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P.E. PROJECT KITS

Full kits include pcb’s, hardware, cases (unless
stated otherwise)_IC sockets, wire, nuts & bolts.
Article reprints extra 70p each.

AS FEATURED IN THIS ISSUE
BBC/D.C. MOTOR DRIVER.
FULL KITWITHCASE, CB, AND SOFTWARE TAPE
THIS MONTH'S KITS -
S.A.E. OR PHONE FOR PRICES
PASSIVE INFRA-RED DETECTOR July 86 £38.46
ECHO/REVERB UNIT July 86 £4195

THERMOCOUPLE INTERFACE FOR DVM Jun 86
£15.98

£24.49

DIGITAL CAPACITANCE
METER

A superb instrument with a five digit 0.5 inch LED
display giving direct readout of pF, nF and uF from
1pF to 1,000 uF.

Exceptionally easy to use. A crystal timebase
eliminates setting up procedures.

Ideal for schools, labs, and industry as well as
electronics enthusiasts from beginnersto experts.
Complete kit — including PCB, case, all
components and hardware, £39.57. Reprints of

ULTRASONIC TAPE MEASURE Mar 87 less case
VIDEO FADER Jan 87

VIDEO ENHANCER Dec 86

NOTCHER EFFECTS UNIT May 86

TTL LOGIC CHECKER May 86

SOUND ACTIVATED SWITCH Apr 86
SCRATCH & RUMBLE FILTER

{Stereo) Apr 86

PHOTOGRAPHIC TRIGGER UNIT Apr 86
TEMPERATURE/ANLOGUE INTERFACE
Apr 86 £43.87
SPECTRUM HARDWARE RESTART (uncased)
Mar 86 £28.49
AMSTRAD /O Mar 86 £2418
FIBREOPTIC AUDIO LINK Mar 86 £27.65
FIBREQOPTIC CABLE

LOGIC PROBE Feb 86

COMPUTER MOVEMENT DETECTOR

Feb 86 £17.43
SPECTRUM SPEECH SYNTH & 8-BIT I/O PORT
Jan 86 29.58
HIGH PERFORMANCE STEPPING MOTOR DRIVER
Dec 85

£26.21
£13.28
£29.80
£31.46
£20.95
£41.55

£18.89
£35.68

EXTRAS: Transformer £5.98; Case £2.95; BBC lead
& plug £1.98; Motor-1D35 £14.50; MD200 £16.80.
COMMODORE USER PORT EXPANDER
Nov 85

TOUCH CONTROL PSU Oct 85
MODULATED SYNDRUM Oct 85
RS232 TO CENTRONICS CONVERTER
Sept 85 £49.44
CAR BOOT ALARM Sept 85 £12.89
COMPUTER ENVELOPE SHAPER Aug 85 24.39
VOLTMETER MEMORY ADAPTOR July 85 £11.99
STYLUSKEYBOARDFORCOM®64 Jun85  £10.50
SYNTHESISER INTERFACE FOR COM 64

£11.98
£31.22
£29.24

Jun 85 £17.26
AMSTRAD SYNTHESISER INTERFACE

May 85 £2790
CYLINDER THERMOSTAT May 85 £23.95
BBC POWER CONTROLINTERFACE Apr85 £22.98
GUITAR ACTIVE TONE CONTROL less case

Sept 83 £14.36
PROGRAM CONDITIONER June 83 £22.40
AUTO TEST SET May 83 £41.54
WIPER DELAY Apr 83 less relay £9.89

EDUCATIONAL SETS

ADVENTURES
WITH
ELECTRONICS

An easy to folow book suitable for all ages.
Ideal for beginners. No soldering, uses an
S/DecBreadboard. Gives clearinstructions
with lots of pictures. 16 projects —
including three radios, siren metronome,
organ, inter-com, timer, etc. Helps you
learn about electronic components and
how circuits work. Component pack
includes an S-Dec breadboard and all the
components for the projects.

Adventures ~ with  Electronics  £3.58.
Component pack £20.98 less battery.

article 70p.

BATTERY TESTER Apr 83 £15.90

HIGH PERFORMANCE
STEPPING MOTOR DRIVER

As featured in December issue
Kit inciuding PC8, I.C. & All Parts £22.98
Transformer 30V 18VA £5.98 extra
Case {houses PCB only) £2.95 extra
Lead & Connector for BBC Computer £1.98
Motors — ID35 £14.50 — MD200 £16.80
TEA1012 also availabie separately £6.88. Data £1,99

STEPPING MOTORS

48 STEPS
1D35 £14.50

200 STEPS
MD200 £16.80

BBC STEPPER MOITOR INTERFACE KIT £13.99 PCB, driver IC,

components, connectors and leads included. Demonstration

software, listings, circuit diagram, pcb layout and construction

details given. Requires unregulated 12Vdc power supply.

INTERFACE KIT {ref PE} 13.99

OPTIONAL POWER SUPPLY PARTS £4.67 omvssNo
1035 A

e

DC MOTOR SETS

MOTOR ~ GEARBOX ASSEMBLIES 1.5V-4.5V

Miniature precision made. Complete with quality electric motors.
Variable reductions ratios. Long 3mm dia output shafts.
Small unit - type MGS {3-2200rpm)

Large unit — type MGL (2-1150rpm)

£3.49

PULLEY WHEELS — metal 3mm bore
10mm dia
20mm dia £184

30mm £1.99

METAL COLLAR WITH screw — 3mm bore
FLEXIBLE SPRINT COUPLING 3mm L31mm
FLEXIBLE METAL COUPLING 3mm

DC MOTOR 1.5V-4.5V RPM 4,400-8,700
Shaft dia 2mm L10mm. Body 29x38mm
DC MOTOR TYPE - Dc28

FLEXIBLE STEEL SPRING DRIVING BELT 47p
12" fong. Joins to itself or 2 more can be joined where long lengths
are needed.

MIN! MODEL MOTORS 1.5-3V

TYPE TYPE
MM1 MM2
59p

‘DRY BATTERY CHARGER

AS FEATURED IN PE.
We have produced a full kit of parts to build the Dry
Battery Charger featured in the August issue of P.E.
This is a designer approved full kit of parts complete
with Case, PCB, and a set of four special top quality
Battery Holders.
The metal case lid swings open so that the batteries
are fully enclosed during charging for complete safety.
Any number of batteries (up to 4) can be charged at
a time. The kit is supplied in 3 versions for AA cells,
C cells, or D cells. These differ only in the type of
battery holders and charging resistors supplied.
Conversion kits are availabie to change between types.
DY BATTERY CHARGER KITS
AAcells - £24.12
Ccells - £25.27
Dcells - £26.57

PE HOBBYbus

Kit including double sided p.c.b. excluding DIN sockets £49.98.
DIN 41612 a+c sockets £2.20 each or 10 for £18.

BBC HEART RATE

' BBC Heart Rate Monitor — '
Ready Built £35.99

Practise relaxation or monitor fitness with this plug-in heart rate

monitor. Connects directly to the BBC computer. Programs give

continuous heart rate displays, bar charts, graphs etc. Supplied with

sensor, software & instructions - ready to piug in and use.

1.8.2.0.0.0.0.0.8.0.0.0.0.0.0.0.2.8.0.0.9.0.8.8.0.0.0.0.8.8.8.

KAYCOMP
MICROPROCESSOR TRAINER
AND SINGLE BOARD COMPUTER

AVAILABLE FROM STOCK NOW

68705 MICROCONTROLLER
TRAINER

A stand-alone unit with hexadecimal keyboard and 9-
digit seven-segment display. Uses a control oriented
68705 microprocessor with a comprehensive monitor
system. A bank of 8 LEDs and switches allows /O
control programs to be run before connecting to ‘real’
external circuits. An A/D-D/A board is also available
along with full support literature. An excelfent
introduction to machine code programming right down
to ’bit’ level. Used in many educational establishments.
A complete system costs under £50.

All in stock — Phone or write for details PE10

P IR0 0.0.0.2.0.0.0.2.0.0.0.2.8.0.0.0.9.0.8.9.

A new single board training and evaluation system for the 16-bit 68000 Series
Microprocessor. A standard working system in kit form costs just £110.00 including VAT.
Programs are developed and written with the aid of an on-board monitor program. The
system is programmed and run via an RS232 link from either a standard terminal or a
BBC Computer programmed to act as a terminal (we supply the necessary software).
Optional extras include a line by line assembter, a peripheral /O port and timer, and a
G64 bus interface. Full sets of technical literature, programming information and
manufacturers’ data sheets are available to accompany the system.

PHONE OR WRITE FOR FULL DETAILS REF PE10

1.2.2.2.8.8.8.9.2.0.9.9.9.8 .

24 2 266

68000

68000 ‘Kaycomp’ system
with montitor program,
8MHz system clock, 2k x 16
RAM, and RS232 duart
interface (in kit form need
+5, +12, —12V supplies)
68230 PL.T. add-on
G64 bus interface add-on £5.49
8k x 16 RAM upgrade £9.24
Assembler + disassembler program
£24.46

£11.99

£110.00
£11.97

YO NN NN NN

Power Supply

1.2.0.0.0.9.0.8.0.0.0.0.0.0.0.0.0.0.0.9.8.8.8.8.0.0.0.0.0.0

VERKON DC-DC CONVERTERS

These compact efficient voltage converters allow one
or two NICAD or ALKALINE cells to be used as the
power source for circuits requiring 6, 9, 12, 14 or 20
volts. The economy and reliability gains that come
from this arrangement are excellent — just compare
the cost of a single NICAD cell with that of a NICAD
PP3. This is only part of the story — we have a full
leaflet which shows how to calculate the savings
which can be made. Just send a stamped addressed
envelope for more information, performance curves
etc.

VERKON DC-DC CONVERTERS

6 volts from 1 Nicd or Alk-Mn
9volts from 1 Nicd .
12vfrom 1 Alk-Mn A
14vfrom 2 x Nicd

20v from 2x Nicd

—£7.28
—£7.28
—£728
—£8.63
—£8.63

CATALOGUE

Brief details of each kit, book contents, and illustrations and
descriptions of our rang eof tools and components are all included.
Robotics and Computing section included.

Our advert shows just a selection of our products.

Up to date price list enclosed. Official orders welcome.

Catalogue & Price List—Send £1in stamps etc or add £ to your order.
Price list only 9x4 SAE.
Catal

Y e sl o
free to g

d on official

SHOP NOW OPEN

— CALLERS WELCOME
MAGENTA ELECTRONICS LTD.,
PE 14, 135 HUNTER STREET,
BURTON-ON-TRENT,
STAFFS DE14 2ST.
0283 65435 Mon—Fri 9-5.
Shop Hours 9-5 Mon—Fri.
ADD £1.00 P&P TO ALL ORDERS.
PRICES INCLUDE VAT.
SAE ALL ENQUIRIES.
OFFICIAL ORDER WELCOME.

Access/Barclaycard (Visa) by
phone or post.
24 hr Answerphone for credit card orders.

OVERSEAS: Payment must be sterling.
IRISH REPUBLIC and BFPO: UK PRICES.
EURQPE: UK PRICES plus 10%.
ELSEWHERE: write for quote.
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CONSTRUCTIONAL PROJECTS

PRACTICAL ELECTRONICS

ADA-POLYWHATSIT! by John Becker
Many exciting music effects can only be created using
digital technigues. Part one of this fascinating project
describes the essential audio to digital interface needed

for computer controlled creativity.

BIO-FEEDBACK by the Prof
Few can claim to be unaffected by the stress of modern
society, but in an unruffled fashion, professorial advice
on electronically aided mental control is offered through

experimental circuitry.

BRIGHT FUZZ by Robby Rockett
Afoot operated overdrive distortion unit is a must for any
guitarist aiming to be top of the rocks. Robby’s fuzzy ity y

thinking brightens the prospects!
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SPECIAL FEATURES

OSCILLATOR DESIGNS by Andrew Armstrong .......cccccocceeeeninneennns 26
Calculators, radios, multimeters, musical instruments,

many have oscillators at the control centre. The principles

governing their ups and downs are widely covered in this
authoritative feature.

SENSORS TECHNOLOGY — PART TWO by the Prof ...........cccoouee. 40
Continuing on from last month’s discussion on Hall effect,

gas, light and strain detectors, an uncensored look is

taken at pH probes, thermocouples, and pyro sensors.
ELECTRICAL SAFETY by Ray Stuart ........cccccccveinniineniniiiicniiinns 48
Is your life always in safe hands when you are wiring

mains powered circuitry? If you do not know the correct

techniques, the consequences can be disastrous. Some

of the major points are heavily emphasised in this vital

feature.

BATTERY UPDATE by Rod COoOPer ......cccccccciiiiiiiniiniiniiiniiinicsiinnnns 52
A follow-up article in response to the Better Use of

Batteries features that created so much interest during

mid 1986.

NEWS AND MARKET PLACE
PCB SERVICE — professional PCBs for PE Projects

TRACK CENTRE - the PCB track layout pages

BINARY CHOP — a powerful mental logic tester

SPACEWATCH AND THE SKY THIS MONTH

by Dr. Patrick Moore OBE
THE LEADING EDGE by Barry Fox
INDUSTRY NOTEBOOK by Tom lvall
ADVERTISERS’ INDEX
POINTS ARISING

THE SCIENCE MAGAZINE FO

PRACTICAL ELECTRONICS MAY 1987

R SERIOUS ELECTRONICS ENTHUSIASTS

NEXT MONTH. ..

You really shouldn’t miss the JUNE issue of PE.

Look at some of what we have in store for you —

MODERN TV RECEIVERS e FREQUENCY SYNTHESISERS e
SYNTHESISING AF SIGNAL GENERATOR e INFRA-RED
TRANSCEIVERS. e DIGITAL AND ANALOGUE SIGNAL TECHNIQUES
® POLYWHATSIT! e PRINTING PE e

NOT ONLY ALL THIS, BUT ALSO our regular top line features of
Spacewatch, Leading Edge, Industry Notebook, plus lots more
exciting experimental ideas, and all the latest product information
from our advertisers.

PE JUNE 1987 ISSUE ON SALE FROM FRIDAY MAY 1st




CATALOGUE CASEBOOK

Last month we received details of the following catalogues
and literature:

Cambridge Kits. Kit News leaflet of ideas, tips and new budget
priced kits, etc. Cambridge Kits, 45 Old School Lane, Milton,
Cambridge. 0223-860150.

British Amateur Electronics Club. News letter and circuit ideas
January 1987 Cyril Bygod, B.A.E.C., 26 Forrest Road,
Penarth CF6 2DP. 0222-707813.

Electronic Organ Constructors Society. February 1987 magazine
of news, views and ideas. R. Williams, EOCS, The Mill House,
Mill Lane, Wheaton Aston, Stafford, Staffs. 0785-840860.
Electrovalue. February 1987 60 page catalogue of quality
components, for which they claim to be Britain’s leading
supplier. Electrovalue Ltd., 28 St Judes Road, Engleford
Green, Egham, Surrey TW20 OHB. 061-432 4945.

Institute of Electrical Engineers. Publication of the 1987
Thesaurus is announced. INSPEC, Marketing Dept., Station
House, Nightingale Road, Hitchin, Herts SG5 1RJ. 0462-
53331.

PMD Chemicals have a new product brochure of chemical and
equipment ranges for the PCB industry, together with much
applications data. PMD Chemicals Ltd., Broad Lane,
Coventry, CV5 7AY. 0203-466691.

Semiconductor Specialists. Their list of ‘state of the art’
components for bonafide club members is now available
(membership proof required). Semiconductor Specialists, 159
High Street, Yiewsley, West Drayton, Middx UB7 7XB.

Swains Packaging have issued their February 87 extensive list
of polythene bags, sheeting and tubing. Over 15 million bags
in 300 different sizes are stocked. Swains Packaging, Brook
Road, Buckhurst Hill, Essex IG9 5TU. 01-504 9151.

Teledyne Philbrick Microcircuits have issued a new short form
catalogue that provides a mass of worthwhile information on
op-amps, D-A, A-D, V-F converters and other products.
Components Division, MCP Electronics Ltd., 26-32 Rosemont
Road, Alperton, Wembley, Middx HAQ 4QY. 01-902 1191.

Verospeed have a comprehensive new product catalogue of over
13000 lines for electronics, computers, tools, cables and
production equipment. Verospeed, Stanstead Road, Boyatt
Wood Industrial Estate, Eastleigh, Hants SO5 4ZY. 0703-
641111.

Versatec Electronics Ltd, (a Xerox company). Brochure
highlighting advantages of the new Versacolour fast, high
resolution thermal plotter. Versatec Electronics Ltd., 8 Oxford
Road, Newbury, Berks RG13 1QD.

WHAT’S NEW

Shock Proof Meter

TT Instruments have

introduced an analogue
multimeter fitted in a rubber
shock-absorbing surround for
greater resilience in field work.
The MX 112’s ease-of-use design
provides a mere two input
sockets for all functions and
ranges, and full protection up to
200Von all ranges, including the
10A current range.

The instrument has eight
multimeter functions on forty
two ranges, as well as capacitance
and decibel measurement, and a
dwell meter function for carrying
out measurements on car
engines. A.c. and d.c. voltages
up to 1600V and current from
50uA to 10A can be measured,
and resistance up to two
meohms. Sensitivity is 20
kilohms per volt on a.c. ranges.
D.c. accuracy is 2 per cent of
full scale deflection, a.c. £3 per
cent.

The MX112 also incorporates
shockproof movement and a
parallax correction mirror
behind the dial.

Contact: ITT Instruments, 346
Edinburgh Avenue, Slough,
Berks SL14TU. Tel. 0753 824131.

corners (plastic), as well as
supplying a comprehensive
range of other manufacturers’
fittings, and is now moving into
the American market.

Contact: Adam Hall Supplies
Ltd., Unit 3, The Cordwainers,
Temple Farm Industrial Estate,
Sutton Road, Southend-on-Sea,
Essex SS2 5RU. Tel. 0702 613922.

A Good Year for Grilles

DAM Hall Supplies,

manufacturer and
distributor of flightcase and
cabinet fittings and major
distributor of Celestion
loudspeaker, have had a
successful year, and are pleased
to announce that they are taking
on more staff to improve service
to their customers.

Among Hall’s main lines are
Palmer passive crossovers, and
filters from Germany. However,
to cut costs, Hall’s own audio
division, 3rd generation, has
produced its own range which
they will be showing at this year’s
Frankfurt Music Fair. Now into
its fifth year, 3rd Generation is
also plugging a new range of slim
Mosfet slave amps as a follow up
to their successful power amps,
and also a new range of small
MmiXers.

Adam Hall Supplies
manufactures selected cabinet
fittings including speaker grilles
(chrome plated) and stacking

COBOL Core Classes

‘WO world experts in the

business-oriented
programming language COBOL
are joining forces with Micro
Focus, acompany with a decade
in developing COBOL compilers
and software development tools,
to found a COBOL training
company called, appropriately
enough, The COBOL Training
Company. Well, they thought of
it first.

The two experts involved are
Jerome Garfunkel, the American
author and organiser of COBOL
seminars, and John Triance,
researcher, lecturer and author,
who now manages a
development group within Micro
Focus. The CTC will base its
courses around Micro Focus’s
applications development tools
and will be aimed particularly at
users of those products, but the
company feels that it is now
drawing on “an unrivalled core
of expertise in COBOL” which
goes beyond the application of a
particular set of systems into the
wider applications of COBOL
programming. Garfunkel
particularly has contributed to
the evolution of COBOL in
business through his work on
various COBOL standardisation
committees.

The three types of training
which the CTC is offering are
product training workshops,
specifically relating to Micro
Focus, key topic seminars, with
expert-led discussions relating to
the state of the art in COBOL,
and skills acquistion workshops.
Using one of the Micro Focus
toolsets for in depth tuition
aimed at professional
programmers. The company has
already begun holding product
training workshops on the
continent, and plans operations
in the UK and USA.

Contacts: John Triance,
Newbury, U.K. Tel. 0635 32646;
Jerome Garfunkel, Connecticut,
U.S.A. Tel. 0101 203 567 8555.

Sea And Shore

HE Radiocommunications
Division of the Department
of Trade and Industry has made
‘two announcments of interest to
radio users in January.
The first concerns the radio
licensing of shipping. The new

PRACTICAL ELECTRONICS MAY 1987



NEWS AND MARKET PLACE

Ship Radio Licence has replaced
the former Ship Licence, the
Hovercraft Licence and the
On-Board ShipWireless Licence.
The Ship Radio (VHF) Licence
has also been updated. Another
major change is the issue of a
Licence Display Slip which must
be displayed on the vessel to
indicate possession of a current
licence. (The DTI’s
announcement did not say
whether it should be displayed
on the windscreen, or not.)

Under theWirelessTelegraphy
Act 1949 a licence from the
Secretary of State is necessary
for the use or installation of any
radio, including handhelds, on a
vessel. The Licence costs £50 a
year, and authorises use of all
international maritime bands
(1.f.,, m.f., h.f., vh.f. and
satellite), as well as radar and
lifeboat radio equipment. The
Ship Radio (v.h.f.) Licence,
which is aimed at small vessels
and only permits use of the
international v.h.f. band, costs
£17.50 a year. All equipment
must meet the Department’s
type Approval Specifications,
and all operators must hold the
appropriate certificate of
competance.

The second announcement
concerns the re-issue of lapsed
Amatuer Radio licences with the
original call signs.

The Department has decided
on the basis of several individual
cases to allow previously held
licences to be re-issued to their
original and legitimate holders,
even where the original
qualifications were not based on
the current City and Guilds
Radio Amateur Examination
syllabus. The only exception
involves the G5 plus three letter
series, which has already been
withdrawn for re-use.

Prior to this decision, policy
only allowed the re-issue of old
licences where a pass in the
post-1958 City and Guilds of
London Institute syllabus had
been obtained. This meant that
amateurs who kept their licences
current held on to them despite
the revised syllabus, while those
who did not were not allowed to
re-commence radio operation
without sitting a second
examination.

This concession follows
another recent concession (in
June 1986) which extended a
pass in the radio morse test to
lifetime validity, in line with the
RAE itself.

The Department’s obvious
and acknowledged appreciation
of the fact that a radio call sign
is not just a ‘name, rank and
number’ to its owner, but a
personal signature by which he
or she is know to other amateurs,
puts a pleasantly human face on

a government department which
is often seen only through its
regulations and fine print.

Former.amateurs wanting to
reclaim old call signs must
themselves provide
incontrovertible proof of their
identity and title to the call sign,
for instance, the orignal licence
or a copy of it, and all details
concerning the lapsed licence
and its issue.

Full details can be obtained
from the Department of Trade
and Industry,
Radiocommunications Division,
Amateur Radio Section, Room
613, Waterloo Bridge House,
Waterloo Road, London SEI1
8UA.

CAD Captured

CAD Captured

OCAD Ltd., which supplies
specialist software for
computer aided engineering, is

the worldwide distributor of
ESP, a circuit diagram capture
software tool for use with IBM
PCs and DEC VAX computers,
preferably in conjunction with a
high resolution colour graphics
monitor.

ESP was designed to meet the
need for a technically advanced
capture tool with local support,
and a set of interfaces to popular
simulators and routers. COCAD
will be able to provide total
support capability, including
custom interfaces and
consultancy on systems
integration.

ESP is a ‘very intelligent’
schematic capture tool for
analogue and digital design,
including gate array and cell-
based i.c. design. Unlimited
levels of hierarchy in the system
allow circuit functions to be
represented by a functional
block or series of blocks, each of
which can contain any number of
further blocks. Design can
proceed from concept down to
gate level uninterrupted by
undue shuffling of files. Signal
integrity right through the
hierarchies is checked out by the
program. Extensive editing
facilities allow horizontal or
vertical movement of cells or
groups of cells, with connections
correctly maintained. All
labelling texts can be entered
from the keyboard and justified
and located under user control.

ESP supports drawings up to
AQDD (65.5in) and multi-sheet
drawings. A parameter file allows
the user or system manager to
customise some aspects of ESP
to individual requirements.
Contact: COCAD Ltd., Ashford
House, Tufton Centre, Ashford,
Kent TN231YB. Tel. 0233 43445.

COUNTDOWN

If you are organising any electronic, computing,
electrical, scientific or radio event, big or small, drop us
a line. We shall be glad to include it here. Send details
to COUNTDOWN, Practical Electronics, 16 Garway
Road, Bayswater, London W2 4NH.

PLEASE NOTE: Some events listed here may be trade
only, or restricted to certain categories of visitor. Also,
please check dates, times and other relevant details with
the organisers before setting out as we cannot guarantee
information accuracy.

Apr-Jun. Series of software training courses by Ericsson
Information Systems Ltd. Birmingham. 01-422 3442.

Apr 6-10. Saturn Workshops (several residential computer
courses). Ludgrove Hall, Cockfosters, London. 0969 50449.
Apr 89. Laboratory Manchester. New Century Hall,
Manchester. 0799-26699.

Apr 13-16. Acoustics '87 (IOA). Management Centre,
Portsmouth Polytechnic. 031-225 2143.

Apr 24-26. Homvention '87. Dayton, Ohio, USA. 0101-603-
878-1441.

Apr 28-29. Electronic Data Interchange Conference. Barbican
Centre, London. 01-868 4466.

Apr 28-30. Bntish Electronics Week °87 (incorporating All
Electronics, ECIF show, Automatic Test Equipment, Circuit
Technology, Communications). Olympia, London. 0799-
26699. .

May 12-15. Automan. National Exhibition Centre,
Birmingham. 01-891 5051.

May 13-14. Laboratory Cambridge. Cambridge. 0799-26699.
May 13-15. EDS '87. Las Vegas, Nevada, USA. 0101-313-648-
1440.

May 26th. Developments in Instrumentation and Computation
in Acoustics (ICA). Society of Chemical Industry, 14-15
Belgrave Square, London. 031-225-2143.

May 30-June 2. Summer Consumer Electronics Show 87,
Chicago, Illinois, USA. 0101-202-547-8700.

Jun 2-3, Intel exhibition and conference. Wembley. 0793-
696000.

June 2-5. British Manufacturing Technology Week
(incorporating CIM). 01-891-3426.

POINTS ARISING

Fibre Optic Light Pen (Mar 87) Page 37, Fig.2. TR1 and TR2 labels should be
exchanged.

Telephone Bell Repeater (Mar 87) Page 35, Fig.3. Bridge Rectifier BR1, topright
hand pin should be a.c., bottom right hand pin should be negative. C2 left hand pin
is positive.

30 + 30 Amplifier (Mar 87) Page 49, Fig.1. R124 (middle LHS) should be R144.
C32and C132 go into spare holes alongside IC2 and IC102 respectively. R15 goes
into spare holes below C5, C8 then goes where R15 is marked.

Vigilante — see page 29.
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NEWS AND MARKET PLACE

Sound Intensity

B RUEL and Kjaer (UK) Ltd.
have released a portable
Sound Intensity Analyser, the
Type 4433, which weighs only
121bs and is battery powered.

The 4433 is easy to operate,
with an automatic scan for
sequential octave analysis and
automatic ranging. There is a
choice of three microphone
sensitivites, and 200V, 28Vor 0V
microphone polarisation
voltages.

Using sound intensity, sound
power determination can be
done quickly and without special
screening or isolation.
Measurements made at points
over a surface are automatically
averaged; a figure for the surface
area then being entered into the.
analyser for calculation of the
sound power. Corrections
accounting for air density
variations are automatically

calculated from user-entered
temperature and air pressure
values.

Two sound intensity probes, type
3519 and type 3520, are available.
These are both two-microphone
probes using pressure gradient
techniques. The 3520 includes a
remote control handle. The
phase and amplitude matched
pair of microphones include
newly developed phase corrector
units. Very close and stable phase
matching is maintained between
the measurement channels to
allow accurate measurements to
be made in difficult
environments.

One application of the device
will be sound intensity mapping
to locate noisy components
among groups of components.
Contact: Briiel & Kjaer (UK)
Ltd., 92 Uxbridge Road, Harrow,
Middx HA3 6BZ. 1
Tel. 01-954 2366.

Computer Cameras

EFLEX Ltd. of Maidenhead
has introduced three new
computer cameras recently, two
from Focus Graphics Inc. and
one from General Parametrics.
The Focus Graphics cameras,
Imagecorder 4520 and 4526, can
be connected to the majority of
v.d.u.s, terminals and personal
computers via TTL or RS170/
RS343 RGB video inputs. The
cameras can also work with IBM
Enhanced Graphics Adapters.
A range of interchangeable
modules allow screen images to
be recorded on different film

Both models have aseven inch
previewing/recording CRT,
analogue and digital signal
processing, raster fill and some
special effects.

The General parametrics
model is specifically for use with
the VideoShow 160 presentation
system. Essentially a 35mm
slidemaker, the camera, called
PhotoMetric 200VS, can make
slides with a simulated 2048 by
2048 pixels in up to 1000 different
colours. Slides can be previewed,
and all the camera’s functions are
automatic. The PhotoMetric 200
is compatible with most popular

?iLLIONS
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types, including 35mm colour
transparencies, Polachrome
instant slides, 4 x 5 colour and
B/Winstant prints, 8 x 10 trannies
and individual 16mm cine
frames.

The Imagecorder’s system is
fully automatic and does not
require photographic skills.

The 4520 has a maximum
resolution of 820 by 630 pixels, a
video bandwidth of 22MHz and
a horizontal line rate of 15.7 to
20kHz, while the 4526 has a
resolution of 1024 by 768 pixels
with a bandwidth of 32MHz and
line rate of 20 to 26kHz.

graphic packages including
Lotus 123, Freelance,
Chartmaster etc. as well as the
VideoShow Picture It package. A
version for stand-alones is
expected shortly.

For more information contact
Reflex Ltd., Viewpoint, Gardner
Road, Maidenhead, Berks SL6
7R]J. Tel. 0628 771414,

On a slightly different track,
Facit Ltd. is marketing a video
interface from Kone Instruments
Ltd. which converts video
graphics into full colour hard
copies from the Facit 4544 high
speed colour flexhammer printer.

The unit boasts one of the
fastest screen data capture times
around. It takes a few seconds to
store a screen picture in memory,
removing the need to freeze the
image before transmitting it. The
user can then output as many
copies as he likes of the stored
picture.

The interface accepts standard
RGB signal from a wide range of
video monitors. The Kone 5791
has a video memory of 512,000
samples, and copy time is two to
five minutes, depending on
picture density and printing
height. The interface has
manually adjustable picture
width, four selectable heights
and remote control. Colour
response and print format are
also adjustable, and an optional
serial data input allows the same
printer to be used for video hard
copies and normal text without
switching.

Contact: Facit Ltd., Northgate,
72 Northolt Road, Harrow,
Middx. HA2 OHE. Tel. 01-4222
3442.

Soldering stations, OK.

K Industries has launched
three new low price
soldering stations. The cheapest

model is the SA-20-230, at
£59.00, a fixed temperature unit
factory adjusted to 700 degrees
E It has a thermocouple sensor
and burn proof cord, and
operates at 24V, 48W.

The SA-3-230 is adjustable
between 210 and 930 degrees F,
has analogue temperature
indication, and operates at 24V,
48W.

The top of the range model is
the SA-10-230,a tri-temperature
station with colour coded ranges:
850 degrees F(red), 750 degrees
F (green) and 650 degrees
(yellow). The control switch can
be made operator secure, and
the tips supplied operate over the
complete range of temperatures.
Alsoa24V,48Wmodel, this one
costs £98:63.

Contact OK Industries,
Barton Hill Farm Industrial
Estate, Chickenhall Lane,
Eastleigh, Hants SO5 5RR. Tel.
0703 619841.
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Award to aid handicapped
research

A new award scheme to
encourage the use of
technology to help children with
cerebral palsy has been launched
by computer services company
Datasolve, a Thorn EMI
Technology company.

The aim of the awards is to
attract recognition, and
ultimately funding and
development, to inventive work
now being done by individuals
and small groups to help child
palsy victims. Asis often the case
where ways of applying new
technologies to educate and
stimulate, or simply make life
easier for, mentally or physically
handicapped children, ideas are
often devised by people working
directly with children, or closely
related to a handicapped child.
It is hoped that the awards will
attract commercial funding
where it will do most good.

To attract the attention of the
media and industry, the winning
ideas will be unveiledin front of
several hundred representatives
from British computer
companies at the 1987 Computer
Industry Charity Ball on 11th
June. Datasolve is the chief
sponsor of this event, which in
1986 raised over £40,000 for
Spina Bifida victims. The money
raised by this year’s ball will go
to the Spastic’s Society to
provide customised
accomodation for young palsy
victims. Amdahl (UK) is
co-sponsoring this year’s event.

The scheme is setting a
manufacturing cost limit of
£1,000 on ideas submitted.
Typical ideas could include low
cost eye-movement detectors for
use witha computer, or a speech
recognition device which would
translate speech which is hard to
understand into easily
recognisable words. The winning
inventor will receive a Thorn
EMI Liberator portable
computer from Mr Douglas
Shepherd, Chairman of the
Spastics Society.

NEWS AND MARKET PLACE

Don Yeates, Education Director
of Datasolve, and Dr Janet
Larcher of the Spastics Society
demonstrate a touch-sensitive
computer to twelve year old
Adam King, a pupil at the
Society’s Thomas Delarue School
in Tonbridge.

Cerebral palsy is a movement
disorder which appears when the
victim is young, and is caused by
damage or impaired
development of the vital area of
the brain which controls
movement. Symptoms vary from
person to person, and range from
barely perceptible impairment to
almost complete immobility.

However, with the help of a
microcomputer and a customised
interface (a conventional
keyboard is too complicated)
many children with cerebral
palsy can communicate and learn
for themselves. The ability to
control and interact with the
computer helps to build the
children’s self-confidence and
their ability to make the most of
their potential.

Since every child is affected
differently by cerebral palsy,
some able to control the
movement of their arms, while
some can only control their eyes,
a wide range of specialised
interfaces is needed to help them.

Entry forms for the Award
Scheme are available from Mary
Painter at Datasolve Ltd., 61-73
Staines Road West, Sunbury-on-
Thames, Middx TW16 7AH. Tel.
0932 785566.

Satellite receiver

new satelliteTVreceiver, the

model RSR 30P, is being
added toits range by Rediffusion
Satellite Systems. This is an
upgraded version of the receiver
which they introduced in 1986,
with a number of additional
features.

The new receiver allows full
remote control of polarity and
skew, programmable into
memory using an infra red
remote control handset, and can
be automatically recalled on
individual channel selection. A
new polaritor, designated RPR1,
is being released to work with the
new receiver’s remote control
facilities. This has been
designated to be simple to
mount.

Various complete receiving
systems are available from
Rediffusion at the Satellite
Systems Division, Rediffusion
Radio Systems Ltd., Unit 9, Mole
Business Park, Randalls Road,

Leatherhead, Surrey KT22 7BA.

Tel. 0372 379620.
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IBM PC breadboard

he PB-88 Protoboard is a 1680

point breadboarding card,
which plugs directly into an IBM
PC card slot to enable the user
to design interfaces. The bus strip
allows breaboarded circuits to be
connected directly to all the PC’s
signals, controls and data lines.

The breadboarding area
consists of two solderless
bread-boarding sockets
permanently attached to the
base of the board. Each socket
can take up to eight 14-pind.i.1.
i.c.s with four tie points per pin,
and eight power rails with twenty
five tie points each. All IBM
signals are connected to a
solderless interface socket, and
an external DB-25 connector is
provided for interfacing. Signals
are labelled on the IBM bus and
on the DB-25 interface sockets.
The PB-88 is supplied by

Global Specialities, Shire Hill
Industrial Estate, Saffron
Walden, Essex CB11 3AQ. Tel.
0799 26699.

Technomatic
Special
Offer

Technomatic, one of the
country’s leading suppliers of
components and equipment,
have a special offer available to
PE readers only. They are
offering a 10% discount on all
TTL and CMOS devices. A
selection of their large range will
be found on page 11 of thisissue.

Technomatic Ltd., 17 Burnley
Road, London NW10 1ED. Tel.
01-723 0233.

Radio teletext

Six weeks of test transmissions
in the London area, starting
on 8 January, have been carried
out by the Independent
Broadcast Authority (IBA) in
preparation for the launch of the
UK’s first radio teletext service.
The data is broadcast using the
Telerate data system, from the
IBAs v.h.f./f.m. transmitter on
97.3MHz. Another six week test
period wil be carried out on the
Telemet UK Ltd financial data
service on the IBA’s other
v.h.f./f.m. transmitter in London
on 95.9MHz.

Radio teletext uses techniques
already well established in the
USA, but only experimentally
used in the UK up to now.

CHIP COUNT

This month’s list of new component details received.

BLT90 series ~ 900MHz Cell Radio Power transistors (ML)
BTA 140 series — High current motor ctrl triacs (ML).
BTV60D seeries ~ low cost Gate Turn Off thyristors (ML.).
Cescom 10375 - VME fast data comms switch (CS).
HM66203-4 - 1M-bit (world's largest) SRAM modules (HT).
IMS T800 ~ UHP 2.25 Mflop Transputer (RP).

ITEMA000 — 60 MF lop transputer eval. module (IN).
LGA63645 LCD driver for IBM PC (HT).

LM215XB - *all round" viewing anglc LCD (HT).
PAL32VXI10 - High speed-density PAL (RP).

PCF8582 - 2KBit CMOS EEPROM with 1°C bus interface

(ML).

PLHS501 - 3rd generation PML Random Logic Unit (ML).
WS85901 — CMOS 4-bit HS m-processor (RE).

WS85901A — CMOS m-program controller (RE).

WS59032 — CMOS 32-bit HS m-processor (RE).

WS§59520.1 - CMOS muitilevel pipeline reg. (RE).

ZL30 series — High Speed PLD progammers (RP).

Manufacturers. and contact telephone numbers for further
details. (CS) Cescom. 01-534 7613. (HT) Hitachi. 0923-46488.
(IN) INMOS. 0454-616616. (ML) Mullard. 01-580 6633. (RE)
Rastra Electronics. 01-748 3143. (RP) Rapid Silicon. 0494-

442266.




REGULAR FEATURE

OVER the years I have seen several
patents for methods of healing
broken bones by enveloping the plaster
castin an a.c. magnetic field. The patents
all cjaim that this speeds regrowth of the
bone. It’s fot the kind of claim you can
test too easily for yourself. There are,
however, some other ideas that can more
easily be put to the test — although the
tests are unlikely to be conclusive.

Both magnetism and air ionisation are
supposed to be good for us. The snag is
that the ailments they may cure are non-
specific; like aches, pains and general
listlessness. As a doctor told me years
ago, “if you tell someone that standing
on their head will make them feel better,
it probably will; and there’s no way of
knowing whether they would have felt
better anyway”.

The magnetism-makes-you-feel-
better craze is now big business in
America. The original idea was that a
necklace did the trick. Now it’s bracelets.
In the Far East there are even magnetic
sticking plasters to help heal wounds.

The magnetic necklace craze hit in
Britain 10 years ago but petered out
because the makers, TDK of Japan, were
plainly rather embarrassed by the sale
of their trinkets by a third party
importer. TDK was at the time busy
building up its business image as a
reputable tape manufacturer. There was
no place in TDK’ tape marketing
strategy for magnetic black magic.

TDK has started selling magnetic
necklaces in Japan because the Japan
Medical Journal published the results of
research at the IsuZu hospital in Tokyo,
and the Tokyo University medical
faculty. The researchers concluded that
magnetism is good for humans because
the earth’s magnetic field is decreasing
at a rate of 0.05% per year and this
creates a “magnetic field deficiency
syndrome”. Doctors hung powerful
cobalt magnets round the necks of
patients suffering from shoulder stiff-
ness, lumbago, constipation, insomnia,
dizziness and chest pains. A similar
number wore dummy necklaces. More
people wearing magnets felt better than
those with dummies.

Magnetic sticking plasters are claimed
to relieve pains in much the same way

THE LEADING
EDGE

BY BARRY FOX

The technology behind the products

Can electro-magnetism help your health? Will it, charge your brain,

or just your credit card?

as theTDK necklaces. One theory is that
they work by attracting blood — which
contains iron compounds — to the scene
of the wound.

Recent adverts for magnetic bracelets
placed in popular American newspapers
by a firm in New Jersey claims that they
are in “unprecedented demand on the
Continent — thousands upon thousands
of Europeans now wear them”. At $15
a time the bracelt is “scientifically
designed . . . 100%  magnetically
operational”.

“The moment you put on your
bracelet” readers are assured “you will
feel a magnetic force field penetrate
your body . . . feel a surge of energy”.
For why? Because the bracelet “will
activate magnetic waves that give off
charged energy signals to the brain . . .
that is the start of the new life that lies
ahead”.

In the past some designers have
increased the drive voltage to around 6
or 7 kilovolts, in an effort to increase
efficiency. The ioniser may then produce
ozone which is bad news for the human
respiratory tract and may also kill plants.
High voltages also produce nitrous
oxides.

Professor Ronald Pethig of the
Industrial Development Department of
the University College of North Wales,
has studied the technology.

“Cheap machines are unlikely to
produce ozone”, he says, “because their
components could not cope with the high
voltages needed. But, some early
machines were so clumsily made, with
diodes connected the wrong way round,
that they produced positive ions instead
of negative!”

Do ionisers work? “I approached the
subject with an open mind” says
Professor Pethig “and I now know there
is definitely something in it. Around
40% of the population are sensitive to
ions — they get headaches when there is
a  positive build-up before a
thunderstorm”.

Others may benefit because any ions,
positive or negative, clean the air by
precipitating dust. Particles attract to
earth, the walls and the floor. See how
dusty it gets inside a TV set. Industrial
plants use electrostatic charges to clean

dust out of the air by clumping particles
together.

Four disadvantaged Europeans
agreed to wear one. Believe it or not
(and some may find it hard) one made
a fortune, another landed a dream job,
a third gained a great love life and a
fourth became the picture of health.

Feeling tired, irritable and depressed,
with criminal and suicidal tendencies
and aching bones? Want to supercharge
your body, increase mental awareness,
make sleeping easier and speed plant
growth? Then, if you believe what you
read in other US adverts, and watered-
down versions in the UK, all you need
is an ioniser.

Ions form naturally in the atmosphere
when energy, from natural radio activity
or cosmic rays, displaces an electron
from an air molecule. The displaced
electron joins another to form a negative
ion and the stripped molecule becomes
a positive ion. Polluted air in the cities
neutralizes the ions, especially those
with a negative charge. Natural winds,
like the Fohn in Germany and Santa Ana
in California have the same effect. The
air becomes positively charged and
people start feeling irritable and off
colour.

The same thing happens before a
thunderstorm. The air becomes posi-
tively charged and people start getting
headaches. After a storm the air is
exhilarating, because lightning has
generated negative ions.

Home ionisers produce negative ions
by feeding a high voltage (several
thousands of volts negative continuous
or pulsed DC) to the tip of sharp needle
electrodes. The trick is to make and keep
the tips so sharp so that a supply of
around 3.5 kilovolts can produce a high
enough charge density to ionise the
surrounding air. If the electrode is blunt,
or of poor quality metal which erodes,
the charge density falls and the gadget
produces no ions.

“If you are doubtful about the
benefits” advises Pethig “buy an ioniser
which guarantes your money back if it
does you no good”.

Old sci-fi films had the villain
generating sound waves to drive the
victim mad. Maybe it wasn’t so crazy.
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Practical Electronics offers a wide
range of services to readersinclud-
ing: p.c.b.s, books, subscriptions,
back numbers, and software list-
ings. However, due to increased
administration costs we can no
longer provide photocopies of arti-
cles over five years old.
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All  editorial correspondence
should be addressed to the editor
and any letters requiring a reply
should be accompanied by a
stamped addressed envelope.
Please address editorial corre-
spondence to: Practical Electron-
ics, 16 Garway Rd., London W2
4NH. Tel. 01-221 5422

We regret that lengthy technical
enquiries cannot be answered
over the phone.
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tical Electronics.
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THE VITAL TRIANGLE

A healthy magazine depends heavily on the relationship
between its advertisers, its readers and itself. The import-
ance of this vital triangle cannot be overstressed. '

In particular, the relationship with advertisers deserves con-
siderable emphasis. The primary objective of any advertiser js
to sell his products. Naturally he must advertise products that
people want, using an attractive technique, and in the maga-
zines that produce the best return on investment. Several factors
dictate magazine-selection, and their effect is cyclic.

Firstly, the type of readership should be compatible with the
nature of the product. Then, a sufficient number of readers must
exist for the value of sales to be potentially high. With high sales,
manufacturing or buying-in costs are proportionally reduced,
enabling retail prices to be held down. This has the knock-on
effect of affirming public confidence, which in turn can enhance
sales and profitability. Make no mistake, profit is the essential
end product for any company.

Readers buy magazines for two basic reasons. The most
obvious being that they are interested in the subject matter
published. Consequently, a magazine has to ensure that its
articles are written by good and interesting authors, and have
the right degree of sophistication. Secondly, it is well established
that many people buy magazines as much for adverts, as for
articles, and whether they want components or complete units,
they turn to the magazines containing adverts related to their
needs.

In one sense then, a magazine is simply a meeting point for
advertisers and customers. However, it too needs to be profit-
able. Magazines derive their income from selling copies and
advertising space. Selling more issues not only relatively reduces
publishing costs, but also provides advertisers with a wider shop
window potential. As more advertisers recognize a viable market
place, so a magazine receives greater advertising revenue. With
a higher profit margin, it can invest more heavily in ambitious
articles and features, to the benefit of an increasing number of
readers, and without having to raise the cover price too
frequently, which any magazine is extremely reluctant to do.

Obviously then, a good magazine like PE, has to look afterthe
interests of its readers and its advertisers alike. Without either it
cannot survive. | have first hand experience of all sides of the
equation, and as Edjtor, | am determined that the relationship
with advertisers is given the prominence it deserves. With this
policy | believe that everyone benefits — advertisers from a good
market place, readers from a wide variety of products, projects
and articles, PE from a strong distribution, and for me personally,
from the satisfaction of helping PE to maintain its lead.

Advertisers, readers, let me know your thoughts.

