this term to apply
to the new amateur radio operators who
were trying to emulate their skills.

SKILLED INVOLVEMENT
There are anv numher nf other siq-

amateur radio operator. This policy was
revoked early this year after taking into
account “the increased use, public under-
standing and acceptance of the expression
to denote a radio amateur without any
derogatory intent; the meanings of ‘ham’
and ‘amateur’ in the Australian Macquarie
dictionary; and the need to explain
amateur radio in terms easily understood
by the public and so raise their awareness
of our hobby.”

Having said that, the WIA added a con-
ciliatory note for the benefit of the “anti-
hams" to the effect that it was not actively
advocating the use of the word “ham”, but
was simply no longer objecting to people
using it when describing an amateur radio
operator.

ANNUAL REPORT

The 1991/92 Annual Report of the
Radiocommunications Agency, as ever,
covers the whole range of the Agency's
activities, national and international, in-
volving many different types of radio
service from amateur to popular radio
and TV broadcasting, including technical
issues, law enforcement, and much more.
Space permits reference here only to
hobby radio but a free copy of the full
report can be obtained from the RA

Information and Library Service, Te/:

071-215 2352,

In the year under review, a contract for
amateur licence distribution was awarded
to Subscription Services Ltd (SSL), a sub-
sidiary of the Post Office, the aim of which
was to achieve cost savings and an im-
proved licence issue service.

The Agency and the Radio Society of
Great Britain have been working to im-
prove the management of the amateur
repeater network and a new licensing
procedure has been introduced. A scheme
for reporting interference on the amateur
bands to the Agency has also been estab-

already led to some

saw the launch of

(Novice) Licence,
rage young people
ind the first licences
onally by John Red-
w for Corporate Af-
ow aims to improve
tributions have been
ted parties about the
ving course and the

e telecommunications
cy has sought views
radio community on

third party traffic by
icy continues to spon-
teur of the Year Award,
e given in this column,

h 1992, there were

33,280 Amateur Radio “A" Licences,
27,738 "B" Licences, 46 Novice "A’
licences, and 378 Novice “B” Licences,
representing an increase of 558 in the total
number compared with the previous year.

The Radio Investigation Service con-
tinued to investigate interference and
other problems over the whole range of
licensed transmissions covered by the
Agency. Four amateurs were prosecuted
and convicted for activities contravening
the licence regulations, and warning
letters were sent to three others.

Virtually all amateur radio information
sheets published by the Agency were
revised during 1991/92 and of particular
interest to those considering taking up the
hobby is RA 190 How ro become a Radrio
Amateur — March 1992, available free
of charge by telephoning 071-215 2072
(24-hour answerphone service).

In the CB field, a consultative exercise
confirmed the view of users that CB
should continue to be a licensed service
and licensing was centralised through
SSL. The new arrangements are expected
to save some £200,000 which would
otherwise have had to be recovered by
increasing the licence fee.

As at 31 March 1992, there were 64,944
CB licences on issue compared with
69,803 the previous year. 112 persons
were prosecuted and convicted for licence
offences and 655 warning letters were sent
out. A revised set of CB information sheets
has been published and these are available
from the Library Service, as above.

An intriguing implication of the licence
statistics suggests that if the present trend
continues the number of amateur licences
next year may well exceed the number
of CB licences on issue. This compares
dramatically with the situation following
the introduction of CB in the UK when
the number of licences surged initially to
around a quarter of a million.

AMATEUR SSB ENHANCER

A recently unveiled amateur radio
version of its Link-Plus digital signal
processing technology, called the MULE
(Multi-Use Link Enhancer), is claimed by
Link Plus Corp. of Columbia, Maryland,
USA, to eliminate most noise and
interference from single sideband voice
communications, thus producing a sig-
nificant boost in effective signal strength.

In 18 separate tests, carried out on three
days, over an 1800 mile path under a
variety of transmission conditions, Link-
Plus processing produced an average
22dB improvement in HF-SSB signal-to-
noise ratio. In layman’'s terms, the un-
processed signal had, on average, 160
times more noise content than the Link-
Plus signal.

The MULE connects to any HF radio by
external cables, but at $2,995 it is probably
beyond the reach of most amateurs at the
present time. (W5Y/ Report).
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TECHNOLOGY

DISTANCE LEARNING COURSES

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 national
BTEC awards. Study can commence at any time and at
any level enabling you to create a study routine to fit
around existing commitments. Courses on offer include:

Analogue Electronics
Digital Electronics
Fibre/Optoelectronics
Programmable Logic Controllers

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
practical 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: (0296) 624270

WE HAVE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COUNTRY
7603 with 7426 & 78534 Dual Trace 100M:2

Delay Sweep with

£450
7405~m7418& 7850 Duai Trace: €300
7504mmnmszwmm«bemm_._ £250
7503 with 7A12 & 7850 Dual Trace 90N £200
TA13 Drtferential Comparator Ampifier DC-105MHz £128
Wmmwmle 4Trace etc
TE 24458 Four Chn. 150M-z Dly Sweep with Cursors £1750
IWATSU S55711 Four Channel 100MHz Detay Sweep £700
TRO CS2100 Four Channe! 100MHz Delay Sweep. £300
TEXTRONIX 2536 Dual Trace 100MH2 Deiay Sweep Ruggersed  £1000
HITACH V1050F Duai Trace 100Mz Dual TB witn 4 Ch Mode__£550
SCHLUMBERGER 5218 Duat Trace 2000z Dedy Sweeo
winTrgvew. £300
KTRONDX 475 Duai Trace 200M2 Doy Sween._.... 13;8
£300

[ £350
KTROND 2225 Dua Trace SOMHZ Atternate TB Magnification €300
PHIUPS PM3 217 Dual Trace SOMHZ Delay Sween. 1£400

:1:1:1:1:1

Trace 20MH2.
LEMNYDGGM'IraceZSM
ammabie 206z Dual Trace
mo-vm Trace 20MHz Portable (AC-OC Oper ationl__ W
THIS 15 JUST A SANPLE — MANY OTHIERS AVAILABLE
JUSTIN
MIOS!MITraceZMm witn

PHILIPS PM2525 Mult-Function DM 4 5-5.5 angrt
with CPi8/IEEE-488

HURLBY PL320T-GP Bench PSU 0-50V 2 amp twice
withGPB only

HAND HELD MULTIMETERS 3.5 oGt DM105 - 94 ranges
-2 amp
M2355 - 52 ranges AC /DX 40 amps Diode/Transistor
Tester Hﬁwm Onty

RACAL/DANA Syn Sig en 9048 0 0110444 £300
RACAL/DANA R¥ Power Meter 9104 £500
RACAL/DANA 9341, Automatic meswements FLCREQ £330
WAYNE KERR BA24 RO Meter. LCD Display (37:3
WAYNE KERR 4210 LCR Meter. Acouracy 0 14 £800
AVOAC/DC Breakowon Learage § mmmwnsuz £600
MARCONI DIGITAL FREQUENCY !ms
Type 2430 10M2-80MHz
M!Zl!u 10H2-200MH2. ﬂ!ﬂ
MARCONI UNIVERSAL COUNTER TIMERS
Type 2437 0C-100MH2. (3043
Type 2438 DC-520M2. 223
W WS?MZ 7UV SAIXN | S l-
FMLLPSU!GO/ZSMOV 025 amps Metered M