THE EDITOR

OUR JUNE 1987 ISSUE WILL BE ON SALE FRIDAY, MAY 1st 1987 (see page 2)

© Intrapress 1987. Copyright in all drawings, photographs and articles published in PRACTICAL ELECTRONICS is fully pro-
tected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable precautions are taken by
PRACTICAL ELECTRONICS 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. Prices quoted are those current as we go to press.
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DISC DRIVES
BBC Computer & Econet Referral Centre 5.25" Single Drives 40/50 switchable:
AMB15BBC MASTERE385(8) ... AMB{z BBC MASTER Econet £315 (a) ;gzgg :%%E//gigﬁw " g ;g Eg;
AMCO06 Turbo (65C - 02) Expanswn Module 39 (b) 5.25" Dual Drives 40/80 switchable:
ADCQ8 512 Protessor..... ..£195(b)  ADJ24  Advanced RefManual. £19.50(c) HIDS00[BOUK/IZBOKE. SN S St e £199 (a)
ADF14  Rom Cartridge............... ..£13(b) ADF10  Econet Module. E .£41 (c) PD800 800K/1280K with integral mains power supply E
ADJ22  RelManualPart1.... .. ..£14(c)  ADJ23  RefManual Partil. .. £14(c) PD8OOP 800K/1280K with infegral mains power supply and monitor stand.
BBC Master Dust Cover..... . £4.75 (d) 3.5” 80T DS Drives:
2‘3;";2?15?.%‘2’3‘2'3%’5 s A TS351 Single 400K/B640K ..............c.......... s B e B LN TR A £99 (b)
SYSTEM 1 128K Single 640K Drive and bundied software £385 (a) .?ggg; g'"gl'ggggyzeggz ptilgeoipinsingersippl) £1 ;g (b) ‘
SYSTEM 2 Soctom Tmith a 12 Hi Fas RGE Montor £469 (2) Taeso DAy 2 Tl ¥ B e =i Soar . L N £170 (b) ‘
SYSTEM 3 System 1 with a 14" Med Res RGB Monitor £599 (a) 352 Dual 800K/1280K with integral mains power supply £187 (b) '
Second Drive Kit £99 () Extension Cabie for ext 5.25" drive £12.50 (d) PD853 Combo Dual 5.257/3.5" drive with p.s.u. £229(a) |
1
View 3.0 User Guide £10 (d) - ... Viewsheet User Guide £10(d)
BBC Dust Cover £4.50 (d)..... 1770 DFS Upgrade for ModelB £43.50 (d) 3M FLOPPY DISCS f
ADFS ROM {tor B with 1770 DI .....1.20S ROM £15 (d . LB .
et 280(2‘:1'6 Processors £329 (a) A i i e e :b; Industry Standard floppy discs with a lifetime guarantee. Discs in packs of 10
MULTIFORM Z80 2nd Processor £28: . ACORN IEEE interface £269 (a) 514" Discs 312" Discs
TORCH 280 2nd Processor ZEP 100. - 229 (a) 40T SSDD £10.00 (d) 40 TDSDD £12.00 (d) 80T SSDD £20.00 (d
TZDP 240. ZEP 100 with Technomatic £433(a) 80 TSSDD £1450(d) 80TDSDD £15.50(d) 80T DS DD £25.00 Ed; “
META Version Il — The only package available in the micro market that will 4
assemble 27 different processors. at the price offered. Supplied on two 16K FLOPPICLENE DRIVEHEAD CLEANING KIT
roms and two discs and fully compatible with all BBC models. Please phone FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs
for comprehensive leaflet £145 (b). ensures continued optimum performance of the drives. 5Va” £12.50 (d)
3%"£14.0
We stock the full range of ACORN hardware and fimware and a very wide range of other g 0id)
peripherals for the BBC. For detailed specifications and pricing please send for our leaflet. DRIVE ACCESSORIES
Single Disc Cable £6 (d) Dual Disc Cable £8.50 (d)
PRINTERS & PLOTTERS 10 Disc Library Case £1.80 (d) 30 x 5" Disc Storage Box £6 (c)
5 O pe )
EPSON STARNL10 (Parallel Interface).. £239 (a) 50 x 5'%" Disc Lockable Box £9.00 (¢) 100 x 5'%2" Disc Lockable Box £13 (c)
EPSON LX-86 STAR NL10 (Serial Interface).. £279(a) .
Optional Tractor Feed LX80/86 .. STAR Power Type ...£229 (a)
e iy BROTHER HR20.....c..oooo £329 (a) MONITORS
FX1000 RGB 14" MONOCHROME
24 F?L?eu FS Pt%‘r'ﬂsﬁ < £525 (a), 1431 StdRes .. TAXAN 12" HI-RES
LQBOO (80 col) . £439,(0)ECIEC eI LNICTe g B oo Ny 1451 Med Res. KX1201G green screen... ....£90 (a)
LQ1000 £589(a)  potprint Plus NLQ Rom for M 1441 HiRes ... KX1203A amber screen.. ...£95 (a)
Epson versions for FX, RX, MX
TAXAN ST O £28 (d) MICROVITEC 14" RGB/PAL/Audio PHILIPS 12" HI-RES
KP815 (160 cps)-... 1431AP Std Res . BM7502 green screen ... ...£75 (a)
KP915 (180 cps}) ... PLOTTERS 1451AP Std Res .. BM7522 amber screen.
HItACHI G2 A 0 e s - B o s e £459 (a) All above monitors available in plasnc or 8501 RGB Std Res...
JUKI Graphics Wortkstation metal case.
6100 (Daisy Wheel) .. ...£259 (a) {A3 Plotter) .. .£599 (a) ACCESSORIES
Plotmate A4SM... .£450 (a) TAXAN SUPERVISION Il Microvitec Swivel Base ...
NATIONAL PANASONIC 12" — Hi Res with amber/green OpllOﬂS Taxan Mono Swivel Base
KX P1080 (80 COI)...cooonviviiininnniinnit £149 (a) IBM compatible
Taxan Supervision Ill Philips Swivel Base
PRINTER ACCESSORIES MITSUBISHI ?Al?c?oei?e% G £3. §f; Eﬂ%
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) XC1404 14” Med Res RGB, IBM & BBC Taxan £5 (d) “Monochrome gg 50 (d)
in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons compatible eIt r R s £219(a)  Touchtec - 501 239 (b)
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices.
Plain Fanfold Paper with extra fine perforation (Clean Edge): UVERASERS ) N
2000 sheets 9.5” X 11° £13(b) 2000 sheets 14.5" X 11" £18.50(b) gk“’i,ﬂfg;:{y Pl gl and maing rdigalog EXT SERIAL/PARALLEL
F A exposure
Labels per 1000s: Single Row 3;" X 1 7/16” £5.25{(d) Triple-Row 2-7/16" X 1 7/16" £5.00(d) 10 the harmful UV rays. CONVERTERS
Itcan handle up to 5 eproms at atime with an average h
MODEMS RT256 3 PORT SWITCHOVER erasing lime of about 20 mins. £59 + £2 p&p. : Mainsipawered copVeRLers
SERIAL INTERFACE UV1 as above but without the timer. £47 + £2 p&p. Serial to Parallel .. ...£48(c)
Al modems carry a full BT approval 3input/t output or 1 iNput3 output For Industriai Users. we offer UV140 & UV141 era- Parallel to Serial . £48(c)
manual channel selection. Input/ sers withhandling capacity of 14 eproms. UV 141 has Bidirectional Conv -£105(b)
it baud rates, independentl built in ti > ilt i
MIRACLE TECHNOLOGY WS Range ‘s’;‘gg‘ablg7 i eyl Lajv:uaol?: é;tﬂv?ggh é)aﬂse'v IJZIL %‘2‘"5'3 safety features
WS4000 V21/23 (Hayes Compatible, gg;"gs-rgig’_ggggjgfe'f:;ns i
Intelligent, Auto Dial/Auto Answer)............ £149 (b) powered ....£375 (b) Serial Test Cable Serial Mini Patch Box Serial Mini Test
WS3000 V21/23 Professional As WS4000 OGN Serial Cable switchable at both ends Allows an easy method to Monitors RS232C and CCITT
and with BELL standards and battery back up \nternal bufer for most Epson gllowlng pin options to be re-routed or reponhgure_p_m functions V24 Tr_ansmlssmns_.
FOT MEMONY oo £245 (b) primel'es&Easy toinstall. Inst. Illnkegdat e:thler en(d - ma;lmg it possible wnhou(Jrewmng the cbable i m(:lcat[\ggtatus_lwnlh (:ual
supplhed. 0 produce almost any cable assay. Jumpers can De use cotour S on 7 Mmos!
WS3000 V22 Professional As WS300 vV21/23 PB128128K ..o -£99(c) configuration on site. and reused. £22(d) | significant lines. Connects in
but with 1200 baud full dupiex .................. £450 (a) Available as M/M or M/F £24.75 (d) Line. '£22.50 (d)
WS3000 V22 bis Professional As V22 and
2400 baud full AUPIEX..............coovrooovrrrrr.s £595 (a) CONNECTOR SYSTEMS
WS3022 V22 Professional As WS3000 but E AMPHENOL N CABLE
with only 1200/1200 .........oovveiviriirioineis £350 (a) 1.D. CONNECTORS EDG CONNECTORS RIB?Q%,MS,,,
: Speedbiock T I i
WS3024 V22 Professional As WS3000 but ool DoaeR e e CONN ECTS)‘R OS1 3 ?foréaeg 47 %%rg)o:;csi i e S
with only 2400/2400 ...........cccccvorrrooe £450 (b) YUOT%E % Soop | 2xSavicommodorel — 3ogp | 36way okl Centionics 0 2 oo e P L
P 2% 10- 0 - solder) 55 | 501 9 =
WS2000 V21/V23 Manual Modem .............. £95 (b) gg :;gs ::g: ;233 8 12_&7(“ A K1 & gaoway)plugqéEE ()soldgrj 26-way 120p  64-way 280p
3 b, 2 x 18- way - 140p
DATA Cable for WS series/PCor XT ......... £10(d) % %: :gg: 3333: 2% 23-way (ZXB1) 17sp 220p gzsﬁa(ylos%) IagEsEp -
DATATALK Comms Package 50 23sp 200p  3%0p e R s Rl oY (.G 500R DIL HEADERS !
* If purchased with any of the above = 2 x 36-way 250p = PCB Mtg Skt Ang Pin ‘ Solder iDC
IV OAETINS ot ot o e M e *£70(c) D CONNECTORS oo OO 24 way 700p 36 way 750p :'é gm ;gs }?g:
PACE Nightingale Modem V21/v23 No of ways sy e e GENDER CHANGERS 18 pin 60p -
L TR e R AR 1S - £75 (b) oL 9 15 25 I 2% 50wayS100conn;  600p . — 25 way D type gg g:?\ 1705& 15_0p
(Offer limited to current stocks) gg%:rins 1%8 1gg fgg ?gg EURO CONNECTORS Male to Male £10 ig pgn ;ggp gp
SOFTY M DC 175 275 395  — DIN 41612 . Plug Skt l;_/lale llo fl:er’.pale ; 218 pin P P
This low costintelligent epro 27162516, FEMALE: . 2 X 32 way St Pin 230p 275p eMpcloyemas £ ‘
2532, 2732, and with an adap\or 2564 and 2754 Dusplays 512 byte St Pin 100 140 210 380 2 x 32 way Ang Pin 275p 320p
page on TV — has a seral and  par Ang Pins 160 210 275 440 3 X 32 way St Pin 260p 300p RS 232 JUMPERS ATTENTION
allel 170 roulines. Can be used as an emulator, cassette interface. Solder 90 130 195 290 3 X 32 way Ang Pin 375p 400p ] Al prices in this double page
i'agg":)r T A ‘95‘23°é:} IDC 195 325 375 — :gg gt{ : I (B: %P 24" Single end Mare gs.00 | advertisement are subject to
2564 £25.00 gl Hood gg 95 100 120 4 P g:“ gnen"g‘lae'eegd Fe:nale EES.ZS change without notice.
Screw . 130 150 175 — For 2 x 32 way please specify ik emale 9% | ALL PRICES EXCLUDE VAT
SPEC'AL OFFER spacing (A + B, A +C). 24" Maie Female £9.50 Please add carriage 50p
X - unless indicated as follows:
2764-25 £2.50 (d),. TEXTOOL ZIF MISC CONNS DIL SWITCHES (a) £8 (b) £2.50 (c) £1.50 (d)
27128-25£2.75 (d); SOCKETS 24-pin £7.50 21 pin Scart Conneclor 200p 4:way _90p 6-way 105p £1.00
6264 LP-15 £2.80 (d); 28-pin£9.10 40-pin£12:10 8 pin Video Connéctor  200p g-way 120p 10-way 150p

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764
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Using ‘Prestel’ type protocols. For information
and orders — 24 hour service, 7 days a week

PRACTICAL ELECTRONICS MAY 1987



2.00 | 7415273 1.25 4076 0.65 AH D R
o | o | R T . A
; 70 | 74LS280 1.90 -
030 | 74279 090 | 7405283 080 4081  0.24 i LM710 048 | TBAZM 120 RO
030 | 74283 1.05 | 7415290 0.80 a0s2 025 | Arewoc s | M7 100 | Teao ot e Tass 230
030 | 74742 320 | 74132921400 4885 060 | AN103 . 200 | LM723 060 | BABI0 090 | A902CE 850 § TMS4s00 14.00 75160 500 | AY52376 1150
036 | 74200 090 | 7405293 0.80 4086 0.75 | AN-1-5050 100 | LM725CN 300 | TBA0 om0 | Z250A 1030 | TMSI01 500 |iri645  easo| 75161 650 5
030 | 74293 090 | 74US265 1.40 4089  1.20 | AY-3-1350 350 | LM733 0.65 | TBAB2OM 075 02 (450 | TMS9902 S.00 253545  gaso| 75162  7.50°) 740922 .00
040 | 74298 1.80 | 74LS29714.00 4093 035 | AY-3-0910 490 | LM741 022 | TBA920 2.00 | S5C022MHMz | TMS911 1800 fi73040c  caso| 75172  4.00 | 74C923 €.00
040 | 74351  2.00 | 7415298 1.00 4094 Q90| AY-3-8912 500 | LM7747 070 | TBA950 225 | gonpn ‘20 | TMSU94 1400 27625 250 75182 090 .
0.30 | 74365A 0.80 | 7415299 220 4095 005 | CA3019A1.00 | LM748 030 | TC9109 5.00 | 205 oo 2 275| 75188 0.60 PN
0.30 | 74366A 0.80 | 74LS321 3.70 4096 0.90 | CA3020 350 | LM10T1 480 | TCA210 3:60 | gaoas S0 | Z80PIO 250 |ascass  ers0| 75189 0.60 HATOR
0.30 | 74367A 0.80 | 74LS322A 3.9 4097 270 | CA3028A 110 [ LMi014 150 | TCA220 3550 | good 250 | Z80APIO 2.75 75, £50 | 75365  1.50
030 | 74376 160 | 7415323 3.00 | Snyacial 4098  0.75 | CA3046 0.70 | LM1801 3.00 | TCA270 3.50 300 | 780CTC 2.50 {27513 £1800 | 75450 080 | MCl&1l 7.50
030 | 74390 110 | 74LS354 3.20 Peclal | 1095 095 | CA3059 325 | LM1830 2.50 | TCA940 175 | 9809 650 | Z8oaCTC 275 75451 0,50 | COMBII6 650
050 | 74393 120 | 7408348 2.00 4501 036 | CA3060 3.50 | LM1871 3.00 | TDAI04a 500 | OBO9E 10.00 | Z80DART 650 75452 050 | 47028 750
070 | 74430 140 | 7418352 1.20 offer 4502 05 | CASOEQ.70 | LM1BT2 300 | TDAi010 225 0o 10:00 | 280D4RT 7.00 75453 0.70
0.36 7405353 1.20 36 | CA3085 1.50 | LM1886 6.00 | TDA1022 4.50 3 R
0.40 240356 2.10 to 4504 095 | CAJB6 0.80 | LM1839 4.50 | TOAtoas 170 | 5800018300 { z80OWA 7.00 72450 veo
0.30 7415363 1.80 4505  3.60 | CA3089E2.50 { LM2917 3.00 | TDA1170S 3.00 { 8035  3.50 | Z80ADMA 750 75491 0.65 | AY3I015P 3.00
0.60 74LS364 1.80 PE 4506  0.90 | CA3090AQ 375 | LM3302 0.90 | TDA20023.25 | 80C35 6.00 75492  0.65 [f AY51013P 3.0
g.zs R~ 74L§365 0.50 :gg; (‘;_: CAJ130E 0.90 | LM3900 0.80 | TDA2003 1.90 38‘3;9 4.20 180'\5'0/0/;/:0 COM8017  3.00
' 36 i 24 | 74L5366 0.50 120 | CA3130T 130 | LM3909 1.00 | TDA20042.40 39 7.00 [ T 20 | M6402 4.50
040 | 74LS01 024 | 7ais367 052 | readers | 4510 055 | CA3140E0.45 | LM3S11 180 | TDA20063.20 | 8080A  7.40 [ Z80BPIO  5.00 oo 1a
040 | 74U502 0,24 | 74LS368 0.50 4511 0.55 | CA3140T 1.00 | LM3914 350 | TDA20203.20 | 8085A 3.00 | Z80BCTC 500 8795  1.20 ODULATOR
032 | 74503 024 | 7418373070 | Qi 4512 0.55 | CA3146 2.25 | LM3915 3.40 | TDA20302.50 | B0C85A 7.50 | Z80BDART .00 8796 120
g.;g ;:ng; g.g: 74L§g74 0.70 Yo :g:g ﬁg CA3160E 4.50 LM3916 3.40 | TDA25935.00 | 8086 22.00 8197 .20 ' 6MHz 375
| . L . 74L8375 0.75 B CA3161E 2.00 LM13600 1.50 | TDA26537.00 T 8MHz  4.50
036 | raisos 024 | 7aSe77 130 10% off 4515 U0 | CAGZE 600 | MSISTOL 230 | TOA3S607:50 B e aIcess a9
1 ; i L 95 ; AJ1B9E 2.70 16L 4. TDA3810 7.50 81 . OUND
030 | 740810 024 | 7408379 130 on 4517 220 | CA3240E 150 | MBI712 2.00 | TDA70003:50 | 2088 17.50 RY ooy 140 0
040 | 7aUS1 024 | 7403381 450 4518 048 | CA280G 3.00 | MC1310P 150 | TEA10027.00 1 g15.00 ' contrtuen IR
| 040 | 74U813 034 | 74US385 3.25 I 4519 032 [ D7002 600 | 1413 075 | TLosiCPo40 | 8748 12.00 88LS120 6.50 | 12MHz 12.00
| 0.40 | 740514 0550 | 7405390 060 a 4520 060 | DACI408-83.00 | MC1458 045 | Tios2 .60 | JHSIE0l 1200 CRTS027 18.00 ’
0.90 | 74LS15 024 | 74US393 1,00 ; 4521 115 | DAC08003.00 | MC1495 300 | TLOG4 050 | JMS980 1450 bbbt dll CRTS037 1200 | 9602  3.00 R
070 | 74US20 024 | 741S395A 100 TTLS | 4522 080 | DaCosos3io0 | MC1a9% 070 | TLozt aiaq | 139995 1800 CRTE545 900 | o635 1,60
100 | 74L821 0.24 | 7405399 1.40 4526 070 | DG30B 3.00 | MC3340P 200 | TLoz2 o7o | V08 10 EF9364 8.00 | 9637AP 1.60
110 | 741S22 0.24 | 7415445 1.80 and 4527 080 | HA1366 180 | MC3401 0.70 | TLo7a 1.0 EF9365 25.00 X LI L
| 070 | 74124 050 | 7405465 1.30 4528 0.65 | ICL7106 675 | MC3403 0.65 | TL081 0.35 Mma3 €100 | EF9366 25.00 [ g63p  y.gp | L8432MHz 225
7446A 100 | 740S26 026 | 7418467 1.20 4529 1.00 | ICL7611 095 | MFIOCN 4.10 | TLoB2 0.55 g2 £150 | EF9367 36.00 | 2.00MHz 2.25
76a7a 100 | 7s0527 024 | 7413490 150 | CMIOS | 4531 075 | (Cisoas a0 | MKS02409.00 | Ti0B3 078 a6a15  gro0 | EF9369 12,00 3 EED (G L
7448 100 | 741528 0.24 | 74LS540 1.00 4532 0.65 | |Cm7555 0.90 | ML902 5.00 | TLOB4 1.00 486415 g100 | MC68B45 6.50 ey
7450 036 | 74L530 024 | 74LS541 100 4534 3.80 | |Cm7556 1.40 | ML922 4.00 | TL094 2.00 TS LIBNNR «'25615  £3.00 | MCEB4SSP 6.50 D 2 45780MHZ(S)
7451 035 | 74832 0.24 | 745608 7.00 4536 250 | (&7120 300 | MM6221a 3.00 | TL430C 120 LALLM 4106415 £2.00 | MC6847 6.50 ONTROLLER 2
7453 0,38 | 74532 0.24 | 74LS610 25.00 4538 075 | |C7130 300 | MNES29 220 [ UA759 3.20 441615 £3.00 | SFFO6364 8.00 25 MIiziR2 20
7454  0.38 | 74LS33 0.24 | 74LS612 25.00 4539 075 | | c7131 350 | NES31 120 | UA2240 1.20 . 51013 £a.00 | TMS9928 10.00 3.276MHz 1.50
7460 055 | 74LS37 024 | 740S624 3.50 4541 0.90 | [G7137 3550 | NES44 1.90 | UCNSB0IA 6.00 -30 20.00 |6nstp1s 280 765A  10.00 | 35795MHz 1.00
| 7470 050 | 74LS38 0.24 | 74L5626 2.25 4543 0.70 | {F347 120 | NESS5 0.22 | ULN2001A 075 | 3 8.00 £13.00 6843  8.00 | 4.00MHz 1.50
| 7472 045 | 74LS40 0.24 | 74S628 2.25 4551 1.00 | [F351 060 | NESS6 0.60 | ULN2002A 075 4.50 £250 R 4194MHz  2.00
| 7473 045 | 74LS42 050 | 7415629 125 4553 240 | {F353 .90 | NES64 4.00 | ULN2003A 075 3.00 4.43MHZz 1.00
| 7474 050 | 74US43 1.50 | 74LS640 2,00 4555  0.36 | _F355 090 | NES65 1.20 | ULN2004A 0.75 3.50 FD1771 20.00 | 49152MHz 2.50
7475 060 | 74LS48 0.90 | 74LS640-1 3.00 4556 050 | (F3seN 110 | NES66 1.50 | ULN20682.90 5.50 FD1791 20.00 § s5:00MHz 1.50
7476 0.45 | 74LS49 1.00 | 7415641 150 [ 740500 0.45 | 4557 240 | (F357 100 | NES67 125 | ULN28021.90 4.80 ADcosos 11.90 [ £D1793 20.00 | sogamHz 175
7480 065 | 741551 0.2 | 7alS642 250 | T4a-S00 045 | 4560 Va0 [ Lp3ap 400 | NESTO 400 | ULN2803 f80 6.00 AD561J20.00 | FD1797 22.00 | 6.00MHz 1.40
7481 1.80 | 740854 0.24 | 74L8642:1 3.00 | 7440504050 | 4588 140 | (mioCiH 4s0 | NES7T1 300 | ULN28041.90 | gg2: oS0 | welm 2400 | g 14ammz1.40
74834 105 | 74US55 024 | 7415643 250 | 7aniS08 o | 4568 240 | [M3o1A 030 | NES92 080 | UPC575 2.75 | eamay 2.0 Aosastatys | Wo169115.00 | 7 00Mkz 1.50
7484a 125 | 7405734030 | 7esea3 300 | T4AL208050 | 4ses 170 | maor o4s | NEssazr 1so | UPCSIH 200 | Gape’ 13.e AMZ5.5250250 | WD214312.00 | 716MHz 1.75
7485 110 | 74.574A 035 | 7415644 350 | T4aango40 | 4572 045 | (maoscN o075 | NESSI3P 160 | UPCIISGH 300 | g0 375 Aoy 120 | woers3 27.00 | goommz 1.50
7486 042 | 740S75 0.45 | 7415645 200 | 7aa S35 0.4 | 9583  0.90 | (M3i0" 225 | NESS3P 120 | UPCIi8SH 500 | égBa0 6.0 rssdz 1201 wo2797 27.00 | BB6TMHz 175
7489 210 | 74LS76A0.36 | 74LS645-1 400 | 741874070 | 4584 048 | M3y 060 | NESS3AP 150 | XR210 4.00 | 6850  1.80 SIS0 0 10.00MHz .75
7490A 0.5 | 74LS78 0.42 [ 741668 0.90 | 740513 150 | 4585 080 | {m3is 150 | OP-07EP350 | XA2206 4.50 | 68ms0  2.50 mcsm"\;w 10.50MHz 2.50
7491 0.70 | 74LS83A0.70 | 74LS669 0.90 | 74415139 150 | 4724 150 | Lm319 180 | PLLO2A 5.00 | XR2207 3.75 | ggs2  2.50 DM8131 6.00 T 10.70MHz  1.50
7492A 070 | 74LS85 075 | 74LS670 1.70 | 74p'5004 4o | 14411 750 | im324 0.45 | AC4136 0.55 | XA2211 5.75 | 6854 6.50 | 282 . A (PIL00M T 2 00
7493A 055 | 740886 035 | 74US682 2150 | TenrSoss 4y | 14412 7.50 | [m33sz 115 | RCa1st 2000 | XR2216 675 | samse 800 | sosaz 420 | DRS304 350 el 1200MGZRg).50
7494 140 | 740590 0.48 | 7405683 3.00 | 7445573 250 | 4416 3.00 | (m3357 130 | AC4195 1.50 | XR2240 120 | gg75 5,00 e o 14.00MHz  1.75
74954 060 | 740591 090 | 7405684 350 | Tenrosrs 280 | 14419 260 | (maze 160 | RC4sss 05 | ZNaoa 100 i 185030 200 | DS8830 1.40 | ROSBINC7.50 | 143 1mH; 1580
7496 080 | 740592 0.35 | 7418687 350 | Jenrcon o0 | 14430 420 | 339 oo | S50240 900 [ ZNata oisg | 8154  e.so [ 18SA030 200 | DSE831 150 | FOIBICT00 | 4o 7semms 250
7497 2990 | 741593 054 | 74LSees 350 i 14495 450 | (M35 060 | SFF963se 800 | ZN419P “7s | 8155 3o [ 745188 1.80 § DS8632 150 15.00MHz  2.00
74100 1.90 | 74LS958 0.75 | 745763 16.00 650 | (M3s8P 0.50 | SL490 300 | ZN42OE 130 | 8156 380 | 745267 225 | DIBE33 2.28 16.00MHz 2.00
74107 050 | 74L59 0.90 2.00 | [m377 300 | SN76013n 3.00 | ZN424E 1.30 14528501 SOQ| (D588 06 1K) 17.734MHz 1.50
74109 075 | 745107 0.a0 350 | (u3s0N-6 150 | SN7602W 300 | ZN425EB3.50 | 8205 225 | 745387 225 | DSass 225 18.00MHz 1.50
74110 075 | 74L5109 0.40 5 7.00 |- (380N 1.50 | SN7603 300 | ZN426ES3.00 | 8212 2.00 | 82823 180 | D7002 .00 DECOODER 18.432MHz 1.50
7410 055 | 74LS112 0.45 i 7.00 | [mas3 325 | SN7e1SN 215 | ZN427EB6.00 | 8216 160 { B2S123 1.50 | MC1488 0.60 19969MHz 150
74116 170 | 74LS113 0.45 i 048 | \m3gs 2720 | SN764894.00 | ZN428EB4.s0 | 8224 PO.A | 825129 175 | MC1489 0.60 | 5AA50206.00 [ 20.000MHz 1.50
74118 110 | 74LS14 045 i 120 | Lwssen-t 109 | SN784954.00 | ZN429EB2125 | 8226  4.25 MC3446 250 | SAA50307.00 | 24.000MHz 1.75
74119 170 | 74.8122 070 | 74500 0.50 | 4007 o025 | 40097 036 | ‘m3sr 230 | SN76660120 | ZNA4TE 900 | 8228 550 e 450 | sansost 1600 | s oo0MHz 1.75
74120 1.00 | 74US123 0.80 | 74502 050 | 4008 o0 | 40098 0.40 | [mag: 180 | SPOZAL2700 | ZN4ds 750 | 8243 2560 NS0 475 | SAas50509.00 | neunz 25
74121 0.55 | 7415125 0.50 | 74504 050 | 4009 0.45 | 40100 150 | \m3gon gq0 | SP851S 7.50 | ZN449E 300 [ 8250  12.00 NS3R00ei50 PXO1000 12.00
74122 0.70 | 7415126 050 | 74505 050 | 4010  0.60 | 40101 125 | 353 ggs | TA7120 1.20 | ZN4SOE 7.50 R inam .
74123 080 | 74LS132 065 | 74508 0.50 | 401 024 | 40102 130 [ [\igacH 400 | TA7130 140 | ZN4sacP 3p0 | 8251A 325 MeTiog2s
74125 065 | 7405133 055 | 74510 050 | 4012 025 | 40103 2:00 | m7os o3y | TA7204 150 | ZN1034E 2.00 | 8253C-5 350 HAHRE
74126 0.65 | 745136 0.45 | 74S11 075 | 4013 o036 | 40104 1.20 ; TA7205 0.90 | ZNA10406.60 | 8255AC5 3.20 MC4044 5.50 Please note:
| e £ | P el | s 85| d00 ow | ek L R 08 | M | B Cee VR 68 | atprecs oot
i 139 055 22 050 | 401 } 1 48 : .5 54.00 - i ;
74136 0.70 | 7405145 0.95 | 74530 0.50 4&2 g.;g 40107 0.55 N i o2 s cHly g w"hm-" i
74141 090 | 74(S147 175 | 74532 0.60 | 4017 055 | 40108  3.20 8259C-5 4.00 75100 890 | Only current prime grade
§ 74142 250 | 74LS148 140 [ 74537 060 | 4018 0.0 | 40109 0.80 2151031, Wo"0 components stocked.
74143 130 | 74(5151 065 | 74538 0.60 | 4019 ogeo | 40110 2.5 8275  29.00 |eogrs  erso00| Jolos 20 ;
74144 270 | 74LS152 2.00 | 74540 050 | s020 o080 | 40114 225 8279C-5 4.80 | so287.5 e1s0.00| 10110 090 We also stock a wide
AP T | | e e b e T RS 8262 400 |oolE75 fle000l 75115 yep range of: Transistors,
a7 HroBersion vics 1| s Hoiamiiuaoaly Soioop iy Bl Tes e 1A FIXED VOLTAGE PLASTIC T0220 8028710 32000 | So113 120 Diodes, Triacs Plastic,
74143 1.40 ;4L§|g5 0.65 74274 070 | 4023 o030 | 40173  1.20 +VE —VE 8284  4.60 | vz oo L2114 ;':g Bridge Rectifiers
74150 175 | 74LS156 0065 | 74585 550 | 4024 g4 | 40174  1.00 3.80 . iStors :
| 74131 070 | 74LS157 050 | 74386 100 | 4926  oai | 40175 100 B P 706 ose 550 s et
74153 080 | 74LS158 065 | 745112 150 | 4026  0.90 1.00 6V 7808 0.50 7%08 0.0 140 {  Please phone for details.
;::gg 140 TASI0A 065 742113 1.20 | 4027 040 | 1.00 12V 7812 0.45 7912 0.50 :
.8 4LS161A 075 | 74S114 120 | 402 . 1.00 ).
7415 090 | 74051624 075 | 745124 300 | 4958  ooe 1550 D a0 Wl BB OPTO-ELECTRONICS
74157 080 | 74.51634 075 | 745132 1.00 | 4030 038 1.50 24v 7824 050 7924 0.50 S';%? 9.5 1 oazs 0.2 BPX25 -00
74159 225 | 74LS164 0.75 | 745133 060 | 4031 125 1.80 1A FIXED VOLTAGE PLASTIC T092 LI I BPX34 3.00
74160 140 | 74151654 110 | 745138 180 | 4032  1.00 1.80 5 CEEL S MR, ||| 0, kO BPW21 3.00
74161 0.80 | 7eS1664 150 | 743139 1.80 P s 180 V 78L05 0.30 SV 79L05 0.45 OCP71 1.80 | GRNTIL211016 TIL222 0.8 cav2i 3.00
74162 110 | 745168 1.30 | 745140 100 | 4032 e 078 6V 78L06 0.30 12V 79012 0.50 ORP12 1.20 | YELTIL2120.20 TIL226 FND357 1.00
74163 110 | 745169 1.00 | 745151 150 | 4035  0.70 075 8v 78L08 0.30 15V 79L15 0.50 ORP60  1.20 | Rect LEDs MAN74/DL704  1.00
74164 120 | 74LS170 1.40 | 745153 150 | 4036 250 075 12v 78L12 0.30 ORPE1 1.20 | (R/G/Y) 0.30 MAN71/DL707 1.00
74165 110 | 745773A 100 | 745157 2.00 | 4037 110 19%.78105 0.30 Shro0e 008 [[CouBlcals MAN4640 2.00
1.40 | 74LS174 0.75 | 745158 2.00 | 4038 100 OTHER REG U a5 e pataGe MAN6610 2.00
4.00 | 74LS175 0.75 | 745163 3.00 | 4040  0.60 EGULATDES LTS 0 0-557| SULED) ey 1.20
200 [ 7418181 200 | 745169 550 | s0a1 055 IS Ea20 DAGIaED: coA R -l 5.70
420 | 74L5183 1.0 | 745174 3.00 | 4 i - : ;
140 | 7408190 075 | 743175 320 | 4943 080 sy o Wsep Srll[ecn 28 AU 180
] v
1.10 74L5191 0.75 745188 1.80 4044 0.60 1.20
105 [ 74.5192 0.80 | 745189 180 | 4045  1.00 e DISPLAY MANE6102.00 | LmM3914 099
1.00 | 74LS194A 075 | 745194 3.00 | 4046  0.60 78H12 BLAYS NSB58815.70 | (mags 0.90
1.50 1 74LS195A 0.75 { 745195 3.00 4047 0.60 78P05 T3t 650 | m3916 350 1.20
150 | 74L5196 0.80 | 745196 3.50 | 4048 055 TIL729 100 | UDNE118 3.20 TIL10D 120
;_28 ;:tg? 0.80 ;43280 4.50 4049 0.36 FN05357 1.00 § TIL7300 1.00 UDN6184 3.20 T 6.50
¥ 1 0.90 4 1 3.20 . VARIA FNDS00/TIL730 MANBIIC 1.4 i
1.40 | 74US240 0.80 | 745225 5320 e A B S . 100 | Mangso 24 Aot OPTO-ISOLATOR
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CONSTRUCTIONAL PROJECT

VERSATILE AUDIO
A-D-A UNIT

BY JOHN BECKER

The first of two articles on a digital sound signal processor

A home computer can be used to process an audio signal to make a plethora of standard, strange and sampled
sound effects. In all cases the signal must be converted from analogue to digital form, and back again. This
interface works with audio units, any 8-bit I/O computer, and dedicated sound processors, such as the

Polywahtsit!

.

EGULAR readers of PE will be aware

that a home computer can be used
for considerably more than playing
games and general computing, and that
a vast range of audio effects can also be
computer created and controlled.
Indeed some effects can only be created
by a computer of equivalent digital
memory storage unit.

Many of these effects require an
original audio signal to be fed to the
memory unit, stored, retrieved and
returned after a suitable delay. In this
way standard effects such as echo,
reverb, phasing and flanging can be
created with suitable software. Other
stranger effects can also be produced,
such as pitch change, reverse tracking
(playing backwards), repeated looping
and robot voices, to nameé but a few
examples.

For all of these effects it is necessary
to convert the original audio analogue
signal to a digital form that the computer
or memory can accept, and to
subsequently reconvert the digital
representation back to an analogue
signal. Since the basic requirements for
A to D and D to A will be pretty much
similar for most digitally produced
effects, this project has been designed
as a general purpose interface unit that
can be used between audio units (such
as musical instruments, high output
microphones and recordings), and
vertually any computer providing that it
has a normal 8 bit input-output socket,
such as the Commodore Pet series, C64,
and the BBC etc. Additionally, and
equally important, the board can also be
used as the interface for digital
processing units that are dedicated to
particular sound modifications. An
example of such a unit will be described
in a second article, in the next issue.

From the block diagram of the unit
(Fig.1.),it will be seen that the project
caters for most of the pre- and post
digital processing requirements for
effects modification. The basic facilities
here are a variable level and gain pre-
amp, feedback and feed forward mixing,
and gated dnalogue converters, both of

12

8-BIT DATA TO AND FROM MEMORY

|

FILTER
e A0 D-A FILTER
MIXER
I— FEEDBACK
’ e EFFECT <
J MIX ORIGINAL LEVEL
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PRE-AMP i PULSE L
LEVEL 4 »
|
i GAIN

ALTERNATIVE
ATN CONTROL

STRAIGHT
DAY OUuT

PULSED
Dav QUT

Fig.1. Block diagram of Audio A-D-A Unit.

which can be controlled either internally
or externally. Modulated filter and
amplitude control is not included since
this can be performed by a separate
analogue unit.

ANALOGUE TO DIGITAL

For audio signal processing the
analogue to digital conversion needs to
be a continuous process, repeatedly
sampling the level of the signal and
converting it to a digital representation.
For a reasonable degree of accuracy the
digital number should be represented by
at least eight binary bits, any of which
can be high or low, with a total
combjnation of 256 variations. A higher
bit count of 12 or 16 would produce
greater accuracy, but since most
computers available to the home user
are designed as 8 bit machines, the
coverter used here also generates an 8
bit number.

The chip used for the conversion, IC2,
(Fig.2.). has an internal oscillator,
operating at about 1MHz as set by the
value of C10. Upon receipt of a positive
going transition (ATN) on its Convert
input, pin 4, the oscillator clocks the
conversion process through 8 steps. At
each step the chip decides whether the

associated bit should be high or low,
depending on an internal comparison
with the analogue signal level. After
about 8 microseconds, once all bits have
been set, the output at pin 1 goes from
low to high. This transition can be used
to tell the computer or other digital
equipment that the conversion is
complete.

During the conversion it is usually
preferable for the outputs of IC2 to be
in a high impedance state so that other
circuits connected to the same output
data lines are unaware of the conversion
process. IC2 pin 2 controls the outputs,
holding them closed in the presence of
a high level, and opening them for a low
level. The inverter IC4a is included
between pins 1 and 2 so that the outputs
are always closed during the conversion,
and open only upon its completion. A
link wire is included on the PCB so that
this can be omitted and pin 2 controlled
instead from the computer or other
source. The maximum level on the audio
input pin 6 that will produce the
maximurm binary output number of 255
is determined by an internal 2.5v
reference voltage supplied from pin 8 to
pin 7, in association with R14 and C11.
Each binary step thus represents
approxiinately 10mV of signal level.
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AUDIO A-D-A UNIT |

DIGITAL TO ANALOGUE

The data lines from IC2, to and from
the computer are also those that feed to
the digital to analogue converter 1C3.
For any binary number from 0 to 255
this chip produces an equivalent voltage
output. Since its reference level is the
same as that supplying IC2, this will also
lie in the range of Ov to 2.5v. As it is
normally undesirable for the output of
IC2 to be transferred to the output of
IC3, the latter is latched so that the data
passing through can be suitably
synchronised to the data coming from
the computer or processing unit, rather
than from the A to D chip. The latch
control here is normally directly coupled
to the IC2 pin 1, so that when the outputs
of one are closed, the outputs of the
other are open. By omitting the link wire
of the PCB between IC3 pin 4 and IC2
pin 1, the computer or other unit can
alternatively be used to control this
latching via IC3 pin 4.

0ATA TO
MEMORY

<O R/W PULSE
R21 100k

A-D CONVERT CONTROL

IC4b-d form an oscillator with its
frequency set by the value of C9 and
R26 to about 18kHz. This square wave
output repeatedly triggers the A to D
conversion, and is also used to generate
a negative voltage level that is
simultaneously required by IC2 pin 5,
and derived in association with C13, D1
and R1l. The PCB has been designed
with another link wire between this
oscillator and IC2. If the link is omitted
the conversion can alternatively be
controlled by the computer or other
source. If the internal oscillator is
retained, its frequency could be made
variable by the inclusion of a potentio-
meter between R26 and the junction of
) R13 and C9. The value of R26 can also

WA | be changed to give a different maximum
g l > frequency, but its value should

preferably not be lower than 10k.

ORIG I
€28 1p

s
ADD ORI

7

R28 10K

ICéb

1526
8]

3

Sp
S

10

IC6a
1528
R7 100k

DATA VALID SIGNALLING

For use with a computer, the output
of IC2 pin 1 can be used to signal that
the conversion data is now valid (DAV)
and that the output can be read. This
changing voltage level can also be used
to step the counter on any other digital
82 processor, or to perform other

{]l synchronised functions. However, some

)
A
(78
‘—l RS 47k
4n7 /
R4 100k
R25
7% o
c12 100p =
100n .-
VR2 250k:

>

= in
25 s equipment may prefer to have a short
RE = delay between a counter controlled
35 l AASd E address change, and the writing of the
;5 54 2 *H signal data into its memory. IC6 is
. 2 i consequently included, configured as
5 two monostablesin series. The first, IC6a

p
%A

is triggered by the positive going edge
of the output from IC2 pin 1. The output
at IC6 pin 10 at once goes high and
remains so for about 4.5 milliseconds as
set by the value of C25. At the end of
b _ 4 the delay, the negative going edge from
Fig.2. Circuit diagram of Audio A-D-A Unit. pin 10 triggers IC6b which immediately
produces a negative going pulse at pin

INPUT
©
L VR1 )
100k
LOG
DJG253
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AUDIO A-D-A UNIT

7, lasting for approximately 1 micro-
second as set by C26. This output can
be used to control the Write mode of any
other memory circuit. Pin 6 of IC6 could
alternatively be used for its positive
going pulse.

INPUT CONTROL

The audio signal to be processed is
brought into the level control VR1, and
then to the inverting stage around ICla.
With S2 closed, the gain is set at unity,
but with S2 open R12 is brought into
circuit, which the value shown gives a
gain of about 13 to the audio signal. This
allows for medium and high level signals
to he catered for, but low level signals
should be preamplified before being
brought to the unit, in order to retain
good signal to noise characteristics.
Since IC2 will only satisfactorily process
signals upto 2.5V peak to peak, the
maximum level seen at IC2 pin 6 should
not exceed this, otherwise clipping will
occur. It is also preferable that the
overall signal level should be fairly close
to maximum so that a reasonable digital
conversion representation can result. If
the signal is too low, too few bits will be
set resulting in low level distortion and
noise. The original signal itself should
also be as free from noise as possible.

FIRST FILTER AND MIXER

Since the A to D' coversion is clock
controlled, the maximum signal
frequency that can be sampled satisfac-
torily is limited by the clocking rate.
Ideally this should be at least three times
as fast as the audio frequency.
Frequencies above this rate are lhable to
result in sub-harmonic generation. The
aniplitude of upper audio frequencies is
consequently given aftenuation prior to
the A to D conversion. This occurs at
IC1b, with the upper limit set by C5 and
C6. These are set to give a reduction to
half level at 3.5kHz, and progressively
miore above this frequency. Since the
main power in most audio frequencies
is usually below 3kHz, the attenuatign
can be = regarded as normally
unnoticable. To offset the effects of the
second filter, pre-emphasis is given to
mid range fréquencies by R4 and C4,
with bass frequencies effectively
dropping to half lgvel at about 120Hz.
This stage also serves as a mixer for
feeding back processéd signals for such
effects as echo and reverb. VR2 présets
the maximum level of feedback.

The output of IClb goes to. the
analogué¢ input of IC2 via C7. VR3 is
used 1o supply an optimum bias to IC2
pin 6 so that the audio signal swings
evenly to either side of this level, so
maintaining an even waveform through
IC2 at peak levels. In the absence of a
signal, the output of IC2 will be at
approximately half level, of 128 decimal.

14
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Fig.3. Sample filtering.

SECOND FILTER

As will be seen from Fig.3, the audio
signal after conversion from digital is a
series of steps. In order to restore this
to a more regular shape, a filter is
required after IC3. The circuit around
IClc performs this filtered reshaping,
and has a frequency band pass level
related to the sampling frequency of
IC4b-d, and set by C16 and C17. If the
sampling frequency is changed from that
stated, these capacitors can have their
values changed accordingly. The values
shown alfow suitable reshaping for a
sampling rate as low as 9kHz.

From IClc, .the reconstituted signal
can be fed back to IC1b via the elvel
control VRS, or to the output stage IC1d,
the original unprocessed signal can be
mixed in via S3. If panel space permits,
another level control could be inserted
here, taking the output of ICla via the
coupling capacitor C3 to the pot, and
then to C28. From IC1d the mixed signal
can go to any ordinary amplifier. If panel
space still permits, a master output level
can be inserted immediately after C20.

POWER SUPPLY

The maximum voltage level
acceptable by IC2 and IC3 is S voltsd.c.,
and-this is supplied to the full circuit by
thé stabilised mains power supply shown
in Fig 2. It can deliver about 300mA, of
which about 50mA is drawn by unit,
leaving a healthy margin for driving
other circuits as well.

SETTING UP

Fig.4 and Fig.5 show the p.c.b. and
control wiring connections: The choice
of internal or external control of the A
to D and D to A chips will depend on
the purpose to which the unit is put.
Whatever that purpose is, VR2 and VR3

COMPONENTS
AUDIO A-D-A UNIT

RESISTORS
R1-R4,R6-R9,
R17-R24
R5,R11,R25,R26 47K (4 off)
R10,R13,R27,R28 10K(4 off)

100k (16 off)

R12 M

R14 390

R15,R16 4K7 (2 off)

All resistors Y4w 5% carbon

CAPACITORS

C1,C3,C15,C18, 1u63Velectrolytic

C20,C24,C28 (7 off)

C2,C5,C19 100p polystyrene
(3 off)

C4 4n7 polystyrene

C6 56p polystyrene

C7,C22,C23 220n polyester
(30ff)

C8,C11 47 63v
electrolytic
(2 off)

C9,C25 470p polystyrene
(2 off)

C10,C26 15p polystyrene
(2 off)

C12,C13 100n polyester
(2 off)

Cl4 33u 6Velectrolytic

C16 1n polystyrene

C17 330p polystyrene

C21 470125V
electrolytic

POTENTIOMETERS

VR1,VR4,VR5 100K logmono
rotary (3 off)

VR2 250K skeleton

VR3 100K skeleton

SEMICONDUCTORS

D1 1N4148

REC1 1Abridge rectifier

IC1 324

IC2 ZN448

IC3 ZN428

IC4 4011

IC5 7805

IC6 4528

SWITCHES

S1 mind.p.d.t.

$2,83 mins.p.d.t. (2 off)

MISCELLANEOUS

Fuseholder, PCB clips (4 off), 1A
fuse, knobs (3 off), mains neon,
printed circuit board 251A, 14-pini.c.
socket (2 off), 16-pin i.c. socket (2
off), 18-pin i.c. socket, Mono jack
socket (2 off), Transformer 2 x 6VA
6V secondaries.

THE PRINTED CIRCUIT BOARD
AND A FULL KIT OF PARTS IS
AVAILABLE FROM
PHONOSONICS. SEE ADVERT.
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Fig.4. Printed Circuit Board component layout.