FARNELL PSUL30E 0-30v,05amps Metered_____ . £80
TELEQUIPMENT CT74 Curve Tracer. £2%0
MARCON! TF2700 Urwversal LCR Broge, Battery from._ €128
MARCON TF2557A Auto Drstort MHMHWOM% o
RACAL 9915 Freq Counter 10M2-520MHz Crystal Ovenl__. £150

2 probes and copy of manual @ AVO MULTIMETERS
Mode! 8.0 9 twhatevers avatabiel £40 &ach
R I o Tl £13%0 | estsetho 1.0 95 from 688
FARNELL S5G1000 Sig Gen 10MHz-1GHz S g:gmuwm nﬁg
FARNELL S tor 05G1 0000129999 €2 wih Carryng
ONTF2015 AM/FM 10-520MHz SQ Cen with TRAT. 6400 ALL METERS SUPPLIED WITH BATTERES AND LEADS
MARCONI TF2015 Synchronser TF2171
AR T 00 wihad v oS t478 e =
MARCON! SANDERS s«qwg"vammm Coverng HAMEG oTsS\téoscovs HM1005 Triple Trace 100MHz i
from Dase
xanmzup?m ammanie CurTent Source L5000 | HAVEG QSCLL0SCOPE H604 Dua Trace GO Doy Sweesy ™ B610
FERROGRAPH RTS2 Recorder Test Set_ from £200 | HAMEG OSOLLOSCOPE HM203-7 Dual Trace 20MHz
ester. £33
FARNELL SCSI0 St Con TOSIONE — F600] | HAMEC Bome, 05 ot 705§ O Trace T
FARNELL TTSS20 Transmiter Test Set cmssunq Of RFIAF Digrtat Storage 0810
counter: R¥ Mod Meter: R¥ Power Meter: AF Voltmeter: Al olar models groRobie - of probes
AF Distortion Meter; AF Synthesizer - £600
SOUD 35 3 Par for ONLY £1000 BACKSTAR EQUPVENT B8P all unts E51
40010104008 Couer Tner atPeradTme tenva
TEKTRON 493”, K325 poa APOLLO100400Wvtz s cove e more Fuctons 35
ANBITSU NSE38 11 4 400 coso0| | METEOR 100 FREQUENCY COLNTER 100 £100
BTN 1t 000| | METECR 600 FREQUENCY CONTER 600M 138
IS ENALE INIEAL 1008 2%0| | SO A TON G G S0 Soers R
K 141Twen 85548 L 65578 500 1250w 1800 | PR RS oGO BT S0 e B
HP 1407 with 8554 & 85524 S00KH2A250MM_ €120
HPA41T with B556A & 85528 20H7-300kHE.. £1250 AR otner BOK Star equipment avaiable
MARCON: TF2570 302 110M:2 £1730] | 05011 05COPE PROBES Switthed X1 X10 PEP ES m

Used Equipment — With 30 days guarantee. Manuals suppiied If possibie.
This is 8 VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before

ordering. CARRIAGE all units £18. VAT to be added 1o tolal of goods and carriage.

Tei: 0734 268041

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RGS 1PL
Fax: 0734 3851696 Callers weicome 3am 1o 5.30pm MON-FRI (UNTIL Bpm THURS)
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LEDs 3mm or S5mm red or green Bp each, yellow
11p each High intensity red, green or yellow,
Smm 30p each

Ca!(:;no&u 1p each, £5.95 per 1000, £49.50 per

Steping motor 4 phase 12V 7.5 step

50 ohms
SAA1027 stepping motor driver chip...
FM Transmitter kit. good quality sound.

£8.95
£3.95
£8.60

High quality photo resist copper clad epoxy

glass boards
Dimensions single sided doublo sided
3x4 inches £0.9¢ €1.07
4xBinches £2.40 €2.68
6x12 inches £5.37
12x12 inches €10.68
Rechargeable Batteries

AA (HP7) 500mAH £0.99
AA T00mAH £1.95
€ 2AH with solder tags £3.60
D 4AH with solder tags. £4.95
1/2AA with solder tags £1.55
AAA (HP16) 180mAH £€1.75
AA S00mAH with solder 1ags £1.55
C (HP11) 1 BAH £€2.20
D (HP2) 1.2AH £2.60
PP38.4V110mAM £4.95
Sub € with soider tags £2.50
1/3 AA with tags (Philips CTV) £1.95

Standard charger, charges 4 AA cells in 5 hours
or4Csor Dsin 12-14 hours + 1xPP3 (1.2, 301
4 cells may be charged at 8 time) 5.95
High power charger, as above but charges lhe
s and Ds in 5 hours, AAs. Cs and Ds must be
charged in 2s or 4s. £10.95
Special offers - please chack for avsilability
F cells 32dia x 87mm. £3.95
F cell with soider tags. 1.2V. £4.30
42mm x 16mm dia. 1.2V £1.45
Stick of 4 171mm x 16mm dia.. with red & black
leads 4.8V, £5.95
4 cell battery 34mm x 25mm dia
{1/2C cells). £3.50
Computer grade capacitors with screw terminals,
20V £2.50: 87000uf 10V £1.95;
680001 15V £2.95: 10000p1 16V £1.50
7 segment common anode bed display,

12mm
LM2931AT 5.0 low drop out 5V
reguiator TO220 package £0.85
T812 and 7912 12V 1A regulators. .£20.00 per 100
LM337k TO3 case variable regulator £1.60

£0.45

00+ £1, 10

BS250 Pchannel mosfet 45p. BC559 nansnslov
per 100 £3.95
TALS05 hex invertor .£10.00 per 100
Used 8748 Microcontrolles 50

3.
$1952 UHF Limiting ampl fier LC 16 surface
mounting package with data sheet, £1.95
AM27502 .£1.25 each. 90p 100+
CD4007UB 10p 100+, 8p 1000 +
TV Mains switch, 4A doubie pole with momonlrv
contacts for remote control. pack of 10 £3.95
box of 60 £19.95
DC-DC conventor, Reliability model. V12P5, 12V
in SV 200mA out. 300V input to output, solation
with data, £4.95 each ot pack of 10 - £39,50
Hour counter used 7 digit 240V ac 50He....£1.45
Resistor pack 2500 resisiors 1/8-2W 50 ditterent
values £8.95

1uf SOV bipotar electrolytic axial leads, 15p each,

0.22f 250V polyester axial leads. 15p each,
1

680 ohm 2W metal film resistor, 4p 100 +

Resistor jumbo pack 25000, 1/4 and 1/2W
resistors our choice of values and size, will be
mainly in boxes or rolls of 1000, 2000 and 5000
of one type. .£25.00

Qwerty keyboard. 58 key good quality switches.
new. £5.

Qwerty keyboard with senal output. no data
(used) £6.

Polyester capacitors, box type, 22.5mm lead pitch
1pf 250V dc 20p each, 15p 100+, 10p 1000 +
2.2p1 250V dc 30p each, 20p lOO# 15p 1000 +
3.3uf 100V dc 30p each. 20p 100+, 15p 1000 +

7.5p 1000+

00+7.5p each
Philips 123 series solid aluminium axial leads,
331 10V & 2.2uf 40V 40p each. 26p 100+
Muttilayer AVX ceramd capacitors. all 5mm pitch,
100V 100pf. 150pf, 220pf, 10,000pf (10n)
10p each, 5p 100+, 3.6p 1000+
Welwyn W23 9W 120 ohm 35p each, 20p 100 +

2p 1000+

Solid carbon resisiors. very low inductance, ideat
tor RF gircuits. 27ohm 2W, 68ohm 2W 25p each.
15p each 100 +, we have a range of 0.25W,
0.5w. 1w and 2w solid carbon resistors - piease

send SAE 'or Hist
4 digin aiph. (517 do10.145")

red LED display, 12 pin 0.6 inch wide pack.
Siemens type DLR1414 £2.50 each. £2 .00
data sheets £1.00
AMD 27256-3 Eproms £2.00 each. £1.26 100+
DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p
each. 40p 100+

MDDEMS

V22/V22bis 1BM PC internal full length card
modem, BT approved. can be set tocom 1 or 2,
1200/2400 baud with sohtware and manual, not
Hayes compatabie. made by Plessey.

V32 3600 baud and 4800 baud GEC Plessey
telecom external modem, model 9632, Hayes

and BT apy d. with i,

auto answer, using V25 V25bis and Hayes AT
protocols and V54 remote + local diagnostics. It
does not work on siower speeds. V22/1200 baud
etc and needs 1 internal dip switch to be
switched on to select Hayes commands. It comes
with 8 100 + page compeehensive Ad size
manual. An all together brilliant machine
for only €199+ VAT =£233.83

Al products advertised are new and
unused unless otherwise stated.
Wide range of CMOS TTL 74HC 74F Linear
Transistors kits, rechargeable batteries,
capacitors, tools etc. always in stock
Please add 95p towards P&P
VAT included in all prices

JPG ELECTRONICS
276-278 Chatsworth Road

Chesterfield S40 2BH
Access/ Visa Orders
(0246) 211202

Callers welcome
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New for 1992

* New MOSFET Amplifiers

improved range of SMOS modules
30w, 30+30W, 60W, 120W

* 20 watt Class A Amplifier

* Low profile PCB Transformers
a range of encapsulated transformers
4VA, 6VA, 10VA, 18VA, 24VA, 30VA
Write or phone for data and prices...

which include details of standard range of
toroidal transformers and audio modules.

No price increase for 1992

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254. Fax: (0227) 365104
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EVERYDAY

CLASSIFIED

Everyday with Practical Electronics reaches twice
as many UK readers as any other independent
monthly hobby electronics magazine. our audited
ABC sales figures prove it. We have been the
leading independent monthly magazine in this
market for the last seven years

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-
display pages offer the best value. The prepaid rate for semi-display space is £8 (+ VAT) per single column centimetre (mini-
mum 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 with Practical Electronics. VAT must be added. Advertise-
ments, together with remittance, should be sent to the Classified Advertisement Dept., Everyday with Practical Electronics,
6 Church Street, Wimborne, Dorset BH21 1JH. Tel: (0202) 881749.

For rates and information on display advertisements (

Peter Mew on 0255 850596.

'sth page and larger spaces) please contact our Advertisement Manager,

SERVICE
MANUALS

Available for Most
Equipment
TV, Video, Audio, Test etc
Any Age, Make or Model

Write or Phone for Quotation

MAURITRON (EE)
8 Cherry Tree Road
Chinnor, Oxfordshire
e 0X94QY

]

Tel: (0844) 351694
Fax: (0844) 352554

./ ADVERT IS WRONG,
___@ WHO PUTS IT RIGHT?

We ke, The Advertising Slandanix Authority vosares
advertisements meet with the strict Code of Advertising
Pructice.

Ko if you question an advertser. they hine Lo [
AIWCP L0 Bs. I

™ fad vor more abou the ASA. ploane write W
Advertining Strndts Anthority, Dot X, Brook House, ’

Terrington Mace. landon WGIE THN

SA

e cpns e tsrrvaia of gt

" THE BRITISH AMATEUR ELECTRONICS CLUB
exists to help electronics enthusiasts by personal
contact and through a quarterly Newsietter,
For details, write to the Secretary
Mr J. S. Hind, 7 Carlyte Road
West Bridgford, Nottingham NG2 7NS
Space donsted by Everyday with Practical Electronics

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY
11024 voits up to % amp. 110 20 volts up 10 Y amp. V10 16 volts up to 1%
amps d¢. Fully siabilised. Twin panel meters for instant voltage and cur-
rent readings. Overioad protection

inc.
Fully variadle. £
Baar m 45 Vs
240V mc. +Post and
Compact Unit.
Sae 9x 8% x 3in, Insurance £4

NEW MODEL. Up to 38volis d.c. at 6 amps 10 amps peak Fully variable]

Twin panel meters. Size 14% x 11 x 4%in. 96 inc VAT Car £8
RADIO COMPONENT SPECIALISTS
x 337 WHITEHORSE ROAD, CROYDON

SURREY, U.K. Tel: 081-684 1665
Ust. Large SAE. Delivery 7 deva. Collers weicoma. Closed Wednesdsy

BTEC ELECTRONICS
TECHNICIAN

FULL-TIME TRAINING

THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT
AN EQUAL OPPORTUNITIES PROGRAMME

O.N.C, ON.D. and H:N.C.
Next course commences
Monday 11th January 1993
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE
(Dept EE) 20 PENYWERN ROAD

EARLS COURT, LONDON SW5 9SU
TEL: 071-373 8721

N. R. BARDWELL LTD (EE)

200 Signal diodes 1N4148. ... £1.00
75 Reclitier Diodes 1N40O1 .£1.00
50 Rectifier Diodes 1IN4OO7............ .£1.00
56 Rectifier Diodes INS401_........... .£1.00
100 Assid Zeners..... .£1.00
10 NES555 Timer ICa. £1.00
8 C106D 400V 6 amp thyristors.. ... .£1.00
8 BFY51Transistors............... .£1.00
30 BCA478 Transistors..... .£1.00
30 MPSAA42 Darlington Transistors..... - .£1.00
50 Rectangularredi.e.d.s. .. £1.00

25 Aastd. high brightness l.e.d.s.

24 Miniature red |.e.d.s 3Imm dia.

50 Axlall.e.d.s (Diode package) wide angle l.e.d s

12 Asstd. seven segment displays..

30 Asstd. I.F. transformers

48  Assid. coil formers. .

100 Asstd. RF chokes {Inductors).

Asstd connectors edge-dii-sil etc

4P 3W MBB min. rotary switches..

1inch Glass reed switches........... T

Magnetic ear pips ptus lead & plug.

Min SP/CO slide switches............

Asstd. dil sockets up to 40 pin

24-way turned pin 1.C. sockets.

40 pin d.i 1. wire wrap I.C. sockets.....

ORP12 light dependant resistors...........

Printed circuit board 20mm fuse clips.

Aastd. disc ceramic capacitors.

Asstd. capacitors Inf to 1uf.

Asstd electrolytic capacitors.

4.7UF 16V Radial eiectrolytics .

4.7UF 83V Radia!l electrolytics

10UF 18V Radial electrolytics.,

10UF 50V Radial electrolytics

22UF 25V Radial electrolytics..

33UF 18V Radial elecirolytics

47UF 50V Radial electrolytics

100UF 10V Radial eletrolytics.

220UF 18V Radial slectrolytics

470UF 10V Radial electrolytics

1000UF 10V Radial electrolytics.........

1000UF 25V Axial slectroltics....

1 Farad 5.5V memory back up capacitor. ..

Peltier ettect heat pump.