15 20 16 21 218

wire to PIN 11 IC4 must be omitted if
used for external input control)

OPTIONAL POT. FOR
OVOCONN%CTION 4 2 2 anaL co/NT’ROL OF
TO ANY OTHER VCO IC154q/b.
CONTROLS IF NOT USED, LINK PINS
LPY s IF USED 33 24 & 25 FOR FIXED
f VCO RATE SEE TEXT.
- 24 125
N L 112
' X) ¢ o |
. 26V) | T o
(X ] o © VRS VR4
A st | PRI 6vaect FEEDBACK EFFECT
LEVEL LEVEL
OTHER PCB PIN CONNECTIONS (SEE TEXT)
PCBPINS 1-8datainputs/outputsin order (1is MSB)
PINS DAVoutput (Synchronised) PIN 27 Access to PIN 2IC2 (A-D Read Enable)
PIN 10 Pulsed DAVoutput (Delayed) (IC4 must be omitted if used for
PIN 14 +5v output external input control)
PIN 26 Access to PIN 4 IC2 (ConvertTrig) (link PIN 28 Access to PIN 4IC3 (D-ARead Enable).

Link wire to PIN 1 1C2 must be omitted
if used

Fig.5. Wiring diagram for Audio A-D-A Unit.
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(861 AVIN  SDINOYLOFTH TVIILLOVHd

100
110
120

140
150
160
170

19@
206
21@a
22

230
246
250
26@
27e
280
296
3ee
31a
3268
338
34a
258
360
37@
389
330

410

PRINT"ZPROG2S1 ADA DELAY CONTROL AUGB6":-REM "' = CLEAR SCREEN
DATA1~-PET USER:REM 2-C64 - CHANGE TO CORRECT COMPUTER NAME

REM A SEPARATE LISTING FOR THE RBC I3 AVAILABLE - SEE FUBLISHED TEXT
READA$ : ONY'AL (A$)GOSURI300, 1310

B=PEEK(MH>¥256+PEEK (ML) :REM GET TOP MEMORY

GOSUB1290: IFPEEK (B+2)#256+FEEK(B+1)=BTHEH178

B=B-3:GUSUR1 228 : POKEB+1, L : POKER+2.M: POKEMH, M: POKEML ., L

CLR:DIMA, E.D,L,M,AT, E0.RT.CR.DF,TL, DN, DT.FL,FH, MIr, ML, MH, TP. UP . YL
DIMDAY, DRT, INP, QLLT, SET. A%. B$. BT 202 . MDC3),P(6) . 2545,V (4)

PRINT :FRINT"LOADING MEMORY" :READERS$ : OHVAL (B$)GOSUR] 32R, 1350
D=PEEK(FH)#¥256+FPEEK(FL x+16:A=D-1 :REM GET START FREE FAM
B=PEEK(MH>¥2Sa+FEEK (ML) :REM GET TOP MEMUORY

GOSUB122@: TP=M-1 :REM MAX LIMIT

REAIA% : A=AR+1 : IFA$<{"AR" THEHFOKER . VAL CA$) :GOTO220

IFA$="ATH" THEHE=AT : GO’HBl°qﬁ POKEA. L : A=A+1 “FOKER. M- GOTO23@
IFLEFT4(A%,15<{>"A"THENZT

B=D+VAL(MID$C(AS, 22 > : hﬂ“UBl‘Qﬁ FPOKEA. L A=A+1 ' POEEA. M- GOTO23Q

TFLEFT$(R$, 3> > " JHP" THEHZ9@

B=D+VAL (MID$CA%, 4)) :GOSLIEL29Q: POKER. L : A=A+1 - FOKER. M-
IFA$="1NY THENPQOIKERA , DN : GOTO236

IFA$="UP"THENPOKER, UP : GOTU=234

IFA$="35ET" THENPOKER, SET : GOTO=3¢

IFA$="TOP" THENFOKER. TF : GOT 0z3@
IFA%="RBOT"THENBT=BT+1 : BT (ET >=A : GOT0Z 3@

IFA$="DRN" THENDT=RA : POKEA . @ : GOTOZ30

IFA$="MID" THENMD=MD+1 : MD<MD>=A : GOTOZ 30

IFA$="DAY" THEMB=DAY : GOSUE1 230 POKEA. L - R=A+1 : FOKEA. M GOT02230
IFA%$="DRT" THENR=DRT - GOSUB1 2@ :POKERA, L : A=A+1 : FOKEA. M: 23
IFA$="INP" THENB=INP : GOSLIB] 23@ : POKER. L 'A=A+1 - FOKEA. M:
IFA$="0UT"THENB=0UT : GOSUE1 230 : POKEA. L - A=A+1 - FOKEA. M-
IFLEFT$<A%. 1)>="F"THENR=AL (MITI* (A% 1
IFLEFT$(A%, 1)="V"THEHE="AL(MID¥ A%
IFLEFT$<RS, 1)="2"THEME=""AL (MID${AE.
IFA$="END" THEN452

STOP

B=A:GOSUB1222: BOT=M+1:REM LOWER LIMIT

FORP=1TORT : POKEBT{E) , BOT : NEXT
DF=TP-BOT-1:B$="NIL" :PRINE" 7" ' FEM TELAY FRAHGE

REM C64 ONLY : POKEG3280.6:POKES3265.155 :REM COLOUR &
PRINT"#" :PRINT"SAMPLEF. PROGRAM" :REM "8" = CURSOR HIME
PRINT :PRINT : PRINT"LIVE ECHO DELAY FACTOR 1 -".DF." [7]
FRINT:PRINT"LIVE - [+7] FAST (-7] SLOM ([<7] FY&
PRINT:PRINT"LIVE IRQ OHL'Y “IA CONTROLLER SWITCH
FRINT;PRINT"LOOP - (%] & [(%0] UNCORFECTED FATE

PRINT :PRINT" - [¥7] FAST ([%-7] ZLOW

PRINT:PRINT" - [¥+] RE%ERSE

PRINT:PRINT"[=] IRQ TO CHAHWGE STOREID' FEFLAY FATE
PRINT:PRINT"[OTHER KEY¥S] IRGQ TO RECORD MEMW LOOP

PRINT :PRINT"[“7” = NUMBER] PREYIOUS EHTRY "Rf" 5

PRINT :PRINT" " IFCR=1THEN:2Q
INPUT""WHICH" ; Af : B$=A%

REM C64 ONLY @ POKES3280,16:POKES3265.11:REM COLOUR &
DL=ABRSCVAL (A$>)  IFLEFT4(A%. 1)="-"THENFOKEDT.
IFLEFT$(A$, 1>="+"THEHPOKEDT, 232 :GOT0340
IFLEFT$(AS. 1 ){>"«"THEHEE@
DL=ARS(YAL(MID$ (A%, 2> IFDL=ATHENDL=1
IFDL>DFTHEMDL=DF
FORB=1TOMD : POKEMDCR) , BOT+DL : NEX
IFLEFT$(A$. 120" %" THEHB58
DL=ARS (VAL (MID$CA%, 2202 : IFAF="¥"0RAT="¥0"THENFOKE' (2>, 1 :FOKEY {4) . 2:G0TOF 20
IFMID$CAS, 2. 1y="~"THENFOKE'/(3) . 1 : FIOKEY (4> . IL : GOTOT 2@

DL=DL#26./12 : ¥L=INT¢DL,20> : DL=DL-(YL¥2@) : DL=20-DL : FOKE £ 35, YL+2 : PKEY
IFCR=1THEN77@
PRINT"7]

PRINT" WAITING",

GOTOZZ8

SCREEN OM

SUREEM OFF
202 GOTOZ4D

CEYS(P(E) ) (GOTO420

4TIk

":REM "T)" = CURSOR UFP
(GYSCF(4) Y :PRINT"LODFED"

75a
768
770
780
750
8ae
8186
820
830
840
85a
860
erve
860
89@
900

910
320

230
940
250
260
o770
320
290

1626 DATAL37
1018 DATA141.DRT.177,2

1020 REM VARIAELE FAST
16360
1940 DATA162,0,141,DRT, 173, DAY, 41,
1850
1860
1670
1ese
1650
1100
1110
1128
1138 DATAL13R, 24,
1140
1150 DATR162.0.248,184,165.21,
1160

GETA$ : IFA$> " "THENSRA

IFPEEK(Z (1)) {20STHEH

REM Cé4 OHLY : POKESZ
IFR$="%¢"THENSYS(F (62

S¥3(P(5)>):60TO754

CR=8" IFA${>" =" THEN726

REM CE4 OHLY : POKES3230.6:POKETIZES. 155

PRINT"T] -

PRINT"T"; : INPUT"CHANGE TO":A$:CR=1:B¥=A%:GOTO4:30

POKEYC1). DL : POKEY(2) . DL : SYS(P(3}) : GOTO430

IFR$<"A" THENGOTO37A

DL=YAL (MID$CAS, 2> IFPCDLYCXATHENSYS (P (DL > X : GOTO450

IFDL=ATHEHDL =1

IFDL>DFTHEHDL =DF

DL=TP-DL:FOKERT(23),ROT :POKERT (4>, DL : SYS(D> : GOTO450

DATAUSER :REM STRAIGHT ECHO

DATA120. 162, 0,162, DN.45 ATH, 141 . ATH. 162, LIF, 13, ATH. 141 . ATH. 166. 6. 140, TFT

DATAR173. DAY, 41,.8ET, 282, 5,208,240, 2,208,244 .96

DATAZ32, 203, 3@, 238,A75, 172, AF5, 132, TOP. 144.5

DATA172;A83, 192, TOP. 144, 5, 168, EOT, 148,A82, 17
DATA140, DRT . 182,8, BOT.141,0UT,24.144,162,08.0

REM REYERSE
DATAF2,120.162,0,160.6.162,0, 133,20, 133,22,
DATA133, 23, 162, N, 141, ATH, 163, HP,141 ATH. 1

DATAZ08. 4,232, 268, 246,26, 170. 122,22, 238, 70,

»21,176,8,162. BOT, 133,21, 1623 MID, i? .

22.141.0UT,208, 188, 248, 196, G ﬂ
SFEED

DATAP3. 126, 169.¥1,13%.21,16@,0, 162.2.134, 20. 163.DH. 141.ATH. 162,

SET.203,5,220, 20, 202, 245,25, 13

DATA198,21,20%2,5, 162.%2. 133,21, IR, 232, 173. THF. 153,09, B0T, 16

DATA189:@,R0OT,141,0UT, 208, 197..240.125, G a

REM FREEZE

DHTRP4,12@,169,BOT,133;21,169;@;162;83169,9,133124:1413DPT,169,DH3141,RTN

DATA163,UF, 141 .ATH, 17%. DAY, 41, 5ET, 238,5. 230, 24, 202,245, 36, lww-g4 1 s

DATA2Q1,123,176,225.169.DH, 141 . ATH, 162, UF. 141 ,ATH. l 3. DR”

DATA230,2Z4,208,245. 95, 133,24, 173, INF.201. 128, 144. 2

DATA169.UP, 141 .RTN, 163.9, 141, DRT, 173, ; g

200, 283,8.230, 21, 155.21. 201 TOP. 240

DATA141.DRT. 177,20, 14100UT,281,l~h 176,92 ﬂl,l 9 144 5 =

133,22, 173, IMP. 163 &

2=0: GOT0436
@, 16 FOKES
CGOTO75S

3265, 11 'REM COLOUR & SCREEN OFF

150, B0T. 140, A7S
+INPLIST. 0, PﬂT

8
5. 24,162, B0T, 133. 21, 163, ML
»141 . DRET, 173, DAY . 41. 5ET

5050, 162,258

DATAEA, 36. 234,234

1179 REM LOOP REPLARY

1120 DATAPS. 126.163.
1190 DATA163.UF, 141, ATH. 172
1200
i21@
1220

% 3 3.24,165,0

.-.-_r‘q; .-_4 =¥l JF 1
F1.197,22.240.
97 . 240,195, 162,255, 132, 21

9,133.20.162,B0T. 133,21, 167

DAY, 41, 3ET.c08.5.2
DATA24. 165,20, 105,43, 133,20, 165,21, 165, 5.
DATA141,0UT,162,V4,240,3. 202, 205. 253.234 . 2
DATARS, 96.a,a

162, TH. 141 .

ATH
"3 INF

— 1.‘.--

1230 REM LCOP PEPLAY REVEFRSE

1248 DATAFG,4120.169,A,133,76. 163, TOF, 133,21, +HTH
1258 DATA162.UP,141.ATN, 173. DAY, 41.SET. 202.5 t THF
1260 DATA136,208,8,193,21. 165,21, 201 FOT, 144,23, 17 a.

1276 DATAZ234.234, 2?4 234,.224,2234,234.234,234. 534 . 234,234,274

1280 DATAZ@S, 197.240,195.152.255,133.51,28.35, 0,0, END

1290
1300 ML=52:MH=

M=IHT(B/256) : L=B—(M¥256) : RETLRN
3:RETURH:REM FET MEMORY TOP

13168 ML=55:MH=56 :RETURN FEM C64 MEMORY TOP
1320 READAS: IFA$S "USER"THEN1322:REM PET USER CODES

1330
1348

(ATES3465 : DRT=59452  [HP=55457  OUT=53471 5
FORE=ATO3: Z{R)=F: HE'T 5(4'—= PETHPN

POKES2467, 1 : DN=205: UF=237
DAY=S52462 :FL=46 : FH=47 1 ML="52 1 MH=!

1350 READAS : IFA$C"USER " THEN135A:REM C64 USER CUDEZD |
1360 REM FOKING 53265 MUST EE IMFLENENTED FUF Ced TURING SAMPLING

13768 REM FAILURE TO DO SO WILL RES
1380 DN=195:UP=123 :AT=5:%
1398 FL=4%:FH=52:ML=55: NH=56 2@

76:DRT=5 SES77 DAY=SES

1INA V-4V OIANY




AUDIO A-D-A UNIT

X13 ORIG-‘

Q @T FE!D:ACK Pl!bH OCQ ME

-

REVERSE I MANUAL

SYNC

Photograph of complete Audio A-D-A Unit, also incorporating the Polywhatsit! Circuit to be described next month.

can be set whilst listening to the output,
starting off with them both in midway
position. VR3 'is then adjusted around
its midway point until no distortion is
heard - at signal levels just below
maximum. Alternatively if the unit is
being used with a computer; the
computer itself can be programmed to
give a decimal read out from IC2, ir
which case, without any signal passing
through, adjust VR3 for a read out of
approximately decimal 128. This reading
may be set to a place or two either side
of the midway level, but it should also
be set for minimum output noise that
could result if the A to D converter is
hovering close to the changeover
between two numbers in the absence of
a signal. This final setting s actually
more critical than the exact midway
point setting.

VR2 should be adjusted so that with
VRS fully up for maximum feedback,
howl does not occur. Adjust this preset
for maximum echo or reverb just below
the howl point.

COMPUTER PROGRAM

The computer program listing shown
on the previous page is an example of
the type of control functions that can be
created by coupling the Audio ADA unit
to a computer. The listing is in Basic,
but also consists of its own relocatable
machine code mini-assembler. It has
been written in PET Basic, but it addi-
tionally has data incorporated in it
enabling the Commodore C64 to be used
as the controlling micro. The difference
between the PET and C64 as far as this
type of program is cornicerned is minimal.

PRACTICAL ELECTRONICS MAY 1987

This is largely true for the BBC com-
puter, and very little change is needed
for the program to be translated for it.
The main differences are in the memory
location codes used, and in a few dialect
changes needed within the body of the
program. A separate listing for the BBC,
in which these changes have been made,
is available from the PE editorial office
if you send a large stamped addressed
envelope (overseas readers please
enclose one pound sterling, or the
equivalent in international reply
coupons, to cover postage). Listings for
other computers are not available.

When using the unit with a computer
and the listed program, a switch should
be inserted into the DAV line, to switch
out the synchronisation pulse, in the
absence of which, the program will
return to the menu options display.

Study of the listing will show the
versatility of the program and the ADA
unit. The principle functions are to
sample an input audio signal, store it for
a particular period of time, and then
return the data back to the unit as a
delayed signal. The amount of time for
which it is stored determines the delay
factor, and the method of reading it back
sets the other functions. In this way,
straight echo can be produced, or more
complex functions such as replay speed
variation, so increasing or decreasing the
pitch. It will also be seen that the
sampled signal can be frozen, or looped,
and that the direction of signal replay
can be reversed, in effect playing it
backwards. Use of the panel controls can
then help create some really remarkable
effects.

uNIT o3 PET
Ag 1
DAV FLAG2 CAl =— 8B 2
DAO PBO PA0-—c] O3
DA1 PB1 Pal w—o(] b«
DA2 Pa2 PA2=—€ed s
DA3 PB3 PA3 =—F (] 3
DAL PB4 FAL = HO D7
DAS PBS Pas =— i 8
DAG PEG PaS =— k(] [ 9
DA7 P87 PA7 w— L 10
ATN PA2 CB2 —a— Ma 1
GND GNC oND—— N (] 372
UNIT BBC
GND GND —-—
DA7 PB7 20=te w|1o
DA PB6 18 =to of17
DAS PBS 16 =4e e|15
DA& PB4 14 e of13
DA3 PB3 12=te ofn
DA2 PB2  10=tfe o9
DA1 PB1 §=tleo o7
DAO P8O [ )
ATN cB2 Lwmteo of 3
DAV cB1 2ateo of1
.

Fig.6. Computer port connections for the
BBC, Commodore C64, and PET
Computers.

DEDICATED CONTROLLER

Next month’s issue describes a
practical electronjc example of one
possible circuit that can be used with this
unit in place of a computer, providing
frequency shifting, reverse tracking,
together with double tracking, echo and
reverb. It is a highly versatile addition,
and goes by the astonishing name of
Polywhatsit!
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BIO-FEEDBACK
ACCESSORIES

AMETER =
MOVEMENT =| T
which can be built |

into your bio- wrar’

feedback monitor

to make it a completely self-contained
instrument. Don't worry if you've already drilled
the terminal holes — the meter will cover them up!
SENSITIVE METER MOVEMENT 4
ONLY £1.90!

SPARE ELECTRODES
AND GEL

oY
~
. ) / e )
5 sets of electrodes {10 electrode pads)
and a sachet of conductive gel, all for £2.90.

LEDs

-
RECTANGULAR
LEDs
Green
rectangular LEDs
for bar-graph
displays.

50 for £3.50 100 for £6 500 for £25
1000 for £45

DIGITAL AND AUDIO

EQUIPMENT LEDs

Assorted 3mm LEDs: red, green, yellow and
orange. 25 of each (100 LEDs) for £6.80

PROJECT BOX

WITH BATTERY
COMPARTMENT

As used in our
tachometer and
bio-teedback kits.
This attractive and versatile
case can be used to house the experimenter kit
projects, or your own battery operated projects.

PROJECT CASE
WITH PP3 BATTERY
COMPARTMENT ONLY £2.60!

LEDSCOPE

FEATURED IN ET) JANUARY 1987

Tony Ellis's tamous LED oscilloscope. The
most important bench instrument for any
electronics enthusiast must be a ‘scope’, and at
this price anybody can afford one! The
L also acts as a and
ohm-meter. It's got everything!

The complete parts set includes a smart
brushed aluminium case, PCB, all components,
pots, knobs, switches, and full instructions.

LEDSCOPE PARTS SET, WITH CASE
ONLY £59.95!

SUITABLE PROBE SET ~ £7.95

BIO-FEEDBACK

FEATURED IN ETI
DECEMBER 1986
A complete parts set for
the ETI bio-feedback
monitor. Previously
offered at £14.55, the
last tew sets to clear at
£9.99! We will also supply a free meter
movement for the monitor.

The complete parts setincludes case, PCB, alt
components, meter and full instructions.

YOUR
LAST
CHANCE

BIO-FEEDBACK Q¥ WITH
PARTS SET FREE
ONLY £9.99! METER!

HI-FI POWER
METER 4

FEATURED INETI
MAY 1987

Measure the output
power of your hi-fi
with the ETI

power meter. The meters
can be back-iit for effect ~
the scale and ‘power’ legend will glow green to
contrast with the red pointer. Two switched
ranges give readings of 0-10W and 0-100W.

(==

<

The parts set consists of meter movement.
PCB, all components, range
switch and full

MONO POWER METER PARTS SET £3.90
STEREO POWER METER PARTS SET £7.20
SUITABLE CASE £7.50

TACHOMETER AND
DWELL METER /7

FEATURED IN ETI
JANUARY 1987
MOTORISTS QuUIZ

You are driving along the
road one day when the
sound of a horn makes you
lock behind. The driver of a
milk float s cursing you for
driving so slowly. A while|ater, an invalid camiage
overtakes you, and just as you turn into your drive you
hear a tractor driver mutter ‘At last | can get out of first
gear!
Do you
a) Fit a £500 Pie-in-ear in-car stereo with digitai Hexi-
woofers and 24-band ramification?
Buy a set of flutfy dice and sticker saying "My other
car is a Macaroni'?
c) Give your car in part exchange tor a milk float/ invalid
carniage/ tractor”
Tune your engine.
The combined tachometer and dwe!l meter parts set
contains: case with battery compartments; printed cwcust
board:; all components; switches; plug, socket and test
leads; battery connector; full Instructions. The answer to
the quiz, by the way, is: &) Buy a bright red Lotus Esprit.

b

d;

TACHOMETER AND DWELL METER PARTS SET
£12.90 {with terminals for external meter)

£16.40 (with self contained meter)

MATCHBOX
AMPLIFIER

FEATURED IN ETI,
APRIL 1986

No ordinary amplifiers,
these. When our first
customers took an
interes), it was for the
dwinutive size (both
modules will titina
matchbox!), the total disregard for power supplies and
speaker impedances, and lhe iImpressive power output
from these little amplifiers. When they re-ordered, it was
for the sound quality

Two amplifier modules were described. both based on
the powertul L165V IC. The single IC version will deliver
over 20 Watts with a suitable speaker and power supply
The bridge version can provide up to 50W! Although the
specified supply voltage and speaker impedance must be
used to achieve maximum power, both modules are quite
happy to work from any.voltage between 12V and 32V, and
wilt accommodate any type of speaker. The bridge version
is 1deal for giving a boost to car Hi-Fi systems, driving two
4 Ohm speakers in parallel on each channel for best effect.

Both designer-approved parts sets consist of a roller
tinned printed circuit board and all components. The
L165V ICs are also available indwidually, with a free mini
data sheet ging specifications and suggested circunts.

SINGLEC "MATCHBOX  BRIDGE

AMPLIFIER’ SET AMPUFIERSET  L165VIC
(20W into 4 Onms) (SOW into 8 Ohms)
£6.50 £8.90 £3.90

MAINS
CONDITIONER

FEATURED IN ETI,
SEPTEMBER 1986

Itis astonishing how many
people buy or build top-fight
hi-fisquipment, and then
connect it to a noisy, spiky"
mains supply. Rather
tike buying a Ferrari and
trying to run iton paraffin, you might think. Expecting
crystal clear sound, the poor music enthusiast ends
up with a muddy, confused mush, and feels that
he has somehow been cheated. ‘Is this hi-fi?
My music centre sounded just as good!

The domestic mains supply is nddled with
RF interterence, noise, transient spikes, and
goodness knows what else. Computers crash,
radios pop and crackle, tape recordings are spoiled
and hi-fi sounds “not quite right. Why put up with
it when the solution 1S so simple? The ETI mains
conditioner is the lowest cost upgrade you will ever
buy, and probably the most effective!

Our approved parts set consists of PCB, all
components, toroid*, enamelled wire, fixing fles,
fast response VDR, and full instructions.

ETIMAINS CONDITIONER|PARTs sETonLy  £4.60!

*Note: the toraid and VDR supplied are superior
10 the types specified in the article.

CREDIT CARD
CASINO

FEATURED IN ETI,
MARCH 1987

This wicked little pocket
gambling machine
measures only

3"x2"x 2" It will play ait
kinds of casino games,
including:

s Roulette
s Craps

s Pontoon
Our approved parts set comes complete
with case; self-adhesive fascia; tinned

and drilled pninted circuit board;

all components; hardware; full QQ >

instructions and three different 0 &

games to play! q;‘\@
v &

o

CASINO PARTS (}V‘ PLASAS

SET ONLY &7 SES

£5.90! QY 5o

. g ® s

MAINS
CONTROLLER

FEATURED IN ETI,
JANUARY 1987

Have you ever wondered what
people dowith all those computer
interlaces? "Put your computer

in control,” say the ads. ‘The
Spectrabeeb has eight TTL
outputs.” What on arth can

you control with a TTL output?
Atorch bulb?

The ETI Mains Controller is a logic to malns interface
which allows you ta control (0ads of up to 500W from your
computer or ogic aircuils, An opto-coupler givas isolaton of
at least 2,500V, 50 1he controlier can be connected to
expenmental circuits, computers and control projects in
complete safety. Follow your computer interlace with a mains
controller and you're really n business with automatic
control!

The mains controller connects directly to most TTL
families without extemal components, and can be driven by
CMOS with the addition of a Iransistor and two resistors
(supplied).

Your mains controller parts set contains: high quality roller
tinned PCB; MOC3021 opto-coupler; power triac with
heatsink, mounting hardware and heatsink compound; all
components, including snubber components for switching
inductive Ioads; transistor and resistors for CMOS interface;
fuil nstructions.

MAINS CONTROLLER PARTS
SET £6.20

POWERFUL AIR
IONISER

FEATURED IN ETI,
JULY 1986

lons have been described
as ‘vitamins of the air’ by
the heaith magazines,
and have been credited
with everything from
curning hay fever and
asthma to improving concentration and putting an end
1o insomnia. Although some of the clalms may be
exaggerated. there i1s no doubt that ionised aw 1s much
cleaner and purer, and seems much more Invigorating
than ‘dead air,

The DIRECT ION ioniser calised a great deal of

il when it asa project
in ETI. Atlast. an ioniser that was comparable with
(better than?) commercial products, was reliable, good
to build . . . and fun! Apart from the serious applications,
some of the were o 15!

We camsupply a matched set of parts. fully
approved by the designer, to build this unique project
The set includes a rofler-tinned printed circult board.
66 components, case, mains lead, and even the parts
for the tester. According to one customer, the set costs.
“about a third of the price of the individual components’.

What more can we say?
DIRECT ION
PARTS SET £9.50

Instructions are
included

MATCH BOX
AMPLIFIERS

20W Single IC parts set £6.50
50W Bridge Amplifier parts set £8.90

L165V Power Amplifier IC, with data, £3.90

Orders should be sent to Specialist Semiconductors
at the address below including 60p towards postage

and packing. Please allow up to 14 days for delivery.
There is no telephone service at the moment, but all
letters or requests for lists will be answered (at top
speed if you send SAE!)

LM2917
EXPERIMENTER SET

Consists of LM2917 IC, special printed circuit board and
detailed instructions with data and circuits for eight
different projects to buiid. Can be used to experiment
with the circutts In the ‘Next Great Litile IC’ feature
{ETI, December 1986).

LM2917 Experimenter Set £5.80

RUGGED
PLASTIC
CASE,

suntable for mains conditioner
and mains controller.

ONLY £165

PECAL Oprgr

Qur bast selling ioniser kit is
now available with an elegant white case.

WHITE 1IONISER
PARTS SET ONLY £9.80!

CONDUGHOI

FOUNDERS HOUSE

REDBROOK. MONMOUTH GWENT
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REGULAR FEATURE

EXPERIMENTAL
ELECTRONICS

BY THE PROF

Biofeedback measurement circuits.

“Biofeedback” has been used in lie detectors. The more nervous the subject becomes, the higher the meter
rises. But these measurements can also be used to control the body’s nervous reactions, with beneficial side
effects such as a lower heart rate, a more relaxed posture, greater confidence — and possibly even greater
intelligence and reduced hair loss. Would we lie to you??!!

ITH the seemingly ever increasing
pace of modern life, and the
increased stress that we all seem to
suffer, there is growing interest in the
subject of biofeedback. In case this term
is new to you, it basically involves having
a device of some kind, but usually elec-
tronic in nature, which gives an indica-
tion of how relaxed (or otherwise) the
monitored person happens to be. The
idea is for the subject to try to relax,
and the monitoring device will provide
an indication of some kind if he or she
is successful. Then, by continuing to act
in the same way, an ever deepening state
of relaxation can, in theory at any rate,
be achieved. It thus helps to relieve
stress in those who otherwise find it very
difficult to relax, and it does not require
the use of any drugs which could be
potentially addictive or in some way
harmful in the long term. Although there
is no electronic feedback path, this
system is a genuine feedback type in that
the user responds to the results indicated
by the monitoring device, and forms part
of a positive feedback loop.

There are various ways of measuring
relative stress in the human body, and
in this article we will consider three types
of these ‘strain gauges’. The circuits fea-
tured in this article are designed to moni-
tor relative skin resistance, skin tem-
perature, and heart rate. I am not
making any great claims as to how
effective these devices are or are not
when used as aids to relaxation, but they
are certainly interesting to experiment
with, particuarly the heart rate monitor
circuits. All the circuits are reasonably
simple and inexpensive to build, and are
quite viable as projects to build just for
the fun of it.

SKIN RESISTANCE

Many circuits for devices which
respond to changes in skin resistance
have been published in the electronics
press, and these have most often been
put forward as ‘Lie Detectors’. The
theory behind this has it that when the
subject tells the truth he or she remains
relatively relaxed, but they become

PRACTICAL ELECTRONICS MAY 1987

exposed to increased stress when they
tell a lie. Stress causes increased pers-
piration, which in turn results in in-
creased resistance between two elec-
trodes positioned on the subject’s skin.
Devices of this type seem to be virtually
useless as lie detectors in that many
people are able to fool them, and prac-
tically anybody can be trained to do so.
Also, with any form of lie detection the
method of questioning has to be more
subtle than just asking a few questions
and expecting reliable truth/lie indica-
tion. Despite its limitations for lie de-
tection, a device of this type does
represent an attractively simple intro-
duction to the subject of biofeedback.

visual indicator come to that. A simple
but effective approach is to have a circuit
which produces a tone that increases as
the subject’s skin resistance decreases,
and a state of deep relaxation is there-
fore induced by obtaining the lowest
possible tone from the unit. The circuit
for a monitor of this type is provided in
Fig. 1.

There is nothing remarkable about the
circuit, which is basically just a faithful
old 555 astable driving a high impedance
loudspeaker. R3 is used to attenuate the
output somewhat so as to give a volume
level that is quite low, which avoids hav-
ing the unit induce stress instead of
aiding relaxation. The skin resistance is

S1 ON/OFF

o
ELECTRODES
4 8 s /,
R1 c2 R3 - C3
47:: ey 100a 220 D TBI
1MS ¢ | NESSS L il NS
21
1—] LSt
e Cl 64R
2n2

i

circuit.

Fig.1. A simple skin resistance monitor which is based on an ordinary 555 astable

Obviously, measuring resistance does
not provide a particularly difficult tech-
nical challenge. The resistance between
the two electrodes is likely to be quite
high at several hundred kilohms, and
possibly as much as several megohms.
This is within the capabilities of the
average multimeter, and probably most
readers could experiment with this type
of sensor without building up a special
monitor circuit. One word of warning
though, for reasons of safety you should
not try this with a mains powered multi-
meter, or any mains powered device,
unless some form of isolation circuit is
included between the electrodes and the
measuring device.

There are alternatives to having meter
indication, or to having any form of

placed in series with R1, and it conse-
quently forms part of IC1’s timing resist-
ance. Thus, the lower theskin resistance,
the higher the output frequency from
the unit. The tone varies from a sub-
audio ‘clicking’ sound with a skin resist-
ance of many megohms to an audio tone
of a few hundred Hertz with a short cir-
cuit between the electrodes. However,
by changing the value of Cl1, the tone
range can be altered if desired.

For the unit to stand any chance of
functioning reasonably well, it is essen-
tial to have electrodes which operate
effectively and reliably. Simply holding
a couple of small metal electrodes, one
in each hand, is unlikely to give good
results. The problem here is simply that
the tone would then vary over a wide
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BIOFEEDBACK

range of frequencies depending on how
hard the electrodes were gripped. It is
possible to buy proper electrodes com-
plete with conductive jelly, and these are
taped in place. This type of electrode
does not lend itself well to the present
application though, as the conductive
jelly would ensure a relatively low resist-
ance between the two electrodes regard-
less of how stressed or relaxed the sub-
ject happened to be. Taping the elec-
trodes in place does seem to suit this
application well though, and two small
pieces of practically any sheet metal
should suffice as the electrodes.

If you use aluminium, which most
readers will probably have available in
the spares box, it will not be possible to
solder a lead direct to each electrode
unless special aluminium solder is used.
The alternative is to fix a soldertag to
each electrode and then make the con-
nections via these, but this type of elec-
trode is likely to prove a little uncomfort-
able for the user, and the direct soldering
method is preferable. The electrodes do
not need to be very big, and anywhere
in the region of 100 to 500 square milli-
metres should suffice.

e —— e —
quickly. Changes in the opposite direc-
tion seem to be somewhat Jess spectacu-
lar, and this is presumably because the
‘subject produces increased perspiration
almost immediately when introduced to
increased stress, but reduced sweating
takes a while to become apparent as any
perspiration already present must first
evaporate to some extent. This slightly
devalues this type of device in a biofeed-
back application, but with practice it is
still probably quite usable.

SKIN TEMPERATURE

I suppose that there is no obvious
reason for skin temperature to vary
according to the amount of stress to
which one is subjected, but this does
apparently occur. Although you might
expect that under stress a faster heart-
beat would result in increased blood flow
to the bodies extremities and, just possi-
bly cause increased skin temperature in
the fingers and toes, this is in fact the
opposite of what happens. Apparently
stress results in reduced circulation
despite any increase in the rate of one’s
heartbeat, and this can be detected as a

form of an audio tone. This reduces in
pitch as the subject’s skin temperature
falls. The idea is to try to obtain an out-
put which is as high in pitch as possible,
or if TH1 and R4 are swopped over, for
the lowest possible cutput tone.

IC1 acts as the basis of the sensor part
of the circuit, while IC2 operates as a
voltage controlled oscillator which will
operate over a wide control voltage
range. Taking operation of the sensor
circuit first; TH1 is a negative tempera-
ture coefficient device, and its resistance
therefore decreases if the applied tem-
perature is decreased. As TH1 is con-
nected in a potential divider across the
supply lines, it provides an output volt-
age which increases as the applied tem-
perature is raised. Although thermistors
are quite sensitive when compared to
many other types of electronic tempera-
ture sensor, the change in output voltage
is still only a small fraction of a volt per
degree Celcius. IC1 is therefore used as
a non-inverting amplifier to slightly
boost any voltage changes produced by
the sensor circuit. VR1 is initially
adjusted to give an output at roughly
mid-supply voltage.

S1 ON/OFF
IN

thi
« & VA1056

R3

CA3140E

R6 EE4Tn
100k Z\B

R7 344
47k

81
9V

RB R9
47k 47k

LM358
uA7BLOS
BC547

—
(g}
n

TR

Fig.2. The circuit diagram of the skin temperature monitor.

For best results it is probably best to
have the electrodes placed on a part of
the anatomy that is likely to provide
large changes in the amount of perspira-
tion present as the mood of the subject
alters. The obvious place is the palms of
the hands. I obtained quite good results
by fixing one electrode on the palm of
a hand and the other on the back of the
same hand with a rubber band to hold
them in position. You may find that there
is a problem with 50 Hertz mains ‘hum’
being picked up in the connecting wires
to the electrodes, and in the body of the
user. This can modulate the output of
the unit and make it difficult to detect
small changes in pitch. Adding a capaci-
tor of about 1uFin value in parallel with
the electrodes seems to effect a cure
here, if necessary.

This type of device certainly seems to
respond to changes in the subject’s state
of stress, and any sudden increase in
stress will normally show up «quite
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drop in skin
extremities.

Measurement of relative temperature
is again something which does not pro-
vide a great technical challenge, but
things are not quite as straightforward
as one might think. There have been
plenty of designs over the years for tem-
perature detectors and electronic
thermometers, but few of these would
work well in the present application. The
main difficulty with a montior of this
type is that it must respond to quite small
changes in temperature if it is to stand
any chance of success. A typical elec-
tronic thermometer circuit with a range
of 0 to 50 degrees Celcius is not likely
to be of any use at all, and one with a
response range of something more like
25 to 30 Celcius has a much better chance
of success.

The circuit of Fig. 2 is for a simple
narrow range temperature change detec-
tor which gives an output signal in the

temperature at the

The oscillator is almost a standard
Miller Integrator/Schmitt Trigger type,
but the configuration has been modified
to operate as a voltage controlled oscil-
lator. This gives a wide output tone range
which varies from zero to 0 volts input,
to a few hundred Hertz at +5 volts input.
The value of C3 can be changed if a
different tone range is required. The
squarewave output at SK1 is used to
drive a crystal earphone, or in this appli-
cation where high volume is not really
needed or desirable, the output Signal
could simply be connected to a ceramic
resonator, such as the popular PB2720
type. Incidentally, triangular output
signal is available from pin 1 of IC2.

It is important that the supply is fairly
stable as any significant changes in the
supply voltage would almost certainly
give a shift in the output tone and there-
fore give misleading results. IC1 pro-
vides a well stabilised 5 volt supply from
the 9 volt battery supply.
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Fig.3. Adding meter indication to the
skin temperature monitor.

METER OUTPUT

If meter indication is preferred to the
audio tone method, the voltage con-
trolled oscillator section of the original
circuit (Fig. 2) can be replaced with the
simple meter output circuit of Fig. 3.
This is just a basic bridge type circuit
with VR3 being used to provide a refer-
ence voltage of just under half the supply
voltage. VR2 is the sensitivity control,
and this is adjusted so that with VR1 in
the original circuit adjusted to set the
output of IC1 fully positive, and then
fully negative, ME1 is driven to full
scale. A little trial and error will prob-
ably be needed with the setting of VR3
in order to get the meter drive sym-
metrical, although it does not really
matter if things are not quite perfect in
this respect, and that in order to set VR2
to fully drive the meter in one direction,
a small overload can be produced in the
other direction. In fact you may prefer
to set VR2 for quite high sensitivity,
which will then leave the meter open to
an overload in either direction. This is
reasonably safe in that there is little risk
of an overload occurring in normal use,
and modern meter movements can take
quite severe overloads without sustain-
ing any damage. There is no need to use
an expensive meter for ME1, and a
cheap ‘tuning’ meter is perfectly accep-
table in this application where it is rela-
tive and not absolute measurements that
are involved. It is not essential to use a
125-0-125 microamp type either, and any
sensitivity from about 50-0-50 micro-
amps to around 1-0-1 milliamp should
be perfectly alright.

There should be no difficulty in taping
the thermistor in place on a finger, but
there is a potential problem with the
metal terminator at each end of this rod
style thermistor coming into contact with
the user’s skin. This would place the
user’s skin resistance in parallel with the
thermistor’s resistance, and could have
an adverse effect on results. This can be
avoided by painting over any exposed
metal at each end of the component,
and insulating the leadout wires with
P.V.C. sleeving as well if necessary. Inci-
dentally, the circuit should operate using
virtually any thermistor provided the
value of load resistor R4 is changed to
suit the particular component used.
However, self heating types such as the
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RAS53 are obviously unsuitable, as are
types which have very low resistances,
which would result in a large current flow

~ “through the sensor circuit.

Of the three types of monitor circuit
I tried, this one seemed the least effec-
tive, although it did seem to respond to
changes in stress to some extent. Possi-
bly the ambient temperature effects
results, and some means of insulating
the non-skin side of the thermistor from
the surrounding air might produce more
reliable results. Placing the thermistor
close to the finger tip also seems to give
best results. Raising the value of RS to
give increased sensitivity might also be
an avenue worth pursuing.

HEART RATE

Perhaps heart rate monitors are the
most interesting type of biofeedback cir-
cuit for the experimenter, and possibly
this is the type of monitor which gives
the best results. There must be numerous
ways of detecting the heartbeat, but
there are two normal electronic ap-
proaches to the problem. One is to
detect the electrical signal in the body
that is associated with the heartbeat, and
the other is to use a photoelectric
system. We will deal with the latter first,
and the general idea is to use a sensor
of the type outlined in Fig. 4. This
method of sensing is known as photo-
plethysmography (now you know why
they call me the ‘Prof’).

PHOTOCELL

Y

ULTRABRIGHT
LED

Fig.4. Simple optical heart-beat sensor.

In theory everything is delightfully
simple, with a light emitting diode
shining a light beam through the finger
tip, and a photocell on the opposite side
of the finger then detecting the amount
of light passing through. The blood-flow
in the capillary bed of the finger causes
variations in the amount of light re-
ceived by the photocell, and these result
in small changes in the resistance of the
photocell. With suitable circuitry these
resistance changes can be converted to
small voltage pulses and then amplified
to give a usable signal level.

In practice things are not quite as
straightforward as this, and there are
problems with such a simple set up. The

first problem is getting a strong enough
light source to transmit a significant
amount of light through the finger-tip.
Until recently it would probably have
been necessary to resort to a small fila-
ment bulb, but these days ultra-bright
light emitting diodes are available, and
these seem to give good results if they
are operated at a reasonably high
current. The main problem is that of
getting consistent results. It is quite easy
to produce a set up that will give reliable
pulses for a few seconds, produce a few
glitches, operate properly for a short
time again, glitch some more, and so on,
but it is much more difficult to produce
a senor that will operate reliably for a
reasonable period of time.

The first requirement 1s some form of
finger rest to help keep the user’s finger
perfectly still, as any slight movement
here can produce signals that are far
stronger than those generated by the
heartbeat. It is also important to have
the smallest possible gap between the
light emitting diode and the photocell,
and this means a separation of only
about 15 millimetres. The gap must not
be so small that the finger-tip is wedged
in place, as this would almost certainly
prevent the unit from working at all. It
is also important that the light emitting
diode, photocell, and finger rest are all
firmly fixed together so that these do
not move significantly relative to one
another. Finally, the light level received
by the photocell is not likely to be very
high, and as far as possible should be
shielded from any ambient light.

As far as the circuit is concerned,
basically all that is needed is an amplifier
and a Schmitt Trigger circuit. Fig. 5
shows a suitable circuit diagram.

PCC1 is the photocell, and this is a
cadmium sulphide type. This is almost
certainly the best type of cell for this
application where a fast response time
is not needed, but good sensitivity is a
decided asset. An ORP12 is suitable for
the PCC1 position, but any fairly sensi-
tive type should also be satisfactory. D1
is the light source, and this must be an
ultra-bright type (not a standard or high
brightness type) if the unit is to operate
well. In fact the circuit is unlikely to
work at all using an ordinary Le.d. in
the D1 position. The amplifier is a two
stage type which has IC1 as an inverting
amplifier and IC2 as a non-inverting
type. The bandwidth is limited to only a
few Hertz by the inclusion of C5 and
C6, and this helps to give a low noise
level while not attenuating any signal
frequencies. Bear in mind that the heart-
beat is at a frequency that will normally
be little more than 1Hz. IC2b operates
as a Schmitt Trigger which provides out-
put pulses at the monitored heart rate.
D2 flashes in sympathy with the user’s
heartbeat, but obviously the output
pulses at pin 7 of IC2b can be fed to a
pulse counter of some kind if preferred.
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IC1 = uA741C IC2 = LM358 D1 = 5mm ULTRA-BRIGHT LED D2 -

Smm RED LED

oo

R1 t: R3
150 >pccy1 p4k7
+*

c1
100u

:; R4

D1 =% ‘Rz S4k7

S1 ON/OFF

R10 560k

Fig.5. A circuit to provide photoelectric monitoring of the heart-beat.

ELECTRODE METHOD

Monitoring the heartbeat by using
electrical signals within the body as the
signal source, is not as complex as many
people seem to imagine. There are diffi-
culties associated with this type of heart
rate monitor, but they are far from insur-
mountable. There are numerous points
at which the electrodes can be posi-
tioned, but for simple heart rate moni-
toring an electrode on each hand is quite
sufficient. The signal levels involved are
quite low, being typically less than a
millivolt peak to peak, but there is no
difficulty in amplifying them so as to give
a more usable signal level.

There is a problem in obtaining reli-
able electrical contact with the skin. Use
of the special electrodes and conductive
jelly referred to earlier overcomes these
problems, but although the electrodes
and jelly are available to amateur users
they are quite expensive. An inexpensive
alternative which seems to work quite
well is to use pads of cotton-wool soaked
in a strong salt solution, and the connec-
tions to the pads can be made via croco-
dile clips.

Another problem is that of electrical
interference which is picked up in the
leads running to the electrodes, and
more particularly, the electrical signals
actually picked up in the body of the
user, These signals are predominantly 50
Hertz mains ‘hum’ and radio frequency

signals, and as the wanted signals are at
frequencies -of about 4 Hertz or less,
these interfering signals can be consider-
ably attenuated by lowpass filtering. The
use of balanced input techniques can
also contribute to rendering them
insignificant.

Fig. 6 shows the circuit diagram of the
heart rate monitor, and this consists of
two preamplifiers (one for each elec-
trode) driving a differential amplifier
and a SchmittTrigger output stage. ICla
and IC1b operate as the preamplifiers,
and these are identical non-inverting
types. The feedback arrangement is a
little unusual in that a common shunt
resistor (R7) is used for both stages, and
it connects between the two inverting
inputs, rather than having one side
earthed by way of the series d.c. blocking
capacitor (CS5). This effectively elimin-
ates the shunting effect of R7 for signals
that are picked up at both inputs, and
gives only a low level of voltage gain on
these. As these in-phase signals are the
hum and noise which will be virtually
identical at the two electrodes, this
system helps to attenuate the unwanted
signals. The wanted signals are out of
phase provided the electrodes are posi-
tioned at suitable points on the body,
and with these R7 has the full shunting
effect and each preamplifier exhibits a
voltage gain of around 40dB. C6 and C7
introduce the lowpass filtering.

IC2 combines the two output signals,
and this is a standard differential ampli-
fier circuit, and it is followed by a con-
ventional operational amplifier Schmitt
Trigger circuit. C10 introduces a further
stage of lowpass filtering. D1 is a l.e.d.
indicator which flashes on and off in
sympathy with the monitored heartbeat.
The output pulses can be taken to a pulse
counter circuit if required.

Alittle experimentation with the posi-
tioning of the electrodes should soon
produce good results with reliable
flashing of D1 at the correct rate. Once
the electrodes are in place it will take a
few seconds for the circuit to settle down
and start to function properly though,
and you must give it time to do so. Do
not worry if D1 does not flash at a stable
rate, as it is quite normal for the beat
rate to vary slightly, and the heart rate
when inhaling is different to that when
exhaling for example. If D1 simply
flashes more or less randomly though,
this would suggest that the unit is faulty
or, more probably, that the electrodes
are not achieving good and consistent
contact and that further experimenta-
tion is needed here. Note that although
three electrodes are shown in Fig. 6, in
most cases only electrodes ‘A’ and ‘B’
will be required. Electrode C is only
needed for some of the more exotic elec-
trode placement arrangements which are
not normally needed for simple heart
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(== ]
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Fig.6. The circuit diagram of the electrode heart- rate monitor.
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Fig.7. A simple pulse counter circuit.
rate monitoring, and which will not be simple smoothing circuit comprised of IMPROVEMENTS

discussed here.

The purpose of this series of articles
is to present circuits which are worth
building for their interest value if
nothing else, and this is one which I
would recommend as one of the most
fascinating type of circuit. It is well
worth a try, and costs very little to
construct. This circuit can easily be
breadooarded if you do not wish to
construct it using more permanent
methods.