10 watt Stereoc amplitier, 4 controls plus data..
Prices include VAT, postage £1.25. Stamp for Lists

288 Abbeydale Road, Sheffield S7 1FL
Phone (0742) 552886. Fax (0742) 500689

Typefit

The Typesetting programme for all
your Typesetting needs.
If you need setting for your
Adverts, Brochures, etc.
Typefit can help you.

Tel: 0202 882299

L L L L L L L L L e e L L L L L L L L)
8388338383 383388388338333883383338

TUUREB3883388588838 38888858
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Contact

HST for all your component needs.
Send for your free catalogue and
details of special offers.

HST Ltd

Technology House
Prospect Road, Cariton
Nottingham NG4 6LA
Tel: 0602 587225, Fax: 0602 484530

The Electronics & Radio
Book Listing

To be published reguiarly. Containing 100s of out of print, hard 1o get
secondhand and new Electronjcs and Radio books, Magazines and
Journals. Send FIVE FIRST CLASS STAMPS lor next copy or £3.50 tor
next four issues.

WANTED TO BUY
Secondhand Electronics and Radio Books and Magazines
Dept EPE. CHEVET BOOKS

157 Dickson Rd, Biackpool FY1 2EU. Tel 0253 751853

NEW VHF MICROTRANSMITTER KIT

Tuneable 80-135MHz, 500 metre range, sensitive
electret microphone, high quality PCB.
SPECIAL OFFER complete kit ONLY £5.95
Assembled and ready to use £9.95 post free.
Credit card orders telephone 021 411 1821 Fax 021 411 2355
Send 2x1st class stamps for Catalogue. Cheques/P.O s paysbie t0:
QUANTEK ELECTRONICS
Kits Dept. (EE). 3 Houldey Road, West Heath,
Birmingham B31 3HL

SHOP NOW OPEN - CALLERS WELCOME

758

Miscellaneous

G.CS.E. ELECTRONICS KITS at pocket
money prices. SAE. for FREE catalogue.
SIR-KIT ELECTRONICS, 70 Oxford Road,
Clacton CO15 3TE.

PROTOTYPE PRINTED CIRCUIT BOARDS
one offs and quantities, for details send sa.e.
to B. M. Ansbro, 38 Poynings Drive, Sussex
BN3 8GR, or phone Brighton 720203.

STUDY ELECTRONICS on the BBC Micro.
An interactive approach to learning. Four pro-
gram titles available ‘Introduction to Electronics
Principles’, ‘Electronics Mathematics’, ‘Digital
Techniques™ and now ‘Programming for Elec-
tronics’. Programs include theory, examples,
self test questions, formulae, charts and circuit
diagrams. User inputs and calculated outputs,
£29.95 each plus £2 p&p. Cheque or Postal Order
to E.P.T. Educational Software, Pump House,
Lockram Lane, Witham, Essex CM8 2BJ. Please
state BBC ‘B’ or Master series and disc size.
AVO 8 Multimeter with leads and batteries for
sale. Good condition, £35. Tel 0543 450437.
OUTDOORS electronic photo-electric control
unit for switching mains lights on at dusk, off
at dawn. 5A rating, £15.40. Taytronics, 8 Park
Avenue, Markfield, Leicestershire LE67 9WA .
SATELLITE DISHES 35cm, new and boxed.
Complete with LNB £20.00. DMAC Satellite
receiver — Ferguson SRBI (less transformer and
case). Can be adapted to D2MAC and Astra
PAL . Including remote control, only £14.50 inc.
postage. Service manuals £3.00 each. EPROMS
(used, cleaned and erased) 2764 75p, 27128 90p,
27256 £1.25, 27512 £3.00, 27010 £3.25. Most
others available. Gadget Computer Services,
Freepost Dunstable, Bedfordshire LUS 5SX. Tel
0582 868687. Fax 0582 868668.

THE HOMEBUILT DYNAMO (Plans).
Reviewed 1989 in PE January and Model
Engincer December 15th. Price £42 post paid
airmail from Alfred Forbes. PO Box 3919,
Auckland. New Zealand. Tel (09) 818-8967. '
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MAKE YOUR INTERESTS PAY!

Over the past 100 years more than 10 million students throughout the world have found
it worth their while! An ICS home-study course can help you get a better job, make more
money and have more fun out of life! ICS has over 100 years experience in home-study
courses and is the largest correspondence school in the world. You learn at your own
pace, when and where you want under the guidance of expert ‘personal’ tutors. Find out
how we can help YOU. Post or phone today for FREE INFORMATION on the course of your
choice. (Tick one box onlyh

Tv, video &
Hi-Fi Servicing

Refrigeration &
Alr Congitioning

Car Mechanics

| Electronics

Basic Electronic
Engineering (City & Gulids)

]
|
|
. Electrical Engineering
|
|
|

Electrical Contracting/ computer
nstallation Programming

GCSE/GCE/SCE over 40 examination subjects to choose from
. Name Adaress
. lns International Correspondence Schools Dept ECS B2
‘ 312/314 High Sueet. Sutton. Surrey SM1 1PR or 041.221 7373 {24 hours)

19" RACK MOUNTING EQUIPMENT CASES
This range of 197 rack cases features satin black finished 16SWG {1.5mm) steel front panels (no fixing hotes visibie)
with the rear box assembty constructed rom 20SWG (.9mm) steel. The standard units are 10” (254mm) deep
197 project cases only 4° (109mm) deep and are available in the following popular sizes

PROJECT CASES
Type Height Price
PUI 124" (44mm) £18.02
PU2 3'4" (88mm) £2007
PU3 §'4"(133mm 22n
PU4 7" {178mm €246
PUG 10' 2" {266mm £28.25
EQUIPMENT CASES

Type Height Pnce
u 13," (44mm) 2233
u2 3';" (88mm) £2585
u3 §'4" (133mm) £29.38
U4 7* (178mm) £31.72

Delivery included (UK only)

Al prices include VAT.

BLANKING PANELS. RACKING CONSOLES

and RACK CABINETS are aiso available

Please send SAE for details

Tol: 0272 373983 for Access/Visa Sales or cheque

with order to:
d RACKZ PRODUCTS
PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY

COMPONENTS
For TV % Video
Audio * Computer

WE CAN SUPPLY A VAST RANGE OF SPARES for mané
makas of TV, Video. Computer & Audio Equipment. WRIT!

(Encl. s ae. please) or PHONE )
St il 0452 526883
VIDEO BELT KITS

AMSTRAD VCR4600/4700/5200......€3.19 COMPUTER SPARES

FISHER FVHP905/906/808- £3.03 AMSTRAD/SINCLAIR ATAR}

JVC HR3300/3330/3660 £3.30 | 40010 G. Array. 8.86 CO25913 DMA (ST) £33.24

Large range of Pinch Rollers, (dlers, PCW 9512 Serv. Manual! t|5 76 User Manual {STFM).....£10.00
28

Heads, eic.. irom stock AY38912 PCO0OV/H11IL3 (ST) €2
SERVICE MANUALS SEDS420CAC. .!N 93 ROM Basic (XE/L). .£4.58
FIDELITY  2X3000 Chassis. £7.50 | STK7356. £12.49 THERMISTOR (ST-PSU)..£1.37
PHILIPS  KT4/K40 Chassis...... .£12.50 | TEA2000. £4.49 PCTI3V(STE-PSU) £294
TOSHIBA  STU2/L Tuner. £6.99 | TMS4532-NL4 £1.72  25C2331 (ST-PSU) .£1.59
ULAGCOOIE.. £17.61 COMMODORE
BUS0BA 55’55%0%1%‘ £2.49 | ULATKO10/400056 £16.72  17.7344MHz Xtal £4.99
LM733CN. £227 UC3884 £8.95 | ZTX650. .£0.49 C84C User Manual £4.239
PB255A £285 UPCI1378H,. .£2.45 | ZX8302(QL} £10.98 CB4 User Manual. .£425
STK0029, £6.69 UPC1397C....£4.34 | ZX8401 £7.94  C64/C Service Manual us 00
STK414M1..... €8.79 UPCB039LC..£9.99 | Spec. + 2ROM £16.69 6510 CPU 0.03
TA7280P £6.88 V20-8MHz....£9.99 | Spec 48K Speaker £1.74 6526 CIA tu "
TAB210H €852 27C256-200...£295 | SPec. 48K Membrane... .£4.99 6568 VIC £19.95
OTHER ITEMS + /128K Membrane £839 8520 Amiga £12.35

SHARP RGF281/4 Main belt... .£1.40 § OL Membrane £ .
FIDELITY  14°716"/20" General PHILIPS (CM8833) 90611401 PLA. tsza
LOPTX (+PCB)... £17.65 | Service Manual—- Mk 1. £4.71 251641-02 PLA

This is just a very small sampie of our stock. § Line O/P TX = Mk 1 £29.37 MBB81416-12 DRAM (C16) EA 99

Order by Post or Phone, We accept paymen! NN
by VISA. ACCESS. DELTA, SWITCH. Cheque &
or P.O. Post & Packing is £1.20. No VAT 10

add on.

All iterns subject to availability
Prices can change without nolice.

MARAPET (EEL)
1 HORNBEAM MEWS
GLOUCESTER GL2 OUE

CAMBRIDGE COMPUTER SCIENCE LIMITED

LCD moduies. 16char by 1: £4.00, 20 char by 2: £6.00, 40 char by 1: £8.00
5™ Disk Drives. 80 Tk DSDD £23.00 sach

S 25 Disk Drives. 80 Tk. DSDD Used. NO Wty £9.00

(The £45.00 drives are soid on astrictly “as s basis)

S

5.25" Disks, DSDD, 48tp), boxes of 10 eemsk cleaner with S boxes) ...£3.00/box
Digital multimeter, 14 ranges, inc. leads & manual £18.00 each
Apricot Disk drive PSUSV @ 2.5A 12V w 2A £10.00 each
SV 6APSU. £4.80 each
SV a 10APSU. £6.40 sach
Disk Drive Data lead BBC Micro to Disk Drive(s), Single 2.00 Dua £4.00 each
Drive Power lead BBC Micro to Disk Drivels). Single 2.00 Dual £4.00 each
8086 CPU chips. _£2.00 each
280A CPY, CTC, PIO.. £1.208ach; DMA £2.00; £4.50ail 4
27128 EPROMS (Ex equipment) 1.20 each or £5.00/3
256K DRAM{EX Equipment). .£0.40 each
1MBit-10 DRAM (EX EQuipment). £1.40 sach
2 S6K Byte DRAM Modules, removed from equipment.. ..£6.00 each
6.18 & 20 pin dil low profile IC sockets 0.3~ wide £0.40/10; £3.00/100
22 &24 otn dll low profile IC sockets 0.4 wide £0.40/10; £3.00/100
24.28 3 & 48 pin dil low profiie IC sockets 0.6 wide. £0.40/10; £3.00/100
Circuit tester finds faults in TTL & CMOS logic circuits. inc Ieads £8.00
Metal project boxes drilied & painted but unused 28 x 32.5 x 5¢m.. .£5.00
Used computer cards many useful components {large ones socketed)
Floppy disk card INEC FDC chip) £1,00, Wini controlier (WD HDC chip). £1.00
CPU card (8088, 280 & EPROMS) £€3.00
Keyboards. full Qwerty, number pad and LCD £8.00
Desktop computer case with 200W mains PSU (used). £30.00

Prices Incluae postage. Add SOp (pius VAT) to orders below £5.00_ All items new uniess

17, 5% VAT to alﬁﬂces Send an SAE for our {atest list or for more info.
Dept liton Road, Cambridge CB4 1SU
\ Tel: 0223 424602 0831 430496 or 0831 430552 (Mak order onty)

i
\_Bisk &8

Techmcal lnformatlon Services
76 CHURCH STREET, LARKHALL, LANARKSHIRE, ML9 {HE
Tel. (0698) 884585 Mon-Fri 8.30am - 5.00pm
Tel. (0698) 883334 Outwith business hours
FAX facility available all day on both lines
Write now with an SAE for your
___ FREEQUOTE FREE VOUCHERS & FREE CATALOGUE

./
VISA
L

Remember, not only do we have EVERY service sheet ever produced,
but we also have

THE WORLDS LARGEST COLLECTION OF

SERVICE MANUALS

& WE ARE SOLE SUPPLIERS OF VARIOUS FAULT-FINDING GUIDES
REPAIR MANUALS & TECHNICAL MANUALS

cTY. Vulm CD. Hi-Fi. Camc .mlu Sah‘lhh‘l‘ G oniputers. Dwmﬂll( Eqm/- -elc.
DATA REFERENCE MANUAL essential for the serious electrician”
FREE updating and a 10% discount voucher only £5.95
incorporates Unique Modet Identification and Chassis Dala

POWER SUPPLY BARGAINS!

ALL POWER SUPPLIES ARE NEW BUT UNCASED
FOUR OUTPUT SWITCH-MODE 120V/240V input.
+5V @ 15A; + 12V @4A; + 12V @4A; + 12v@ 6A.
(Can be bridged to give + 12V @ 14 amps!).... ...Bargain at £25
THREE OUTPUT SWITCH-MODE 120V/240V input
+12V @ 600mA; +55V @ 420mA; — 120V @ 210mA

outputs. Originally intended for plasma display...............c.cceoe.. £20
5 VOLT-8 AMP SWITCH-MODE 120V/240V input........... Bargain at £12
+/-12V @ 1AMP REGULATED 120V/240V input.

Can be modified to give +/— 15V @ 800mA.................ccovuerennn. £10
THYRISTOR MOTOR CONTROLLER made by RMB, for

controlling D.C. shunt motors......... ——— £25

CHASSIS MOUNTING IEC MALE SOCKET with |ntegral mains
L CIAPE T | .Snip at £3 each
PRICES INCLUDE \IAT PLEASE ADD 10% FOR P&P

WORLD LEISURE CORPORATION BROADCAST
22 SOHO SQUARE, LONDON W1V 5F)
Tel: 071437 2004 ' Fax: 071437 2021
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The UK Distributor for
Standard Toroidal Transformers
* 106 types available from stock
* Sizes from 15VA to 625VA

STEEL DISHED

WASHER —— —_4 ‘—\
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PRIMARY
WINDING
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END CAPS

Write or phone for free Data Pack

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254
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SP1 15 x 5mm Red Leds
SsP2 15 x 5mm Green Leds
SP3 12 x 5mm Yetlow Leds
SP6 15 x 3mm Red Leds
sP7 12 x 3mm Green Leds
SP8 10 x 3mm Yellow Leds
SP10 100 x 1N4148 diodes

SP11 30 x 1N4001 diodes
SP12 30 x 1N4002 diodes
SP18 20 x BC182transistors
SP18 20 x BC183 transistors
SP20 20 x BC184 transistors
SP22 20 x BC214 transistors
SP23 20 x BC549transistors
SP24 6 x Cmos 4001

SP2s 5 x 555 timers

[ SHERWOOD ELECTRONICS
9 Lower Birchwood, Somercotes, Derbyshire DE55 4NG

To celebrate Everyday Electronics 21st and the merger with Practical Electronics,
we are extending our Special Otfer of 2 FREE packs with every 10 purchased untit
the end of November.