PULSE COUNTER

For biofeedback purposes the
heartbeat monitor circuits are far more
useful if they are fitted with a pulse
counter circuit, and a suitable circuit
appears in Fig. 7.

This is just a non-retriggerable mono-
stable multivibrator based on ICl, a

R2, C2, and R3, and a buffer amplifier
to drive the meter circuit. The output
pulse duration from the monostable is
constant, and the avérage output voltage
(which is what the meter registers) there-
fore rises and falls as the input frequency
increases and decreases. VR1 is given
any setting that gives a strong deflection
of the meter in normal use, but does not
result in it being driven beyond full scale
at high heart rates. It is not necessary
to use an expensive meter in the ME1
position, and an inexpensive battery
state meter or something of this type is
perfectly suitable. However, many of
these have sensitivities of about 200 to
500 microamps for full scale deflection,
and they might need the values of RS
and VR1 to be reduced slightly in order
to give adequate deflection.

For anyone wishing to develop these
circuits further, the heart rate monitors
provide the greatest scope. The pulse
counter circuit shown here is quite a
crude type which does not give particul-
arly stable readings. Better stability can
be obtained by increasing the value of
C2, but the circuit then becomes rela-
tively slow at responding to changes in
heart rate. One way of improving things
would be to use a multi-stage active filter
in place of this basic single pole type.
Another approach would be to use a digi-
tal readout, with the pulse counter cir-
cuit measuring the duration between
heart beats, or perhaps the time taken
for a certain number of beats to be com-
pleted. This could give good accuracy
with an instant response time.

INSTALL YOUR
OWN SYSTEM
AND SAVE

SECURIT

CA 1382 Digital Ultrasonic
An advanced controf || Detector US 5063
unit with automatic  jonly £13.95 «
loop testing. +VAT.
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stabitity
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DETECTOR RP33”

MODULES
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500W Quartz Halogen
Floodlight FL 500
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suitable for hghting patios.
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Protective grili, £1.95 + VAT
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Suitable metal enclosure for
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Control Unit CA 125
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+ VAT 9
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detector operates by detecting * Alarm Sounded memory.
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.
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.
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and reliable control for all types of security
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protection. Housed in a steel case, it is
supplied with full operating instructions.
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Lighting Controller
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The above pces are plus VAT
Complete
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IN4448

£15
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£18
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£60
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TRIACS
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OPTO
ISOLATORS
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Transistor o/p £110
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NE5532 £120 TLO81

B.T. APPROVED TELEPHONES

B.T. Statesman with iast number redial
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£31.26
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B.T. Viscount with last number redial
Beige £26.04
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Red £26.04
White £26.04
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number redial with base paging

lvory £85.00

Carriage on telephones and telephone accessories £1.50
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All components brand new and by top manufacturers to
full specification.
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Berwick
g London E7 0QH.

' (ELECTRONICS) LTD. Telephone: 01-519 2438
PRICE PRICE
INC. VAT INC. VAT
BE1 5 ass. rocker switches push fit 2.00 KRT100 Multitester8ranges 5.75
BE2 5 ass. micro switches 2.00 5TW 5 pcs. min. cutter/pliers set _ 7.40
BE3 12 ass. slide switches 2.00 5T41 5 pcs. min. s/driver set metal handle  1.17
BE4 25 ass. din/coax chassis skts. 2.00 MC642 6 pcs. min. s/driver set plastic handle  0.77
BE5 16 ass. heat sinks 2.00 AD12 12V min. p.c.b. powerdrill .8-1.2mm 5.32
BE6 5 ass. volume controls 2.00 51815 240V 15w solder iron 2.87
BE7 100 ass. electrolytic caps axial 2.00 S$1340 240V 25w solder iron 2.81
BE8 100 ass. electrolytic caps radial 2.00 SiIS110 Solderironstand c/w sponge 2.26
BES 60 ass. feet box/cabinet 2.00 ST503A  Helping hands (soldering assisted) 1.99
BE10 25 ass. control knobs 2.00 KTD80 Pick up tool {small component use) 1.79
BEMN 100 ass. resistors 1.00 H28 Small craft knife (snap off blade) 0.40
BMB1 ABS box 77x56x37mm c/w lid* 1.20 H80 Large craft knife (snap off blade) 0.81
BMB2 ABS box 95x71x35mm c/w lid* 1.30 MV31 Mini vice (suction base) metal/plastic  1.00
BMB3 ABS box 115x95x37mm c/w-lid* 1.55 MD316 Minihanddrill brass/plastic 1.15
BMB4 ABS box 207x122x77mm c/w lid* 4.05 JC7510  4pcs. s/steel tweezer set 3.70
BMB5 ABS box 145x95x55mm c/w lid* 215 NRAA Nicad rechargeable battery (AAsize) 1.02
BMB6 ABS box 222x152x60mm c/w lid* 2.90 Cc Nicad rechargeable battery (C size) 1.99
* Black or white D Nicad rechargeable battery (D size) 2.10
BAB7 Aluminium box 2%"x5%"x12" C/Wlid  1.10 PP3B Nicad rechargeable battery (PP3size) 5.79
BAB8 Aluminium box 4"x4"x12" C/W lid 1.35 398 Nicad univ. charger for above bats. 6.50
BAB9 Aluminium box 4"x2%"x1'2" C/W lid 1.10 88LUX 13A power supply 3-12V DC unregulated 2.67
BAB10 Aluminium box 4"x5%"x12" C/W lid 1.45 REG12 13A power supply 6-12V DC regulated 5.32

ACCESS/VISA CARD ORDER [ | PLEASE ADD . e WELCOME e
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BINARY CHOP - PUZZLE NO 2
TEST YOUR POWERS OF
LOGICAL DEDUCTION
AND WIN 12 MONTH’S
SUBSCRIPTION TO PE!

i

Send your answer to this puzzle to:

Binary Chop No. 2,
Practical Electronics,
16, Garway Road,
London W2 4NH

to reach us before 1st May 1987.

12 month’s subscription to Practical
Electronics will be awarded for the first
three correct answers opened. The
Editor’s decision is final.

Answer in the July 1987 issue.

Look out for another mental challenge
next month!
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BINARY CHOF — FUZZLE HOQ =
DECODE THIS Z&3 CHARACTER MESSAGE
THE SERIAL BINARY DATA CONYERTER CMITTEL FLL LERDING ZERCS!
LETTERS A TO. 2 = ASCIT 1 TG 26, HUMEERS & TO 3 = RICII 4% TO 57,
COMMA = ASCII 44, FULL-STOP = ASCII 46, HO OTHER CODES ARE USEL.
116009110019100111111181311011161081211111801100061600191 166161616014
OE10110010111161001111110111106010000106011110061100161111010@10110a1
©1¢6111011001011111006111111111516116016105611116531116100106111a11511
001110111610100100616110010161166116611111601061111111160811101113610
111181601601111111161111118118160161116611081661115160811111560001060111
0111916001106111681161116111116111611618111016101611161000106010111610
11181118161191110105110111011660101116111116111016181116111161116161
1619111611606101118106100601111611161181 1101116161 1160100181611161 1ao!
1611101611911191161161116161111611101158801610119181611a1191116taa110
1110160101110101101116118141511161008116111611811 1016011101 1161a3141
0010111010011161116111610010191116111611106101111411181011014111681010
910111611181116116101611161160116111516011160011011101601011911181 109
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OSCILLATOR TECHNOLOGY

OSCILLATORS

BY ANDREW ARMSTRONG

Circuits which warble and hoot

Oscillator circyits are a basic frequency source for applications from radio frequency transmitters to the clock
signals in microprocessor systems. Here we look at the most frequently used classes of oscillator, with some

adaptable circuits.

SCILLATORS come in many varieties,
O and are'used in more applications
than you might think. Calculators,
radios, digital multimeters, electronic
musical ‘instruments, oscilloscopes, are
a few examples of items which rely on
them. The oscillator circuits in these
applications may be very different, but
they all use the same basic principle.

Simply stated, the rule is that for
oscillation to occur there must bé a
condition at' some frequency where
feedback occurs with a net phase shift
of 0 or any multiple of 360 degrees and
a loop gain of unity, and that condition
must be frequency dependent.

This may seem surprising —.surely
some oscillator circuits have much more
than unity loop gain. If not, how could
the oscillation start? Well, nobody said
that the gain had to be linear. The
classical idea of an oscillator is of
something producing a perfect sinewave,
and exhibiting good frequency stability.
In this case a linear gain of unity is
helpful. If an oscillator is designed
without special attention to control of
the gain, thén it will control its own gain
by oscillatin'g at an amplitude sufficiently
above the clipping level so that the
average gain is unity. The unity gain here
may be composed of a-gain of 100 in the
linear(ish) region, and zero when
clipping occurs.

There are often exceptions to such
simple.rules, and this rule is no exception
in that respect. The relaxation oscillator,
to name the only one I can think of,
does not seem to fit perfectly, though
with a little mental contortion it is
possible to see how its fits. It can be
viewed as employing an extremely non-
linear negative resistance device, always
running at clipping level.

OSCILLATOR DESIGN

How, then, shall we design an
oscillator? The cynics among you may
answer “Desigit an amplifier and it is
sure to oscillate:” This is largely true, of
course, because an oscillator must
incorporate an amplifier whether or not
it is recognisable as such, and it is often
difficult to avoid unintended feedback
in amplifier designs.

For most practical purposes, it is
unnecessary to design an oscillator
circuit from scratch for your application.
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There are innumerable standard circuit
configurations whose characteristics are
well documented. It is only necessary to
choose the component values or make
minor adaptations for your equipment
design. If you pick out the aspects of
oscillator performance that are most
important in your design, there is likely
to be a suitable circuit configuration, to
use. ;

Here we will look at some examples
of different oscillators with different
applications, ranging from RF to logic.
Microwave oscillators will be left out,
though, because this subject has been
covered recently.

RF OSCILLATORS

For the most part, radio frequency
oscillators can be divided into those
using a crystal, and those using an LC
tuned circuit. Adjustable LC oscillators
are not greatly used now, except in
ordinary radio receivers, but in the times
before the widespread use of
synthesizers, ~the VFO (variable
frequency oscillator) formed the heart
of many an amateur radio transmitter.
Even now, there can be useful
applications in receivers where close in
phase noise is of paramount importance.
A reasonably well built VFO still
outperforms all but the very best
synthesizers.

Fig.1. shows a typical configuration for
a radio frequency oscillator using one
transistor. If the tuned circuit is serial
tuned then the configuration is called a
Gouriet-Clapp oscillator, if parallel
tuned it is called a Colpitts oscillator. In
this circuit, power is fed to the tuned
circuit from the emitter of the transistor,
then back from the tuned circuit to the

base of the transistor. The loop gain
provided by the transistor is current
gain, not voltage gain. The tuned circuit
acts like an autotransformer to give a
higher voltage, lower current output
than that fed to its tapping. The ratio of
the voltage increase is determined by the
ratio of the impedances of C2 and C3.

The frequency stability of this type of
circuit is determined partly by the
stability of the components forming the
tuned circuit, and partly by its loaded
Q. In this context, the loaded Q gives a
measure of how much influence the
transistor has on the waveform on the
tuned circuit on a cycle to cycle basis. If
the energy stored in the LC circuit is
very much greater than the energy being
transferred from emitter to base of the
transistor per cycle, then little change
can occur per cycle regardless of what
the transistor does,

Conversely, if the losses in the tuned
circuit are high, and the transistor has
to replace a large proportion of the
stored energy per cycle, then variations
in transistor opening parameters can
affect the oscillation dramatically. This
type of effect could be manifest as a
transistor radio drifting off tune as its
battery voltage falls, for example.

The circuit shown in Fig.1. will not give
a sinewave output (save by sheer luck),
but the circuit shown in Fig.2. will do
so. Here an extra transistor is used to
stabilise the amplitude of oscillation so
that clipping does not occur. This sort of
technique can be useful to provide a

stable and clean local oscillator for a

receiver.
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OSCILLATORS

Many other LC oscillator configura-
tions are possible, but most of them are
just variations on a theme, and it is a,
theme of limited application now.

CRYSTAL OSCILLATORS

In both RF and logic applications, the
crystal oscillator is widely used where a
stable, well behaved frequency source is
required. A number of the standard LC
oscillator circuits can be adapted as
crystal oscillators, and in the case of
overtone crystals, the original LC tuned
circuit may also be retained. A quartz
crystal has the major advantage over an
LC circuit in that its Q is much higher.

Quartz is a piezoelectric crystal, which
is to say that it deforms on application
of voltage across its faces. When used as
an oscillator element, the oscillation is
mechanical in nature, with the coupling
of the signal in and out of the crystal
being electrical. The angle of cut of the
crystal determines the precise nature of
the deformation, and affects whether the
crystal is more suitable for use on its
fundamental frequency, or on an over-
tone (harmonic) of the fundamental.
Overtone operation allows use of crys-
tals at frequencies higher than can be
obtained otherwise, because it enables
the thinnest crystal which can be manu-
factured to behave as one still thinner.
Fig.3. illustrates normal crystal reson-
ance and overtone resonance.

FUNDAMENTAL THIRD OVERTONE
MODE MODE
26¢
Fig.3.

The cut of the crystal affects its
temperature coefficient, and certain cuts
can exhibit almost no frequency change
over a certain limited temperature
range. This is of particular interest in
digital watches, for example. The
reasons for this are a specialist subject
of their own, but it is worthwhile to
remember that different temperature
coefficient curves are available when
selecting a crystal for a particular use.
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A fundamental mode crystal oscillator
may_be made very simply by taking, for
example, a Clapp oscillator and
réplacing the LC circuit with a crystal as
illustrated in Fig.4. It is more difficult
to .make a crystal function ‘on an
overtone, even though it may be
designed to do so. One approach is
shown in Fig.5. In this circuit, the
collector load is a tuned circuit resonant
on the required output frequency. The
crystal forms a frequency selective
feedback element between collector and
emitter of the transistor. As the inductor
of the tuned circuit is adjusted through
resonance, the circuit will burst into life,
then as adjustment is cormtidued the
frequency will alter very slightly, and
then stop oscillating again. The LC
circuit does not affect the frequency of
oscillation very much, it only affects
whether it occurs at all.

If there is significant stray capacitance
across the crystal, 1t is possible for a
spurious mode of oscillation to take
place, in which the ¢rystal itself is
irrelevant. In this case, the circuit
becomés yet another standard form of
LC oscillator, controlled by the tuned
circuit in the collector.

LOGICAL OSCILLATORS

At present, probably the majorty of
crystals are used to provide clock signals
in microprocessor systems. Current
microprocessors cause no problem in
this respect, you simply connect a crystal
and a capacitor across the requisite two
pins and think no more of it. There are
occasions when a crystal is needed as a
frequency reference in logic systemis
other than a microprocessor. In this case
it can be difficult to get the result you
want.
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Fig.6. shows a crystal oscillator circuit
which is fairly dependable with 4000
series CMOS, and which should work
well with 74HCO0 series as wel. In this
circuit, R2 and C2 provide a phase shift
which depends on the frequency, and
thus sets the approximate frequency of
operation of the circuit. The crystal is
only allowed to operate near to its
resonant frequency, thus spurious modes
of oscillation are prohibited. R2 and C2
should be choseri to give about 45° phase
shift at the required frequency, which
occurs when the magnitude of the
capacitive  reactance equals  the
resistance.

Some crystals, in particular 32768Hz
watch crystals, still exhibit spurious
modes. The problem can be solved by
reducing the value of R2 and adding an
inductor in series with it, -so that the
approximate series resonant frequency
is equal to the desired operating
frequency. It is even possible to get
overtone crystals to work on their
correct overtone in this way. The value
of R2 should be chosen partly by
experiment, but a good starting point is
to use a Q of about thrée, where
Q=2x7xFxL/R. Q values used should be
in the range of 1 to 10.

APPROX. &-5kHz

GGzl Fig.7.

R-C OSCILLATORS

In applications where the frequency
stability is not quite so important, R-C
oscillator circuits are common. Fig.7.
shows a typical CMOS clock oscillator
circuit. The frequency is approximately
1/(2.2xR2xC1). The frequency depends
on the gain of the inverters to some
extent, as you may deduce from the
rather soggy looking waveform shown
as typical of the output from the first
inverter. Fig.8. shows a circuit which
avoids this problem, though it is not
always superior. Because it usés three
inverters rather than just two, there is
more propagation delay, which lowers
the maximum frequency of operation.

0JG289

- |

R1 in each circuit does not affect the
operating frequency significantly, as long
as it is of a high enough value. Fig.9.
shows the oscillator waveforms, and
shows the voltage on the junction of R1,
R2 and C1 going outside the supply rails.
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OSCILLATORS

WAVEFORM AT
JUNCTION
OF R1,R2 & C1
|

WAVEFORM ON
TOP OF C1

Fig.9.

The function of R1 is to prevent the
charge on C1 bemg dumped rapidly into
the input protectlon diodes of the first
inverter. To minimise this effect, Rl
should normally be chosen to be ten
times R2. This can result in the
impedance on the input of the first
inverter being very high, in which case
stray capacitance €an cause Spurious
oscillations on the edges. This manifests
itself as a double bounce on each clock
edge, and only matters if the output of

the circuit is used to clock a counter,

which will merrily count all the edges it
receives. A 100PF capacitor in parallel
with R1 prevents this from happening.

R1

ouTPUT

Fig .10.

OP-AMP CIRCUITS

A wide range of RC oscillator
configurations is possible using op-
amps. Fig.10. shows the simplest useful
oscillator circuit using an op-amp. In this
circuit, C1 charges between voltages set
by the positive and negative power
supplies, and R2 and R3. If the supplies
are equal, and the output voltage gets
equally close to each of them, then the
waveform will be  symmetrical.
Otherwise the mark/space ratio will not
be 1:1. The waveform on the capacitor
is a section of an exponential waveform,
as shown in Fig.11., but if the ratio of
R2 and R3 is chosen to restrict the
voltage range on the capacitor to a small
proportion of the output swing of the
op-amp, then a good approximation can
be made by assuming that the charging
current through R1 is constant, and is
equal to Vout/R1. The time for one half
cycle can then be calculated using the
formula t=VxC/I where V is the total
change in voltage on the capacitor.

The frequency is little affécted by
voltage, because both the hysteresis and
the voltage charging the capacitor are

Fig.11.
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Even with a restricted voltage swing
on the capacitor, the sawtooth waveform
on the capacitor still has rather bendy
sides. A proper triangle wave can be
generated by the circuit shown in Fig.12.,
where an integrator is used to ensure
that the charging current of the capacitor
is constant. The charging rate of the
integrator, and the voltage range over
which it works, both depend on the
output swing of the second op-amp, so
again the frequency is nominally
independent of the power supply
voltage. Assuming that the op-amp gives
symmetrical output, the time for one
cycle is:

t=4xTxR3/(R2+R3) where T is the

integrator time constant, R1xC1

If good quality components are used,
and the op-amp is not asked to run near
to its maximum speed, then good
frequency stability is possible.

If a sinewave is needed, several
approaches are possible. One method is
to build an oscillator which would
produce a sinewave if only it did not: clip,
and then control the gain so that it does
not clip. Fig.13. shows an example of
this approach. The Wien bridge network
forming the frequency dependent
feedback has zero phase shift (not 360
degrees) at the frequency of oscillation.
Unlike a straight piece of wire, however,
it has a phase shift both above and below
the operating frequency, and it is this
phase shift which is the frequency
determining factor.

The gain of the network at the zero
phase shift frequency is 1/3, so that to
maintain oscillation an op-amp gain of
three is needed. With a gain of exactly
three, oscillation could not, start, but

could continue if it had already started.
Any tiny disparity in gain would cause
oscillation to die away or build up to
clipping level. The circuit of Fig.13. uses
a junction f.e.t. as a variable resistor to

adjust. the gain according to the
amplitude of the oscillation.
e R
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To adjust this circuit, set VR2 to its
mid point, and VR1 to maximum
resistance. Then reduce VR1 until
oscillation starts, and adjust VR2 to
achieve the required output amplitude.
IfVR2 is turned up too far, the amplitude
of the output may oscillate at about ten
Hertz.

An alternative approach to sinewave
generation is shown in Fig.14. In this
circuit, clipping is deliberately applied
to the waveform, but after the clipping
it is filtered. This circuit works on the
basis of 180° frequency dependent phase
shift, and an inversion.

IC1A is connected as a4 second order
filter, which will give a phase shift of 90°
(delay) at its nominal corner frequency,
where it will give about 3dB attenuation.
ICIB is used to integrate the resulting
waveform. This always produces 90°
phase delay, but its output amplitude
depends on the integrator time constant
and the frequency. This stage also inverts
the waveform. Its output is a good
quality sinewave, in which almost all the
harmonics have been filtered out by the
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OSCILLATORS

second order filter and the integrator.

The output sinewave is clipped by the
zener djode in the bridge, so configured
to - give symmetrical  clipping.
Unmatched back to back zeners could
work at slightly different voltages and
add second harmonics to the signal. The
gain of the integrator, and hence the
amount of clipping, may be adjusted by
VR1.The less the signal is clipped before
being filtered, the fewer harmonics there
are to filter out, and the cleaner the
resulting sinewave. If good quality
components are used, the output
frequency can be very stable.

Another means of generating a sine-
wave is to generate a triangle wave, and
then convert it to an approximation to
a sinewave by means of a non-linear
network. Such a network would have to
give symmetrical progressive limiting of
the waveform, so that the triangle shape
of the waveform is bent into a piecewise
linear approximation to a sinewave. If
the circuit of Fig.12. is used for this
purpose, then sine, square, and triangle
wave outputs will be available and we
have a function generator. This will not
be covered in more deétail here because
it is slightly at a tangent to the subject
of oscillators in general, but a function
geiierator project is planned to appear
soon.

VOLTAGE CONTROLLED
OSCILLATORS

So far all the circuits shown would
require the use of variable resistors or
capacitors to adjust the frequency. It can
be very useful to be able to control the
frequency of an oscillator by varying a
voltage. Some applications are: to tune
or frequency modulate an RF oscillator;
to make a phase locked loop; to allow
digital control of a signal generator, or
to make some types of electranic musical
instrument.

The frequency of an LC oscillator can
be controlled by using a varicap diode
instead of, or as well as, a variable
capacitor. The trouble with varicap
diodes in oscillator circuits, where there
may be a substantial signal level, is that
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Fig.16.

the capacitance changes significantly
during the oscillatory cycle. This distorts
the cycle and generates harmonics. The
solution is to use back to back varicaps
as shown in Fig.15. The change in the
capacitance of one varicap is almost
exactly compensated. by an equal and
opposite change in the other.

A totally different method of
frequency control is suitable for op-amp
based RC voltage controlled oscillators.
In the circuit of Fig.16., IC1A forms an
integrator which integrates the d.c.
control voltage input to produce a ramp.
The direction of the ramp is controlled
by TR1 switching on or off a resistor
from negative input to 0V.

At all times the non-inverting input of
the op-amp receives half the input
voltage. When the f.e.t. is off, the
integrator input receives the full input
voltage, which means that C1 has to
discharge at a current of 2V, /R1to keep
the op-amp in balance. When the f.e.t.
is on, the input to the integrator is
equivalent to 1/3 of the input voltage fed
through 1/3 the value of R1. This
equivalent integrator input is now below
the voltage on the non-inverting iriput,
so the output of the integrator rises and
the capacitor charges. The equivalent
input voltage is (1/2 — 1/3)V,,, and the
effective input resistance is R1/3, so the
charge current of the capacitor is the
same as the discharge current calculated
above.
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Fig.17.

The symmetry of the waveform is
dependent on correct resistor ratios, so
VR1 is included in the circuit to allow
accurate adjustment. If there is not an
oscilloscope available to carry out this
adjustment, then VR1 can be replaced
by a 1kS5 resistor.

RELAXATION OSCILLATOR

Havirig mentioned the relaxation
oscillator earlier, it deserves further
description. Fig.17. shows two possible
relaxation oscillator circuits, the first
using a diac and the second using a
unijuriction transistor. The diac switches
on when the voltage across it exceeds
about 30V, and remains on until the
voltage falls to about five volts. This
discharges the capacitor to five volts very
rapidly, so that the period of this
oscillator is determined by the time
taken for the capacitor to charge from
five to thirty volts.

The unijunction circuit works
similarly, but the firing voltage is lower.
Again the discharge is very fast, so that
the oscillator frequency is largely
determined by the capacitor charge
time.

We have examined here a wide rarige
of types of oscillator, and T hope that
there is somiething to fit almost every
constructor’s needs. Most of the circuits
have been shown with example
component values, and they will work if
built as shown. If there.is any problem
in adapting a circuit for a particular
requirement, then it might be worth
building the circuit as shown first and
then modifying it.

POINTS ARISING

Vigilante Car Alarm (Apr 87).

Gremlins crept in overnight on pages 24
and 25! Anybody who is puzzled about

{the wording continuity should send a

stamped addressed envelope for a copy
of the pages as they ought to have been.

PRACTICAL ELECTRONICS MAY 1987

29




463.
. 2 - tubes Holts plastic filler/sticker
465.
466.
4713,

w—

bl
.10 ceramic magnets Mu

3 £1 BAKERS DOZEN PACKS
Price per pack is £1.00.* Order 12 you
may choose another free. ltems
marked (sh) are not new but
guaranteed ok.

5 - 13 amp ring main junction boxes

5 - 13 amp ring main spur boxes

5 - surface mounting switches 5A 250V

3 - electrical hes, white flush i

4 - in flex line switches with neons

2 - mains transformers with 6V 1A secondaries
2 - mains transformers with 12V 3 A secondaries
1 - extension speaker cabinet for g{;" speaker
12 - glass reed switches

. 2 - ultrasonic transmitter receivers with circuit
. 2 - light dependent resistors
. 4 — wafer switches -

2 way, 4p 3 way, 2p 6 way, 2p 5 way, 1p
12 way small one hold fixing and good length § spindle your choice
1 - 6.digit counter mains voltage

. 2 - Nicad battery chargers

1 - key switch with key

. 2 - aerosol cans of ICI Dry Lubricant
. 96 - 1 metre lengths colour-coded connecting wire

1 - long and medium wave tuner kit

. 8 - rocker switch 10 amp mains SPST

1 - 24 hour time switch mains operated {s.h.}
10 - neon valves - make good night lights

" 212V 0C or 24V AC, 3 CO relays

1 - 12V°2 CO miniature relay very sensitive

1 - 12V 4 CD miniature relay

10 - rows of 32 gold plated IC sockets (total 320 sockets}

1 - locking mechanism with 2 keys

1 - miniature uniselector with circuit for electric jigsaw puzzie

. 5 - ferrite rods 4” x 5/16” diameter aerials
. 4 - ferrite slab aerials with L & M wave coils

1 - Mulfard thyristor trigger module

1 - magnetic brake - stops rotation instantly

1 - low pressure 3 level switch can be mouth operated
2 - 25 watt pots 8 ohm

. 2 - 25 watt pots 1000 ohm
. 4 - wire wound pots - 18, 33, 50 and 100 ohm your choice

1 - time reminder adjustable 1-60 mins clockwork
1 - mains shaded pole motor 3~ stack - 3 shaft
1 - mains motor with gear box 1 rev per 24 hours

. 2 - mains motors with gear box 16 pm

1 - thermostat for fridge
1 - motorised stud switch {s.h.}

. 1 -23 hours delay switch

. 1 - mains power supply unit - 6V OC

. 1 - mains power supply unit - 43V OC

. 1 - 5” speaker size radio cabinet with handle

. 1 - heating pad 200 watts mains

.1 - 1W amplifier Mullard 1172

. 1 - wall mounting thermostat 24V

. 1 - teak effect extension 5” speaker cabinet

. 2 - p.c. boards with 2 amp full wave and 17 other recs

. 4 - push push switches for table lamps etc.

10 - mitrs twin screened flex white p.v.c. outer

. 25 - clear plastic lenses 1% diameter

. 4 - pilot bulb lamp metal clip on type

. 10 - very fine drills for pcbs etc.

. 4 - extra thin screw drivers for instruments

. 2 - plastic boxes with windows, ideal for interrupted beam switch
. 10 ~ mode! aircraft motor - require no on/off switch, just spin to

start
1= Si" 4 ohm 10 watt speaker
10-48

A spanners 1 end open, other end closed

. 2 - 4 reed relay kits 3V coil normally open or c/o if magnets added
. 20 - pilot bulbs 6.5V.3A Philips

.1 = 12V drip proof relay - ideai for car jobs

. 3 - varicap push button tuners with knobs

. 4 - short wave air spaced trimmers 2-30f

. 10 ~ 12V 6W bulbs Philips m.e.s.

. 3 - oblong amber indicators with lilliputs 12V

. 6 - round amber indicators with neons 240V

. 100 - p.v.c. grommets #
. 1 - 3hort wave tuning condenser 50 pf with 3~ spindle
.1 - plastic box sloping metal front, 16 x 95mm average depth

hole size

45mm

.6-5 amr 3 pin flush sockets brown

. 5-B.C. la

. 1 - in flex simmerstat for electric blanket soldering iron etc.

. 2 - thermostats, spindle setting — adjustable range for ovens etc.
. 1 - mains operated solenoid with plunger 1 travel

. 1 - 10 digit switch pad for telephones etc.

. 8 - computer keyboard switches with knobs, pcb or vero mounting
. 20 - mtres 80 ohm, standard type co-ax off white

_ 1 - electric clock mains driven, always right time - not cased

. 1 - stereo pre-amp Mullard EPS001

. 2 - 12V solenoids, small with plungar

. 1 - mains transformer 8V 1 amp secondary C core construction

. 1~ car door sgeaker {very flat) 63~ 15 ohm made for Radiomobile
. 2 - speakers 6”

. 2 - speakers 67 % 4” 16 ohm 5 watt made for Radiomobile

mpholders brown bakelite threaded entry

x 4” 4'ohm 5 watt made for Radiomobile

¥ - mains motor with gear-box very small, toothed output 1 rpm

. 4 - standard size pots, 3 meg with dr switch
. 1 - 13A switched socket on double pl

. 2 - mains transformers 8V
.1 - mains transformers 15V 1A secondary p.c.b. mounting

ate with fused spur

1A secondary

ten turns 3 watt pot § spindle 100 ohm

car cigar lighter socket plugs

mains solenoid with rlunger compact type
flard 17 x 3/8 x b/16

12 pole 3 way ceramic wave charge switch

tubular dynamic microphone with desk rest

T.V. turret tuner {black & white T.V.}

oven thermostats

12" 8 watt min fluorescent tube white
round pin kettle plug with mouided on lead
- 1%A magnetic trip saves repairing fuses

1
1
1
.2
.5 sub miniature micro switches
1
1
1

. 2 - 2%" 60ohm miniature speaker or microphone
. 2 - 2a" 8ohm miniature speaker or microphone

2-small plastic cases, could hold desk mic, smalt extension
speaker etc.
1 - mains relay 2 c/o 8A contacts with plastic dust cover

3 - 5A 3 pin rubber/nylon plug tops
4 - common cathode, .7 segment displays .5"
1 - 5" speaker with built in tweeter, 4ohm; Radio mobile

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one oft per 24 hrs. repeats daily
automatically correcting for the
lengthening or shortening day. An
expensive time switch but you can have it
for only £2.95 without case, metal case
—~ £2.95, adaptor kit to convert this into
a normal 24hr. time switch but with the
added advantage of up to 12 on/ofts per
24hrs. This makes an ideal controller for

Ex-Electricity Board. the immersion heater. Price of adaptor kit
Guaronteed 12 months. is £2.30.
SOUND TO LIGHT UNIT

Ll A

/

Complete kit of parts of a three channel sound to light unit
controlling over 2000 watts of lighting. Use this athome if you
wish but itis plenty rugged enough for disco work. The unit is
housed in an attractive two tone metal case and has controls for
each channel, and a master on/off. The audio input and output are
by 1” sockets and three panel mounting fuse holders provide
thyristor protection. A four pin plu%and socket facilitate ease of
connecting lamps. Special price is £14.95 in kit form.

12 volt MOTOR BY SMITHS
Made for use in cars, etc. these are very
powerful and easily reversible. Size

34" long by 3" dia. They have a good
length of " spindle —

1/10hp £3.45

1/8 hp £5.75. 1/6 hp £7.50

25A ELECTRICAL PROGRAMMER
Learn in your sleep. Have radio playing and kettle
boiling as you wake — switch on lights to ward

oft intruders — have a warm house to come home
t0. You can do all these and more. By a famous
maker with 25 amp on/off switch. A beautiful

unit at £2.50

————— THIS MONTH'S SNIP

3" floppy disk drive unit plug in and with all electronics.
Japanese made, brand new. We are told that this is a
standard replacement in many Amstrad and other popular
computers, technical information. Special snip price £2750
including post and VAT.

12V Battery Operated Siren {or you can work this off a 2V
transformer). Makes a shocking noise, will frighten away any
intruder. Japanese made one 50p each, 2 for £1, ref BD106.
American, storage soiled but unused and guaranteed perfect, only
20p each, 5 for £1, ref BD221.

Wonderful Breakdown Value — Hand Held Stereo Unit Contains
two beautiful miniature moving coil loud speakers. These could
also be used as micropohones, also contains many other useful
parts including mini stereo amp, transistors, condensors, rocker
switches etc etc. To use this as a personal amplifier simply add a
stethoset only £1, ref BD29.

Spit Motor Powerful mains operated induction motor with
gearbox attached. Shaft has square hole which gives very easy
coupling and quick release if required. Shaft speed Srpm. Price
£5, ref 5P54.

Push Switch Ref 14DM Double pole ¢/o switch, able to handle 10A
at mains voltage. Mounts through an oblong hole like a rocker
switch. Has its own push rod, so does not require @ knob. Change
over ogeurs when switch is depressed and returns to normal when
pressure removed. 3 for £1, ref 80489,

20V - 0 — 20V 1A Mains Transformer Upright mounting. Primary
thermal cutout to interupt the supply if transformer overheats.
Price £2, ref 2P138.

4 Books for £1. Book 1 describes the Mullard Unilex amplifier and
gives details of a suitable cabinet. Book 2 describes several useful
pieces of test equipment which could be quite easily constructed.
Book 3is electronic projects. Book 4 describes short wave receivers
which can be easily constructed and is intended for mainly
beginners. Our ref BD400.

Transformer in Waterproof Metal Case 24V 5A output. Ideal for
garden lighting or to operate pond pump etc. Case has cable
glands for mains in and low voltage output leads. Price £5 plus
£1 post, ref 5P88.

Mains Relay With transparent plastic cover. Could be pcb or clip
mounted, has single 8-10A c/o contact. Real bargain 2 for £1, ref
8D486.

Panel Meters Engraved vu, approximately 1%" square. Luminate
these from behind and you will have a really super looking panel.
Real bargain 2 for £1, ref BD366.

IONISER KIT

Refrash your home, office, shop, work room, etc. with a
negative ION generator. Makes you feel better and work
harder — a complete mains operated kit, case included.
£9.50 + £2

TELEPHONE BITS

Master socket {has surge arrestor — finging condenser etc) and
takes B.T. plu b, L
Extension socket A
Dual adaptors {2 from one socket)....
Cord terminating with B.T. plug 3 metres
Kit Yor converting old entry terminal box to Lo
complete with 4 core cable, cable clips and 2 BT extensio
sockets ..................
100 mtrs 4 core

J & N BULL ELECTRICAL _

Dept PE, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT

IMAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders under
£20 add £1 service charge. Monthly account oprders accepted from
schoois and public companies. Access & B/card orders accepted.
Brighton 0273 734648 or 203500.

£2 POUNDERS*

2P2 -Wall mounting thermostat, high precision with mercury switch and
thermometer

2P3 -Variable and reversible 8-12v psu for model control

2P4 -24 volt psu with separate chaonels for stereo

2P8 -100W mains to 115V auto-transformer with voltage tappings

2P8 —-Mains motor with gear box and veriable speed selector. Series wound so
suitable for further speed control

2P9 -Time and set switch. Boxed, glass fronted and with knobs. Controls up to

15 amps. Idesl to program electric heaters

2P10 -12 volt § amp mains transformer

2P12 -Disk or Tape precision motor — has balanced rotor and is reversible 230v
mains operated 1500 rpm

2P14 —Mug Stop kit — when thrown emits piercing squawk

2P15 -Interrupted Beam kit for burglar alarms, counters, etc.

2P17 -2 rev pr minute mains driven mator, igeal to operate mirror ball

2P18 -Liquid/gas shut off valve mains solenoid operated

2P19 —Oisco switch-motor drives 6 or more 10 amp change over micro switches
supplied ready for mains operation

2P20 -20 Irmtm extension lead, 2 core - ideal most Biack and Decker garden
1oals etc.

2P21 - 10 watt amplifier, Mullard module reference 1173

2P22 -Motor driven switch 20 secs on or off after push

2P26 -Counter resettable mains operated 3 digit

2P27 -Goodmans Speaker 6 inch round 8ohm 12 watt

2P28 -0rill Pump - atways useful couples to any make portable drill

2P31 -4 metres 98 way interconnecting wire easy to strip

2P32 -Hot Ware amp meter — 4} round surfece mounting 0-10A - old but
working and definitely a bit of history

2P34 -Soienoid Air Velve mains operated

2P38 -200 R.P.M. Geared Mains Motor 1~ stack quite powerful, definitely large
anough t0 drive a rotating aerial or a tumbler for polishing stones etc.

2P43 -Small type blower or extractor fan, motor inset so very compact, 230V

2P46 -Our famous drill control kit complete and with prepared case.

2P49 Fire Alarm bresk glass switch in heavy cast case

2P51 -Stereo amplifier, 3w per channel

2P55 —Mains motor, extra powerful has 15” stack and good length of spindle

2PB2 -1 pair Goodmans 15 ochm speakers ior Unilox

2P64 -1 five bladed fan 64" with mains motor

2P66 -1 2Kw tangential heater 115v easily convertible for 230V

2P67 -1 12v-0-12v 2 amp mains transformer

2P88 -1 15v-0-15v 2 amp mains transformer

2P69 -1 250v-0-250v 60 mA & 86.3v 5A mains transformer + 50p post

2P70 -1 E.M.J. tape motor two speed and reversible

2P72 -1 115v Muffin fan 4* x 4” approx. (s.h.)

2P82 -9v-0-% 2 amp mams transformer

2P84 ~Modem board with press keys for telephone redialier

2P85 ~20v-0-20v 3 A Mains transformer

2P88 ~Sengamo 24 I time switch 20 amp (sh)

2P89 -120 min. time switch with knob

2P90 -90 min. time switch with edgewise engraved controller

2P94 - Telephone handset for EE home telephone circuit

2P97 -mains transtormer 24V 2A upright mounting

2P98 -20m 4 core telephone cable, white outer

2P99 -500 hardened pin type staples for telephone cable

2P101 - 15V mains transformer 4A upright mounting

2P105 - capillary type thermostat for air temperature with c/o switch

2P107 —membrane keyboard, telephone type

2P108 - mains motor with gear.box giving 110rpm

2P109 -5 wide black adhesive pvc tape 33m, add £1 post if not collecting

2P1231 - 25A rotary switch, surface mounting, cover engraved,

high, medium, low, off

2P1281 - 5A noise filter mains for computer or amplifier

2P1341 - 9V 500mA psu, plugs into 13A socket

2P1381 - mains transformer 20V-0-20V 1A

OVER 400 GIFTS
YOU CAN CHOOSE FROM

There is a total of over 400 packs in

our Baker's dozen range and you

become entitled to a free gift with each

dozen pounds you spend on these

packs.

* A classified list of these packs and our latest
*“News Letter” will be enclosed with your goods, and
you will automatically receive our next news letters.

£5 POUNDERS*

5P1. 12 voit submersible pump complete with a tap and switch, an
ideal caravan unit.

5P2. Sound to light kit complete in case suitable for up to 750
watts.

5P6. 12V alarm belt with heavy 6” gong, suitable for outside if
protected from direct rainfail. Ex GPO but in perfect order.

5P12. Equipment cooling fan — mini snail type mains operated.

5P13. Ping pong ball biower — or for any job that requires a powerful

stream of air — ex computer. Collect or add £2 post.

§P15 -Uniselector 4 pole, 25 way 50 volt coil

§P18 —motor drjven water pump as fitted to many washing machines

§P20 -2 kits, matchbox size, surveilance transmitter and FM receiver

§P23 —miniature {appr. 2} wide) tangential biow heater, 1-2kw

§P24 - }hp motor, ex computer, 230V, mains operation 1450rpm. Hf not collect
add £3 post

§P25 -special effects lighting switch. Up to 6 channels of lamps can be on or off
for varying time periods

§P27 —cartridge player 12V, has high quality stereo amplifier

5P28 —gear pump, mains motor driven with inlet and outlet pipe connectors

5P34 -24V 5A toroidal mains transformer

5P35 —modem board from telephone auto dialler, complete with keypad and ail

ICs
§P37 -24 hour time switch, 2 on/offs and clockwork reserve, ex Elec. Board
loading up to 50A. Add £1 post
5P41 ~57 extractor fan, very guiet runner {s.h.), gntd 12 mths.
5P45 —pack of B cooker clock swiiches
5P48 -telephone extension bell in black case, ex-GPO .
§P52 —mains transformer 26V 10A upright mounting, add £2 post
§P54 —mains motor with gear box, final speed Srpm
§P58 —Amstrad sterso tuner FM and LM and S. AM
5P60 -DC Muffin type fan 18 to 27V, only W
§P61 drill pump mounted on frame, coupled to mains motor ’
§PB2 -2 4kw tangential blow heater, add £1.50 post if not collecting
5P72 1 - turntable, base size appr. 17%x9'%, suitable for VDU or
similar
5P81 1 - stepping motor, 48 steps 75°, 10-14V, bi-directional
5P86 1 - 200W mains transformer with 2 100 1A secondaries
5P88 1 - 24V 5A mains transformer in waterproof case

LIGHT CHASER KIT motor driven switch
bank with connection diagram, used in
connection with 4 sets of xmas lights
makes a very eye catching display for
home, shop or disco, only £5 ref 5P56.
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139, Highview, Vigo,

C.M.HOWES oo Vo
COMMUNICATIONS

Fairseat(0732)823129

Hello Practical Electronics!

C.M. HOWES COMMUNICATIONS is a specialist manufacturer of radio communications kits and modules, with the
emphasis on simple, effective, amateur (“ham”) radio equipment. We have been selling kits for over four years now,
but this is our first advert in a more general interest electronics magazine. We wonder if our kits could tempt some
readers into the exciting world of shortwave radio?

I 'am sure there must be a lot of home computers out there looking for something
interesting to do! One of our DcRx Communications Receivers would not only enable
you to listen to radio hams talking World-wide, but with a suitable interface, home
computer and software, to read radio teleprinter, facsimile, and morse code signals too.
The HOWES DcRx receiver kit is available in several versions for various amateur bands.
The 20M band is the most popular for long distance communication, whilst the 80M band
is very popular for UK communication during daylight hours, and longer distances at
night. This band is also shared with the marine services. The DcRx kit costs £15.30, and
£20.90 as an assembled module. A case and a couple of tuning capacitors are the only
major parts you need to add. We have suitable tuning capacitors at £1.50 each. P&P is
90p. Why not send an SAE for more information?

All our kits are to build PCB modules, and contain a PCB, and all board mounted
components, plus full instructions. You will be amazed what you can hear on one
of our super little receivers! We also have companion transmitters available for
licenced amateurs. These start at £13.40, so you don't have to be rich to take up the
hobby!

We also stock kits for filters, speech processors, shortwave broadcast receivers,
oscillators, amplifiers, transverters, antenna tuners etc. The catalogue is free, simply
drop us a line enclosing an SAE, and mention Practical Electronics, We can also
send an information sheet on any product you are particularly interested in.

“73" (best wishes) from Dave G4KQH, Technical Manager.

EASY TO BUILD KITS BY MAIL ORDER

LEARN BASIC ELECTRONICS

Electronic Kits

I E m E n E ' d Item Unit Price ltem - Unit Price
Each kit contains the necessary work cards, circuit sheets or instruction \?Vei)trgestezsr1ging:5l1it SeStet = ggggg
manual along with components and suitable connecting wire which are all con- 3
tained in a cardboard and plastic storage box system. The kits are based upon g'ﬁf‘gm;édgsg cua At
the Camboard CM-0 breadboard, this enables circuits to be made in a theory CM-1  £3.49 CM-7 ©4.78
layout, no soldering is required and the components are re-useable. To use the Sy 8
kit, circuit sheets are placed onto the breadboard and you simply follow the gt"gra:g‘??:g; with Component
circuit sheetto build the circuit, there are also work cards which have questions CM-OT £4.36 CM-3T £5.18
on each circuit. CM-1T £479  CM-7T £6.92
Set A K
The ideal introduction to basic
electrics as it covers such topics as
lighting a buib, bulbsin series and par-
allel, switches, resistance, electro-
magnetism and the transistor. Work
cards, circuit sheets and instruction
manual plus three breadboards are
included.
SetB
This set introduces electronics, the
circuits use leds, a capacitor, reed
switch and resistor. Work cards, circuit
sheets plus instruction manual are
also included.
CM-0 breadboard available separ-
ately or with plastic storage tray (CM-
0T). Breadboards also available with
mini-breadboards to take integrated - -
circuits. CM-3T

All prices exclude VAT but include Postage &
Packing.

Export Prices add 10%. Official orders from
schools and colleges weicome.

For details of these and other Camboard
products please write

rTo: Camboard
Unit 16, Barnwell Business Park, Cambridge CB5 8UZ

Please supply:
Item Price

VAT
Total

| Name

I Address
|

e R = e b Ty = T e P
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P.CTRACK CENTRE

I
A AUDIO A-D-A-PCB 251A

-

A PE 145

HOW TO USE THESE TRACKS

FIRST MAKE
TRANSPARENT COPY

(We regret that we cannot supply
transparent copies of PCB track
layouts.)

STUDIO COPY METHOD

Ask local photographic studio to
produce high contrast 1 to 1 positive
transparency.

HOME PHOTOGRAPHY
METHOD

Using even, bright illumination,
photograph track onto fine grain black
and white negative film. Develop film
for high contrast. Photographically
enlarge image up to lifesize, and print
onto high contrast lithographic cut film,
such as Agfa Copyline HDU 3P Type 2.
Develop in Agfa Litex G90T litho
developer, or similar.

PHOTOCOPY METHOD

Ask local photocopy shop to make a
good contrast copy onto acetate film.

32

(Some copiers are better than others -
shop around.) Then touch up tracks with
dense black ink, or photographic opaque
ink.

ISODRAFT METHOD

Have a normal photocopy made,
ensuring good dense black image. Spray
ISOdraft Transparentiser onto copy in
accordance with supplied instructions.
ISOdraft is available from Cannon &
Wrin, 68 High Street, Chislehurst, Kent.
Tel: 01-476 0935.

PAINSTAKING METHODS

Draw image by hand onto clear film
or drafting film using dense black ink.
Draw direct onto copper surface of PCB
fibreglass, using etch-resist inking pen.
Use etch resist PCB tracks and pads,
taping direct to copper surface, or onto
drafting film.