SP26 5 x 741 0p-amps

sp28 6 x Cmos 4011

SP29 4 x Cmos 4013

SP36 25 x 10ut/25V radial caps.

SP37 20 x 100uf/40V radial caps.

SP38 25 x 47ut/25V radial caps.

$P42 200 x Mixed0.25W C.Film resistors
SP44 12 x Smm Leds-4 ea. Red. Grn., Yel
SP4a7 5 x Min.push button swiiches
SP102 20 x 8 pin DIL sockets

SP103 15 x 14 pin DIL sockets

SP104 15 x 16 pin DiL sockels

SP109 15 x BCS57 transistors

SP112 6 x Cmos 4093

SP119 6 x Cmos 4072

SP125 10 x 1000ul/16V radial caps

RESISTOR PACKS - 0.25W C.Film
RP3 5 each value - total 365 £2.30

RP7 10 each value - total 730  £3.95
RP10 1000 popular vatues £5.35

Cheques or P.O. to NO VAT

Plesse add €1 PAP to sll orders

SHERWOOD ELECTRONICS

ADVERTISERS INDEX

AUTONA. ........ ....735  MAGENTA ELECTRONICS. 691
N.R. BARDWELL.. .. 758 MAILTECH. 739
R.BARTLETT....... ..749  MAPLIN ELECTRONICS...Cover (lv)
BK ELECTRONICS .Cover (iii) MARAPET
BLB ELECTRONICS...... .....749 MARCO TRADING. 719
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Millions of quality components
at lowest ever prices!

Plus Tools, Watches, Fancy Goods, Toys.
Mail order UK only.

All inclusive prices —
NO post, or VAT etc to add on.
Send 34p 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: 081-393 9055

Hesing Technology @

Tel: (0480) 433156

Cromwell Chambers, 8 St. Johns Street,

Huntingdon, Cambs. PE18 6DD Fax: (0480) 214488
TEST EQUIPMENT SYSTEM CONSULTANCY
Supply Replacement Parts
Maintenance Supply of Service &
‘Commissioning Operators Manuals

Components

Distributors for

WAUGH INSTRUMENTS. RAMTEST LTD., KRENZ ELECTRONICS, PANTHER

Metal detector boards with Data has
tuner, mode, discnminate, headphone
jack. on/off volume & push button

facilities £7.95ea°
35mm Camera returns with auto flash, wind

on etc .£6eaor 2 for £10

.

100k Lin. Joystick, mech...
Dictaphone cassette, mech/record erase
playback heads. 6V solenoid, motor, hall

effect switch £2.00 02"
T.V./Printer stands. £395ea

Bicc-Vero Easiwire

construction kit. £4.956a°
Dot matrix LCD 10x2 lines £3.756a"

40 characters x 1 line dot matrix LCD

with data.. £15.00°
2 digit 16 segment VF display 8
with data.. £2.95 ea

4 digit intelligent dot matrix display. £6.00°

17 segment V.F. display with

driver board and data .£2.99ea°
8 digit liquid crystal display. £1.7500"
4 digh LCD with 7211 driver chip......£3.50 ea®

Digital clock display £2.50°
11 key membvane keypad.. £1.50ea°
Keyboard 392mm x 180mm/100

keys on board + LCD +

T4HCO05/80C49 easily removable £4.95

19" 3U sub rack enclosures. ... .£8.95
12V stepper motor, 48 steps per rev, .
7.3° step angle. £395ea

Stepper motor board with 2 slotted

opto + 2 mercury tilt switches........£3.95 ea®
1000 mixed % watt 1% resistors.,..........£4.95 ea
250 eiectrolyic axial + radial caps. £4.95 ea
200 off mixed poiyester caps ..£7.95°
100 Mixed trimmer caps popular values..£4.95°
100 off Phono plugs

(red/black/grey) £3.50°
50 Mixed terminal blocks £2.95
25 off asst. buzzers & sounders £4.95°
Cable box UHF modulator/video

preamp/transformer/R's + C’s/leads.....£6.95

1000 off mixed Multilayer
Ceramic Caps £7.95

Solar cell modules 0.45V 700mA. ....£2.95 ea®

8.8.C. Micro to disc drive lead.. ..£1.50°

Car Burglar alarm vibration auto
entry/exit delay.

Single zone alarm panel auto
entry/exit delay housed in
domestic light socket......... £9.95ea”

P.C.P.S.U. 50 watt 115.230V input +5V 4A
+12V 2.5A output with built in fan, IEC inlet
+ on off .£9.95 ea

£5.950a°

STC P.S.U. 240V input 5V 6A output
{converts to 12V 3A details
available).. .£5.95 ea
240V input 5V 10A output (convens 10
12V 5A no details). ......£6.95 8
60012 line output lransfovmevs ..... £1.25 ea
240Vin 0-12V 0.75A out L
transformer.. £1.76
240V in 0-28V 62VA out transformer.£2.75
Transformer + PCB gives 2x7.5V 32VA
with skt for 5 or 12V regulator, will power
floppy drive. £3.75 ea
Ultrasonic transducers (lransmn +
receive)... -£1.50 paig
3to 16V Pnezoelecmc sounders.......... 50p.
9VDC electromechanical sounder.......50p
24V DC electromechanical sounder. 509'
2A 250V keyswitch 3 position key
removable In two positions...........
DI switches PCB MT 3/4/6 wav
S5V SPCO SlLreed relay......... ¥
6§V 2PCO DIL miniature relay.. ....60p
12V 2PCO or 4PCO continental relay. 60p

12V 10A PCB MT (1o make contact) —
relay... ...96p
3wo12v elecuo magnetic acoustic .
transducer with data. 75p
2.4576/8.8329/21.10 MHz crystals =
— X
Bridges 25A 200V. .£1.00
2A 100V .50p°
3ib Mixed components pack. £4. 9§

25 off mixed relays... - ORI - 96
40 off mixed toggle swnches £9.95°
50 off mixed switches, loggle rocker,

slide. micro.
Miniature axial chokes 0. 1, 0. 18 0. 12
0.33,0.39,0.15, 1, 3.3UH
0 ea., 100for £7. 50
250 oft ‘6/22/24/40 way iC Skis....£4. 95
Crystal Oscillators 10/24/48 MHz....£1 en
Spider Plug Leads. 759 ea®

QUANTITY DISCOUNTS AVAILABLE
PLEASE RING
We also buy all forms of electronic
components, p.s.u’s, disk drives etc.
Lists to below address.

ALL PRICES INCLUDE V.A.T.
PLEASEADD £2.00p&p EXCEPT
ITEMS MARKED+* WHICH ARE 50P.
SAE FORBULK BUYING LIST
PAYMENT WITH ORDER TO:

Dept EE, COMPELEC,
14 Constable Road
St. lves, Huntingdon,
Cambs PE17 6EQ
Tel/Fax: 0480 300819

Carbon Film resistors %W 5% E24 series 0.51 R to 1OMO -

100 off per value — 75p. even hundreds per value totalling 1000 .