NEXT PRINT ONTO PCB

Place positive transparency onto
photosensitised copper clad fibre glass,

cover with glass to ensure full contact.
Expose to Ultraviolet light for several
minutes (experiment to find correct time
— depends on UV intensity).

Develop PCB in Sodium Hydroxide
(available from chemists) until clean
track image is seen, wash in warm
running water. Etch in hot Ferric
Chloride, frequently withdrawing PCB
to allow exposure to air. Wash PCB in
running water, dry, and drill holes,
normally using a 1mm drill bit.

(PCB materials and chemicals are
available from several sources — study
advertisements.)

* CAUTION - ENSURE THAT UV
LIGHT DOES NOT SHINE INTO YOUR
EYES. PROTECT HANDS WITH
RUBBER GLOVES WHEN USING
CHEMICALS.

ALTERNATIVE METHOD

Buy your PCB ready made through
the PE PCB SERVICE, most are usuall
available — see page 60. d
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DIGITAL METERS ABS PLASTIC BOXES

SEMICONDUCTOR OFFERS

Motorola K1135A Baud Rate Generators.

1/6 pin DIL metal can package. Capable of supplying 16 different
synchronous or a/sync stable reference frequencies for serial interface
devices (modems, UARTS, keyboards etc). Baud rates of 50 to 19,200 can be
generated from this versatile device.

AVAILABLE AT A FRACTION OF LISTPRICE................. £2.00 ea

Hewlett Packard HP5082-7730 Displays

| 0.3" Comm. Anode. Dual DP. Red . .........ooiiniiniinniiiaeanannn 10p

BTCSOIOEC. .. BTC 10S...
10Mohm impedance  10Mohm impedance ,1:,?3{1}‘546?3‘32:',‘;'“ ---- e
DCV.0.2- 1KV DCV.2V-1000v x56x35mm . . . 30p
ACV.0.2-750v A 2mA-2A MB2 95x71x3Smm .. 110p
DC/AC amps ACV.200%750v MB3 115x95%x37mm . . 125p
200,A10 Amps Ohmaok 2M _MB350 14512(95x55mm176p
Ohms.200R-20M With leads/batt MB4 207x122x7Tmm 350p
Buzzer Test Ex Valwe... £24.00 MB6213x142x57mm 300p
Transistor test
(hfe and hoe) L e iy
Temperature Range DM6013 Pty T £1.50
(—20C to 1370C) Capacitance Meter RS IN)élei CRSE. ™
Capacitance Range 0-200-pF. . .0-2000u.F 40" x2Y, ..)‘(2,, oA
(2000pF-20,F) With leads etc DI‘E c A.ST Box
All for only £60.00 Owr price... £58.00 52 L™ o £1.40
Many other boxes in
stock
CONNECTORS D-range Multiway
BNC Quikfit plug 75R .... £1.00 Most types of D25 Male ...... £1.25
BNC Flange skt 7SR ..... £0.35 RF connectors D25 Female .... £1.60
BNC FT coupler SOR .... £1.00 are in stock. D25 Shells ..... £0.90
BNC-BNC 75R Video Leads, 2 metre...... £2.50 XLR connectors
BNC-PL259 75R Video Leads, 2 metre .... £2.50 Line Male ...... £1.50
PL259-PL259 Video Leads, 7SR, 2m ....... £2.50 Line Female .... £1.70
SCART-7 Pin DIN Lead, 2 metre .......... £2.50 ChassMale..... £1.30
Chass.Fem ..... £1.90

LEM(C Subminiature Professional connectors.
Swiss manufacture. Gold plated.
3 and 4 pin versions. Plugs ............ £4.00

professional DINS
S Pin 180 deg Plug 50p

OTHER SPECIAL OFFERS

PAPST FANS
220/230V AC, 50/60Hz, 120 mm. Brand new & boxed . £7.00 each + VAT

UMI1286 Modulators

High quality UHF modulators for interface of computers to TV sets. UM1286
is suitable for color or monochrome and incorporates a sound intercarrier
facility. Pretuned to Channel 36 and operates on 5V dcOUR PRICE £4.00 ea

IBM Floppies
40 TrikpDSIDDRin boxesioff10 § SIS s« bl S0 S L A £13.00/box

STC Attenuators
STC 74618GPA Precision Attenuators. | MHz bandwidth.
Range 0-100dB in 0.ldB steps...............

ELMA Instrument Cases

Supplied in kit form, these easy to assemble units are ideally suited for
both the hobbyist or OEM user. Cases are finished in an attractive Pacific
Blue, and are designed for either modular components or Eurocards. Size

SocketShews ie o -1 £3.00 S Pin 180 deg skt. 50p

EDGE CONNECTORS IEC Leads g A
20 way.0.1.DS ... £1.90 Unscreened 5 Pin 180 Latghppl' 90p
35 way.0.1.DS ... £2.50 3 core lead, 1.5m 3 Pin Latching skt 55p
60 way0.lDS ... £400 ............... £0.80 5 pir 180 Latch. skt 60p
78 way.0.1.5S. ... £3.50 Screened 3 r:ore lead,

16 way0.I5DS. .. £140 2.5 metres ey

36 way0.156.DS . £2.50 ............... £1.00

IDC Headers (Berg, T&B, 3M) Ribbon Cable (prices per foot)

Type Skt Plg R/A 10 way greyy..... 15p 20 way r/bow ... 40 p
20 way 85p 80p 80p 16 way grey.....20p 34 waygrey..... 50 p
26 way 105p 95p 100p 20 way grey.....30p 34 wayr/bow ... 10 p

34 way 125p 105p 120p Other varieties available xstock

INDUSTRIAL TIMERS
A range of brand new & boxed high reliability electromechanical timers
manufactured by IZUMI DENKI. 240 volt operation and § amp contact sets
are standard on all models.
RTMSP2N — octal base, 2 contact sets, start on power-up, power off reset.
) Types: 0-6 sec, 0-210 sec, 0-28 hr.
RTMUM2N — 72mm square panel mount. Screw terminals. Specs as above.
Types: 0-35 sec, 0-70s, 0-210s, 0-7m, 0-35m, 0-210m
RTMYH2N — 72mm x 48mm panel mount. Screw terminals. Specs as
above.
Types: 0-210s, 0-35m, 0-210m.

12¥2" x 5% x 9Y2;.

Limited stocks available atonly ............. ... ... ... ... £10.00

SLIDE POTENTIOMETERS
Metal body construction. By Alps and Tsubame

10K Lin. 60mm travel. 80mm f/c MOno .. .........c.coieiiiiio .. 60p
10K Lin. 45Smm travel. 85mm f/c Mono. Centre notch . . ............. 60p
J00K Lin. 45Smm travel. 65mm {/c. Stereo. Centre notch . ........... £1.00
Coloured tops for above sliders.

Black, Green, Yell, White, Red . ............. .. ... ... .. ..., 10p each
KEYBOARD

Tatung VT4100 Professional Keyboard. Enclosed in white plastic case with
feet and flexible connecting lead. Serial data output via standard 6way USA
phone plug. Separate numeric keypad and 12 function keys.

Supplied with full data sheet. ............................ Only £10.00

SWITCHMODE P5US
mudti-rail type.

TOP QUALITY

Brand new triple
output switchers

+ SV at 6.0 Amps
+ 12V at 4.75 Amps

POWER SUPPLIES

Top quality second user units available ex-
stock.
All supplies tested to spec prior to sale.

SWITCHED MODE

GOULD MG 5-20...5 volt 20 amp ....
GOULD MG 5-40...5 volt 40 amp
GOULD MG 5-60...5 volt 60 amp ....

%8 MICROVHEC MVE 100F.. 5Ve8A, +12Ve,
RTMSP3B — octal Dbase, 2 contact sets, separate clutch & motor AV-allds Awpe ~12Ve2A, +12VelA 2 £25.00
R R oo Somi-enclosed con- SWITCHED MODE HIGH CURRENT
Wil e e et T struction wi Advance 5volt 80 amp . ............... £42.00
S capability. switched [EC mains Farnell F2348, Svolt 100amp ... ... ... £48.00
ut. Output on 0. -120-
RTASPZN — similar to RTMSP2N but using preumatic precision solenoid | Mojex connector, i ‘I’;‘”;‘;e;h GNS-T20-054 5vol 120aNE e
chanism. p o,
Types: 05 sec. Suitable for muitidisk | COUTANT GPES00/12
All models have power on and time out indicators. Data sheets are available | supplied with data 12 volt (nom) § amp. Very smooth. ... .. £25.00
giving applications of these highly adaptable and cost effective units. {;I‘STSPI\/lIllleOSAbASVghpl.S ampliaie S EHE gggg
List price - £35.00 +, iCENMEEA TSea ik . . . et £10.00 i g volt 1 amp encap. ................ 1
a2 il i S e, gaL MULLARD Unilex psu's...toclear...... £2.50
TRANSITORMERS POR!’;"’!E%’{:%!I’;SOI - RELAYS
O B oA B VA feiag | Swiss engineered | Continental Cradie Relays
12-0-12v2.8VA Mini PCB mounting. Encapsulated . ................ grs0 e iighiereision LG o ey - Xl et Ry
17-0-17v.15VA ILP toroidal. Epoxy potted type ... ................. P Paela R MR Prid T o s « P
12-0-12V120VA .............. £6.00 0-15,0-15v.I00VA ............. £9.00 | 3.056: reduction Marvid BISE 240v,3PCOSA IL-Pin. ... ... £3.00
Heavy Duty Amplifier Grade Transformers. gearbox and tacho- AMF KUPI4D55 12volt,3PCOI0A . ... .. .. £3.00
35-0-35V.IS0VA . ........... £10.00 35-0-35v.300VA ............. £15.00 | generator. PED §9srs 240v4PCOSA ............... £3.50
: 3mm shaft ... £10.00 | Izumi RH1V2 6V.SPCOJ0A.pcb.......... £1.50
STEPPERS Izumi RCIV3 12V.SPCO3A.pcb ... ...... £1.00
CAPACITORS SANYO 103-606-2 2 Izumi RD2V2 12V.2PCOlA.pcb ......... £1.20
Computer Grade Commercial Grade Phase 4 pole 6Vdc. DIL Reed relays in stock.5v,12v,24v
470/250 Mullard . 50p 4700/16 Axial Mullard ........ 25n | 3A. %" shaft. Each ... | Form ABC2A etc. Prices on request.
0p ) =N 1
100/350 tne ... S0p 4700/63 Can Pricond......... 110p £10.00 Glass Reedsf A2 12" & 1" . PR S50 p
22000/63 Gould £4.00 10000/16 Rad. Nichicon ....... 30p SHINKOH 20PMAQSS Large quantities or relays in stock from DIL

WE BUY SURPLUS STOCKS OFF ALL COMPONENTS FOR CASH

1 phase 3 pole 28V reeds to high current multi pole types and
dc. 1.3A SSRs.
Ya" shaft ...... £10.00

[ Terms of business
i'llse Iod e L td Cheque/PO with order. Mail
& order..phone for details of

p&p charges for your order.
B Callers Welcome.
VISA Shop Hours

U 0., 10 5.30pm
267 ACTON LANE, 6 days a week.
CHISWICK, LONDON W4 5DD pLEASE ADD 15% VAT TO

Telephone: 01-994 62175 ALL PRICES

N.EC. DIRECT BROADCAST SYSTEM LOCAL OSC MODULE TYPE
MC5808 10GHz (ECS EUROPE) BRAND NEW, LIST PRICE £43, OUR PRICE
£15.00 + VAT, & P&P £1.00 SUPPLIED WITH FULL DATA & SPEC SHEETS

Please note; This advertisement represents a fraction of our current
stockholding. It would be impossible to list our vast range of electronic
components end equipment.

As a broadline components distributor we have a comprehensive stock of
semiconductors (diodes, transistors logic, memory, LSI parts and linears),
caps, resistors, pots, switches (toggle, rocker, slide, rotary etc), opto com-
ponents ferrites, plug. . .sockets. . .fuses. . .cable.. .lamps. ..

PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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CONSTRUCTIONAL PROJECT

BRIGHT FUZZ

BY “BOBBY ROCKETT”

Plug it in and grind it out!

Fuzz or distortion is a classic effect for guitarists. This unit incorporates filtering to give a “bright”
sound which can be used with poly phonic inputs, and a distortion control to give a variety of effects from
a ‘natural’ guitar distortion to heavy over-drive.

HE term “fuzz” seems to be going out

of fashion and is being replaced by
“distortion”, but whatever name is used
the sound produced by an effects unit
of this type is exactly the same, and is
generated by clipping the input signal.
Clipping is a very simple electronic
process, and it simply entails preventing
the signal from exceeding a certain
voltage, and a voltage that is below the
normal peak level of the signal.
Distortion units normally process both
half cycles of the signal, and give
symmetrical clipping as shown is Fig.1.
As far as the sound is concerned, the
clipping generates strong signals at
harmonics (multiples) of the funda-
mental input frequency, giving a harsher
and brighter sound due to the increased
high frequency content.

This is the classic fuzz effect, and there
have been many attempts to give an
improved effect, or what could perhaps
be more accurately described as
variations on the basic distortion sound.
These include simple modifications such
as the use of soft clipping, where the
signal is allowed to increase in amplitude
to some extent once the clipping level
has been reached, and the inclusion of
filtering, such as a lowpass filter to
remove the higher harmonics and give
the so called “thick” distortion sound.
More complex types include units which
have envelope shapers to retain the
normal dynamic characteristics of the
guitar. Simple clipping tends to give a
sort of sustain effect, with practically no
variation in the volume of each note
from its beginning until the output of
the guitar has practically decayed to
zero. With another form of up-market
fuzz the output of each pick-up coil is
processed separately. This avoids the
intermodulation distortion that occurs if
two notes are fed into a single clipping
circuit, and the consequent non-
harmonically related (and rather
discordant) frequencies that would be
generated. Most fuzz units are only
suitable for monophonic use.

34

The completed bright fuzz unit.

SYSTEM OPERATION

This distortion unit falls into the
“improved” effect category, and the
block diagram of Fig.2. helps to explain
the way in which the circuit functions.

A buffer stage at the input gives the
circuit a suitably high input impedance
to match a guitar pick-up, and the output
from the buffer is spilt two ways. Part
of the signal is fed to one input of a
mixer stage, and it is from here that the
output signal is taken. The main output
signal is therefore just the unprocessed
input signal.

Some of the output signal from the
buffer stage is fed to a clipping circuit
which generates the “distortion” signal
in the usual way. This signal is then
processed by a highpass filter which
removes the fundamental signal and the
lower harmonics. If two or more notes
are played simultaneously, the highpass
filter also results in most of the inter-
modulation products being removed.
The filtered signal is fed to the mixer via
a gain control, and a controlled amount
of distortion is added to the straight-
through signal.

Positive Clipping Level

Negative Clipping Level

Fig.1. The standard “Fuzz” effect is produced using symetrical clipping, as shown here.
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BRIGHT FUZZ

DISTORTION LEVEL

IN out
BUFFER MIXER CLIPPER
|

%

GAIN

]_,yéi_l

LOWPASS
FILTER

Fig.2. The distortion unit block diagram.

Although this system may not seem
to be much diffferent to the standard
type of fuzz unit, it does in fact give a
somewhat different effect, and is not
without its advantages. One of these is
that the envelope shape of the original
guitar signal is largely retained since
much of the output signal is simply a
buffered version of the input signal, but
the circuit does not involve the
complication and expense of an
envelope shaper. The original envelope
shape being retained is dependent on
only a moderate amount of distortion
signal being mixed into the straight-
through signal. With a large amount of
distortion added to the signal the fuzz
effect is much stronger, and as the
amplitude of the distortion signal is
reasonably constant, this also gives a
sustain type effect. The effect can
therefore be varied from a mild
distortion type, with the guitar’s
envelope being retained, through to a
strong fuzz effect with sustain.

This gives a much more versatile and
controllable effect than a conventional
fuzz effect unit. These usually include a
gain control which enables. the degree
of clipping to be controlled, but in
practice it does not give much control
over the effect. This is primarily due to
the fact that there is little difference in
the sounds produced by mild and heavy
limiting. In either case the degree of
distortion is severe, and although heavy
limiting does generate  stronger
harmonics, much of the additional
harmonic output is in the ultrasonic

range and is therefore inaudible. Also,
both mild and strong clipping give a
marked degree of sustain. With the
system used in this design, the distortion
level can be set accurately at any desired
level, from normal levels right down to
Zero.

The highpass filtering is not an
essential feature, and it results in a fairly
“bright” rather than a “thick” distortion
effect. The reason for its inclusion is that
be removing the low and medium
frequency intermodulation products, it
enables quite good results to be obtained
if the unit is used with a polyphonic
input. However, when used in this way
it is advisable to keep the degree of
distortion at no more than a moderate
level, as otherwise the distortion tends
to mask the fundamental frequencies
and the music.

CIRCUIT OPERATION

Fig.3. shows the full circuit diagram
of the wunit. Although based on
operational amplifiers, the circuit has a
single 9 volt supply rather than a dual
balanced supply rails. R1, R2 and C1
are used to provide a centre tapping on
the supply rails, and which is used for
biasinig purposes.

ICla acts as the input buffer stage, and
this is a simple unity gain, non-inverting
amplifier with R3 providing bias, and
setting the input impedance at 220k.
IC1b is the mixer stage, and this is a
conventional summing mode type. R4,
RS, and R6 all have the same value, and
this gives nominally unity voltage gain

from each input of the mixer to the
output.

The clipping amplifier is built around
IC2a, and this is basically just a non-
inverting amplifier circuit. The voltage
gain of the circuit is controlled by
negative feedback, and this has R7, RS,
and VR1 as its main elements. The
voltage gain is equal to the total value
of all three resistances, divided by the
value of R7. VR1 therefore enables the
voltage gain to be varied from two times
at minimum resistance, to around 50
times at maximum resistance. This
ignores the effect of D1 and D2, which
are connected in parallel with the total
resistance of R8 and VRI1. These are
silicon diodes, and as such they do not
conduct significantly until supplied with
a forward bias of about 0.6 volts.
Increasing the bias voltage above this
level results in the resistance falling very
rapidly.

Provided the output voltage of IC2a
does not exceed about 0.6 volts peak,
neither diode has any significant effect
on the negative feedback circuit. In
practice though, the signal from the
guitar will drive the circuit to the point
where this level is easily reached. This
brings D1 into conduction on peaks of
negative going half cycles, and D2 into
conduction on peaks of positive going
excursions. When  brought into
conduction, the diodes greatly reduce
the feedback resistance, and thus also
the voltage gain of the amplifier. This
introduces the required symetrical
clipping and distortion.

The highpass filter is a three stage
(18dB per octave) type. In other words,
below the cutoff frequency a halving of
frequency causes the gain to be reduced
by a factor of eight. The circuit is a
conventional active type which has IC2b
as the unity gain buffer stage. The cutoff
frequency is in the middle of the audio
band at about 1kHZ, which is above the
normal fundamental frequency output
of a guitar. Consequently the output
from IC2b is mainly harmonics (both the
natural harmoic output of the guitar and
those produced by the clipping).

The output from IC2b is coupled to

S1 ON/OFF

IC1,

R1
12k

Ic2 -
D1, D2

LF353
= 1N4148

L
R2 8Ke
c1 IN
10k Il..u ouT

R12
100k

S1 IN/OUT

Fig.3. The distortion unit circuit diagram.
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BRIGHT FUZZ

VR2, which is a volume control style
variable attenuator, and it is this control
that is used to set the required distortion
level. From here the signal is coupled
via S1 to one input of the mixer stage.
S1 can be used to break the signal path
and cut off the distortion.

Power obtained from a 9 volt battery,
and asmall type is adequate as the circuit
has a current consumption of only about
7 milliamps.

CONSTRUCTION

The printed circuit track pattern and
component layout are shown in Fig.4.
IC1 and IC2 are FET input devices, but
as they are JFET rather than MOSFET
types, no special handling precautions
are required. On the other hand, they
are not the cheapest of components and
the use of (8 pin DIL) integated circuit
holders is recommended. Do not
overlook the single link wire which fits
just above VR1. The board is designed
to accept miniature capacitors, and it is
important to use the specified types or
physically similar components.
Otherwise, there could be difficulty in
fitting the components onto the board,
and in fitting the completed board into
the case. There are a number of
connections to off-board components to
be made, but at this stage only fit pins
on the board at these points.

A stong case is needed for a project
of this type, which is likely to receive a
certain amount of rough treatment in
normal use. A metal type is also well
suited to an application of this nature
where electrical screening can help to
prevent stray pick up of mains hum and
other electrical noise. A diecast
aluminium box is ideal as it provides
both good screening properties, and
great physical strength. The printed
circuit board is designed to fit into a
standard 150 by 80 by 50 millimetre
diecast aluminium box, and it simply

slots into the set of guide rails nearest
the rear of the case, with the component

'side of the board facing forwards. If you

decide to use a different case, which is
a course of action I would not
recommend, there are not likely to be
suitable guide rails for the board, and it
must then be bolted in place. M3 or 6BA
fixings are suitable, and there are
suitable vacant areas of board to
accommodate these. If the case is a
metal type it would be essential to use
spacers to keep the connections on the
underside of the board clear of the case.

The case is effectively used up-side-
down, with the removable lid becoming
the base panel, while S1 is mounted on
the top panel of the case. S1 must be a
heavy duty push button type so that it
can be operated by foot. Ordinary push
button switches are not recommended
for this application as they would be
unlikely to last long, even if used
carefully. If a switch having SPST
contacts proves to be difficult to obtain,
then two contacts of a DPST or DPDT
type will do just as well. S2 is a set of
make contacts on SK1, and in common
with many effects units, the device is
automatically switched on when the jack
plug is inserted into SK1, and switched
off again when it is removed. This
method is one which helps to avoid
accidentally leaving the unit switched
on. It might prove to be impossible to
obtain a socket which has just one set
of make contacts, but a type with DPDT
contacts will suffice, with four tags
simply being left unused. Of course, if
preferred it is quited acceptable to use
a separate on/off switch.

In order to complete the unit there is
a certain amount of hard-wiring to be
added, and details of this are included
in Fig.4. Pieces of ribbon cable give a
neat finish and are easy to fit, but
ordinary multistrand PVC covered
connecting wire is perfectly suitable. The

COMPONENTS

RESISTORS

R1.2.4.5.6 10k (5 off)

R3 220k

R7.8 1K7 (2 off)

RY Sk6

R10 3k3

R11 82k

R12 100k

All resistors Yaw 5% carbon

POTENTIOMETERS

VRI1 220k submin hor. preset

VR2 10k log.

CAPACITORS

C1.10 100,uF 10V radial elect
(2 off)

C2 100nF carbonate

C3 10uF 25V radial elect

C4,9 4u7 63Vradial elect (2 off)

C5,6,7 22nF carbonate (3 off)

C8 212 63V radial elect

SEMICONDUCTORS

IC1,2 LF353 (2 off) dual bifet
op amp

D1,2 1N4148 (2 off) silicon
signal diode

MISCELLANEOUS

SK1 Standard jack with DPDT
contacts (S2)

SK2 Standard jack socket

S1 SPST heavy duty push
button switch

S2 Part of SK1

B1 9 volt (PP3 size)

Diecast aluminium box 150 x 80 x
80mm, printed circuit board, two 8"
pin DIL IC holders, battery
connector, control knob, Veropins,

wire, etc.

battery fits into the space between VR2
and the printed circuit board. Some
foam material can be used to keep it in
place and to prevent it from rattling
around inside the case.

1c2(
s([TMle=
ced _ 9
cet 9
c7€ ¥

SK1/S82

SK?2

VR2

Fig.4. Details of the printed circuit board and wiring.
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IN USE

The guitar connects to SK1 using a
standard jack lead, and a second jack
lead is needed to couple the output from’
SK2 to the input of the guitar amplifier,
mixer, or whatever. As explained
previously, plugging a jack plug into SK1
automatically switches the unit on, and
removing the jack plug switches it off.

With S1 set to switch in the effect and
VRI1 set at a roughly central setting, the
unit should give a fuzz effect, with VR2
enabling the amount of distortion to be
varied from zero to a high level. With a
fairly low output guitar pick-up VR1
must be set for a high level of gain (set
well in an anticlockwise direction).
Inadequate gain will manifest itself as
the distortion dying away quickly after
a note has been played, or no distortion
being produced at all. With a high output
pick-up VR1 must be set for a low level
of gain, or any slight vibration of a string
will tend to give a strong output from
the clipping circuit and give unwanted
output signals. Finding the best setting
for VR1 is really just a matter of trial
and error, and with some
experimentation a suitable setting
should soon be found. There is a fair
amount of latitude here. The unit should
have sufficient gain available to suit even
very low output pick-ups, butVR1 could

be raised in value to give even higher SR T3 ; ; - 3
£ h Interior views of bright fuzz unit showing component mounting details.

maximum gain if necessary.

CONVEYOR SYSTEM WIDE
NEPTUNE L 1) 2 RANGE GAUGES,
g Tz : SO SENSORS ETC FOR
ﬂr:gr 3 TYSETYE ] ROBOTIC WORK-CELLS MENTOR
IN OUR 1Kg at

FREE BROCHURE. 2

stepper drive belt
length 0.5-5.0m

INDEXING

f ' TABLE Water hydraulic/
’ . - . DC servo/

. pneumatic.

WALLI is a powerful high level ianguage {Work-cell ; 500gm

Amalgamated Logical Linguistic Instructions) for ; ) at 500mm

controlling up to 4 robots and their peripheral m‘h Se:

equipment simultaneously from single computer : g eg;gx

{BBC, Appleé lle or IBM PC). WALLI is supplied FREE oylinders.

with any robot. stepper drive
4 steps/degree

UKs WIDEST RANGE of low
cost robotic & FMS equipment.

]
% Telex
477019
()

: - . Tel
SERPENT I, Il i 0264
2Kg at 400 or 650mm... 3 50093

O
! Gybernetic  ~sro
ams A pplications

SCARA stepper/ball screw \West Portway Ind. Est., Andover, Hants. SP10 3PE

drive.

DC servo/pneumatic
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PINEAPPLE SOFTWARE

Programs for the BBC models ‘B’ with disc drive with FREE updating service on all software

b

DIAGRAM

Still the only drawing program available for the BBC micro which gives you the ability to draw really large
diagrams and scroli them smoothly around the screen stopping to edit them at any time if required.

Pineapple’s unique method of storing the diagram information on disc means that the size of diagrams is
limited only by the free space on disc, and not the amount of computer memory you have avaflable. (A blank
80 track disc will allow up to 39 mode 0 screens of diagram).

The superb print routines supplied with the program enable large areas of the diagram to be printed ina
single print run in a number of different sizes and rotated through 90 deg. if required. Full use can aiso be
made of printers which have a wider than normal carriage available.

The program is fully compatible with the Marconi Tracker ball described below.

PLEASE STATE 40 or 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION IS REQUIRED
PRICE £25.00 + VAT

DIAGRAM UTILITIES

A suite of six utility programs which add additional features to the ‘Diagram’ drawing program. The utilities
include the saving and loading of areas of diagram to and from disc. The ability to display the whole of your
large diagram on the screen at one time (in either 4%4 or 8%8 screen format). The addition of borders and
screen indents to diagrams, and the ability to shift a whole diagram in any direction.

PRICE £10.00 + VAT

PCB

This new release from Pineapple is a printed circuit board draughting aid which is aimed at producing
complex double sided PCB's very rapidly using a standard BBC micro and any FX compatible dot-matrix
printer.

The program is supplied on EPROM and wilt run with any 32k BBC micro (including Master series). Also
supplied is a disc containing a sample PCB layout to demonstrate the programs features.

By using an EPROM for the program code the maximum amount of RAM is available for storing component
location and ASCI! identification files etc. (Up to 500 components and 500 ASCII component descriptions
may be stored for a given layout). These is no limit to the number of tracks for a given PCB, although the
maximum size of board is restricted to 8” * 5.6”.

Using a mode 1 screen, tracks on the top side of the board are shown in red, while those on the underside
are blue-Each side of the board may be shown individually or superimposed. A component placement screen
allows component outlines to be drawn for silk screen purposes and component numbers entered on this
screen may be displayed during track routing to aid identification of roundels.

The print routines allow separate printouts of each side of the PCB in a very accurate expanded definition
1:1 or 2:1 scale, enabling direct contact printing to be used on resist covered copper clad board.

This program has too many superb features to describe adequately here, so please write or’phone for more
information and sample prinouts.

PRICE £85.00 + VAT

MARCONI TRACKER BALL

This high quality device comes with it's own Icon Artmaster drawing program and utilities to enable it to be
used in place of keyboard keys, joysticks, or with your own programs.
PRICE £60.00 + VAT p&p £1.75
PRICE INCLUDING ‘DIAGRAM’ SOFTWARE £79.00 + VAT pé&p £1.75

CONVERTER LEADS

Converterleads to enable the Trackerball to run mouse software and the mouse to run trackerball software
{inc..DIAGRAM). Please state which way round when ordering.

PRICE £8.00 + VAT

TRACKER BALL for MASTER series

The Pointer ROM is supplied instead of the Icon Artmaster disc and enables the Tracker ball to work
directly with the MASTER series computers. {e.g. to use with TIMPAINT etc.). Prices are the same as for the
standard tracker ball.

POINTER

The Pointer Rom is available separately for people already owriing tracker balls, and comes with

instructions for use with the MASTER computer.

PRICE £12.50 + VAT

"

UNBEATABLE PRICES

AP 100 100W RMS .
AP 200 200W RMS .

2 INPUT GENERAL PURPOSE
MODEL

P.A. MODEL

B A4 e B E P g v &
* 6 INPUTS
ELED - . —_[[ * 3 CHANNELS
) * ECHO IN/OUT
* TREBLE/BASS EACH CHANNEL * INDIVIDUAL VOLUMES
* -MASTER PRESENCE
AP 100M £99

Write or phone for a FREE BROCHURE on
Hi88, inccacifiis amplifiers AP 200M £119

carl

4 CHANNEL PSEUDO INTELLIGENT

LIGHT UNIT

* 16 Programmes * Manual Aash Buttohs
* Manuat/Auto Programme # Strobe Ouputs

2 ! i i % [ndividual Dimming * Sound To Light

Not just a light unit but a saphisticated & comprehensive effects unit A full kit of parts including
P.CB., Facia, Case, etc. Repnint of article on request

P.E. STAR DESK f2

8 + & CHANNEL LIGHT MIXING DESK
* 8 Channel Twin Preset Mixer * Strobe Outputs
* 4 Independent Channels * 4/8 Channel Sequences
# 8 Programmes % Manual Aash Buttons

* 1KW Output/Channel {can be hoosted to 2KW/Ch}

( AARRER]) ERE SR L3 4 * Timed Crossfade * SoftHard Sequence

A truly magnificent unit ideal for clubs, groups, drama, etc. A full kit of parts inc. PCB, Facia, Case,
etc. Reprint of articie on request.

CROYDON DISCO CENTR

327 Whitehorse Road, Croydon, Surrey CRO 2HS
(01) 884 8007 9am-5pm. Mon-Sat. (Closed Wed.)

Post & Packing £4 per item. Please allow 14 days for delivery

Access
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MICROSPICE

A new addition to our range of engineering software. Microspice is a very powerful DC and AC analogue circuit
simulator package for any model BBC computer

As well as all the usual facilities ayailable with this type of program, non-linear effects. small signal, noise
measurements and sweeps may be performed. Component values may be swept, atlowing component tolerances to be
investigated as weli as thermal performance etc. Comprehensive transistor modeliing is incorporated using a 20
parameter Ebers Moli description.  The program is supplied on disc with a very comprehensive 49 page manual.

Please write or ‘phone for more information

PRICE £99.00 + VAT P&P FREE

ALL ORDERS SENT BY RETURN OF POST

TRAINEE
R 4 ©
OFFICERS

if you'e leaving the Services within the next 12 manths and
wish ta cantinue in the frade you have enjoyed then cansider
pursuing a career in Telecommunications as a
RADIO OFFICER with GCHQ. After
32 weeks special training yau will be
equipf‘ed ta underake o variety of
specialist duties cavering the whale af the
spectrum from DC to light.
We offer you: Job Security - Good
Career prospects - Opportunities
for Overseas Service - Attractive
Salaries - and much more.
Ta be eligible you must hold o hape
to abtain an MRGC ar HNCiin @
Telecammunicatians subject with an
abilty ta read Marse ot 20 wpm.
Anyone with PMG, MPT ar 2 years |
relevant radia aperafing experience
is alsa eligible.
The Civil Service is an equal appartunity emplayer.

Salaries: Storting pay for trainees is‘age painted ta 21 years Tar thase aged 21
ar aver entry will be ot £6,572. After Training an RO will stort ot £9,758 rising by 5
annual increments to £14,387 inclusive of shift and weekend warking ollawance.

Y wy, - Write or telephane far an applicatian
.-AE‘: fompm:;_ ily

THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108
OAKLEY, Pl S ROAD, CHELTENHAM. GLOS GL52 5A)
(0242) 32912/3

ORTELEPH
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ELECTRONICS CAD

IBM PC (and compatibles), R.M. NIMBUS, BBC MODEL B, B+
and MASTER, AMSTRAD CPC and SPECTRUM 48K.

i PROJQIYEE.
TV IF AMPLIFIER

e ET s

s

g

3
[
B

DELAY (except Spectrum version) are calculated over any frequency range
required. The programs are in use regularty for frequencies between 0.1Hz and
1.2GHz. The effect on performance of MODIFICATIONS to both circuit and
component values can be speedily evaluated.
Circuits containing any combination of RESISTORS, CAPACITORS, INDUCTORS,
TRANSFORMERS, BIPOLAR AND FIELD ~ EFFECT TRANSISTORS and
OPERATIONAL AMPLIFIERS can be simulated — up to 60 nodes and 180 components
{IBM version).
Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO AMPLIFIERS,
LOUDSPEAKER CROSS-OVER NETWORKS, WIDE-BAND AMPLIFIERS, TUNED
R.F. AMPLIFIERS, AERIAL MATCHING NETWORKS, TV |.F. and CHROMA FILTER
CIRCUITS, LINEAR.INTEGRATED CIRCUITS. etc.
STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by “breaking
the loop". Tabular output on Analyser |, Full graphical output, increased circuit size and
active component library facilities on Analyser il.
Check out your new designs in minutes rather than days.
ANALYSER can greatly reduce or even eliminate the need to breadboard new designs.
Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and FREE update
service. Used by INDUSTRIAL, GOVERNMENT and UNIVERSITY R & D
DEPARTMENTS worldwide. IDEAL FOR TRAINING COURSES, VERY EASY TO USE.
Prices from £20-£195.
For further details and example computations or for details on our Draughting program,
please write or phone:
NUMBER ONE SYSTEMS LTD.

Ref PE Crown Street, St Ives, Huntir_\lgdon. Cambs. PE17 4EB.
Tel: (0480) 61778

ﬁTﬁﬁ?@i‘a ]

Igh

s/ SOIDERING

: nu“s AND ACCESSORIES

£18 11

INC V.A.T + 95 POST

SOLDERING IRON
CONTROLLER

SUITABLE FOR ADJUSTING THE TEMFERATURE
OF ALL UNCONTROLLED SOLDERING 1IRONS

visA FROM 15 TO 250 WATTS, MAINS VOLTAGE

~18+R BREWSTER

A

7 LIMITED
IS 86-88 UNIONST. PLYMOUTH PLI 3HG
W 0752-665011
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DIGITAL ELECTRONICS

£22.00
£16.00
(£35.00 if bought together)

SUPERKIT
SUPERKIT Il

The SUPERKIT series introduces beginners to practical digital electronics.
SUPERKIT (SUP 1) is the first kit, which contains an instruction manual,
a solderless breadboard, and components {7 integrated circuits, switch,
resistors, capacitors, LEDs and wire). It teaches boolean logic, gating,
flipflops, shift registers, ripple counters and half adders. SUPERKIT 11
{SUP 11) extends SUPERKIT. It contains an instruction manual and
components (10 integrated circuits. 7-segment display. resistors.
capacitors and wire), and explains how to design and use adders,
subtractors, counters, registers, pattern recognisers and 7-segment
displays.

DIGITAL COMPUTER LOGIC £7.00
DIGITAL COMPUTER DESIGN £9.50
MICROPROCESSORS &

MICROELECTRONICS £6.50

The SUPERKIT series is backed by our theory courses. DIGITAL
COMPUTER LOGIC {DCL). the beginners' course, covers the use and
design of logical circuits, flipflops and registers. DIGITAL COMPUTER
DESIGN (DCD). a more advanced course, covers the design of digital
computers both from their individual logic elements and from integrated
circuits. MICROPROCESSORS and MICROELECTRONICS (MIC)
teaches what a microprocessoris, how it evolved. how itis made and what
it can do.

GUARANTEE. If you are not completely satishied. retur the item 1o us 10 gowd condinon within 28
days far a tull refund All prices inctude wortdwide sudace postage {ask lor prepayment inverce for
airmail} Orders despatched withm 48 hours. Overseas payment by international credrt card or by
bank draft drawn on a London bank

CAMBRIDGE LEARNING LTD, Unit 24, Rivermill Site,
FREEPOST, St. Ives, Huntingdon, Cambs. PE17 4BR, England.
Telephone: 0480 67446.

VAT No. 313026022 Transcash No 2789159 Reg. No 1328762

Please send me {initial letters used):

...... SUP I @ £22.00 - DCL @ £7.00
SUP 1l @ £16.00 DCD @ £9.50
...... SUP I+ 1l @ £3500 MIC @ £6.50

Full details of all your courses (please tick)

! enclose a cheque/PO payable to Cambridge Learning Ltd.

No.

Telephone orders from credit card holders accepted on 0480 67446 (24
hrs}.

Name

Address .

Signature. . .

CAMBRIDGE LEARNING LTD
Unit 24, Rivermill Site, FREEPOST,
g:‘.gll\;i:‘%.Huntingdon, Cambs PE17 4BR
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TECHNICAL FEATURE

SENSORS

PART 2 BY THE PROF

Platinum, pyro and pH

The second part of this series takes a look at temperature sensors, infra-red detection, especially in the
longer wave lengths, and alkaline/acidity measurements.

THE effects of temperature on elec-
tronic systems are something that
often have to be guarded against, with
problems such as drifting in oscillators
and precision d.c. amplifiers being quite
common. As temperature affects prac-
tically any electronic device to some
degree this makes it relatively easy to
sense. In fact there are several types of
temperature sensor in common use, and
the thermistor type is one of-the most
common. These are constructed from a
substance, such as a compound of nickel
magnetite, which produces a large
change in resistance for a given tempera-
ture change. All the thermistors that I
have ever encountered have been nega-
tive temperature coefficient (NTC)
types. In other words, increased tem-
perature produces a reduction in the
component’s resistance. Positive tem-
perature coefficient thermistors do exist,
but do not seem to be available to
amateur users. 3

Thermistors can be used in tempera-
ture measuring applications, but their
linearity over a wide temperature range
is not equal to that of mary other types
of temperature sensor, and they are
perhaps most used for temperature com-
pensation. A typical application of this
type would be as the bias stabiliser in
the class B output stage of an audio
power amplifier. The fact that these com-
ponents provide true resistance and have
a relatively high sensitivity, makes them
well suited to applications where sim-
plicity rather than great precision is
called for. As an example of the sort of
sensitivity that these devices achieve, the
VA1066 rod type thermistor has a typical
resistance of 47k at 25°C, but this falls
to only about 940 ohms at 150°C.

Not all thermistors are intended for
temperature sensing, and there are glass
encapsulated devices of the so called
‘self heating’ variety. These are really
current rather then temperature sensors,
and a current flowing through a device
of this type results in it heating up
slightly, which in turn produces a reduc-
tion in its resistance. To aid their effici-
ency the glass envelope is often evacu-
ated so that there is no air ta conduct
heat to, or from, the encapsulation. Pro-
bably the most popular application for
this type of thermistor is in high quality
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Fig.l. The arrangement used in a thermocouple.

audio signal generators where they are
used to stabilise a sinewave oscillator so
that it is maintained below the level at
which clipping occurs. The R53 and
(seemingly identical) RAS53 types .are
intended for this type of circuit.

PLATINUM SENSORS

A more up-market form of tempera-
ture sensor uses a grid of platinum wire
as the sensing element. Pure metals offer
quite high temperature coefficients and
are consequently well suited to tempera-
ture sensing applications. In the case of
platinum types, the fine wire is these
days more likely to be in the form of a
track deposited on to a substrate made
from an insulating material. Note that
this type of sensor is a positive tempera-
ture coefficient type, and that increased
temperature produces higher resistance.
The main attraction of sensors of this
type is their wide operating temperature
range, with—100 to +500 degrees Celcius
being quite typical. An ac-curacy of
around 0.1% can be achieved over the
greater part of this range.

These sensors are mostly of dpen con-
struction, and care needs to be taken to
avoid damaging the sensing element.
The sheathed type, which are in the form
of a stainless steel probe assembly, -are
more suitable for general and experi-
mental use, but unfortunately this style
of sensor seems to be substantially more
expensive than the open construction
type.

The usual type of circuit for this form
of sensor is a standard four element
bridge. This arrangement does not pro-
duce a very large output voltage per

degree Celcius, and the exact voltage
obviously depends on the supply voltage
fed to the bridge circuit, and on the sen-
sitivity of the particular sensor used,
Typically a 100°C increase in tempera-
ture would give a rise of around 40% in
the resistance through the sensor. A
modest supply potential of a few volts
is generally sufficient to give an output
of around 1 millivolt per degree Celcius.
Although this may not seem very much,
platinum temperature sensors are often
used over quite wide temperature
ranges, .and the total output voltage
swing over the full temperature span of
the circuit could be several hundred
millivolts. Also, the source impedance
is generally quite low at around 100
ohms. This gives an output which is
capable of directly driving many high
quality digital voltmeter circuits. Direct
driving of an ordinary (analogue) panel
meter would also be feasible, but a good
digital instrument is really needed in
order to fully utilize the accur-acy
provided by this type of sensor.

THERMOCOUPLES

A thermocouple is one of those
devices which practically everyone has
heard of, but relatively few people have
actually ever used. Like strain gauges,
they are a standard form of sensor for
industrial use, but are relatively little
used in home constructor designs. In fact
I can only recall seeing one home con-
sttuctor project which included one of
these devices.

Operation of a thermocouple relies on
the fact that the number of free electrons
in a metal is dependent on both the com-
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position of the metal and its tempera-
ture. Two pieees -of dissimilar metal can
therefore be made to produce an output
voltage that is a function of temperature,
but in order to give usable results, this
type of sensor has to utilize a differential
arrangement rather than truly operating
as ah absolute temperature sensor. The
trouble with a simple single junction
thermocouple is that the connections to
the device produce further thermo-
couples which seriously affect the output
voltage.

Fig. 1. sliows the basic arrangement
used in a practical thermocouple, and in
this form one soldered connection bal-
ances out the effect of the other. Unfor-
tunately, the output from one thermo-
couple junction also balances out the
signal from the other, and it is because
of this that the differential approach has
to be adopted. One end of the device
must be kept at a stable reference tem-
perature while the other is used for
measuring purposes, giving an output
voltage that is proportional to the tem-
perature difference.

-

temperature sensor are incapable  of
operating at temperatures anywhere
near this figure. Linearity at these high
temperatures is extremely good. At the
other end of the scale most thermo-
couples will work down to -50°C, and
some will operate at ~200° C or even
less. Linearity at low temperatures is
generally relatively poor though.

Other points in favour of these devices
are that they can be made very robust,
or if made from fine wire, can have fast
response times. Fast in this context
means about 0.1 seconds, which is
actually very slow by normal electronic
standards, but compares well with the
response time of several seconds which
is associated with most other types of
temperature sensor. They are available
in a variety of styles ranging from bare
wire types to enclosed and insulated
probe assemblies. The output voltage is
quite low at only about 40 microvolts
per degree Celcius of temperature differ-
ence, and thermocouples have to be
used in conjunction with high gain d.c.
amplifiers having low levels of drift.
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Fig.2. A compensated thermocouple arrangement.

In practice, the refined set up of Fig:
2. is more common, and here the refer-
ence end of the sensor is allowed to take
up any temperature, but it is monitored
by a compensating element. This effec-
tively adjusts the output voltage to com-
pensate for changes.at the reference end
of the device, so that the output voltage
then becomes a function of the absolute
temperature at the measuring end. This
system is likely to be léss accurate than
maintaining the reference junction at a
fixed temperature, but is generally much
more convenient. Opvipusly a thermo-
couple is only well suited to the measure-
ment of temperature that are substanti-
ally different to the ambient tempera-
ture, so that a reasonable tempetature
difference is present between the two
junctions.

Thermocouples can operate well over
very wide temperature ranges, and it is
their ability to function at very high
temperatures which makes them popular
for many industrial applications.
Deyvices which will operate at up to 600
or 700° Celcius are quite common; and
types which will work at up to 1000° are
readily available. Most other forms of
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Anyorie ‘wishing to experiment with
these devices could do worse than refer
to the excellent ‘Thermocouple Inter-
face’ article in the June 1986 issue of
‘Practical Electronics’. This project uses
a modern integrated circuit to take the
hard work out of interfacing these
devices.

SEMICONDUCTORS

Semiconductor temperature sensors
are now very popular i both home con-
structor and industrial applications.
There are numerous sensors for both
teniperature measurement and control,
and these all take advantage of the fact
that the voltage across a forward biased
silicon semiconductor junction varies
with ‘applied temperature. In other
words the basic sensing element is just
an ordinary silicon diode used in a con-
figuration of the basic type shown in
Fig. 3(a).

The voltage developed across a for-
ward biased silicon junction is in the
region of 0.65 volts, but the exact figure
depends on the particular device and the
junction temperature. The voltage te-
duces at a rate of approximately 2 milli-

volts per degree Celcius of temperature
increase. For an instrument which is to
cover a wide temperatire range this
gives what will often be a large enough
output voltage to directly drive a digital
or analogue panel meter. Where neces-
sary, the standard bridge and differential
amplifier configuration of Fig. 3(b). can
be used to give a boosted output voltage
with the offset potential removed. Al-
though a humble 5p silicon diode may
seem to be an unlikely sensor, it does in
fact give reasonable accuracy over a wide
temperature range (typically 1% over a
100 degree 'span). This is not adequate
for the most demanding bf applications,
but is adequate for many other purposes.

There is now a wide range of inte-
grated circuit temperature sensors avail-
able, and some of these provide a
boosted output voltage (typically 10 milli-
volts per degree Celcius), but leave a
large d.c. offset on the output voltage. In
fact some devices are temperature de-
pendent current sources rather than volt-
age generating devices, although they
only require the addition of a load resis-
tor at the output in order to convert them
to temperature dependent voltage
sources. Some of the more recent
devices include a differential amplifier
which removes the d.c. offset to give an
output of so many millivolts per degree
Celcius. The LM35DZ for example
(Fig.3(b).), is a three terminal device in
a standard T0-92 plastic encapsulation
which gives an output of 10 millivolts per
degree Celcius over an operating range
of 2 to 100 degrees Celcius.

The accuracy of semiconductor
sensors is generally not as good as thdt
provided by platinum types, dnd it has to

(a)

LM35DZ [0 OUTPUT

BIETH

Fig.3. (a) Using a silicon didde as the
basis of a thermometer.

(b) The LM35DZ provides an output of
10mv/°C.
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Fig.4. The LM3911 as a simple temperature activated switch.

be remembered that the component at
the heart of even the more up-market of
these devices is still only a forward
biased silicon junction. Even where
there is a facility to trim the device for
optimum linearity, the accuracy is un-
likely to be much better than 1% over
a wide temperature range, although a
much higher degree of accuracy can be
obtained over restricted temperature
ranges. Where high accuracy over a wide
temperature range is required, a plati-
num type sensor would normally be
more suitable than a semiconductor
type.

Semiconductor temperature sensing
devices are not restricted to simple
temperature to voltage/current con-
verters, and there are devices which
include further circuitry on the chip.
Perhaps the best known of these is the
LM3911 which can be used as an ordin-
ary temperature sensor, or when con-
nected in the circuit of Fig. 4., it func-
tions as a temperature operated switch
(for use as a thermostat for example).
The output terminal goes high if the
monitored temperature falls below the
threshold level set using VR1.

PYRO SENSORS

The shorter infra-red wavelengths
(around 1 -micron) can be detected per-
fectly well using ordinary photocells,
such as cadmium sulphide photoresistors
and silicon phototransistors. In fact
many common types of photocell have
peak efficiency in the infra-red part of
the spectrum. Some applications require
much longer wavelengths to be detected,
and here we are talking in terms of wave,~
lengths in the region of 5 to 15 microns.
These devices are used in so called
‘presence’ detection applications, where
the presence of a human or humans with-
in the monitored area must be detected.
Applications of this type include auto-
matic lighting, automatic doors, and
burglar alarms.

There are alternative methods avail-
able, such as ultrasonic and radar
doppler shift systems, but these passive
infra-red detectors are generally accept-
ed as offering a very good compromise
between cost and complexity on the one
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hand, and reliability and performance
on the other. Note that these are passive
devices which detect body heat, and not
infra-red that has been transmitted to
the target object and then reflected back
to the receiver unit. It is this factor that
helps to give these systems good reli-
ability as they will not detect any object
which moves across the monitored area,
only those which produce significant
amounts of infra-red radiation at suit-
able wavelengths.

These ‘pyro sensors’, as they are
generally called, usually come in the
form of twin sensors and a ‘field effect
transistor source follower buffer stage in
a single encapsulation. The encapsula-
tions are usually standard metal transis-
tor types which have been modified by
the addition of a suitable window at the
top of the component.

Fig. 5. shows the standard arrange-
ment, although there are alternative
configurations  available, including
single sensor types, and devices which

require an external source load resistor
(RB). The sensors are made from a
ceramic material such as lead zirconate
titanate, and each one consists of a thin
slice of the material with metal elec-
trodes deposited on both sides. The
ceramic material does not naturally have
the required characteristics, and must be
processed to give the desired effect. The
crystals in the material act as small elec-
trical dipoles, but they are normally just
arranged randomly. They are made to
line up by heating the material to a criti-
cal temperature (just below the Curie
temperature, at which the crystals have
no dipole moment), and then applying
an electric field. Once the material has
cooled the electric field can be removed,
and the crystals will remain aligned.

Changes in the polarisation of the
material cause small voltages to be
generated across the electrodes, and
changes in the amount of heat received
by the device result in similar changes
in polarisation. This can be caused by
more than one factor, including an in-
crease in the randomness of the dipoles
orientation due to thermal agitation, and
physical changes in the sensor. The
general way in which the signal is gener-
ated is similar to the better known Piezo
electric effect, where physical distortion
of a suitable crystal material produces
electrical output signals (as used in
crystal microphones and ceramic pick-
ups).

This type of sensor is only used to
detect movement, rather than the pres-
ence or otherwise of suitable infra-red
signals, as the bandwidth is very limited.
The sensing elements are made thin so
that they respond reasonably rapidly to
changes in temperature, but a —12dB
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Fig.5. The internal arrangement of a twin sensor pyro detector.
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point at 3Hz would be quite typical. At
the other end of the frequency response
curve things are limited by the load im-
pedance on the sensor. This tends to leak.
away the charges generated by the
device, and even using a high value gate
bias resistor (RA) in the buffer stage the
—-12dB point at this end of the response
is generally at about 0.3Hz. Although
very restricted, this range of frequencies
is well suited to the detection of someone
moving across the monitored field.

The output level from the sensor is
not likely to be very high, and around
70dB of voltage gain is normally needed
in order to boost the signal to a usable
level. Noise is the main limiting factor
on performance, and restricting the
bandwidth of the amplifier helps to
minimise noise problems. Noise genera-
ted by the sensor itself is still something
of a problem though, and this limits the
useful amount of gain that can follow
the sensor. Noise due to changes in the
ambient infra-red level can also produce
difficulties, and it is for this reason that
twin sensors are often used. These are
connected in anti-phase so that the out-
put from one device cancels out the sig-
nal from the other, and the combined
output from them is zero. This assumes
that both devices receive the same signal
simultaneously, which will normally be
the case with changes in the background
infra red level. With someone moving
across the monitored area things are.dif-
ferent, and the sensors are orientated
such that the heat signal is directed first
to one sensor then to the other as the
infra-red beam sweeps across the device.
This gives an output first of one polarity,
and then of the other, effectively adding
the two signals together and giving twice
the output level of a single sensor.

In order to obtain a reasonably large
field of view, the sensor must be used in
conjunction with a fresnel lens which
breaks up the monitored area into zones
of high and low sensitivity. With a wide-
angle system having good optics, a range
of at least 10 metres can be achieved. A
passive infra-red detector unit was des-
cribed in the July 1986 issue of PE, and
provides more information for those
who are interested in building a unit of
this type. Where low sensitivity is re-
quired a simple grating in front of the
sensor will give adequate results, or an
ordinary convex lens can be used if a
narrow corridor of high sensitivity is
required. Perhaps ‘ordinary’ is not the
right word, since here we are dealing
with wavelengths that are far removed
from the visible light spectrum. The
optics (including any window material)
therefore have to be constructed from
suitable materials that have good trans-
mission efficiency at these long wave-
lengths. On trying some glass and plastic
lenses in front of a pyro sensor, most
were found to be practically opaque to
long infra-red wavelengths.
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pH MEASUREMENTS

Measurement of pH is something
many readers will be familiar with,
having encountered it in school physics
or chemistry experiments. This is not to
say that it is something that is of purely
academic interest though, and accurate
measurement of pH values is something
that has become increasingly important
in a number of fields, including colour
photographic processing, agriculture,
the food and drink industry, and scienti-
fic establishments in general. The stan-
dard school method of measurement is
using paper, where the colour change of
specially treated paper dipped into the
solution is used to give an indication of
pH value by comparison with a colour
chart. This method involves subjective
judgement, and is not suitable where
really good accuracy is essential. Using
electronic means, an accuracy of better
than 0.1% can be achieved.

For those who are unfamiliar with pH
measurement, it is basically a measure
of the concentration of hydrogen ions in
a solution, or in other words, a measure
of acidity. The scale runs from 0 for the
ultimate acid to 14 for the strongest
possible alkali, with 7 as the neutral
value. An electronic pH sensor is basic-
ally just two electrodes which are immer-
sed into the solution, with an electro-
lytic action then providing an output
voltage that is proportional to the
strength of the solution. Polarity
depends on whether the solution is an
acid or an alkali. Practical pH probes
are generally a bit more complex than a
couple of wires and a handle, as they
must be designed to give good long term
reliability, and a typical probe would be
along the lines of Fig. 6.

in these days of MOS operational ampli-
fiers this does not represent any real dif-
ficulty. Two points which should not be
overlooked when using this type of
sensor are that the output voltage
depends to some extent on the tempera-
ture of the solution, and the response
time can be quite slow when measuring
strong solutions (in excess of one minute
in fact).

THE FUTURE

The trend in temperature sensors
perhaps shows the way sensor tech-
nology is likely to develop. With these
devices there has been a tendency
towards the inclusion of as much of the
circuit as possible on the same chip as
the sensor, and the same tendency is also
apparent with Hall effect devices. Of
course, these are examples of semi-
conductor sensors where placing the
processing circuit on the same chip poses
relatively few problems. With other
types of sensor this type of thing might
not be feasible, although there are now
pressure transducers which use inte-
grated circuit techniques to produce the
bridge resistors for what is basically a
standard full bridge strain gauge. There
is even a device from Motorola (the
MPX100) which includes an evacuated
chamber beneath the sensing elements
so that barometric pressure can be
sensed. Semiconductor sensors which
might seem unlikely now could see the
light of day in the future.

Where semiconductor sensors are not
feasible at present, it is not uncommon
for special signal processing integrated
circuits for conventional sensors to be
produced. Devices for use with thermo-
couples, and which provide the neces-
sary temperature compensation and
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Fig.6. Typical construction of a pH probe.

The output voltage from the probe,
although never more than a fraction of
a volt, is quite respectable, but the avail-
able current is very limited. The output
impedance of a pH probe is generally of
the order of a few tens of megohms. It
must therefore feed into an ultra-high
input impedance buffer amplifier, and

amplification are an example of this.
Another trend is towards devices that
provide a high degree of guaranteed
accuracy so that calibration is greatly
simplified, or in some cases is rendered
totally unnecessary. This is a trend that
seems likely to continue, with ever
greater accuracies being offered. [[HH
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AUDIOKITS Precision Components

PE  woens mem

The new PE 30 + 30 integrated Amplifier
(featured Practical Electronics Feb—April 87)

The PE 30 + 30 integrated amplifier is the first to benefit from Graham Nalty’s research
into Temperature Generated Distortion in transistors. As a resuit it exhibits a smoothness
and musicality normally only expected from expensive valve amplifiers. Advanced power
supply electronics and the use of Holco precision resistors in critical positions reaffirm
its ability to give greater musical pleasure from your records, CDs and tapes. Yet you
can buy the complete kit from AUDIOKITS for under £160 to build it yourself.

Complete Kits

PE 30 + 30 standard 30W £154.50

PE 30 + 30 standard with Extra
Output Transistors for 40W £162.50

PE 30 + 30 Audiophile improved version
40W Output £350

All parts for PE 30 + 30
are available separately.

IN4148 4p
SemiConductors Resistors IN4002 Sp

MC7818CT 70p 100R, 2K2, 4K7 Bulk Foil £4.50 IN5401 15p
BC184C 12p 68K, 220K Bulk Foil £9 25A 200V Bridge £2.75
BC214C 12p 1R, 1W, Holco H2 £L1S 35A 200V Bridge
BC547C 12p 10R, Holco H8 T0p Motorola BYW62 £7
2SB737 75p ISR Holco H8 55p
250786 75 22R1-442K Hoico H8 35p Hardware
B0243C 80p 68IR 1W Holco H2 40p Push Button Switch
BD244C 80p I5R-470K %W Metal Film  4p Silver Plated
MI11015 % IR-470K %W Metal Film  7p 2 pole c/o 80p
MI11016 £5.50 4 pole c/o £1.20
IN4401 25p Button (Black) 25p
IN4403 25p CAPACITORS Gold P'laled Phono
MPSAOS 25p SAE FOR LISTS Chassis siock &
MPSAS6 25p MANY TYPES TO3 Silicone
OP2767 £8.25 CLOSE TOLERANCE lnsulatorst 10p
MATO2FH £ POLYSTYRENE ABOVE tonf  1O-220 Silicone

Insulators 10p

For details please send : 9" x 4” SAE to
AUDIOKITS, 6 MILL CLOSE, BORROWASH,
DERBY DE7 3GU. TEL: 0332-674929.

VARIABLE VOLTAGE TRANSFORMERS

INPUT 220/240V AC 50/60 OUTPUT 0—260V
200Want 0.1 amp max. £19.50 £3.00 (£25.88 inc VAT)
05KVA 2.5ampmax. £22.00 £3.75 (£29.60inc VAT)
1KVA  5amp max. £4.25 (£40.54 inc VAT)
2KVA 10ampmax. £45.00 £5.50 {£58.08 inc VAT)
3IKVA 15amp max.  £58.00 £6.25 {£75.05 inc VAT}
SKVA 25amp max. £106.00
10KVA 50 amp max.  £190.00 Y
15KVA 75 amp max.  £285.00 N

L |
3-PHASE VV TRANSFORMERS
Dual input 200—240V or 380—415V. Star Connected 3KVA
6KVA 10KVA available. Phone for details.
Comprehensive range of TRANSFORMERS — LT —
ISOLATION & AUTO C110—240V. Auto transf. erther cased
with American socket and mains lead or open frame type.
Available for immediate delivery. Leaflet on request.

ULTRA VIOLET BLACK LIGHT FLUORESCENT TUBES
4ft 40 watt £10.44 (12.00 inc VAT) Callers only
2ft20 watt £7.44 + £1.25 p&p (£9.99 inc VAT}

13in 10 watt £5.50 + 75p p&p (£7.19inc VAT)

12in 8wan £4.50 + 75p p&p (£6.04 inc VAT)
9in Gwatt E3.60 + 50p p&p (£4.72nc VAT)
6in dwarnt £3.60 + 50p p&p (£4.72inc VAT)

230V AC BALLASY KIT for either 6in.

9in or 12in tubes £5.50 p&p 55p

{£6.96 inc VAT)

For 13in tubes £6.00 p&p 75p

(£7.76 nc VAT}

400 WATT UV LAMP & BALLAST

Complete
£56.80 + £3.50 p&p {£69.35 inc VAT}

400 WATT UV LAMP
ONLY £28.00 p&p £2 50 (£35.08 inc VAT)

175 WATT SELF BALLASTED BLACK LIGHT
MERCURY BULBS Available with BC or ES fitting £14.00 p&p.
£1.25 {£17.54 inc VAT}

12V DC BILGE PUMPS

Buy direct from the importers.
500 GPH 15ft head 3 amps
£10.50 p&p €1.50 {£13.80 inc VAT)
700 GPH 10t head 3.5 amp
£13.50 p&ip £1.50 (£17.25 inc VAT)
1750 GPH 15ft head amp
£16.75 p&p £2.00 (£21.56 inc VAT}

EPROM ERASURE KIT
Build your own EPROM ERASURE for a fraction of the price
of 8 made-up unit. Kit of parts less case includes 12in. 8 watt
2537 Angst. Tube. Ballast unit, pair of bi-pin leads, neon
indlcator, on/off switch, safety microswitch and circuit.
£13.60 p&p 75p (£16.50 inc VAT)

SUPER HY-LIGHT STROBE KIT
Designed for Disco. Theatrical users etc.

Approx. 16 joules. Adjustable speed £45.00 p&p £2.00
{E54.05 inc VAT) Case and reflector £17.00 p&p £2.00
(£21.85inc VAT) S.A.E. for further details including Hy-Lyght
and industrial Strobe Kits

ROBOT ENTHUSIASTS
ESCAP precision Swiss-made ironless rot8r 6V DC, Geared
mator with 70-1 gearbox. 6V DC — 16 RPM, 3V DC — 8 RPM.
Amazing power; no load current; pnly 10 ma. approx

Size 40 x 25 mm. Ex-Equip. tested and guaranteed ONLY
£4.50 p&p 50p (£5.75 inc VAT)

3B.3RPM GEARED MOTOR Torque 35ib. in.
reversible 115V. AC. inc. start capacitor £14.00 p&p £2.00
{£18.40 inc VAT). Suitable TRANSFORMER for 230V. AC
operation £5.20 p&p £1.00 (£7.13 inc VAT}).

24V DC. SOLENOID VALVE mf by Sperry Vickers. Orf.
3/32" Brass body, designed for A Gas and Water £8.50 p&p
£1.00 (£10.93 inc VAT}N.M.S.

240V AC SOLENOID VAL VE Designed for Air/Gasat 0.7
Water 5 psi. inlet-outlet /8" BSP Forged brass bady. Mf.
Dewraswitch Asco. £6.50 p&p £1.00 (£8.63 inc VAT)N.M S,

SOLID STATE RELAY
Single make relay with switch up to 250V. AC. 10 amps.
Recommended operating voltage 8—28V DC, but wili work at
less than 8V, OC. Silent contactless, opta isolated. Suitable
for use with T.T.L. Logic for switching Mains voltage M. by
Teledyne. Offered at a fraction of mfrs. price £3.00 p&p 45p:
{£3.97 inc VAT).

COOCLING FANS — BRAND NEW!

200/240V. A.C. American Boxer “Pewee™ 7-bladed, high
efficiency cooling Unit. 80mm sq.. x 40mm deep. 4ctm
approx.

Amenican Boxer “'mini” 5-bladed. 92mm sq., x 38mm deep.
50ctm. approx.

Either type at fraction of manuf's price: £8.00 + £1.00 p&p
{£10.35 inc. VAT}

S.M.FI.—CROUZET “Mini” 115V. A.C. 5-bladed. $2mm sq. X
25mm deep. 40 ¢fm approx. Price £6.00 + £1.00 p&p. (£8.05
inc. VAT).

EX-EQUIPMENT FANS. 120mm sq. X 38mm deep. In either
115V. or 230V A.C. Tested and guaranteed. Price: £5.75 +
£1.00 p&p (£7.76 inc VAT).

VBMA CENTRIFUGAL BLOWER 230V. AC.
2,800 RPM. 0.23 amp. Cast const. mncl. mounting feet
100mm dia. impeller. Outlet 40 x 43mm. Oversll size
160 x 150 x 165mm long £18.00 p&p £2.75 (£23.86 inc VAT).

TORIN CENTRIFUGAL BLOWER 230V. AC.

Pressed steel const 2,800 RPM. 0.8 amps 130 mm dia.
impelier. Gutlet 63 x 37mm. Overall size: 195 x 160 x 150mm
long £15.00 p&p £2.75 {£20.41 inc VAT}.

FROM STOCK AT PRICES THAT DEFY COMPETITION

AC Geared Motors C/F Blowers.
DC Motors Small A.C. Capacitors
Microswitches Relays
Solenoids AC & DC Contactors
Timers Synch Motors

SANGAMO WESTON TIME SWITCH Type S251
200/250V. AC. 2 on/2 off every 24 hours. 20 amp. contracts.
with override switch. Suitabie for immersion heaters.

4" Diax 3" high. £9.50 £1.50 p&p {£12.65 inc VAT) R&T.

Also available with Solar Dial. Other time Switches available
trom stock.

WIDE RANGE OF XENON FLASH TUBES

Write/Phone your enquities
Carriage on request.
Goods normally despatched within 7 days

Pevsonal callers only.
W W= ) SE RVICE TRADING CO 7.0
WO o DGMAN ROAD, CHISWICK, LONDON W4 SBB 9. tle Newport Street
Shawroon open g 01995 1560 London WC2H 71
fonda/icey ACCOUNT CUSTOMERS MIN. ORDER £10 Tel:01-437 0576

CCTV CAMERAS
FROM ONLY
£69.50 EACH!

PLUS CARRIAGE
& VAT

Crofton Electronics are now able to offer CCTV cameras from as little as £69.50 plus VAT
and cairiage.

These cameras have been refurbished to a high standard in our own workshep, and
come with a standard lens and a three month guarantee. They produce a standard composit
output of 1v p-p and will work with any video recorder having a video input socket, digitiser,
monitor, or, with a domestic TV with the addition of a modulator which is available
separately.

These cameras are powered from the standard 240V AC mains supply. This modern
camera employs a vidicon rack and will allow focusing from infinity down to aninch or two.

The standard lens supplied is a 1:1-6 of = 16mm non-iris TV lens. The lens boss is a
standard ‘c" mount (1" dia X 32 threads per inch) and will thus allow a very wide range of
camera lenses to be accommodated.

The sensitivity of these cameras is in the order of 10 lux which allows their use in the
domestic environment. Pictures can be produced with as little light as 2-5 lux but with a
lower signal to noise ratio. Low light versions of this camera are available giving sensitivities
of 01 lux which is equivalent to half moonlight. Typical cost is approximately £350 + VAT
and carriage.

Many alternative lens are available from stock, please ask for details. Mounting of these
cameras is by standard tripod bush {4 Whitworth thread). Many other cameras are available
from stock, both reconditioned and new ie. brand new mini 12v camera at only £100 +
VAT and carriage, lens extra.

We are also able to offer from stock many other items of CCTV equipment such as
monitors, (both new and refurbished}, switches, panning units, housings, time and date
generators etc.

We are also able to offer servicing faciltiies for any make of camera/monitor, we also
supply camera ahd monitor tubes for a wide range of models, as well as scanning yokes
for a wide range of cameras.

Currently on offer is a professional drive board and tube to make a superb 12" professional
green panelled tube monitor at £34.50 inclusive. This would normally cost well over £200
plus.

Buy ten off and they will only cost you £25.50 inclusive each.

Be sure to ask us to quote for any of your camera/menitor requirements, we will never
be beaten on price.

MOST MAJOR CREDIT CARDS ACCEPTED

CROFTON ELECTRONICS 05448 557

‘KINGSHILL’, NEXTEND, LYONSHALL, HEREFORDSHIRE HR5 3HZ

THE SOCIETY OF
ELECTROSCIENCE

AND CCNWOV

An association which is widely recognised and respected, which
endorses the status of its members, protects and promotes’ their
interests, assists their careers ‘and encourages their ethical
standards is the foundation of every profession.

The Society of Electroscience is the specialist association for men
and women who are professionally engaged in research, develop-
ment, design, manufacture, commissioning, control and test of
electrical, electronic and micro-electronic projects and equipment.

Efficiently run in conjunction with the Institufion of Analysts &
Programmers, the Society of Electroscience has a lower rate of
subscription than any comparable professicnal bedy in Europe or
North America. Additienally, ne charge is to be made for the
examination of a request for election where the Council concludes
that a candidate has not reached the required standards of theory
and practice.

Known and respected throughout the English speaking areas of the
Free World, the two non-profit making organisations have
members - December 1986 - in sixty-one independent states and
countries. Applications from other scientists, engineers and
technicians who are making or intend to be making, careers which
significantly incorporate a branch of electroscienge will be-
welcomed for consideration by the Council.

A guide to the gradings and requirements of membership and an
application form is available free of charge upon request to the
Applications Officer either by letter or, in normal office hours, by

telephone.
01-894 4411

THE SOCIETY OF ELECTROSCIENCE

GIBSON HOUSE, FOURTH CROSS ROAD, TWICKENHAM
MIDDLESEX, TW2 5EL, ENGLAND
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OVP POWER AMPLIFIER MODULES
.'.'.' AMP '..' Now enjoy a

world-wide reputation for quality, reliability and performance at a realistic price. Four models
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure.
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal
power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible
Vu meter. Open and short circuit proof.  Supplied ready built and tested.
OMP100 Mk Il Bi-Polar Output power 110
watts RM.S. into 4 phms, Frequency Res-
ponse 15Hz - 30KHz —3dB. T.H.D. 0.01%,
S.NR —118dB, Sens. for Max. output
500mV at 10K, Size 355 X 115 X 65mm.
PRICE £33.99 + £3.00 P&P.

OMP/MF100 Mos-Fet Output power 110
watts RM.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
80, Slew Rate 45V/uS, T.H.D. Typical
0.002%, Input Sensitivity 500mV, S.N-R
—125dB. Size 300 X 123 X 60mm. PRICE
PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200
watts RM.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
250, Siew Rate 50V/uS, T.H.D. Typical
0.001%. Input Sensitivity 500mV, S.N.R
—130dB. Size 300 X 150 X 100mm. PRICE
PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300
watts RM.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V/uS, TH.D. Typical
0.0008%, Input Sensitivity 500mV, S.N.R.
—130dB, Size 330 X 147 X 102mm. PRICE
PRICE £79.99 + £4 .50 P&P.

NOTE: Mos:Fets are supplied as standard (1 00KHzbandwidth & Input Sensitivity 500mV). I required
P A version (50KHz bandwidth & Input Sensinyi!v 775mV) Order — Standard or P A

Vu METER Compatible with our four amplifiers detailed above. A
very accurate visuat display employing 11 L F.D diodes (7 green, 4
red) plus an additional on/off indicator Sophisticated logic control
circuits for very fast rise and decay times. Tough moulded plastic
case, with tinted acrylic front. Size 84 X 27 X 45mm
PRICE £8.50 + 50p P&P.

LOUDSPEAKERS 5” to 15" up to 400 WATTS R.M.S.
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large
S.A.E. (28p) for free details.

POWER RANGE

8~ 50 WATT R.M.S. Hi-Fi/Disco.
20 0z. magnet. 1'," ally voice coil. Ground ally fixing escutcheon. Res Freq 40Hz Freq Resp to
6KHz. Sens. 92dB. PRICE£10.99Availabie with black grille £11.99 P&P £1.50 ea

12" 100 WATT R.M.S. Hi-Fi/Disco

50 oz magnet. 2" ally voice coll Ground ally fixing escutcheon. Die-cast chassis White cone. Res

Freq.
25Hz. Freq. Resp to 4KHz Sens 95dB. PRICE £28 60 - £3.00 P&P ea

McKENZIE

12” 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco.

2" ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6-5KHz. Sens. 98dB.

PRICE £29.99 + £3.00 P&P ea.

12" 85 WATT R.M.S. C1285TC P.A./Disco 2” ally voice coil. Twin cone.

Res. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £31.49 + £3.00 P&P ea.

15" 150 WATT R.M.S. C15 Bass Guitar/Disco.

3~ ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE £57.87 + £4.00 P&P ea.
10” 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.

2” voice coil. Res. Freq. 75Hz. Fre% Resp. to 7-5KHz. Sens. 99dB. PRICE £19.99 + £2.00 P&P.
10” 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco.

2” voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £44.76 + £3.00 P&P.
157 200 WATT R.M.S. C15200 High Power Bass.

Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 101dB. PRICE £62.41 + £4.00 P&P.

15" 400 WATT R.M.S. C15400 High Power Bass.

Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £89.52 + £4.00 P&P.

WEM

5" 70 WATT R.M.S. Multiple Array Disco etc.

1~ voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £22.00 + £1.50 P&P. ea.
8” 150 WATT R.M.S. Multiple Array Disco etc.

1” voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £32.00 + £1.50 P&P ea.
10~ 300 WATT R.M.S. Disco/Sound re-enforcement etc.
15" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea.
127 300 WATT R.M.S. Disco/Sound re-enforcement etc.

13" voice coil. Res. Freq. 35Hz. Freq. Resp. 10 4KHz. Sens. 94dB. PRICE £47.00 + £3.00 P&P ea.

SOUNDLAB (Full Range Twin Cone)

5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

1" voice coil. Res. Freq. 63Hz. Freq. Resp. to 20KHz Sens. 86dB. PRICE £9.99 ; £1.00 P&P ea
6'," 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

1" voice coll. Res. Freq. 56Hz. Freq Resp to 20KHz. Sens. 89dB. PRICE£10.99+ £1 50 P&P ea
8" 60 WATT R.M.S_ Hi-Fi/Multiple Array Disco etc

11" voice coll Res. Freq. 38Hz Freq. Resp. to 20KHz Sens 89dB. PRICE £12.99 + £1 50 P&P ea
10" 60 WATT R.M.S. Hi-Fi/Disco etc.

1Y,” voice coill. Res. Freq. 35Hz. Freq. Resp. to 15KHz Sens. 89dB. PRICE £16 49 + £2. 00 P&P

HOBBY KITS. Proven designs including glass

fibre printed circuit board and high quality

components complete with instructions. >
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 voit)
Price: £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfied
professional performance. Ranga up to 3 miles 35 x 84 x 12mm
{12 volt) Price: £14.49+ 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHz. Renge up to 500 metres. Double coded modulation.
Receiver output operates relsy with 2amp/240 voh contacts. desl for
many applications. Receiver 90 x 70 x 22mm (9/12 voh). Price:
£17.82 Transmitter 80 x 50 x 15mm (9/12 voit). Price: £11.29
P&P + 75p each. S.A.E. for complete list.

3 watt FM
Transmi

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
BODIES. ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.0.D. ACCEPTED

VISA
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* PRICES INCLUDE V.A.T. *+ PROMPT DELIVERIES * FRIENDLY
SERVICE x LAR A.E. 280 STAMP FOR N

BURGLAR ALARN
Better o be *Alarmed’ then terrified
Thandar's famous ‘Minder’ Burglar Alarm System.
Supenor microwave principle. Supplied as three units,
complete with interconnection cable. FULLY
GUARANTEED.
Control Unit — Houses microwave radar unit. range
up to 15 metres adjustable by sensitivity control
Three position. key operated facia switch — off — test
— armed. 30 second exit and entry delay.
Indoor alarm Electronic swept freq.
104d8B output

Outdoor Alarm — Electronic swept treq. siren. 98d8
output. Housed in a tamper-proof heavy duty metal
case.

Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection
during mains failure. Power requirement 200/260 Voit
AC 50/60Hz. Expandable with door sensors. panic
buttons etc. Complete with instructions

SAVE £138.00 Usual Price £228.85
BKE’'s PRICE £89.99 + £4.00 P&P

? Why buy a cotlection of self-assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in quality and value. Made specially to suit todays
need for compactness with high sound output levels. Finished in
hard wearing biack vynide with protective corners, grille andcarry
handle. Alt models 8 chms. Full range 45Hz - 20KHz. Size 20" X
15" X 12" Watts R.M.S. per cabinet. Sensitivity 1W_1mitr. dB

OMP 12-100 Watts 100dB. Price £149.99

per pair.

OMP 12-200 Watts 102dB. Price £199.99

per pair. Delivery: Securicor £8.00 per pair

(0219

RR
IDEAL for Work-
shops, Factories,
Offices. Home,
etc. Supplied
ready built.

siren

1 K-WATT
SLIDE DIMMER

* Control loads up
10 TKw

‘* Compact Size
43" X 17 X 2%"

* Easy snap in fix-
ing through panel
cabinet .cut out

* Insulated plastic
case

* Full wave con-
trol using 8 amp
triac

* Conforms to

" STEREO RACK AMPS

Professional 19” cased Mos-Fet stereo
amps. Used the World over in clubs, pubs,
discos etc. With twin Vu meters, twin
toroidal power supplies, XLR connections.
MF600 Fan cooled. Three models (Ratings
R.M.S. into 4ohms}. input Senstvity 775mV

MF200 (100 + 100)W. £169.00 Securicor
MF400 (200 + 200)W. £228.85 Delivery
MF600 (300 + 300)W. £322.00 £10.00

BS800

+ Suitable for both resist-
ance and inductive loads. In-
numerable applications in
industry. the home, and
disco’s, theatres etc

PRICE £13.99 + 75p P&P

BSR P295 ELECTRONIC TURNTABLE
= Etectronic speed control 45 & 33';rp.m # Plus
Minus variable pitch control » Belt driven « Alu
minium platter with strobed rim » Cue lever » Anti
skate (bias device) » Adjustable counter balance »
Manual arm « Standard ;" cartrige fixings »
Supphied complete with cut out template = D.C.
Operation 9-14vD.C.  65mA

Price £36.99 £3.00 P&P

ADC Q4 mag. cartridge for above Price £4.98 ea. P&P 50p

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revotution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an
improved transient response with a lower distortion level than ordinay dynamic tweeters. As a
crossover is not required these units can be added to existing speaker systems of up to 100 watts
{more f 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER

TYPE ‘A’ {KSN2036A) 3" roundwith protectivewire
-, N
e
A ~ TYPE B

mesh, wdeal for bookshelf and medium sized Hi-fi
speakers. Price £4 .90 each + 40p P&P
TYPE ‘B’ (KSN100SA} 3, super horn For general
purpose speakers, disco and P.A systems etc. Price
£5.99 each + 40p P&P
s y TYPE ‘C’ (KSNBO16A} 2" X 5" wide dispersion
~ X \“ H horn. For quality Hi-fi systems and quality discos etc
p N S Price £6.99 each + 40p P&P
R TYPE ‘D’ {KSN1025A) 2” X 6" wide dispersion
~ TYPEE horn. Upper frequency response retained extending
down to mid range (2KHz). Suitable for high quality
Hi-fi systems and quality discos. Price £9.99 each
40p P&P
TYPE ‘E' (KSN1038A) 3%" horn tweeter with
attractive silver finish trim. Suitable for Hi-fi monitor
systems etc. Price £5.99 each + 40p P&P
LEVEL CONTROL Combines on a recessed mount
ing plate, level control and cabinet input jack socket
85 X 85 mm. Price £3.99 ~ 40p P&P

STEREO DISCO MIXER

STEREO DISCO MIXER with 2 X 5 bandl &
R. graphic equatlisers and twin 10 segment
L.E.D. Vu Meters Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following:
3 Turntables {(Mag}, 3 Mics. 4 Line plus Mic
with talk over switch. Headphone Monitor
Pan Pot L & R. Master Qutput controls. Out
put 775mV. Size 360 X 280 X 90mm

Price £134.99 — £3.00 P&P

B. K. ELEGTRONICGS ... --

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
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ESSEX. SS2 6TR TEL: 0702-527572
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REGULAR FEATURE

SPACEWATCH

BY DR PATRICK MOORE OBE

Our regular look at astronomy

Probes are reaching further into and beyobnd the Solar System. Now a
probe may be sent out to the Oort Cloud, more than a light year away.

OLLOWING the successful soft-land-

ing of probes on the surface of Venus,
it has been generally assumed that the
prevailing colour is bright orange. How-
ever, new studies carried out by Russian
and American investigators seem to
show that this may not be the case. Stan-
dard colour chips were included with the
pictures from the Soviet Veneras; and
using these, scientists at Brown Univers-
ity in the United States have found that
the general hue is more grey than
orange. Mars is red because of the
presence of ferric oxide (Fe;O3), but it
seems that onVenus the fiercely hot tem-
perature removes the colour from this
material by reducing its reflectivity in
long-wave regions of the spectrum. It is
generally believed that much of Venus’
surface is covered with basalt, produced
by volcanoes there.

According to NASA, their next Shut-
tle flight will take place on 18 February
1988. A full schedule has been issued,
with five missions in 1988 and another
ten in 1989. Flight No. 9, due in Novem-
ber 1989, may be either devoted to the
Galileo mission to Jupiter, or to the

ESA/NASA Ulysses probe which will fly
over the poles of the Sun. But we have
to admit that nothing is certain, and
many NASA observers are dubious
whether the next Shuttle really will fly
in less than a year’s time. Meanwhile,
astronomers all over the world are im-
patiently waiting for the launch of the
HST or Hubble Space Telescope. Let us
hope that military projects will not cause
further lengthy delays to the scientific
space programme.

Tremendous interest has been gener-
ated by the discovery of a vast cool shell
of ‘dust’ surrounding the remarkable
variable star R Coron& Borealis, which
is normally on the fringe of naked-eye
visibility but which sometimes fades
down to below magnitude 15. The ‘shell’,
detected by studies of IRAS results,
seems to be about 8 parsecs in diameter,
so that if it were centred upon the Sun
many other stars — including Sirius -
would be inside it. The origin and nature
of this shell is a matter for debate, and
I will have more to say about it in the
near future.

All astronomers have been saddened
by the death of Dr Richard van der Riet
Woolley, the last Astronomer Royal who
was also Director of the Royal
Greenwich Observatory. Woolley, a
great administrator, was also a leading
astrophysicist who achieved much
valuable work. Yet, ironically, he may be
most remembered for his off-the-record
comment in the 1950s that space travel
was ‘utter bilge’. This was said in the
heat of the moment when he was being
questioned by journalists after a long
and tiring flight — and it is significant
that later on he .contributed largely to
space programmes.

PROJECT TAU

Only a few decades ago it seemed
futuristic to talk about sending probes
to the Moon. Today we have explored
the Solar System out as far as Uranus,
and by the end of the 1980s only Pluto
of the main planets will remain unvisited
(assuming that Pluto merits true plane-
tary status, which is becoming more and
more doubtful). We have also carried out
rendevous missions with two comets.

The Sky This Month

A PRIL skies are not really rich in planets. Venus is the
exception; it remains a brilliant object in the morning
sky, and cannot be mistaken. Telescopically it is, unfor-
tunately, an unrewarding object. Its phase is now over
80 per cent, and virtually no markings can be made out.
Jupiter and Saturn are also morning objects, but are as
yet badly placed, while Mercury is even more elusive —
though on the 19th it may be located slightly south of
Jupiter.

This leaves Mars, which remains visible in the western
sky after dusk. The apparent diameter is now less than
5 seconds of arc, so that powerful telescopes are needed
to show anything much on it; but earlier in the year the
Martian atmosphere was very clear, and with my own
15-inch reflector during January and February I was
easily able to draw the main dark features. There had
been earlier reports of dust-storms, but I could see no
sign of them.

The Moon is full on the 14th and new on the 28th. On
the 14th there is a penumbral lunar eclipse, but the most
that we can expect is a very slight dimming.

We have now virtually lost Orion and the brilliant
winter star-groups, though part of the Hunter’s retinue
remains visible aftr dark — notably Procyon, Capella and

the Twins, Castor and Pollux. Ursa Major, the Great
Bear or Plough, is not far from the zenith, which means
that the W of Cassiopeia is low in the north, though from
Britain it always remains above the horizon. In the South
Leo, the Lion, is high, and the curved line of the Sickle,
led by the first-magnitude Regulus, makes it very easy
to identify. Following it round is Virgo, the Virgin, with
the bright Spica and the ‘bowl’ which marks an area
remarkably rich in faint galaxies. Also on view is Arcturus
in Bootes (the Herdsman), a lovely orange star which is
actually the brightest in the northern hemisphere of the
sky;, it is surpassed only by the southern Sirius, Canopus
and Alpha Centauri, of which the last two never rise
above our horizon.

Closer to the southern horizon is a wide area which is
very efficient in bright stars. This is the constellation of
Hydra (the Watersnake), actually the largest in the entire
sky, but with only one conspicuous star - Alphard, which
is of the second magnitude and is clearly orange. It is
often nicknamed ‘the Solitary One’ because of its relative
isolation. To identify it, first find the Twins and then use
them as guides; a line from Castor, passed through Pollux
and extended, will lead straight to Alphard.
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SPACEWATCH

But even so, the idea of probing as far
as the Qort Cloud still seems more like
fiction than fact. We may soon have to
revise our thinking! =

The Oort Cloud, named after Jan
Oort, is believed to be a ‘reservoir’ of
comets orbiting the Sun at a distance of
more than a light-year. No doubt the
present Pioneers 10 and 11 and Voyagers
1 and 2 will reach it eventually, but not
for a very long time, and the chances of
keeping in touch with them at such
distances are nil. However, a new
project, Tau, may alter the whole
situation.

Tau stands for Thousand Astro-
nomical Units. It has been formulated
by scientists at the Jet Propulsion
Laboratory in California, and involves
what is in effect a robot space-craft
which will travel out far beyond the
known planets and may even reach the
Oort Cloud. Its main task will be in
astrometry — the positions, movements
and distances of the stars and star-
systems. If it can provide images of star-
fields taken from a distance of a thou-
sand astronomical units, we will have an
immense ‘base-line’ which will be able
to provide parallax measurements of
objects so remote that their parallax

shifts are undetected by our present
techniques. (One astronomical unit is
the distance/between the Earth and the
Sun; approximately 93,000,000 miles or
150,000,000 kilometres.)

The problems are tremendous. The
main telescope will have an aperture of
1.5 metres, and will be only one of many
instruments; but what about propulsion?
If we are to send Tau out to such dis-
tances in a reasonable time, we must
have something far better than our
present rocket motor. The JPL design
involves a low-thrust ion propulsion
system, using some 25,000 pounds of
frozen xenon fuel and slowly accelerat-
ing Tau to a peak speed of 225,000 mph
in ten years — after which the unit will
be jettisoned and Tau itself will continue
to ‘coast’.

We will also need a nuclear reactor
capable of supplying enough electricity
to power ten thousand 100-watt light
bulbs, plus a laser communications
system which will be able to pump data
across a distance of six light-days. More-
over, since the active lifetime is planned
at 50 years, everything possible must be
done to ensure against failure of even a
single component.

All these considerations involve major

advances in techniques, and any thought
of launching Tau before the end of the
century is discounted. However, the JPL
team believes that it will be possible by
around the year 2005. This is a mere eigh-
teen years in the future — but look back
at the situation as it was eighteen years
ago, in 1969. At that stage a Moon land-
ing was still no more than imminent, and
even the nearer planets seemed out of
range for soft-landing probes. If progress
continues at a comparable rate, then the
date for Tau starts to look a great deal
more reasonable.

There is, of course, the undoubted fact
that the team which sendsTau on its way
will have no hope of seeing the results
of all the work put into the planning and
instrumentation. But astronomy has
always been a science which looks ahead
beyond single lifetimes; after all,
Edmond Halley knew, when he pre-
dicted the return of ‘his’ comet for 1758,
that by then he would no longer be alive.

Whether or not Tau will actually be
built remains to be seen. But the JPL
planners are confident that it will; and
by the year 2087 we may well have the
results sent back from as far away as the
Oort Cloud.
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SAFETY FEATURE

ELECTRICAL SAFETY

BY RAY STUART

How to become unshockable

Electricity can be dangerous if it is not treated with respect. The way to avoid electrical risk to yourself and
others is to construct all mains-operated projects to the proper safety standards before bringing them into use.
This is not difficult, and, here is how to do it:

ONSIDER thefollowing scenario. You
have just finished designing your
latest electronic masterpiece. You have
successfully built the circuit board and
to your delight and surprise it works first
time. You have a bird’s nest of switches,
pots, connectors and lamps spread all
over the kitchen table and you are
threatened. with divorce if you don’t
move it within ten seconds.

Your immediate thought is to'put it in
a casé as soon possible. You drill a hole
for the mains lead, but forget to deburr
it; you could not find a rubber grommet,
so you push the mains cable through the
metal box and tie a knot in it to stop it
pulling out. The mains plug came fitted
with a 13 amp fuse, so you use it, and
in your rush to use the equipment you
exchange earth and neutral. The circuit
consumes 10 amps but the cable is only
rated forthree. When you turn it on for
the final test the cable catches fire, the
main fuse blows and the house is plunged
into darkness.

The above may sound somewhat
exaggerated, but it serves to illustrate
how easy it is to make equipment unsafe.
Now ask yourself how much consider-
ation you give to.safety when you design
and construct mains powered equip-
ment. We are all guilty of ignoring safety
to some extent from time to time,
perhaps without even realising it!

STRESSING THE OBVIOUS

The above example has safety errors
of such obvious magnitude that PE
readers should recognise them immedi-
ately. However, there are a number of
areas where safety can be compromised
and it is to these that this article will
dddress itself. Remember that it is not
only the constructor’s safety that is at
stake, but also that of other unsuspecting
persons.

The purpose of this article is to inform
the reader of the importance of adopting
a safe attitude to electrical work and the
techniques that should be employed.

I make no apologies for stating the
obvious even though experienced con-
structors may feel that this is teaching
them to ‘suck eggs’. The importance of
electrica] safety cannot be stated too
forcefully. I hope the experienced will
regard this as a refresher course, and the
newcomer as a useful reference.
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MAINS PLUG

The most obvious safety factor related
to mains plugs is to ensure that the
correct colour coding is used, as shown
in Table 1 and Fig. 1.

TABLE 1

Earth - Yellow/Green
Live — Brown
Neutral — Blue

The earth lead is bi-coloured to allow
easy identification by those who suffer
from colour blindness.

(EARTH)
GREEN/
YELLOW

[LIVE)
BROWN

NOTE POSITION
ON CABLE OUTER
TINSULATION

DI6357) Caie

Fig.1. Typical mains plug with cover
removed.

The second thing to ensure is that the
leads are cut ta the correct length. These
are sometimes shown on a data card
supplied with the mains plug, and serve
two purposes. Firstly they allow easy
installation and secondly, and more
importantly, they ensure that, should the
lead be pulled from the plug, the Earth
lead is the last to be removed.

There are two types of terminals
commonly used, those with insert holes
and those with wrap around terminals.
When using the insert type it is
important to ersure all the conductor
strands go into the hole so that there are
no loose strands that could short to other
terminals. One should also ensure that
the insulation covers apy exposed
conductor, and that the terminal screws
are tightened sufficiently to hold the
cable in place. In the wrap around type
the conductor strands are wrapped

around a screw post and a combined
washer/nut assembly is used to clamp
the conductor. The length of the exposed
conductor should be such ‘that it will
create about one turn when wrapped
around the post. In addition: the
conductor should be fitted in a clockwise
direction around the post to ensure that
the cable is drawn into the assembly
when it is tightened.

Should the cable diameter be too
small for the cable clamp to grip, the
diameter should be increased until a
suitable fit is achieved. This can be
achieved by adding the outer covering
from a larger diameter cable, or by using
layers of heatshrink sleeving (or similar)
until the required diameter is achieved.
It should be noted that this technique
can also be used for cable glands and
plugs/sockets clamps (see below).

Mains plugs ‘are fitted with cable
clamps of vyarying designs. All are
designed to prevent the cable from being
pulled out. It is important that these are
adequately tightened and that the clamp
rests against the ‘outer covering of the
mains cable; apother reason for cutting
the Jeads to the specified length.

Mains plugs should be fitted with a
fuse appropriate to the equipment with
which it is being used. It is now common
for plug manufacturers to fit 3 amp fuses
as standard.

Mains plugs come ih a range of shapes,
colours and prices, and the old addage
‘you only get what you pay for’ is true.
Ensure that the plugs you use conform
to British Standard -BS1363, which
should be displayed on the plug.

CASE SDEa_ ™

MAINS
CABLE

0JG258

Fig.2. Cable entry using gland as
grommet and strain reliever.
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CABLE ENTRY/EXIT

There are two methods generally used
for mains cable entry into equipment._
The first, and most elegant method is to
use a plug/socket arrangement such as
an IEC connector. This provides auto-
matic earthing, and a version of this
connector contains a mains filter,
especially useful for digital equipment.

The second method (Fig. 2.) is to pass
the cable through the case and make
connections inside. One should ensure
that any burrs are removed from the
entry hole and a grommet inserted to
prevent the metal cutting into the mains
cable. Provision should be made to
secure the cable to the case, thus
preventing the cable being pulled out
thereby exposing live conductors. There
are several devices available that clamp
the cable, such as strain relief bushes
and cable glands. One method
sometimes seen is a knot tied in the cable
(Fig. 3.). This is totally unacceptable as
it can damage the cable which could
cause the earth conductor to fracture
and allow a metal case to become live
under a fault condition.

1™

CASE SIDE &, |

£
\

D16 259

Fig.3. Incorrect cable entry.

EARTH CONNECTION

It is absolutely essential that exposed
metal parts on equipment are earthed.
Obviously it is easier to use a metal case
as only one earth connection needs to
be made. However, if a plastic case is
used any meta] parts that pass through
the case, such as transformer mounting
bolts etc, should be earthed. This may
require the use of earthing straps as
shown in Fig. 4. It should be noted that
the earth connection to the case should
have its own mounting screw and not
rely on the mounting screw for another
component.