Metal Film resistors %W 10R to 1 MO 5% E12 series - 2p. 1% E24 series .
Mixed metal/carbon film resistors %W E24 series 1RO to 10MO ...

1 watt mixed metal/Carbon Film 5% €12 series 4R7 to 10 Megohms

Linear Carbon pre-sets 100mW and %W 100R to 4M7 E6 serles

Miniature polyster capacitors 250V working for vertical mounting
.015, .022, .033,.047, .068-4p. 0.1 - 5p.0.12,0.15,0.22 - 6p. 0.47 - 8p.0.68 - 8p. 1.0-12p
Mylar (polyester) capacitors 100V working E12 series vertical mounting
1000p 10 8200p - 3p. .01 10.068 - 4p. 0.1 - 5p. 0.12, 0.15, 0.22 - 6p. 0.47/50V - 8p
Submin ceramic plate capacitors 100V wl(()&vortucnl mountings. E12 series
2% 1.8pf 10 47pf - 3p. 2% 56pf to 330pt - 4p. 1 390p-4700pP ........oceeeeenn
Disc/plate ceramics 50V E12 series 1PO to 1000P, E6 Serles 1500P to 47000P ...
Polystyrene capacitors 63V working E12 series long axial wires

10pf to 820pf - 5p. 1000pf to 10,000pf - 6p 12000p1 —— .7p
741 Op Amp - 20p. 555 Tlmev i A~ 20p
cmos 4001 - 20p. 4011 - 22p. . 40p
ALUMINIUM ELECTROLYTICS (Mfds/Volts)

1/50, 2.2/80, 4.7/50,10/25,10/50 .......... o .5p
22/16,22/25, 22/50, 33/186, 47/16 47/25 47/50. P N . 6p
100/16, 100/25 7p: 100/60 12p; 100/100 ............ e . 14p
220/16 8p; 220/25, 220/50 10p; 470/16. 470/25 . 11p
1000/25 25p; 1000/35, 2200/25 35p; 4700/25 .. 70p
Submin, tantalum bead electrolyics (Mlds/Volu)

0.1/36,0.22/35, 0.47/35,1.0/35, 3.3/16. 4.7/16 p— 14p
2.2/35,4.7/25,4.7/35, 6.8/16 15p; 10/16, 22/6 - .. 20p
33/10.47/6, 22/16 30p; 47/10 35p; 47/16 60p; 47/35 80p
VOLTAGE REGULATOR

1A + or — 5V, 8V, 12V, 15V 18V & 24V -55p. 100mA 58,12, 15,V + ... 30p

DIODES (piv/amps)

75/25mA 1N4148 2p. 800/1A 1N4006 4%p. 400/3A 1N5404 14p. 115/15mA OA91 .. Bp
100/1A 1N4002 3%p. 1000/1A 1N4007 5p. 60/1.5A STM1 5p. 100/1A bridge i
400/1A 1N4004 4p. 1250/1A BY 127 10p. 30/15A OA47

Zener diodes E24 series 3V3 10 33V 400mW - 8p. 1 watt .

Banery snaps for PP3 - 6p for PPY ..

L.E.D."s 3mm. & 5mm. Red. Green, Yellow 10p Grommets 3mm - 2p. 5mm ...
Red flashing L.E.D.’s require 9-12V supply only .. =
Mains indicator neons with 220k resistor .

20mm fuses 100mA to 5A. O. blow 6p.A/surge ‘IOp Holders, chassis, mounnng
High speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0mm - 30p. Machines 12V dc ......
HELPING HANDS 6 ball joints and 2 croc clips to hold awkward Jobs

AA/HP7 Nicad rechargeable celis 90p each. Universal charger unit

Glass reed switches with single pole make contacts - 8p. Magnets ..

0.17 Stripboard 2'%” x 1° 9 rows 25 holes - 25p. 3% x 2%" 24 rows 37 holes

Jack plugs 2.5 & 3.5m - 14p; Sockets Panel M1g. 2.5 & 3.5m........

Ear pieces 2.5 & 3.5mm, dynamic ~ 20p; 3.5mmcrystal.............

TRANSISTORS

8C107/8/9 - 12p. BC547/8/9 8p. BC557/8/9 - 8p. BC182, 182L, 8C183, 183L
B8C184, 184L,8C212.212L - 10

BC327,337,337L - 12p. BC727, 737 12p. BD135/6/7/8/9 - 25p. BCY70 - 18p.
BFY50/51/52 - 20p.

BFX88 - 15p, 2N3055 50p, TIP31, 32 - 30p, TIP41,42 - 40p BU208A - £1.20, BF195, 197 - 12p
lonisers with seven year guarantee, list price £1 6.95.. £12.50

All prices are inclusive of VAT. Postage 30p (hee over £5). Lists Free.

THE CR SUPPLY CO

127 Chesterfield Rd., Sheffield S8 ORN
Tel: 0742 557771 Return posting
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THOUSANDS PURCHASED
BY PROFESSIONAL USERS

OMP MOS-FET POWER AMPLIFIERS
HIGH POWER/ TWO CHANNEL 19 INCH RACK

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 translormers % Twin L.E.D. Yu melers #
Level controls # lluminated on/oH switch # XLR connectors # Standard 775mV inputs # Open and short circuit
proof # Lalest Mos-Fets for stress free power delivery into virtuaily any load # High slew rate  Very low
distortion % Aluminium cases * MXF600 & MXF900 fan cooled with D.C. | ker and Ihermal pr i
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 'xH3 2" (2U)xD11"
MXF400 W19 xH5%" (3UMD12"
MXFB00 W19 xH5"" (3UD13"
MXF900 W19 xH5 %" (3U)xD14%."
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

OMP VARISPEED TURNTABLE CHASSI

# Manual arm % Steel chassis # Electronic speed
control 33 & 45 R.P.M. & Vari pitch control # High
torque servo driven DC motor % Transit screws %
12" die cast platter ®# Neon strobe % Calibrated
balance weight #* Removable head shell % %
cartridge fixings % Cue lever® 220/240V 50/60Hz
* 390x305mm # Supplied with mounting cut-out
template.
PRICE £61.30 + £3.70 P&P

STANTON AL500mMkiI GOLDRING G950
PRI P P&P  PRICE£7.15 + SOP P&P

TEREO DISCO MIXER DJ6508@ * WITH ECHO »

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, BJ Mic with tene controi
& talk-over switch, 7 Channels with
Individual faders plus cross fade, Cue
Headphone Moni(or Usetul combination of
the foilowing 3 turi (mag), 3

mics, 5 Line for CD, Tape, Video etc.

Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm

POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-18 INCH STEREO RACK AMPLIFIERS

SERVICE.LARGE (Ad)S A E. STAMPED FDR CATALDGUE.

L 3 G A YN GEE LT EL IS SUPPLIED READY BUILT AND TESTED.