FUSES AND FUSEHOLDERS

It is quite common to fit a small value
fuse in a piece of equipment when the
3 amp fuse in the mains plug is too large,
or when one wishes to fuse the d.c. side
of the power supply. In these instances
a panel mounted fuseholder is used such
as that shown in Fig. 5. It should be
noted that the feed to the fuse should
be to the rear of the fuseholder rather
than the side. If the side terminal were
used there is the possibility that one
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TO EARTH
TERMINAL

EARTH
i S

PLASTICS
CASE

FOUNTED
INSIDE CASE

PANEL
MOUNTED
COMPONENT

0JG260]

Fig.4. Use of earth straps in plastic case.

could get a shock as the fuse is removed.
This is because a finger could touch the
top of the fuse whilst the other end of
the fuse touches the side terminal. It
should also be noted that there are two
types of fuseholder available, finger and
screwdriver release. Some types of
finger release types are not suitable for
mains operation on domestic equipment
as defined in the Electrical Equipment
(Safety) Regulations 1975-76. Refer-
ence to manufacturer’s catalogues
should indicate these types.

CASE

PANEL SLOT FOR
iCQE WORIVER
o

OUTPUT TERMINAL

INPUT_TERMINAL

L

Fig.5. Panel mounted fuseholder.

The purpose of a fuse is to protect
equipment from serious damage arising
from ' large currents due to fault
conditions, for example line and neutral
shorted together. If these currents were
allowed to persist there is a strong
possibility that a fire could occur,
especially in the mains supply lead. The
fuse should therefore be rated below that
of the mains cable.

Another important aspect to note
when a fuse is placed in the mains circuit,
is that it should be fitted in the Line
lead, not the neutral lead.

PLUGS AND SOCKETS

If it is necessary for mains to be
supplied by equipment to external
devices such as motors etc, a plug and
socket arrangement provides an elegant
solution. However it should be noted
that not all types are suitable. Reference
should be made to manufacturers’s
catalogues to ensure that the types
chosen are rated for the current and
voltage that are to be used. Plugs and
sockets that can be opened without the
use of a tool should not be used for mains
voltage. I prefer the IEC mains output
connectors for use with currents up to
six amps. The convention that must be
adopted is that sockets supply power,
whilst plugs accept power.

COPPER
CORES
DOUBLE |NSULATED CABLE

=

PRIMARY
INSULATION

SECONDARY
INSULATION

CORRER SINGLE INSULATED CABLE

INSULATION

0JG262

Fig.6. Single and double insulated cables.

CABLES

There are two basic types of cable
available, single and double insulated
(Fig. 6.). Doubled insulated cables
should always be used outside
equipment, and it should be ensured that
the inner insulation is not exposed when
connection is made to plugs and sockets
etc (Fig. 7.). Cables can be categorised
by their current rating, by cross sectional
area, or by the number of strands in the
core and their diameter. Table 2 shows
the relationship between these factors
for single core equipment cables that
comply with BS 4808 part 2. Note that
the current ratings are for 70°C.

Wherever possible the cable used
should be suitably colour coded as
shown in Table 1. This helps to prevent

CORRECT
PLUG PLUG
SOCKET SOCKET \

EXPOSED
PRIMARY INSULATION

WRONG

Fig.7. Insulation security.
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TABLE 2

Strands/
Current diameter area
amps no/mm mm’
1.8 1/0.6 0.28
14 7/0.2 0.22
3.0 16/0.2 0.5
4.5 24/0.2 0.75
6.0 32/0.2 1.00

errors and makes checking easier. Single
stranded cables tend to crack much
easier than multistranded cables. This is
especially true when the single strand is
slightly cut during stripping. For this
reason I prefer the use of multistrand
cables. The cable used should have a
higher current rating than the maximum
current required by the equipment.

VENTILATION HOLES

When  constructing  equipment
containing components that generate
heat, such as transformers in power
supplies, it may be necessary to include
ventilation holes in the case. Care should
be exercised in the position and size of
these holes as they could lead to an
unsafe situation. The size should be such
that a child’s finger cannot pass through
the hole and touch any live components.
One should also position these venti-
lation holes so that a screwdriver pushed
through them cannot come into contact
with live components. It is therefore
better to use a number of small holes
rather than one large hole, and to
include a cover plate behind the holes
as shown in Fig. 8.

COVER PLATE \ SECTION A-A

{c 1

(T | (=M= (= (= [Caillcer——)

A A

L OF OO+ N ®ryfo
oooo\oo
A Y

SM
VENTILATION HOLES

[BIGz8e

Fig.8. Ventilation.

SWITCHES

Although most switches appear to be
adequate for mains use, closer
examination may suggest otherwise. For
example, two switches may look similar
but one may only be rated for 50 volts
d.c. use, whilst the other is suitable for
240 volt a.c. operation. One should also
ensure that the switch is capable of
handling the required current. It is
common for switches to have two ratings
quoted by manufacturers, for instance
1.5 amps at 250 volts a.c., and 2.5 amps
at 125 volts a.c. In addition some
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e
switches have different current ratings
for inductive and resistive loads. One
switch I used recently was quoted as

~<having a current rating of 16 amps

resistive and only 4 amps inductive. One
should therefore study the manu-
facturer’s data sheets before selecting a
particular switch for a specific
application.

Switches are commonly used in equip-
ment as the mains on/off control. If a
single pole switch is used it must be
inserted in the Line circuit and never in
the neutral circuit. However, if a double-
pole switch is used both line and neutral
may be switched as shown in Fig. 9.
Under no circumstances must a switch
be placed in the earth circuit.

SINGLE POLE
SWITCH
, £
LIVE ﬂ\ ke
z 3
2 4 NEUTRAL re
S g
-3
L EARTH 3
DOUBLE POLE
SWITCH
LIVE e O R (=
z : 3
2 4 NEUTRAL ﬂ¥ Fo
E g
EARTH
L -
DJG265

Fig.9. Single and double pole switch
circuits.

WIRING

Having decided which components
and wire types are to be used, you can
proceed with the actual wiring up. This
is probably the area where the greatest
number of mistakes can occur.

First the cable has to be stripped
before any connection can be made.
Care should be taken to prevent the
inner copper strands from being cut. This
is of particular importance when using
single strand cable, as the cable is liable
to break at a later date. If some of them
are cut the current rating and mechanical
strength will be reduced. The answer in
this case is to start again. Common
practice when using multi-strand cable
is to twist the strands together and solder
them. Any excess can be removed before
the connection is made. It is good
practice to ensure that there is as little
exposed conductor as possible, as shown
in Fig. 10. Terminal blocks are some-
times used as internal connectors. The
wiring to these should be checked for
stray strands that could short to earth,
or to others from adjacent cables. In
addition the terminal’s clamp should rest
on the strands, not the insulation.

Cable runs not only look more
professional, but are easier to trace later,
if they are neatly routed. This can be
achieved by planning the routing before
you start and using cable ties to keep
them together. Where possible colour
code the cable and use the standard
colour code for mains cables.

CASES

There are some aspects regarding
safety that should be considered in the
choice of a case. Generally there are two
options available, metal or plastic. Metal
cases may not be as attractive as some
plastic cases, but they can have
advantages. They are naturally
conducting, thereby only requiring one
earth connection, and can be
mechanically stronger. Plastic cases are
not normally conductive which means
that, in order to earth any exposed metal
components, a number of internal earth
straps have to be provided. Exposed
metal parts includes things such as
mounting screws on transformers, as
shown in Fig. 4. No matter what type of
construction is used for the case, if it
contains mains it should not be possible
to open it without the use of a tool. This
prevents it from accidentally being
opened thereby giving someone an
electric shock.

SAFETY CHECKS

When the construction is finished,
conduct a few simple checks to ensure
that the final system is safe. Firstly, give
a visual check to establish that no silly
mistakes are present. These include
inspecting the mains plug connections
and fuse rating, and that line and neutral
are not reversed.

Secondly a few tests with a meter are
required, which must be undertaken
before plugging into the mains.

Earth continuity test. Using an
ohmmeter set to a low range, test that
the earth pin on the mains plug is
connected to the exposed metal parts.

Short circuit test. Position the mains
on/off switch to the ON position and
connect the voltmeter across the line and
neutral pins of the mains plug. The meter
should show a high resistance value,
indicating that line and neutral -are not
shorted.

When these prove satisfactory connect
the equipment to the mains, and enjoy
the satisfaction of having completed a
successful and electrically safe project.

CONCLUSION

Safety is something that is not difficult
to understand or implement, and is to a
large extent a matter of common sense.
But even when you know what should
be done, you still require a positive
safety attitude and the will to implement
it

WRONG
EXCESSIVE CONDUCTOR

col
INSULATOR \

|

CORRECT

INSULATOR

DJG266

Fig.10. Insulated tagging.
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MICROVISION

We have a largé quantity of the
PCB from this innovative flat
screen TV. They are, however,
incomplete with the main chip,
tuner -and vol control missing.
This means of course they
won't cost a lot. By the time this
ad appears we'll have more
fnformation, so ring or write for
details.

* RECENT ADDITIONS
Full details in Bargain List 27
CB MICROPHONE
Hand held with push to talk switch. Curly
lead. 600R Dynamic ......cccccouvennnnons £2.95
CIRCUIT TESTER
DC continuity tester. Needs 2xAA cells.
90cm fong lead has croc clip. 50p
MINI DRILL
Precision geared plastic. Brass chuck
takes up to 1.2mm bit. Sforage in handle.
115mm long. . - . £1.69

TELEPHONE
Non-BT approved single piece. Push
button with auto redial. Ivory. Wall
bracket. 4m lead (half is coiled) ... £5.99

CRAFT KNIVES
Miniature type has 12 snap off sections.
9mm wide blade is fully retractable and
can be iocked in position. Supplied with
spare blade. 1256mm long. .............. ‘50p
Heavy duty version of above — 18mm
wideblade, 7 sections, 150mm long.

95p
LOGIC PROBE

For TTL, CMOS etc. LED and sound indi-

cation Pulse enlargement capability

allows pulse direction down to 25nsec.

Max f = 20MHZ ...l £9.99

STEREO TUNER

2497 AM/FM STEREO TUNER PANEL.
Complete radio chassis with push button
selection. for LW/MW/FM and ON/OFF.
Ferrite.rod for LW & MW selection, co-ax
socket for FM aerial. Supplied with mains
transformer and rectifier/smoothing cap,
and wiring details. PCBis 333x90mm.

£12.95

‘NEWBRAIN’ PANELS
2494 Motherboard microprocessor panel
265x155mm_ Complete PCB for com-
puter. Z80, char EPROM etc. 68 chips
altogether + other associated compo-
nents, plugs, skts etc........... £5.50

2495 RAM panel. PCB 230x78mm with
14 x MM5290-2 (4116) (2 missing} giving
28k of memory. Also 8 LS chips. These
panels have not been soldered, so chips
can easily be removed if required £5.00

‘NEWBRAIN’ PSU
BRAND NEW Stabilized Supply in heavy
duty ABS case with rubber feet. Input
220/240V ac to heavy duty transformer.
via suppressor filter, Regulated DC out-
puts: 6-5V at 1:2A; 13-5V at 0-3A;
=12V at 0.05A. All components readily
accessible for mods etc. Chunky heatsink
has'2 x TIP31A. Mains lead (fitted with
2'pin continental plug) is 2m long. 4 core
output fead 1.5m long fitted with 6 pole
skt on 0.7 pitch.’ Overall size 165x75x
TS C a5 £5.95 10 for £40

FLASH UNIT
2488 Complete apart from case. Xenon
fube, neon indicator, on/off switch, trig-
ger wires. Requires 3V supply. 50x55x
30mm Brand new, with data .. . £2.70

INVERTERS & CVT's
50V DC in, 240V AC 50Hz out, 1 kVA, 2kVA
& 4kVA from £150
24V DC in, 240V AC 50Hz since wave out.
600VA. In transit case £240
CVT's: 192-264V in, 240V 1% out 2kVA,
4kVA, BkVA, 6kVA from  £160
Carr. extra. Details on request.

1987 CATALOGUE

Out now!! Bigger and better than
ever — 80 pages packed with
components and equipment from
humble resistors to high tech
scopes! Bargain List, Order Forms
and £1.50 Discount Vouchers all
included for just £1.00 inc. post.

+ FREE! KIT-CAT

24 pages illustrated catalogue with over
100 kits from simple amplifiers to
complex EPROM programmers — also
computer interface kits enabling many
popular computers to be linked with the
outside world. PLUS kits utilizing
breadboards for beginners.

KEYBOARDS
TATUNG VT1400 Video Terminal Key-
board Brand new cased  unit
445x 225x65/25mm 71 Alpha-numeric
and function keys, + separate 14 key
numeric keypad. ASCIl output via curly
cord and 6 way plug. Data and connexion
sheet supplied. Now only ..... £17.50

POWER SUPPLIES
2993 65 Watt switch mode multi-output
power supply. Astec Model AA12790. Of-
fered at around one-third. normal’price,
this has to be the Bargain of the Year!!
Compact,unit 195 x105x50mm accepting
115/230V ac input. Outpufs:

‘v % £99 95

+12V 2.9A

+18V  1.0A

5V 0.2A
2468 Switched mode PSU by Europower,
model EP3008/MMS. Eurocard size
160 x100mm. 230V input, 5V at 3A and
12V at %A output. Excellent value.£19,95

Z975 Power Supply Unit. As used in
‘Teach in 86°. Built in 13A plug. Case
92x 57 x45mm. Output 14V at-600mA AC
................. £3.50

Z482 Siliconix mains input, 4.5V DC
150mA output to 3.5mm jack plug on 2m
lead. Built-in continental 2-pin plug. Size
62, X403 8! | Bl Saar b £1.50

COMPONENT PACKS
Greenweld are No. 1in component packs
— No. 1 for value and No. 1 for variety!
We sell thousands of packs containing

- millions of components every year! They

all offer incredible value for money —
order some now and see how much you
save over buying individual parts!

Full details in catalogue.

COMPUTER BOOKS
Ce4, VIC20, BBC, MSX, Spectrum,
Dragon, etc. Originally up to £9.95 each.
All-now £1 each.
Full details in catalogue.

PANELS
2469 AL30A amp. Panel 30 x 64mm. 10W
RMS O/P with 30V supply. Popular audio
amp module — these are ex-equip but
believed to be working. £2.50

2475 TRIAC PANE - 240 x 165mm.
14 triacs 2N6346. TXAL 116B or sim. 200V
6-8A; 16 SCR's C106A1 4A 30V; 6 x 4099
in skts; 15 suppresssors; 37 ZTX450; min
12V relay; R's, C's plugs, etc.  Only £4.50

2483 NI-CAD Panel 177x144mm PCB
with one massive Varta Deac 57x50mm
@ rated 7.2V 1000mAH and another
smaller Deac 32x35mm @ rated 3.6V
600mA. The price of these Ni-cad stacks
new is over £20. Also on the panel is a
mains input charger transformer with two
separate secondaries wired via bridge
rectifiers, smoothing capacitors and a
relay to the output tags. The panel
weights tkgm. .. All this for just. £6.00

SOLDER
500g reels resin cored. 18g £5.95
500g reels resin cored. 22g £7.95

GREENWELD

ELECTRONIC
COMPONENTS

Al prices include VAT, just add 60p P&P.
Min Access order £5.

Official orders from schools etc.
welcome - min invoice charge £10.

Our shop has enormous stocks of components and is open

EN

9-5.30 Mon-Sat. Come and see usl!

443C Millbrook Road Southampton
SO1 OHX Tel (0703) 772501/783740

Designed for use with
6 our lock mechanism
(701 150) this kit will
operate from a 9V to
15V supply drawing a
standby current of only
50uA. There are over 5000 possible 4-digit
combinations and the-sequence can be easily
changed. To make things even mote difficult for
an unauthorised user an alarm can be sounded
after 3 1o 9 incorrect entries — selectable by
means of a link. The alarm can sound for a few
seconds to over 3 minutes during which .time
the keyboard is disabled preventing further
entries. A latched or momentary output is
available making the unit ideal for door locks,
burglar alarms, car immobilisers, efc. A
membrane keyboard or pushbutton switches
may be used and a beep sounds when a key
is depressed. Kit includes high quality PCB, all
components, connectors, high power piezo
buzzer and full assembly and user instructions.

XK121 LOCK KIT ..ccoccvvvvnn... £15.95
350118  Set of keyboard Switches . £4.00
KB12S

12-Way Membrane Keyboard ......
£9.98

701150 Electric Lock Mechanism . £16.50
MICROPROCESSOR
TIMER KIT

Designed to con-
trol 4 outputs
independently
switching on and
oft at preset times
over a 7-day cycle.
LED display of
time and day, easily programmed via 20 way
keyboard. Ideal for central heating control
including different switching times for
week-ends). Battery back-up circuit.
Includes box. 18 time settings.

CT600K £42.90
XK114 Relay Kit for CT6000 includes PCB,
connectors and one relay. Will accept up to
4 relays. 3A/240V ¢/0 contacts ... £4.30
701 115 Additional Relays ............

VERSATILE REMOTE
CONTROL KIT

This kitincludes
alt components
(+ transformer}
1o make a sensi-
tive IR receiver
with 16 logic out-
puts (0-15V) which with suitable interface cir-
cuitry (relays, triacs, etc — details supplied)
can be used to switch up to 16 items of
equipment on or off remotely. The outputs
may be Jatched (1o the last received code)
or momentary (on during transmission) by
specifying the decoder IC and a 15V stabil-
ised supply is available to power external
circuits.
Supply: 240V AC or 15-24V DC at 10mA.
Size (excluding transformer).9 x 4 x 2 cms.
The companion transmitter is the MK18
which operates from a 9V PP3 battery and
gives a range of up to 60ft. Two keyboards
are available MK9 (4-way) and MK10
(16-way), depending on the number of out-
puts to be used.
MK12 IR Receiver (incl. transformer)
£

14.85

for CATALOGUE

ORDERS: RING (01) 567 8910 — 24 HRS.

‘Based on the ICL

Designed to produce
a high intensity light
puise at a variable
frequency of 1 to

15Hz. this kit also
includes circuitry to
trigger the light from
an external voltage

1

/ TN

‘source (eg. a
loudspeaker) via an
opto isolator.

Instructions are also supplied on modifying the unit
for manual triggering, as a slave flash in photographic
applications or as a warning beacon in security
applications. The kit inciudes a high quality pcb,
components, connectors, 5Ws strobe tube and full
assembly instructions. Supply: 240V ac. Size:
75x50x45.

XK124 Stroboscope Kit

8 WAY SEQUENCER KIT

The DL800OK is an 8-way sequencer kit with
built in opto-isolated sound to light input
which comes complete with a pre-
programmed EPROM containing EIGHTY —
YES 80! different sequences including stan-
dard flashing and chase routines. The KIT
includes full instructions and all components
(even the PCB connectors) and requires
only a box and a control knob to complete.
Other features include manual sequence
speed adlustment zero voltage switching,
LED mimic lamps and sound to light LED
and a 300W output per channel.

And the best thing about it is the price:

ony £28.50
Al

DISCO LIGHTING KITS

DL1000K This value-for-money 4-way
chaser features by-directional sequence
and dimming. 1kW per channel. £17.50
DLZ1000K = A lower cost uni-directional
version of the above. Zero switching to
reduce interference. £9.85
DLA/1 Optional opto input allowing audio
‘beat’/light response
DL3000K -3-channel sound to light kit
features ‘zero voltage switching, automatic
level control and built-in microphone. kW
per channel. £14.25

L] R A

MER U W H

7126 and ‘a 3%

digit liquid
crystal dispiay,
this kit will form

the basis of a -

digitial multimeter (only a few additional
resistors and switches are required — details
supplied), or a sensitive digital thermometer
(-50°C to +150°C) reading 0-1°. The kit
has a sensitivity of 200mV for a full-scale

MK 18 Transmitter 4 reading, automatic polarity and overload
MK?9 4-Way Keyboard £2.00 | indi-cation. Typical battery life of 2 years
MK10 16-Way Keyboard £5.95 | (PP3). £17.00
601 133 Box for Transmitter £2.60

ELECTRONICS SEND 9" x 6" SAE & 50p FOR

13 BOSTON RD.

LONDON W7 3SJ
Tel: 01 567 8910
ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT

FREE P&P on orders over £20 (UK only), otherwise add 75p + VAT.
Overseas P&P: Europe £2.75. Elsewhere £6.50. Send cheque/PO/
Barclaycard/Access No. with order. Giro No. 529314002.
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

CATALOGUE OR CALL AT
SHOP Mon-Fri 9-5 pm
Saturday 10-4 pm
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SPECIAL FEATURE

BETTER USE OF
BATTERIES — UPDATE

BY ROD COOPER

Better use of battery chargers

Following on from his articles in the June and July 1986 issues of PE, Rod Cooper discusses a few

arising points.

EVERAL queries were received about

the dry-cell charger. I was surprised
that some readers thought that the timer
section of the charger could be disposed
of in order to reduce cost. The
photographs of overcharged cells in the
July issue were meant to show that there
was a safety factor in overcharging, not
that unlimited overcharging of the sort
that could be done with a timerless
charger was permissible. Zinc-carbon
cells are generally regarded as not being
gas-tight, so gases from decomposed
electrolyte due to overcharging escape
to leave the dry cell even drier — and
defunct of course.

On the other hand, alkaline cells are
gas-tight and trying to stuff too much
charge into them will result in the safety
seal rupturing and the jelly-like electro-
lyte will ooze out. Being caustic, this can
cause quite a mess. A timer is therefore
essential not just to stop charging at the
point where overcharge starts, but well
before that. This is because the type of
charger described gives essentially a
constant-current charge. This is very safe
as a short-circuit across the cell terminals
caused by clumsy handling does no
damage, but unfortunately it means that
there is no significant reduction in the
charging rate as the cell approaches full
charge, which is what a dry cell requires.
So, it is best to stop short of full charge
even if it means mjssing a small amount
of capacity.

The component value given will give
a satisfactory charge to the average zinc-
carbon dry cell, which is what the
charger design was primarily intended
for. With alkaline-manganese cells, it is
necessary to estimate the charge
required, and experience will show what
length of time is required for the
particular type being ‘used. The
stripboard layout showed IC2 holder
pins removed so that the track could pass
under the holder and so that R15 could
be conveniently connected to pins 1, 14
or 15 as required, and adjusting the
timing period as needed. If you find you
are unable to judge the charge required,
then it is better to leave these cells alone
and stick to zinc-carbon.
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Some of those who made a charger
went to measure the current through the
cells, or at least tried to! Although your
meter scale may be showing readings in
‘r.m.s.’, the chances are that the scale is
only true for sine-waves over a very
restricted frequency range. Most
inexpensive meters rectify the a.c., take
the mean average deviation and display
this — but with r.m.s. values showing on
the scale because this is usually the value
that people want to use. This is fine for
sine-waves, but useless for any other
waveform because there is then no fixed
relationship between m.a.d. and r.m.s.
values.

Just try taking a reading with such a
meter on a square-wave and you will see
what I mean. Even my Solartron 7045
(a d.m.m. costing over £400) is average-
reading r.m.s.-calibrated, and gave
fictitious readings with the waveform
shown in Fig. 7 on Page 16 of the July
issue, which is anything but a sine-wave.
The only way to measure such a wave-
form is with a true r.m.s. reading meter,
and these are usually based on convert-
ing the a.c. to heat and then measuring
the temperature rise, a method which is
substantially independent of both
frequency and waveform. I used a
thermocouple-type instrument, and the
reason the current values were not
published was because I supposed
(correctly, as it turned out) that few
constructors would have one of these.

The current can be calculated by an
indirect method, though. You can
measure the peak value of voltage across
R7/R10 by connecting a ’scope across
this resistor and taking a reading, but be
careful about earthing arrangements if
you da this. You can then work out the
r.rm.s. value, take an average by
assurming approximately equal on and
off times, and then use Ohm’ law to
find the effective current through the
resistor, and thus the cell. There are
inaccuracies in this method, but it is
better than using a false-réading meter.
However, it is tedious.

The mains transformer used in the
charger was a critical component. It was
specified as the RS 207-627, available

from Magenta or Electromail. Regret-
tably, this vital information did not get
into print, and constructors who used
other transformers had variable results.
This is because transformers vary in their
regulation. A good quality component
from a British manufacturer may have a
regulation of 5%, whereas a cheap Far
Eastern import may be as bad as 20%,,
and this has a disproportionate effect on
the charging current. The specified
transformer was chosen because it was
the lowest-voltage commercially
available type with a reasonable
regulation (10%) and availability. As the
dissipation varies as to the square of the
working voltage, a low voltage was
considered an advantage.

At least one constructor connected the
diodes D7 to D10 so that the large pulse
of Fig. 7 (July issue) was the wrong way
round, thus mysteriously causing the
cells to come out with less charge than
when they went in! Unfortunately the
stripboard layout did not make it clear
which way the diodes were inserted,
although the circuit of Fig. 9 makes it
quite clear. You can check with a scope
that the cell is receiving the large pulse
in the right direction for charging by
connecting across R7/R10, and that the
small pulse is in effect discharging the
cell.

Now to the Verkon dc/dc converters
described in the June issue which
stepped up the 1.5V of a single cell to
either 8V or 12V. Most users seem to
have had great success replacing
expensive NiCd and layertype PP3
batteries with these cost-saving devices.
However, it was inevitable that some
converters were used for applications
which were unsuitable or difficult, for
example a.m. radios, where r.f.
interference gave problems. The V6 and
V12 are both switch-mode power
supplies, so it is obvious some r.f. is
going to be present, although the
manufacturers have gone to the extent
of putting the device inside a steel can.
The leads, capacitors, etc will all carry
r.f. interference, so if you are going to
use any dc/dc converter for an a.m. radio
then you will need extra screening. It is

PRACTICAL ELECTRONICS MAY 1987



T 2l

BETTER USE OF BATTERIES

very easy to construct an r.£. shield which
will enclose the cell, converter and other
components from tinplate. There is -
plenty of literature around about r.f.
screening so I won’t repeat the standard
text here except to say, on a purely
practical note, that the rectangular cans
of Colman’s mustard make excellent r.f.
shields with no extra work! Also, it helps
if the converter is placed well away from
the r.f. sensitive parts of the circuit, like
the ferrite rod aerial. After all, no-one
making an audio amp would put the
mains transformer next to the phono
input, and exactly the same principles
apply even if you are using an r.f. screen.
The leads from the converter should
have small ferrite-type chokes in series,
and these must have a low d.c. resistance
and be enclosed along with the cell, the
découpling capacitors and all the other
converter components inside the shield.
These problems occur with a.m.
radio, but f.m. does not pose the same
amount of difficulty. I have used Verkon
converters on c.b. transceivers like the |
ones shown in the photo in the July issue,
which were of course the legal f.m. type.
I have also successfully used Verkons
with no extra screening for replacing the
PP3 battery in a resistance-capacitance
btidge, a portable electronic thermo-
meter, an AVO meter (for the resistance
ranges), a frequency meter and for
driving the 6v motor in a cassette
mechanism, so it is safe to say that for

Photo 1. Cells 1 to 4 are different types and make of cell which have been overcharged by a fac-
tor of ten times to show how safe it is. The recharge current was I amp (five times that recom-

“mended) for 24 hours (twice as long as that recommended). To make the test more severe, plain

smoothed d.c. was used. Result: no sign of leakage, no sign of splitting or bursting. Cell No. 2
developed a slight bulge after 8 hours but nothing further happened. This cell was sectioned and

compared with an uncharged cell.

Photo 2. Another set of cells was charged at
0-2 amp using PCR for 5 days, an overload of
ten times the recommended rate. No sign of
leakage or splitting of the case was seen. A
sectioned view of one of these cells shown
below on the right compared with an un-
charged cell on the left, confirms no distor-
tion of the case or internal components.

As all these tests have been repeated many
times it is safe to say that recharging with
PCR at 1710 of the charge rate used is
harmiess provided the rules set down in the
text are adhered to.

CHARGE WITH CAUTION
THESE ARE PHOTOS PUBLISHED
IN PE JULY 1986.

most uses screening is not needed.

AUDIO A-D-A (PE) SETS 251 £61.00

Audio ananiogue-to-digital-to-analogue  converter
with level, gain feedback and feed forward controls.
8-bit parallel data port.

CHIP TESTER (PE) SET 258F £39.30

Computer* controlled logic and chip ananlyser (up to
4 pins).

CHORUS-FLANGER (PE( SET 235) £59.99
Mono-Stero. Superb dual-mode effects

CYBERVOX (EE) SET 228 £44.76

Amazing robot type voice unit, with ring-
modulator and reverb.

DIGITAL DELAY (PE) SET 198.50.

Upto 65 secs delay, echo, reverb, re-pitch, multi &
reverse track, loop, wic. 64K memory plus micro-
interface*. 19 inch rack.

DISCO-LIGHTS (PE) SET 245F £62.50

3 ¢han sound to light , chasers, auto level. Plus micro
interface™.

ECHO-REVERB (PE) SET 218 £57.66
Mono-stereo. 200ms echo (extendable), lengthy
reverbm switchable multitracking.

MICROSCOPE (PE) SET 247 £44.50

Turns a *Computer into a n oscilloscope.
MICRO-TUNER (PE) SET 257) £55.32

Computer* controlled, very accurate music tuning aid
and frequency counter.

MINI-TUNER (EE) SET 259 £22.50

Simple computer* controfled music turning aid.
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MUSIC, EFFECTS AND
COMPUTER KITS

MIXER (PE) SET 229M £44.45

4 chans, separate gains, levels, filters, twin outputs.
MORSE DECODER (EE) SET 269 £22.16
Computer* controlled morse coder-decoder, with
variable rate and level controls.

PHASER (PE) SET 226 £42.36

Excellent phasing enhanced with modulated filtering.
POLYWHATSIT! (PE) SET 252 £122.69

Amazing effects unit, echo, reverb, double tracking,
phasing, flanging, looping, pitch change, REVERSE
tracking! 8K memory.

REVERB (EE) SET 232 £27.35

Mono, with reverb to 4 secs, echo to 60ms.

RING MODULATOR (PE) SET 231 £45.58
Fabulous éffects generation, with ALC and ultiwave
form VCO.

STORMS! (PE) £29.50 each unit.

Raw nature under panel contol! Wind & Rain SET
250W. Thunder & Lightening SET 250T.

* COMPUTER PROGS available for BBC, C64 and
PET for kits marked *.

MANY MORE KITS (Over 70Y) in catalogue.

ALL KITS incl. pcbs, parts, nice boxes, instructions,
free wire and solder. Further details in catalogue.

CATALOGUE AND ENQUIRIES
Send A4 SAE for catalogue, and with all enquiries.
(Overseas send £1.00 or 5 1.R.C’s).

PHONOSONICS, DEPT PE75, 8 FINUCANE DRIVE, ORPINGTON,

LOW COST
GEIGER
COUNTERS

NUCLEAR FREE ZONES?
CHECK THEM OUT -
GET A GEIGER

Detectors for environmental and geologicai
monitoring — know your background! You'd be amazed
at the quantities sold since Chernobyl.

METERED GEIGER (PE MK2)

Built-in probe, speaker, meter, digital output. Detector
tube options — ZP1310 for normal sensitivity, ZP1320
for extrasensitivity.

Kit-form — SET 264 — (ZP1310) £59.50, (ZP1320)
£74.05

Ready-built = TZ272 — (ZP1310) £75.50, (ZP1320)
£90.05

AUDIO GEIGER (EE MK2)

Built-in probe (ZP1310), speaker, digital output.
Kit-form SET 265 MK2 £49.50. Ready-built TZ274
£65.00

GEIGER-MITE SET 271 £39.50

Miniature geiger with ZP 1310 tube. LED displays
radiation impacts., Socket for headphones or digital
monitoring. Kit-form only.

DETECTORS

ORDERS AND POST

MAIL ORDER, CWO, CHQ, PO, ACCESS, VISA. Add
15% VAT. Add P&P — SET 234 £3.50, Units 264 &
272 £2.50, others £1.50 each. Insurance 50p per £50.
Overseas P&P in catalogue. Text photocopies — DDL
£1.50, Geigers £1.00, others 50p each. Send large
SAE or 50p post. Maintainance service for our kits
available.

KENT BR5 4ED. TEL: 0689 37821
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ARMCHAIR

SCIENTIFIC AND TECHNICAL

BOOK SHOP
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Reference Gy;
de t
Word Processingo
on the Amstrag
PCwa2sg and

PCwsgs 12

QUALITY BOOKS AT REASONABLE PRICES
WHY A BOOK SERVICE?

We receive hundreds of letters from readers from all over
the world complaining that they are unable to get hold
of books or information on various subjects.

The information is availabie if only you know where to
look. Unfortunately, it's looking that takes so much time.
By expanding our book service to include books from a
variety of publishers we are able to keep you informed
as to what is available on a wide range of subjects.

All the books in our service are available from our
editorial office at the recommended retail price plus
postage and package. (We are not allowed to sell them
at below cover price.) In addition to our book service, we
have commissioned some independent reviews of some
selected titles in order to give a fair and balanced view
as to their suitability, quality and value. These reviews
will appear regularly to back up our service. Descriptions
of books accompanying titles in the book service are not
independent reviews but are merely indications of their
contents.

BOOK ORDER FORM

Please supply the following books listed on the
enclosed form.

Remittances should be sent to:

PE Book Service, Practical Electronics, 16 Garway
Road, Bayswater, London W2 4NH. Cheques should
be crossed and made payable to Intra Press.

PRICES INCLUDE POSTAGE AND PACKING FOR
INLAND ORDERS BUT PLEASE ADD £2 PER ORDER
FOR OVERSEAS*

BOOKDESCRIPTION CODE | QTY | PRICE

ADD £2 FOR OVERSEAS*
TOTAL ENCLOSED
NAME AND ADDRESS
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A PRACTICAL GUIDE TO WORD PROCESSING ON THE
AMSTRAD PCW 8256 AND PCW 8512

There have been 1000’s of Amstrad computers sold — this book is a
guide to using the word processing facilities

EA. Wilson 1986, 182 pages,£6.45 inc p&p, Order code BP187

TV-DXING HANDBOOK
R. Bunney, 1986, 96 pages, £6.45 inc p&p, Order code BP176.

GETTING THE MOST FROM YOUR PRINTER
A guide to making the most of your printer, £3.45 inc p&p, Order
code BP18I.

MICRO INTERFACING CIRCUITS BOOK 1

MICRO INTERFACING CIRCUITS BOOK 2

R.A. Penfold, 1984, Book 1 112 pages, Book 2 112 pages, £2.75 each
inc p&p, Order codes BP130, BP131.

EASY ADD-ON PROJECTS FOR COMMODORE 64, VIC
20, BBC MICRO AND ACORN ELECTRON
O. Bishop, 1985, 208 pages, £3.45 inc p&p, Order code BP134.

EASY ADD-ON PROJECTS FOR AMSTRAD CPC 464, 6128
and MSX COMPUTERS
O. Bishop, 1986, 196 pages, £3.45 inc p&p, Order code BP171.

AN INTRODUCTION TO COMPUTER PERIPHERALS
J.W. Penfold, 1985, 80 pages, £3.00 inc p&p, Order code BP170.

MICROPROCESSING SYSTEMS AND CIRCUITS

F.A. Wilson, 1980, 256 pages, £2.45 inc p&p, Order code BP77.

AN INTRODUCTION TO COMPUTER
COMMUNICATIONS

R.A. Penfold, 1986, 96 pages, £3.45 inc p&p, Order code BP177.

AN INTRODUCTION TO 68000 MACHINE CODE
Price £3.45 inc p&p, Order code BP184.
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DIGITAL IC EQUIVALENTS AND PIN CONNECTIONS
A. Michaels, 1985, 256 pages, £6.45 inc p&p, Order code BP140.

LINEARVIC EQUIVALENTS AND PIN CONNECTIONS
A. Michaels, 1985, 320 pages, £6.45 inc p&p, Order code BP141.

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE
A. Michaels, 1981, 320 pages, £4.00 inc p&p, Order code BP8S.

ELECTRONICS SCIENCE PROJECTS
O. Bishop, 1982, 144 pages, £2.75 inc p&p, Order code BP104.

POWER SUPPLY PROJECTS
R.A. Penfold, 1980, 96 pages, £3.00 inc p&p, Order code BP76.

PRACTICAL ELECTRONIC BUILDING BLOCKS -BOOK 1
PRACTICAL ELECTRONIC BUILDING BLOCKS -BOOK 2
R.A. Penfold, 1983, Book 1 128 pages, Book 2 12 pages, £2.45 each
inc p&p, Order codes BP117, BP118.

AUDIO PROJECTS

F.G. Rayer, 1981, 96 pages, £2.45 inc p&p, Order code BP90.
PRACTICAL ELECTRONICS CALCULATION AND
FORMULAE

F.A. Wilson, 1979, 256 pages, £3.45 inc p&p, Order code BP53.

MORE ADVANCED ELECTRONIC MUSIC PROJECTS
R.A. Penfold, 1986, 128 pages, £3.45 inc p&p, Order code BP174.

16-BIT MICROPROCESSOR HANDBOOK
Trevor Raven

The 16-bit Microprocessor handbook examines the characteristics of
the four most popular chips: 8086, Z8000, and 99000. Over 95% of
the 16-bit microcomputers available on the market today incorporate
one or other of them.
£9.95 inc p&p

Order code NT7

NEWNES ELECTRONICS POCKET BOOK

E.A. Parr, S5th edition, 1986

Despite the increasing emphasis on microcomputers, the aims of the
book are unchanged; namely the presentation of all aspects of
electronics in a readable and largely non-mathematical form for both
the enthusiast and the professional engineer.
£9.45 inc p&p Order code NT10
BEGINNER'’S GUIDE TO INTEGRATED CIRCUITS

Ian R. Sinclair, Second edition 1983

“As before Ian Sinclair has managed to produce an outstanding book
for the beginner to electronics.” (Everyday Electronics)

£5.45 inc p&p Order code NT8

INTRODUCTION TO 6800/6802 MICROPROCESSOR
SYSTEMS HARDWARE, SOFTWARE AND
EXPERIMENTATION

R.J. Simpson & T.J. Terrell

“This book is very thorough.” (Electronics and Computing)

“This text has long been needed . . . essential reading.” (Micro
Forecast)

£8.45 inc p&p Order code NT9
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OP-AMPS (THEIR PRINCIPLES AND APPICATIONS)
Brian Dance, 2nd Edition 1986

This edition provides a source of practical circuits using both new
devices and well-established ones like the 741, and including all
component values. Written in a simple, non-mathematical style and
specifically directed to the non-academic reader.

£6.00 inc p&p Order code NT2

OSCILLOSCOPES (HOW TO USE THEM, HOW THEY
WORK)

Ian Hickman, 2nd Edition 1986

This second edition has been updated to cover new techniques and
new instruments which have been introduced since the publication
of the first edition in 1981. Illustrated with diagrams and photographs
of many more oscilloscopes than the first edition, the book will appeal
to everyone who wants to know about oscilloscopes, from the school
student to the graduate, from the hobbyist to the technician.

£6.00 inc p&p Order code NT3

MODERN ELECTRONIC TEST EQUIPMENT

Keith Brindley, 1986

The subjects covered include analog and digital meters, oscilloscopes,
signal sources, frequency, time and event counters, spectrum and
logic analysers, displays and automatic test equipment.

£7.45 inc p&p Order code NT4

PRACTICAL MICROPROCESSOR
HANDBOOK
Ray Coles, 1986
Can be used to select an appropriate microprocessor for a particular
task as a comprehensive reference source for the technician, as an
overall introduction to the microprocessor scene, or as a primer for
the engineering student.

Taken from Practical Electronics and updated to include new
information and devices.
£14.00 inc p&p

ELECTRONICS

Order code NT13
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PRACTICAL ELECTRONICS HANDBOO
Ian Sinclair, 1986 Revised Edition
A useful and carefully selected collection of standard circuits rules-of-
thumb, and design data for professional engineers, students and
enthusiasts involved in radio and electronics.

This revised edition contains more details on computers and
microprocessors and has been brought up to date throughout.
£6.45 inc p&p Order code NT1
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Pak
No  Qty Description

RESISTORS

300 Assorted Resistors, mixad values and types
300 Carbon Resistors Y- watt, pre-formed, mixed
200 % watt Min. Carbon Resistors, mixed values ...
200 %=1 watt Resistors, mixed values and type:

S0 Wirewound Resistors, mixed watt values

1 Sub Resistance Box. 36 values Sohms—1Kol

50 Pracisfon Resistors, 1% tolerance ... -

100 1.and 2 watt Resistors, assorted vatues .

CAPACITORS

200 Assorted Capacitors, ell types ..
VPG 200 Ceramic Capacitors, Min. mixad values ...
VP 100 Mixed Caramic Disc. 68pf-015pf
VP9 100 Assorted Poiyester/Polystyrane Capacitors .
VP10 60 C280 Capacitors. Metal foil, mixed values
ven % Eleciralytcs.af sonts .

, mi
30 Electrolytics, ISDm! 100m' mixed volts ...

25 .01/250v MAn. Layer Metal Caps

25 Solid Tantalum Caps.. mixed values.

25 Tantalum Bead Caps., sssorted values

4 1000uf 50v Electrolytics

30 Min. Elecrolytics, mlled vulual 47mf-~ |®0ml S(|E~
6 Sub Min.

10 125+ Clear showing Red LED' .

10 Mixed shape and colours LED's

15 Small 125% Red LED's .

15 Large 2% Red LED'S ......oummemm

2% Red LED's .

zs Opto special pack. Assonted, Super Value

GRED 7 Seg. CC lmm x 75mm ROP FND3S3 LED Oisplay
4 GREEN 7 Sog. CA 6" LOP XAN6520 LED Display

5 RED7 Sag. CC 6° LOP XAN6340 LED Display

20 Assorted LED Displays. Our mix, with data
1 Pair Opto Coupled Modules ...

4 DL707R LED Displeys CA ..

15 Triangular shaps IEDs Mmed colours .

mm
10 Large Yellow LED! Smm
10 Small Yellow LED's, 3mm
VP208 10 Large LED's Clear showing Red. T
DIODES & SCRS
VP29 30 Assorted volts Zaners. S0mw-2w
10 Assorted volts Zeners. 10w, coded .
10 5A SCA's T0B6, 50-400v, coded ..
20 3A SCR's T068, up 10 400v, uncoded
VP33 200 Sil Diodes like IN448 ..

LINSLEY-HOOD
SYNCHRODYNE AM RECEIVER

Very high quality kit for this receni design featured in ‘Wireless World"'. Ad
vanced construction system, approved by the Author, uses 3 double sided
PCBs in a stacked layout for total stability, ease of construction and
minimal wiring. This module will form the AM section of an ultra high qual
ity AM/£M swilched bandwidth tuner to maich our 300 series ampiifiers.
Power supply and tuning gang will be included with the FM section.

K450 JLH Synchrodyne Kit Special Price. £59

VFL600 VERTICAL FRONT LOADING
CASSETTE MECHANISM

This iatest addition to our range tulfils the need for a reasonably priced
front loading cassette mechanism. This unit comes complete with stereo
R P and erase heads having standard mountings so that they may be
exchanged for others in our range of heads if required. The mechanism atso
has a 3 digrt countet, chrome operating keys, mechanical auto stop and a
removeable decorative cassette door with central window and key func
nons marked below. Casserte door/cartier has a hydraulicatly damped ‘soft
eject’ feature. Motor is internally governed and only needs a 12v DC supply
with an average current of 80mA. Overall size 160mm wide ncluding
counter, 100mm high and 85mm deep including motor and keys. A robust
and thoroughly useful deck for many purposes

VFLB00 Verticat Front Loading Cassette Deck £24.30

Pak
No

Qty Deseription

200 Sil. Diodes like OA20/BAX13-16 ...
VP35 50 1A IN400O0 Diodes, all good. uncoded .
VPag 30 Assorted Sil. Rectifirs. 1A-10A, mixed volts
VP41 40 IN4002 Sil. Rectifiars, 1A 100v, preformad pitcl
VP1a2 4 40A Power Rectifiers, Silicon, T048 300 PIV .
VP43 5 BY187 12KV Sil. Diodes in carmers, 2.5MA
VP84 3 4A 400v Triacs, plastic
10 SCR's BOOMA 200v 2N5064, Dlasllc T092 .
50 QA9 point contact Germ. Diodes, uncoded
50 0A47 goid bonded Germ. Diodes, uncoded
50 OA70-79 detector Diodes, Germ.
50 OA90 type Germ. Drodes, uncoded
40 BA248 Sil. Diodes, 350v 2A, fast recovery
VP22 20 3A Stud Rectifiers, 50-400v
TRANSISTORS
100 Sil. Transistors, NPN plastic, coded, with data ...
100 Sl Transistors, PNP plastic, coded, with data .
50 BC107/8 NPN Transistors, good, uncoded
50 BCT778 PNP Transistors, good, uncoded
10 Sil. Power Transistors, simiar 2N3055, uncoded .
5 Pairs NPN/PNP plastic Power Transistors, 4A, data .
60 NPN Sil. Switching Transistors, T0-18 and T0-92
60 PNP Sil. Switching Transistors, T0-18 and T0-32
100 Al sorts Transistors, NPN/PNP ..
15 ZTX500 sertes Sil. Transistors, PNP plastic
15 ZTX107 Sil. Transistors, NPN eqvt. BC|07 plastic
15 ZTX108 Sil. Transistors, NPN eqvt. BC108 plastic
25 BC183L Sit. Transistors, NPN 30v 200mA T092 ..
5 SJES451 Sil. Power Trans. NPN BOv 4A Hfe20+
2 NPN/PNP pairs Sil. Power Trans. like SJES451
4 2N6289 Sil. Power Trans. NPN 40v 40w 7A Hfe30-
10 Assorted Power Transistors, NPN/PNP coded and d!(a
0 BF355 NPN TO-39 Sil. Trans. eqvi. BF258 225v 100mA
10 SM1502 PNP TO-38 Sit. Trans. 100v 100mA Hfa100+
30 OC71 type Germ, AF Transistors, uncoded
25 OC45 Germ. RF Transistors o
15 BFYS51 type Sil. 2A Transistors,

40 TTLLC.5 all new gates — Fho Flop MSI, Dsta
40 CMOS |.C.s all new, Data
10 1.C.s 4116 Memories

20 Assorted |.C.s finear. etc..
12 74500

12 741574

all codao

10 74P 8 pln
K 555 Timers 8 p

1 13 pc Tool Set, Screwdrivers, pliers, cutters, otc ..
1 6 pc STANLEY Screwdriver Set. Flat & Crosspoint
1 Ratchet Screwdriver Set, 4 blades. Real valua.