These modules now enjoy 8 world-wide reputation for quality, reliability and performance at @ realistic price. Four
models are available to suit ithe needs ot the protessional and hobby market i.e. Industry, Leisure. Instrumental and Hi-Fi
elc. When comparing prices. NOTE 1hat 8]l modets inctude toroidal power supply. integratl heat sink, glass fibre P.C.B. and
drive circuits 10 power a compatible Yu meter. Ait models are open and short circuit proot.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Oulput power 110 watls
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, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE €81.75 + £€5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

NOTE: MOS-FET MOOULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD « INPUT SENS 500mY, BAND WIDTH 100K Mz,

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mVY, BAND WIDTH 50KHz2. ORDER STANDARD OR PEC,

Vu METER Compatible with our four amplitiers detailed above. A very accurate
visual display employing 11 L.E.D.s (7 green, 4 red) plus an additional on/oft
indicator. Sophislicated logic control for very fast rise and decay times. Tough
moulded plastic case, with acrylic tinled front. Size 84 x 27 x 45mm.

PRICE £8.70 + 50p P&P

®

LOUDSPEAKERS

e e e e . Sing s W ek
LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINETY FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(50p STAMPED) FOR COMPLETE LIST.
PP - From McKenzie Professional Series
- From McKenzie Studio Series
cKENZIE:- INSTRUMENTS, P.A., DISCO, ETC

ALL McKENZIE UNITS 8 OHMS IMPEDANCE

8" 100 WATT®C8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ, 80Hz, FREQ. RESP. TO 7KHz, SENS 96d8. PRICE £31.45 + £2.00 P&P
10" 100WATTH C10-100GP GUITAR, VOICE, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ. 72Hz, FREQ. RESP. TO 6KHz, SENS97d8. PRICE £38.89 ~ £2.50 P&P

PIEZO ELECTRIC TWEETERS - MOTOROLA

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved
translenl response with a lower dislortion level than ordinary dynamic tweelers. As a crossover is not required
these units can be added lo existing speaker systems of up 1o 100 watts {more if two are pul in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
. TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for
o bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
}' TYPE ‘8’ (KSN1005A) 3% " super horn for general purpose speakers,

10" 200WATT B C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH POWER MID,

RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 97dB. PRICE £53.21 ~ £2.50 P&P
12 100WATT ¥ C12-100GP HIGH POWER GEN. PURPOSE, LEAD GUITAR, DISCO.

RES.FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 98d8. PRICE £40.35 ~ £3.50 P&P
12" 100WATT P C12-100TC (TWIN CONE) HIGH POWER, WIDE RESPONSE, P.A., VOICE, DISCO.
RES. FREQ 45H2, FREQ. RESP. TO 12KHz, SENS 97d8. PRICE £41.39 + £3.50 P&P
12 200WATT §C12-2008 HIGH POWER BASS, KEYBOARDS, DISCO. P.A.

RES. FREQ. 45Hz, FREQ. RESP. TO 5KHz, SENS 99d8. PRICE £71.91 + £3.50 P&P
12" 300WATT B C12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARDS, DISCO ETC.

THE VERY BEST IN QUALITY AND VALUE

Made especially to suit today's need tor compactness with high output
sound levels, finished in hard wearing black vynide with protective
corners, griile and carrying handle. Each unit incorporates a 12" driver
plus high frequency horn lor a tull frequency range of 45H2-20KHz.
Both models are 8 Ohm Impedance. Size: H20" x W15" x D12".

CHOICE OF TWO MODELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono
250 WATTS (125 +
8ridged 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
conlrols * Remole on-off ® Speaker &

N-CAR STEREO BOOSTER AMP

125) Stereo, 250W

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

| POSTAL CHARGES PER ORDER £1.00 MINIMUM, OFFICIAL
ORDEHS FROM SCHOOLS, COLLEGES, GOVT. BOOIES, PLCs ETC.
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND

ACCESS ACCERPTED BY POST, PHONE ORFAX.

rvee’ RES. FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 100448, PRICE £95.66 ~ £3.50 PAP
" disco and P.A. systems elc. Price £5.99 + 50p P&P. 15 100WATT P C15-100BS BASS GUITAR, LOW FREQUENCY, P.A., DISCO.
, Y TYPE ‘C’ (KSN1016A) 2"x5" wide dispersion horn for quality Mi-Fi sys- | RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz. SENS 98d8. PRICE £ 59.05 + £4.00 P&P
~ \)‘-\ © tems and quality discos etc. Price £6.99 ~ 50p P&P. 15" 200WATT P C15-200BS VERY HIGH POWER BASS,
TYPE 'D’ (KSN1025A) 2°x6" wide dispersion horn. Upper frequency ] RES- FREQ. 40Hz, FREQ. RESP. TO 3KHz, SENS 98d8. PRICE £80.57 ~ £4.00 P&P
. ) ; ' . 15” 250WATT§ C15-250BS VERY HIGH POWER BASS,
response refained extending down to mid-range (2KHz). Suitable for high § o< “Freq. 39Hz, FREQ. RESP. TO 4KHz, SENS 99dB. PRICE £90.23 ~ £4.50 P&P
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 15" 40OWATT & C15-400BS VERY HIGH POWER, LOW FREQUENCY BASS.
”~ TYPE ‘E' (KSN103BA) 33" horn tweeter with attractive silver finish trim. § RES. FREQ, 40Mz, FREQ. RESP. TO 4 KHz, SENS 100dB. PRICE £105.46 - £4.50 P&P
. Suitable for Hi-Fi monitor systems etc. Price £5.99 ~ 50p P&P. 18" SOOWATT §C18-5008S EXTREMELY HIGH POWER, LOW FREQUENCY BASS.
‘ LEVEL CONTROL Combines, on a recessed mounting plate, level control | RES. FREQ. 27Hz, FREQ. RESP. TO 2KHz, SENS. 98dB. PRICE£174,97 ~ £5.00 P&P
and cabinet input jack socket. 85x85mm. Price £4.10 ~ 50p P&P. EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC
ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are duat impedance 1apped @ 4 & 8 ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
o LINN PEAKER! 8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

AES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 ~ £2,00 P&P
10" S0WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM 8ASS, HI-FI, IN-CAR.
RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99d8. PRICE £13.65
10" 100WATT EB10-100 BASS, HI-F), STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96d8.

12" 100WATT EB12-100 BASS, STUDIO, HI-F), EXCELLENT DISCO.

£2.50 P&P

PRICE £30.39 + £3.50 P&P

RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 ~ €3.50' P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5% 6OWATT EBS5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92d8. PRICE £9.99 + £1.50 P&P
6':" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCOETC.

RES. FREQ. 36Hz, FREQ. RESP. TO 20KHz, SENS 940B. PRICE £10.99 + 1.50 PAP
8 6GOWATT EBB-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89d8. PRICE £12.99 ~ £1.50 P&P
10" 6OWATT EB10-60TC (TWIN CONE) Hi-Fi, MULTI ARRAY DISCO ETC.

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

p——— e e —e
| TRANSMITTER HOBBY KIT
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER B80-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TQ 3 MILES. SIZE 38 x 123mm, SUPPLY 12v @ 0.5AMP.
PRICE £14.85 - £1.00 P4P

FM MICRO TRANSMITTER 100-108MHz, YARICAP TUNED, COMPLETE WITH

VERY SENS FET MIC, RANGEIWQOO"\ SIZE 56 x lémm SUPPLY 3V BATTERY.

B.K.ELECTRONICS

UNITS1& 5COMET WAY, SOUTHEND-ON-SEA,
ESSEX.SS26TR.
Tel: 0702 -527572 Fax.:0702-420243
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hundreds of brand new products.

On sale now, only £2.95

Available from all branches of WHSMITH and

Hundreds of new

super low prices!

products at

Maplin shops nationwide.