1. Pick-up Tool, spring loaded

Send your orders to Dept. EK. BI-PAK PO. BOX 6§ WARE, HERTS '\HSA

TERMS CASH WITH ORDER. SAME DAY DESPATCH. ACCESS.
BARCLAYCARD ALSO ACCEPTED. TEL 0763-48851. GIRO 388 7006.
DD 15°% VAT AND £150 PER ORDER POSTAGE AND PACKING

CAR RADIO FM IF AND STEREO
DECODER

Miniature PCB with 10,7MHz ceramc filters. 2-transformer ratio detector,
AX010 noise suppression IC and TCA4500A advanced stereo decoder IC.
Only needs front end to make FM tuner or car radio. Complete with circuit.
Incredible value at Only . £1.98

LINSLEY HOOD 300 SERIES AMPLIFIER
KITS

Utda high quality. Mosfet output, Hi Fi amplifier kits by this famous
designer, Two models of identical appearance are available, one giving
35 watts per channel output. the other 45. Careful design has made these
amplifiers capable of superb sound quatity. The delicacy and transparency
of the tone quality enables them to outperform, on a side by side com
parison. the majority of commercial amplifiers avaitable today. Building is
very easy as almost all components are fitted on easily removed printed cir
cuit boards. Subsequent setting up needs only a simple multimeter 10 ob
1ain the full specified performance. Both kits come with very comprehen
sive bulding instructions.

K300 36 35 Watt Complete Kit.
K300 45 45 Watt Complete Kit
Reprints ot Original Articles.

£98.79
£102.36
£1.05 no Vat

LINSLEY-HOOD CASSETTE RECORDER
CIRCUITS

Complete record and replay circuits for very high quality low noise stereo
casseite recorder. Circuits are optimised for our HS16 Super Quality
Sendust Aloy Head. Switched bias and equalisation to cater for chrome
and ferric tapes. Very easy to assemble on plug-in PCBs. Complete with full
INSIUCHONS.

Complete Stereo Record/Play Kit
VU Meters to suit

Reprints of original Articles

... £33.70
£2.30 each.
75p. no vat.

STUART TAPE RECORDER CIRCUITS
Complete stereo record, replay and bias system for reet-to-reel recorders.
These circuits wilt give studio quality with a good tape deck. Separate sec
tions for record and replay give optimum performance and allow a third
head monitoring system to be used where the deck has this fitted. Stan
dard 250mV input and output levels.

Full details are in our lists.

Reprint of Original Articles £1.30 no vat.

vP217
VP218
VP219
ve220
P

VP13
VP7440
VP7470

VP74193

VPI4ZT8
BPX6 1 TTL Data Book

Qty Description

1 Helping Hend .. g
1 Watchmaers Screwdriver Set, 6 pieces

1 Minigture Side Cutters ...

1 Miniature Bent-nose Pliers -

1 Miniature Long-nose Pliers

74 SERIES SALE “ROCK BOTTOM™ PRICES
VP223
VP224

50 Asst TTL ICs. ‘ALL GATES®
100 Asst TTL ICs AL
Mix 7400-7453 ...
4 7413 Dual Nand Schitt Trigger. 4-Input
4 7440 Dual 4-Inpu. Positive-Nand Buffer ...
4 7470 And
Flip-Flop with preset .
47480 Gated full Adder.
4 7481 16-Bu Random Access memories .

new & coded our mix 7400-7453
GATES® new & coded our

4 7491 B-Bit Shift Register

4 7492 Divided by 12 Counter

4 7433 4.8t Binary Counter

4 7434 4.Bit Shift Register

4 7495 4-Bit Shift Register

4 74191 Dual J-K Master Siave. Flip-flop

4 74141 BCD ~ Decimal Decoder/Driver ..

4 74151 1 of 8 Data Selactors/Multiplexers

4 74153 Dual 4 line 10 1 line Data SelactorsMuttiiexers ..
4 74164 8-Bit Parallel Dutput Serial Shift Registers .

4 74167 Synchronous Decade Rate MuMtipliers. —.....

4 74174 Hex D-Type Fp-FIODS ... Sy
4 78181 Arithmetic Logic Unns/Funchon Generstors ...

*Synchronous Up/Dowr Dual Clock Coulmv

clear
4 74279 Duad SR Latches

H Sanas, including “LS". Complete with Pin out
Diegrams.  7400-74670.  TTL  Interchangeability  Guide.  Function
Selection  Guide -na Explanation  of  Function Tables.
£1.00. “NO VAT®
110555 Projects Book (Timer) 167 pages over 50 Project Circuits
fo build and other information on (CSS5 Tumers. Plus FREE with
our compliments, 4 x ICs 555 Timers, worth

ol offer price just £2.95
3 Computer  Books on  Programming  Micro
2X81, etc. Special offer price just £2.50
4 Different  Populer  Books on  Electronic
interesting  reading  end  construction.
just £6.00
Half Price Book Bundle Offer Hundreds of books on Elecironic
Projects, Computers. Integratsd Circuits, Audio, Radio, etc. Far
100 rumerous 10 mention. 5 books list vaiue approx. E10-€1
Each Book Sundle is different so buy 2 or 3 and not repest.
Money refunded if not completely satisifed. Special offer price
just €5.00 “NO VAT®

Projects.

Use your credit card. Ring us on 0763-48851 NOW
and get your order even faster. Goods normalty
sent 2nd Class Mail.

Remember you must add VAT at 15% to your order.
Total Postage add £1.00 per Total order.

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

-
Al e

Do your tapes lack treble? A worn head could be the problem. Fitung one
of our replacement heads could restore performance better than new!
Standard mountings make fitting easy and our TC1 Test Cassette hetps you
set the azimuth spot-on. We are the actual importers which means’ you get
the benefit of lower prices for prime parts, Compare us with other suppliers
and see! The following is a list of our most popular heads. all are suitable
for use on Dolby machines and are ex-stock.

HC20 Permalloy S(nreo Head. This is the standard headHitted as original
equipment on most decks .. £7.66
HS16 Sendust Alloy Super Heud The best head we can !md Longer

life than Permalloy, tantastic frequency
response . . £14.86
HQ551- 4Tvack Haad for auto-reverse or quadraphonic use. Ful| specifi
cation record and playback head . . £14.60
SM166 Standard Mounting 2/2 Erase head Companble with above or
HQS551 4 Track head . £5.90
H524 Standard Erase Head. Semr double gap, high eW'CIencv

H561 Metal Tape Erase Head. Full double gap

HX100 Special Offer Sterec R/P Heads

HRP373 Sendust Alloy Stereo Combination Head

HRP373 Technical specification . . .

HS9510 2/4 Stereo DC Erase Head

HQ751E 4/4 Erase compatible with HQ551

higher output than Ferrite,

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you 10 set up VU level, head azimuth
and tape speed. Invaluable when fitting new heads. Only £4.66 plus VAT
and 50p postage.

Tape Head De-magnetiser. Handy size mains operated unit prevents
build up of residual head magnetisation causing noise on playback [4 54
Curved Pole Type for inaccessible head

send for your free copy of our LISTS. Overseas please send 2 IACSs to cover
surface Post or 5 IRCs for Airmail.
Please add part cost of post. packing and insurance as foliows:

INLANO

Orders up to £10 50p
Orders £10 to £49 1
Orders over £60 £1.50

OVERSEAS

Please send sufficient to cover
Surface or Air Post as
required.

Personal callers are always very welcome but please
note that we are closed all day Saturday

56

24 Hour Sales Line
(0691) 652894

PLEASE ADD VAT s
TO ALL PRICES \» \”’;‘*“‘E
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NEWS AND MARKET PLACE

INDUSTRY NOTEBOOK

BY TOM IVALL

Keeping the Juggernaut going

The shadow of 1984, and society’s addiction to consumerism, is never
far away in the electronic age, despite all its benefits.

recent series of articles called “The

British and the Box’ in The
Observer was based on the premise that
television has enormous power and an
influence that is all-pervasive. It pointed
out that tv can cause churches to change
the times of their services, can boost the
sales of books, turn images of anony-
mous persons into national figures and
inspire the launch of national
campaigns. We also know that individ-
uals and governments can get very
worked up about it. Programmes are
accused of political bias, inciting young
people to violence, undermining
national security, inculcating all kinds of
dangerous ideas, and so on. Earlier this
year the police raided BBC offices over
the Zircon spy satellite affair. Looking
abroad, whenever there is a revolution
or military coup one of the first things
the insurgents do is to capture the tv
broadcasting station.

All this could be cited as one example
of how electronics, through television
engineering, has an effect on society at
large. The programmes couldn’t exist
without the electronics hardware — the
broadcasting and receiving equipment —
so the electronics industry is ultimately
responsible. A parallel case could be set
out for the powerful effect of electronic
computers on our lives. One could
instance the spread of cheaply manu-
factured computers into homes and
schools, their use in small businesses,
the data banks holding dossiers and
official information on individuals, the
computerised robots and expert systems
taking over from human specialists, and
SO on.

In both these very public
manifestations of electronics the
sensitive element seems to be ideas and
information — the domain of mental
activity. Electronics is largely concerned
with transmitting and processing
information (in the communication
theory sense) and is therefore involved
with the semantics — the matters that
affect our feelings and thoughts — carried
by the information. Reflective people

are worried by these intrusions into their
private mental worlds.

But I do not think these influences
are fundamental to the way we actually
live from day to day. Psychological
security is certainly important to all of
us, and anything that seems to be
influencing our normal perceptions of
the world and our place in it, our beliefs
and prejudices, we might feel to be a
threat. But such influences have been at
work for centuries, through preachers,
gurus, teachers, artists,  writers,
minstrels, actors and all their various
media of communication. Now we have
the electronic media, but all they provide
is a big increase in the volume. The
effect, whatever its nature, is on the
superstructure of society.

Modern industrialised societies are
built on capital and mass production
assisted by technology, working to-
gether. Even communist countries are
following the same basic principle. A
characteristic of mass production is that
it has an in-built necessity to keep going.
Factories are initially set up to make
goods. But eventually a reverse process
takes place. The public is pressured to
keep buying the goods, which they may
not necessarily need, in order to keep
the factories running — and, of course,
the workers in jobs, the managers
managing and the shareholders benefit-
ing from their capital investment. It is
even useful to give unemployed workers
money to help maintain demand.

Without this permanent pressure for
consumption the whole system would
collapse. So expedients like planned
obsolescence of products are brought in
to help. Karl Marx thought that capital-
ism would be ended by an inner contra-
diction - the increasingly exploited
workers eventually rising up and over-
throwing the owners of the capital. This
didn’t happen, of course, but there are
now other contradictions to be seen.

Electronics is coming into motor
vehicles more and more to improve their
efficiency and convenience - and, of
course, to provide further outlets for
electronic products. In a comparable

way this technology of information pro-
cessing is insinuating itself, like the |
growth of a nervous system in a living |
embryo, into the structure of industrial
production and the societies formed
around it. As such it is helping to sustain
and strengthen the Juggernaut, this
apparently unstoppable, self-fuelling
vehicle which is lumbering along, full of
the most extraordinary contradictions.

For example, as already mentioned,
a characteristic feature of mass produg-
tion is planned obsolescence. But plan-
ned obsolescence means that the ulti-
mate purpose of production is waste.
Peacefully we’re manufacturing equip-
ment for warfare. Skilfully we’re design-
ing machines to abolish skill. High intel-
lects are turned to the creation of trash;
and great bodies of technical knowledge,
built up over centuries, to bringing forth
more ephemera. We develop products to
satisfy demands which don’t yet exist,
and sell these products to rich minorities
in the midst of a poverty-stricken major-
ity. Workers suffer intense boredom to
produce goods, the images of which are
used through advertising to excite and
stimulate other workers. Worst of all, in
pursuing endless consumption we be-
have as if we didn’t know that the Earth’s
minerals and sources of energy cannot
be renewed.

Electronics helps to keep these contra-
dictory processes going, sometimes play-
ing a central role. Through them it has
a much deeper effect on the way we live
than any amount of watching television,
using computers, or accepting the bene-
fits of the various domestic devices like
microwave ovens and programmable
washing machines. The inherent contra-
dictions, looked at afresh, are sometimes
quite crazy. But in industrialised societ-
ies the continual rise in the material
standard of living anaesthetises us to
accept them without question. Some
people have become completely stoned,
understanding human life solely in terms
of getting and spending. So large popula-
tions live docilely with what an observer
from another planet might find com-
pletely imcomprehensible.
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. HY-TEK ELECTRONICS .

HY-TEK DIGITAL SOUND EFFECTS CHASSIS SPEAKERS
HY-TEK stock a vast range of

HY-TEK ELECTRONICS .

PROFESSIONAL POWER AMPS, CROSS-OVERS & GRAPHIC EQUALIZERS

1000 WATT STEREQ POWER AMP £425.88 10 BAND STEREQ GRAPHIC £129.98 This unit produces over 30
600 WATT STEREQ POWER AMP £329.08 15 BAND STEREQ GRAPHIC £187.98 ditferent sounds at a touch of 0 ;Mi:ﬁ SD;G‘(E’S mlgran'ges
300 WATT STEREG POWER AMP £249.98 27 BAND MOND GRAPHIC £164.93 the controls, an? has been "".eneg:';- pl:;:’ds;lt\:l: u':l?s
- sed by some of the most
150 WATT MONQ POWER AMP £189.98 3 WAY ELECTRONIC CROSS-QVER £09.98 u i Solomis o w A

famous sound systems all over
the UK. Iis effects Include GUN
SHOTS, LASER FIRE, CLOSE

ENCOUNTER TONES plus many
many more.

150 WATT POWER AMP WITH EQ £184.98 2 WAY ELECTRONIC CROSS-OVER=#  £74.98 phone and osk for @ full Nst it
you don’l see what you

require

18" CHASSIS 15" CHASSIS
CELESTON 1000 WATT £190.97  CELESTION 600 WATT £184.97
CELESTION 400 WATT £134.97  CELESTION 250 WATT £99.97
CELESTION 200 WATT £90.97  CELESTION 200 WATT £74.97
GOODMANS 230 WATT £97.97 GOQDMANS 250 WATT £69.97
TITAN 200 WATT TITAN 100 WATT

" All the above units -
are 19" rack mount & are designed to be

rellable under the most rgorous & testing sound system, disco & PA situations PR U IYPPN.
3
PURE HI-FI FOR THE TRUE CONNOISSEUR H DISCQ
HY-TEK offer @ wide range of high quality HIFI at highly b
competitive prices. and featuring fop brand names like PROFESSIONAL : £349.98 (:
NAD, ROTAL, TRIO, YAMAHA, MARANTZ, A&R to mention A
Just @ tew. Our current special offers Include: RLEEOICORSOFE i 4
A fé%o 500 \’zArl"TS n;;'cnonnel power amp 5:];:.:: This system features the famous MRT&Q
super high quallty pre amp . " th Bl o
NAD 6220 cossete deck (WHAT HI-F1 FIRST CHOICE) £149.95 2:2‘:;;;?; ;'Ic bv“'mg g" °°“ 1 ?q::’"’e"
MARANTZ PM84 150 WATTS per channe sterec omp £499.97 UL ey e
TRIO KAB60 60 WATTS per chonnel sterec omp £189.97 CITRONIC turntables fitted with magnehc
YAMAHA K220 high quallty cassefte deck £120.97 All housed in
Phone us now for brands or models nol mentioned in TS G
this advert
e JAMO HI-POWER HI-Fl SPEAKERS
PROFESSIONAL AUDI & eteirinnn,, S e
MIXER MX881 i "z S
The host of features 4
on this mixer make P H JAMO D5SE
it ideal tor live PA, :
o broabi i i £ £199.98
use. It has 8 input 5 :
c:;:\en zlzzlel__;:lﬁfg £ VYVVYVVYIVYVVVYYY
line or phone. A PHONIC MX 7700 JAMO D5E — The top of the dynamic
200ms echo unit & DISCO MIXER range of speakers from JAMO. With a
comprehensive host of features that include an
monholing 1aals This unil offers many fealures only found on mixers costing much more. nerossive M Nut T e
e, ooi? like @ cross-ade between the furntable inputs, 5 band graphlc equatizer, el 5 G (P SR
SR full headphone monitoring®plus much much more. Many other models Bius fwins tweetats Bnd.a NET
Py avallable in this range from onty £29.98 efficlency midrange driver. All fifted in
eble & pan tastelully styled cabinet complete with
controls DIGITAL DELAYS, SAMPLERS & ECHO castors. Also avallable JAMO D4
JSH DX77 DIGITAL DELAY 512ms & HOLD. L SU0.07 speakers (3 way 170 watts) £419.98
VESTA FIRE DIG 420 sumpler 1024ms SAMPLE. £249.98 & JAMO D3 speakers (3 way 130
\ VESTA FIRE DIG 411 DELAY 1024ms & HOLD £259.98 watts) £99.98
4 VESTA FIRE DIG 412 programmabie DELAY.
HY-TEK ELECTRONICS 48 Dalston Lane, e LIl
- 01- ALTAI VC) BBD 200ms ECHO.
London E8 3AH. Tel: 01-249 4814 A £ o
INSTANT CREDIT UP TO £1,000 A « 2 > — |
i subject fo status — ask for =Y R w » - -
written details 1 O O I <o b . p 8
PHONE 01-249 4814 for some doy moil order despatch i 2 | { BELAY | [ J
1 SCOPE: 2 Active Component Comparator
' DC — 20MHz Bandwidth (for checking Transistors, diodes and
i 2mV/div Sensitvity I.Cs etc)
40ns — 0.2s/div Sweep Test Voltage: 8.6Vrms (28mA)

14 Trigger Functions
Including active TV trigger on line

& ey All for the price of a scope at

il ‘_ 3 Triple Output DC Source £285*
- & ( +5V (1 A) —ve grounded *(Excluding Delivery and VAT)
2 2 +1 2y (200mA) Common Floating Correct at time of going to press

»3»\ Crotech instruments Limited =5

2 Stephenson Road, St. lves, Huntingdon, Cambs. PE17 4WJ
¢ Telephone: (0480) 301818
Also available from Audio Electronics & Henrst

i F- I . Diag . E § 100 PAGE CATALOGUE

1000’s Major & Minor Electronic

Formed in 1981 in recognition of the special knowledge and skills . s Compon_ents :
required by persons involved in fault diagnosis, plant management, Audio, H Ifl, Car Radios, Am Ps, Kits,

s e T Computer Bits, Meters scopes, Test Gear,

At the present admission is based solely on competence and TranSiStorS, DiSCO, Hardware Tools.
capability without regard to age or academic attainments. .
Please send £1 for catalogue to:—

To obtain further particulars send a fully ped and add, d fope to: leTH ELECTRONICS
INSTITUTION OF DIAGNOSTIC ENGINEERS 157 CHAPEL STREET, LEIGH,

3 Wycliffe Street, Leicester LE1 5LR28 England LANCS WN7 2AL. Tel: (0942) 606674,

- =
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HI-FIDELITY
WITH SOUND PRINCIPLES

Complete kit for less than £140

Top quality design and finish, 40 watts per channel into Ohm, 80 watts into Chmn.
High current output, fully stabilised supply, rugged TOS transistors.

Double sided pcb, star power distribution, earth plane, 225VA torroid transformer.
Wonderfully musical and dynamic sound, drives difficult speakers with ease.
Quality metal film resistors, film capacitors, over 350 parts, concise instructions.

L O

The GATE ONE amplifier is no ordinary hobby kit. It is uncompromising in the electronic
and mechanical design, the circuit board layout, choice of components and case finish. It
looks and sounds as good as amplifiers in the £300 class, which is indeed what it would
cost if we were to manufacture and sell in volume through normal retail outlets.

Considerable attention has been given to the circuit layout, which uses a double sided
pcb with extensive earth plane, star supply and ground feeds. The psu is regulated, even
to the TO3 complementary output darlingtons, with secondary reservoir capacitors for each
channel. All driver and pre-amp stages are de-coupled. All low level signals to the selector
switch are kept in coax, not sprawled across the pcb as in many other designs. The only
power wiring is from the rectifier to the pcb and directly from the output stage to the
heavy duty speaker sockets.

The design uses passive RIAA equalisation and tone controls with a tone cancel and
subsonic filter facility. You can even introduce a subtle bass boost to compensate for
loudspeaker deficiency. All inputs other than the MM or MC input bypass the front end
pre-amp. The volume control is placed directly in front of the main amp, where the output
fuse is included in the feedback loop. The MM input sensitivity is 2mV with a 28dB overload
margin and 80dB S/N ratio ref full output, which is 40 watts per channel.

The case and pcb are manufactured to professional standards. The GATE ONE kit is £138.61
inc. but from Ist May this has to go up to £161.00. A fully built and tested GATE ONE is
currently £179.86. Send for further details. PS: This is not just a well engineered design, it
sounds superb as well and offers unbeatable value for money.

Money back

GATEHOUSE AUDIO ) moneyeace

PO Box 6, Evesham, Worcs. WR11 4NP. retumed unused.
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4075 13p 741537 16 7415244 50p 0p 14175 650 Bing for itoms not isted. We stock 3,000 itoms

4076 l-’-p 741538 17, 7415245 50p P 74176 R

4077 13p 741540 16p 7415247 60p ZBOACPUIBOR 7408 g

4078 13p 741542 31p 7415248 50 ZBOBCPU W“D 74182 4s= GRANDATA LTD.

4081 13p 741547 ss, 7415249 92p ZB0ADMA 650p 74197  40p 94 12THE BROADWAY, PRESTON ROAD
13p 741548  56p 7415251 30, 780AP10250p 74196 40p WEMBLEY, MIDDLESEX, ENGLAND

4082
4085  40p 741551 16p 7415253 60p ZBOBP10 600p 74197  45p Telephone: 01-904 2093 & 904 1115/6
4088 32p 741554 16p 7415258 60p ZBOACTC250p 74393  70p Telex: 932885 Summit

. A &
ELECTRONICS LTD . ' '
v LB .

pr De

that there is a real difference at Cricklgwood Electronics.

That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE. for sheer variety, competitive prices and service
from the U.K.'s number one 100% component shop. No gimmicks. no gadgets or
computers, just components, millions of them, all easily available by mail order,
calling or credit card telephone orders. Just pick up the phone (or a pen) to get your
FREE copy now {no SAE required). You have nothing to lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel: 01-450 0995/01-452 0161
Telex: 91 4977

PE

P AVO TRANSISTER TESTER TT169. Handheld GO/
OSCILLOSCO ES NOGO for In-situ Testing. Complete with Batteries,

TELEQUIPMENT D75. Dual Trace 50MHz. Delav leads & instructions (P&P £3) ... now only £12 |
Sweep. With Manual ... . £325
COSSOR CDU150. Dual Trace 38MHz. Sofid State. | pisk DRIVE PSU. 240V 1N; 5V 1.6A & 12V 15A
Portable 8 x 10 ¢cm display with manual ..... £200 W125 H75: D180mm. Cased Un-
TELEQUIPMENT D61, Dual Trace 10MHz. With | Sec sy Yjoomm- H7omm. D1oomm. oot
Mantal e . e £150 | QWERTY KEYBOARD. Cased. ASCIl Coded + Un-
LELEQ?IPMENT D43. Dual Trace 15MHz. \:fs:; coded Keypad & Function Kevs Requires +/— 12V.
EILE) With Info. Un-used. {P&P £4) . £25
SOLARTRON CD1400. Dual Trace 15MHz. With | QWERTY KEYBOARD (as in LYNX MICRO). Push

Manual o £100 | {5 make. Cased (P&P £2) .. only £5
TELEQUIPMENT S544. Single Trace 10MHz. Sofid | pigk DRIVE 5% ful height. 80 track double sided.

State. With Manual ... _E10 | pouble densn(y With Manual. Usad(P&PCS)
COMMUNICATION RECElVERS .. €45 edch
RACALRA17L. 500KHz-30 MHz. With Manual. SPECIAL OFFERS

... only £140 each
EOVSTONE 73074, 480K M2 30MHe With Manual | B + K Precision CRT Restorer/Analyser Mode) 467.
only £110 each | Suppliedwith2bases and Manual (P&P£7)

only £125 each
MULTIMETERS

LABGEAR Colour Bar Generator KG1. 8 Test
patterns (P&P £4) only £40 each
AVO 9 Mk4 {identical to Avo8 Mk4 but scaled
differently). Complete with Batteries & Leads.

RACAL UNIVERSAL COUNTER TIMER Tvpe 836.
.. £55 | 32 MHz with Manual .. only £50
AVO8MK2. Completewlth Banenes& Leads .. £45
Above items in GOOD WORKING ORDER — ISOLATING TRANSFORMER 240V In - 240V Out.
appearance not A1 hence the price. S00VA (P&P £5) .. v £15 @ACH

AVO TEST SET No 1 {Military version of AVO 8)
NEW EQUIPMENT

Complete with Batteries, Leads & Carrying Case
o £89 ] HAMEG OSCILLOSCOPE 605. Dual Trace 60MHz.
enes, 3 : Delay Sweep. Component Tester .. £583

ANALOGUE POCKET MULTIMETERS. PHILIPS/ | HAMEG OSCILLOSCOPE 203.6. D“a'T’acf 2oMHz.

TAYLORIAVO tc. Complete with Erianceliras || S UEEy il Apretizs
e from £10 All Other Models Available

A
Carrying Case ©

pl

STEPP|NG MOTORS BLACK STAR FREQUENCY COUNTERS (P&P £4)
Meteor 100-100MHz ..

TYPE 1. 200 Steps per rev. 4 Phase (5 wire}. 12/24V. [ Meteor 600-600MHz .
Torque 250z inch/will run on 5V with reduced | Meteor 1000-1GHz ...
torque) .. .£15 each | gACK STAR JUP
TYPE 2. 6/12 Steps per rev 3 Phase 12/24V (will | GENERATOR. Slne/Square/Tnangle
work on 5V) .. £2 each | (P&P £4) .. S

SOt e, Mmoo, v i ool oo 4 £750

TYPE 3. NORTH AMERICAN PHILIPS. 24 Steps per | HUNG CHANG DMM 7030 3% digit. Hand held 28
rev. 4 wire 5V 3.3Amps 0-250 rpm 0-200 PPs ranges including 10 Amp AC/DC 0.1%. Complete
. £6 each | with Battery & Leads. (P&P £4} £39.50

TYPE 4. 200 Steps per rev. 120V (3 w1ra) Torque | AS ABOVE. DMM6010, 0.25%. . £33.50
25 oz inch £4 each

N 7 WARNER 24 Staps per rev. 3 Phase OSCILLOSCOPES PROBES. Switched x 1; x 10
(6 wire). 28V. Holding Torque 45 oz inch . £5 each | (P&P £2) ... £Nn

| liod 7 Y

Used equipment — with 30 days g
Thisisa VERY SMALL SAMPLE OF STOCK. SAE orTeIephone for Lists. Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods & Carriage.
Callers welcome 9 a.m. to 5.30 p.m. Mon—Fri {until 8 p.m. Thurs)
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STEWART OF READING '_wz

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: 0734 68041




PE PCB SERVICE

P.C. BOARDS

Printed circuit boards for certain PE constructional projects
are available from the PE PCB Service, see list. They are fully

Dear PE,
Please supply the folowing PCBs:

drilled and roller tinned. All prices include VAT and postage Board description Code Qty Price
and packing. Add £2 per board for overseas airmail.
Remittances should be sent to: PE PCB Service, Practical
Electronics, 16 Garway Road, London W2 4NH. Cheques
should be crossed and made payable to Intrapress.
Please note that when ordering it is important to give project
title, order code and the quantity. Please print name and Name & Address:
address in Block Capitals. Do not send any other
correspondence with your order.
Readers are advised to check with prices appearing in the
current issue before ordering.
NOTE: Please allow 28 days for delivery. We can only supply
boards listed here.
TELEPHONE ORDERS ClockTimer 027 £7.58
Fibre Optic Audio Link
(LINES OPEN 24 HOURS) o
Transmitter MAR '86 025 £3.90
You can now order your printed circuit boards by telephone, Receiver 026  £3.90
quoting your Access credit number. The number to ring is: Setof two boards , 00B  £6.90
0268 289923. In stock items will be despatched within 24 hours Hardware Restart (double-sided) 50802 £8.35
of receipt of order. If you ring out of office hours please state Temperature/Analogue Interface 101  £3.90
your order, credit card number and address clearly, as the Sound Activated Switch 102 £6.17
order is recorded on an answering machine. PhotographicTrigger Unit APRIL 86
Setof two boards 00C  £7.89
Power Control Interface 50301 £5.31 IEEE1000 PSU 105  £5.28
Disc Drive PSU 504-02 £7.79 Scratch and Rumble Filter 106 £5.13
Modular Audio Power System APRIL 85 NotcherBiteotaUnie 107 £5.99
Pt-3:Test Signal Source 50409 £4.73 g
P Suppl 04— Logic Checker MAY'86 108  £4.59
owenSuly 504-10  £4.70 D.E BeaconTimer 109  £6.18
Amstrad Synthesizer Interface 505-01  £4.77 STEbus backplane 110 £14.97
Rugby Clock Pt-2 5833 £30.84 GuitarTracker 11 £6.98
" MAY’85 gO 4_02 ;islgg Thermocouple Interface JUNE ’86 112 £3.90
= ggﬁ; ég-gg PE Hobby Board 113 £29.00
. . BBC Light-pen 114  £3.90
C‘?{r‘:fgor:[rgs‘c Ll e e B Passive IR Detector 115 £3.90
4 : 200MHz counter
RpRCE b DR Main board JULY '86 116 £19.141
MTX 8 Channel Ato D JULY'SS 507-01  £4.37 Display board 117 £14.35
Voltmeter Memory Adapter 50601  £3.90 Set of two boards 00D £30.88
Envelope Shaper AUG’85 50801 £4.11 Fibre Optic Data Link
Set of two boards SEPT 86 00E £10.14]
Car Boot Alarm . 509-01  £3.90
RS$232To Centronics Converter el 509-03  £5.70 PEHB D/A-A/D 120 £7.25
Drum Synthesizer 121  £7.67
Touch Control PSU 001  £4.90 e . !
Exp. with Robots (double-sided) OCT'85 004 £21.30 Time Delay —Mains (Set of2) OCT’86 122 £7.92]
Modulated Syndrum 005  £4.90 Ll o Dl 123  £3901
Remote Joystick — Set of two boards 124 £10.86
CBM User Port Expander 006  £4.38 y NOV’86
Model RailwayTrack Control oy Baby Alarm — Set of two boards 8 125 £10.71
*Bytebox: ROM Board (double-sided) 002 £15.89 Video Enhancer DEC’86 126  £8.76
e TR = Video Fader JAN'S7 127 £4.50
Battery Backed RAM 008 £4.13 f)cra;n e d . " 128 £8.06
EPROM Board 009 £3.90 E romenader (double side) main board 129 £30.68
*Special Price — Complete set of Power supply. 150 S8
5boards 00A £29.25 PE Promenader Playback Unit 133  £14.52
DEC 85 PE Promenader Extension Prom FEB '87 131 £9.05
Model Railway ~ Rec Board — A 016 £4.33 EEN Stab 7 S
Track Control Rec Board - B 017  £5.60 PE 30 Plus 30 134  £29.50
Rec Board - B Ext 018 £4.38 4 Channel Enhancer 135 £4.60
Test Load 019 £3.03 Light Pen MAR 87 136  £4.10
. Bell Repeater 137 £3.90
lsaggct:vtlltmh }S{:g::tl? P22 4.0 Ultrasonic Measure 138 £9.50
Synth & 8-Bit /O Port JAN'86 PE Vigilante 139 £5.90
(double sided) 023 £774 SMPSU Stepper 140  £3.90
Burglar Alarm I Booster APR87 141 £3.90
Main Board 020 £5.73 _ Inverter : 142 £3.90
Bell Driver FEB ‘86 021 £3.90 Inductive Loop Transmitter 143 £3.90
Logic Probe 024 £4.73 > Receiver 144  £3.90
Computer Movement Detector 509-02  £3.90 Bright Fuzz MAY '87 145 £3.90
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FULL-TIME
TRAINING
COURSES

2 YEAR
B-TEC National Diploma (OND)
ELECTRONICS &
COMMUNICATIONS ENGINEERING

(Television & Computing)
15 MONTHS
B-TEC National Certificate (ONC)
ELECTRONIC EQUIPMENT SERVICING

{Television & Video)
15 MONTHS
B-TEC National Certificate (ONC)

COMPUTING TECHNOLOGY

9 MONTHS

B-TEC Higher National Certificate (HNC)

COMPUTING TECHNOLOGY

& ROBOTICS

HIGH PERCENTAGE OF COLLEGE BASED
PRACTICAL WORK

SHORT COURSES WITH PREVIOUS
KNOWLEDGE
NO EXTRA CHARGES FOR OVERSEAS
STUDENTS
COURSE COMMENCES
21st SEPTEMBER 1987

LONDON ELECTRONICS
COLLEGE

Dept: AA, 20 Penywern Road,
London SW5 9SU. Tel: 01-373 8721

SURPLUS/REDUNDANTELECTRONIC
COMPONENTS WANTED

1/Cs —Tuners —Transistors — Valves — Diodes
etc. any quantity considered — immediate

payment.
ADM ELECTRONIC SUPPLIES

Tel: 0827 873311

Free Membership to a new national electronics club. For
details and a free pack of components worth over £10 send
only £1 p&p to Dept PE Woodside, Dowsett Lane, Ramsden
Heath, Billericay, Essex CM11.

d.c.electronics

THE Source For All Your Component
Requirements.

ALL components are professional grade,
brand new with manufacturers marking
and guarantee.

SPECIAL BARGAINS — ONLY £1 EACH

200 0.25W resistors, mixed values
{max 5 your choice)
50 0.4W resistors, mixed values
max 5 your choice)
40 1N4148 computer diodes
30 1N4001 1A power diodes
15 BC182L NPN transistors
15 BC212L PNP transistors
30 Ceramic plate caps - you specify
value
10 Electrolytic caps 47-470uF - you
specify value
Only our catalogue can tell the full story —
send SAE (9x6) for your FREE copy now.
Dept. P, 34 The Platters,
Rainham, Kent, ME8 ODJ.
Mail order only, cash, PO or cheque with order.
60p P&P. Prices incl VAT,

CLASSIFIED ADVERTISING

Carbon Film Resistors %W E24 series 0-51R to10M0 -1p
100 off per value — 75p 1000 off in even hundreds per value - £7
Metal Film %W 10R0 to 1M0 5% E12 series — 2p 1% E24 series - 3p
BC107/8/9 - 12p BC547/8/9 - 8p BC182L 184L - 10p
BFY50/51/52 — 20p 2N3055 - 50p TiP31A,32A - 25p TIP.41,42, — 40p

Tantalum head submini I ytics {Mids/Volts)

0-1/35, 0-22/35, 0-47/35, 3-3/16, 4-7/16 — 14p 4-7/35 - 15p
2-2/35,47/25,105-15p  4.7/35,6/8/16—16p  10/16,22/6 - 20p
22116 - 30p 33/10-30p 47/10- 35p 100/6 - 40p

Aluminium Electrolytics {Mids/Volts)

1/50, 2-2/50, 4-7/25, 4-7/50, 10/16, 10/25, 10/50 — Sp 22/16, 22/25 - 6p
22/50, 47/16, 47/25, 47/50 —6p  100/16, 100/25 - 7p  100/50 ~ 12p
100/100 - 14p 220/16 — 18p 220/25, 220/50 - 10p 470/16, 470/25 —11p
1000/25 - 18p 1000/35, 220/25 - 22p 4700/25 — 70p

Miniature Polyester Capacitors 250V Wkg. Vertical Mounting

-01, 015, 022, 033, -047, -068 —4p 0-1-5p 0-15,:22-6p 0:47 -8p
Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series

1000p to 8200p—3p  -01to-068-4p 01-5p 0:15,0:22—6p
Subminiature Ceramic Plate 100V Wkg. E12 Series Vertical Mounting
2% 1P8t047P -3p  56P 1o 330P—4p  10% 390P to 4700P - 4p
Ceramic plate/disc E6 Series 50V 22P to .047 - 2p

Polystyrene Capacitors 63V Wkg. E12 Series Axiai Mounting

10P to 820P - 3p 1000P to 10,000 — 4p 12,000P - 5p
1N4148—2p  1N4002-4p  IN5404-14p  WO1 bridge ~ 25p
0A91 - 6p AA143 - 8p WO05 - 20p 1N4006 — 6p
Zener diodes E24 series 3V3 to 33V 400mW ~ 8p 1 watt — 12p
L.E.D’s Red, Green & Yellow 3mm & 5mm - 10p 8mm - 35p

20mm fuse 0-1A to 5A quick biow — 5p Anti Surge — 8p
High Speed drills 0-8mm, 1.0mm, 1-3mm, 1-5mm, 2mm - 30p

Expo Reliant drilling machines 12V d.c. withimproved 3-jaw chuck 6.50
Nicads AA - 80p HP11 ~ £2 PP3 - £4.20 Universal Charges — £6.50
Glass reed switches single pole make contacts—8p  Magnets—12p

VAT inclusive. Return postage 20p (free over £5). Lists free.
THE C.R. SUPPLY CO.,

127 Chesterfield Road,
Sheffield S8 ORN. Tel. 557771.

TURN YOUR SURPLUS

ICS transistors etc into cash, immedi-
ate settlement. WE also welcome the
opportunity to quote for complete fac-
tory clearance.

Contact COLES-HARDING & Co,
103 South Brink, Wisbech, Cambs.
ESTABLISHED OVER 10 YEARS*

Tel: 0945 584188

)  ELECTRONIC

COMPONENTS

l e Velleman Electronic Kits
® Test Equipment & Tools
® /nstrument Cases
(Mon-Sat. 8.30-5.30 Closed Thurs)

13A Station Rd, Cullercoats, North Shields,
Tyne & WearNE304PQ. Tel. 0912514363

Learning Electronics?
Get to grips with the first principles of
electronics. To learn more send
for free leaflets.

Electrotechnigues
Selsey, Stroud, Glos. (04536) 3129.

MANUFACTURERS OF METAL CASES
Front panels professionally silk screen printed
to your own design.

Send details of your requirements for a quotation.

PAYNE ELECTROPRINT LTD
Marcus Road, Dunkeswell,
Honiton, Devon EX14 ORA.

DELUXE WALKIE TALKIES 49MHz, long range. £24.99/
pair (normally £31.49). Satisfaction or refund. Send £3 now,
pay balance upon receipt. 48hrs delivery. Xenon (Dept PE9),
24 Wharncliffe Street, Barnsley, Yorkshire.

The largest selection of flight case fittings
and loudspeaker cabinet components in

Stockists &
Distributors of

IMCELESTION

THEFIRST NAME IN ACOUSTICS
=] A complete range of professional
crossovers & filters.

UnitG.The Cordwainers. Temple Farm Industrial Est..
Sutton Rd. Southend-on-Sea. Essex Tel: (0702) 613922 |

o ST

CUSTOMISED FRONT PANELS

Seif adhesive labels to your own design in plastic or
aluminium. Wide range of colours. DIY kit available.

FOTOBOARD

Single Sided & Double Sided in a wide range of sizes.
SAE for full price list.

MINIATURE CORDLESS SOLDERING IRON
New product — operates from butane gas.

ELECTRONIC ALARM SERVICES

143 Farnham Road, Handsworth, Birmingham B21 8EF.
Tel: 021-523 6747 Private & professional enquiries
welcome

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17. Telephone 01-531 1568
ENAMELLED COPPER WIRE
SWG 1ib 8 oz 40z 2 oz
8to 34 3.63 2.09 1.10 0.88
35to0 39 3.82 23 1.27 093
40 to 43 6.00 3.20 225 1.61
44 to 47 8.67 5 80 3.49 275
48 15.96 6.38 3.69
SILVER PLATED COPPER WIRE
14 to 30 9.09 20 293 1.97
TINNED COPPER WIRE
14 to 30 397 24 1.39 0.94
Fluxcore
Solder 5.90 3.25 182 0.94
Post Free. Please add V.A.T. at 15%. Orders under £2 add 20p
SAE for list of copper and resistance wire.
Dealer enquiries welcpme.

SERVICES |

SERVICE SHEETS from £2.50/1sae ctv/mus-c/combis £3.50/
1sae. Sae Newnes & TVTechnic Books in stock. Thousands
Service & Repair Manuals. SAE Free Review/pricelists, TIS
(PE), 76 Church St., Larkhall (0698 883334), Lanarkshire.

HEATHKIT U.K. SPARES AND SERVICE CENTRE. Cedar Elec-
tronics, Unit 12, Station Drive, Bredon, Tewkesbury,
Glos. Tel. (0684) 73127.

COMPONENTS

1.G.S. COMPONENTS, No 18 QUEENSWAY, SHELLEY,
ONGAR, ESSEX CMS5 0BN. RESISTORS YW 5% carbon
film E12, 1 2p, 25 1.5p, 100 1p, 4R7 to 10M any mix, 10 off
each above 770 resistors £4.40. 5Smm LEDS red 1 8p, 25 6p,
100 Sp, green or yellow 1 1lp, 25 9p, 100 8p. IDC ribbon
cable grey 0.05in pitch, 10way 12p/ft, 16way 18p/ft, 20way
23p/ft, 26way 30p/ft, 34way 34p/ft, 40way 46p/ft. IDC
connectors also available - full list free on request. All prices
include VAT. Orders under £10.00 50p extra.

BARGAIN PACKS - 610 4w Carbon Resistors 2,5,10%. 10
each value E12 Series. £3.00 inclusive. Also 1000 of above
good mix £2.50 inclusive P&P. Many other items in stock.
Write for free list. D.M. Evans 12 Vicarage Hill, Rhostylen,
Wrexham, CLWYD LL14 4AR.

MISCELLANEOUS

CLEARING LABORATORY, scopes, generators, P.S.U.’s, bridges,
analysers, meters, recorders etc. Tel. 0403-76236.

Published on Ist Friday of each month by Intrapress. 16 Garway Road. London W2. Typcsetting, artwork and film by Gilfillan Ltd.. and printed in England by McCorquodale Magazines Ltd., Andover, Hants. Distributed
by Seymour Press 01-773 4444, PRACTICAL ELECTRONICS is sold subject 1o the following conditions, namely that it shall not, without the writlen consent of the Publishers first hzvmg becn gwen be lenl resold, hired

out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover. and that il shall not be lent. resold, hired out or otherwise disposed of in a

unauthorised cover by way of Trade or affixed to or as part of any pubtication or advertising, literary or pictorial matter whatsoever.
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ELECTRONICS & COMPUTING

Tm GREAT You don’t have to continue working
HOBBIES : ; on things you don't believe in, with people who'd want

y : you locked up if they knew what you really thought . . .
' Promoting Equality of Opportunity. For businesses and

people who want a say in how their technology is used.
EfP Ltd. 28 Milsom St, BATH BA1 1DP (0225) 69671

EXCHANGE RESOURCES

RECRUITMIENT AGENCY
& BUSINESS CONSULTANCY

BUSINES -‘]¥i How would you like to try an agency
that rewards you for ethical decisions? And deal with

businesses which respect vour views?
BATH 0225 69671

R

...IN ONE GREAT KIT!

= AUTOS
TRAN RM e . 105,115,220,230, 240V
The K5000 Metal Detector Kit combines the SFO ERS EX-STOCK e AR
challenge of DIY Electronics assembly with the MAINS ISOLATORS 3015 or 15.0-15¥ 2412V or 120-12¢ © 58 170
. = o A a0 4 PriSec 120Vx2 OR 2x15V Tap Secs. 2x12V Secs. Pri240V 150 8.49 1.85
reward and excitement of discovering Britain’s buried s151840 0 240V T Dl 0 DR T Gl B B i e
past. {60-1000VA Tap Secs) v 2 524 170 05 025 308 27 1000 2879 3.25
: e . VA £ P&P 2 4 BT 192 ] 05 370 160 1500 34.17 368
THE KIT — simplified assembly technigues require little 2 i g;? s g 2 ;;g 4 Fe B0 20 ;:g: 48
technical knowledge and no complex electronic test w0 1343 25 5 M 101449 231 6 A 3 931 205 foug :;m g:
equipment. All stages of assembly covered in a detaited 36 R R 2 N S ol ™ Too) B oA
page manual. 500 35.45 366 10 202532 284 16 S 8 1573 260 ‘OKVACA?E%?UTOS OA
THE DETECTOR — features Analytical Discrimination ok Al 2 BT (S5 ST 240Y Cable Igw
& Ground Exclusion, backed by the proven pedigree of D D oy @ @2 5% 0B ITE ISV USK s autets
P 0 R ing b ! @ 4 09 566 i o
C-Scope, Europe’s leading detector manufacturer 6000  298.69 oa o P R 62 2 8.34 178
2x25V Tap Secs % i 3-23 :'gf INVERTERS O 1S3 187
Ask at your local Hobby/Electronics shop or contact:— s 2V £ PR 2 AiD g2y FoLEbRES % wm  am
05 t 501 176 3 A 61612 234 10N HoY 00 2932 319
1 2 609 190 4 M 81838 255 WINDING SERVICES 1000 40.29 e
2 A 41084 220 S P 102323 278 ;V‘:QTO;“:V* 2000 73.33 528
. 3 i R of 3-phase
(£ C-Scope International Ltd., Dept. PE S e Pl Tooas waofmp.‘f\)g.mmm
C f CG Wotton Road, Ashford, Kent TN23 2LN SunSmpglzg 2,220l 0 20540 31 Dok Iy i Fike, Edgecumbe
‘ . g 8 16 30.89 3.15 12 24 43.98 465 CONSTANT VOLTAGE ALSO VALVE MAINS
Telephorie: 0233 29181, 10 20 366 360  PLEASE ADD 15% VAT TO TRANSFORMERS OUTPUT & MATCHING
12 24 4387 380 ALL ITEMS AFTER P&P Sphe-free stable mains TYPES
MAKE YOUR INTERESTS PAY' BARRIE ELECTRONICS LTD  Unit 211, Stratford Workshops,
- Tel: 01-555 0228 (3 lines) Burford Road, London E15 2SP
More than 8 million students throughout the worid 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 90 years experience in home-study courses andis the largest
correspondence school in the world. You leamn 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 your FREE information pack on the course of your choice (tick
one box only).
L T e T o ot s INDEX TO ADVERTISERS
Radio, Audio \
‘ Electronics U | 3nd TV servicing O
Basic Electronic Radio Amateur Licence ] . " eeMe - 18
! Engineering (City & Guilds) [ | Exam (City & Guilds) O A.D.M. Electronic Supplies ... et
Audiokits ... ¥
l Electrical Engineering 0 | car Mechanics O I Rl e Ol gt
Electrical Contracting/ Computer Ay Hall Supplies, Adam .
I Instailation O | Programming g I el LR Hart EIectroni’c Kits
GCE over 40 '0' and ‘A’ level subjects O BiPak Components .
R C.M. Howes
] e i B.K. Electronics ...
— Hy-Tek
Aadress P. Coge Brewsters ...
l international Correspodence Schools, Dept EDS 57, 312/314 High St., , Bull, J |-C-S- ----------------------------------
Sutton, Surrey SM1 1PR. Tel: 01-643 9568 or 041-221 2926 (24 hrs). A e H H B
— e — —— — —— —— — — — — — Camboard oo Inst. of Diagnostic Engineers

London Electronics College ..
Magenta Electronics

O M N | ELE c T R O N I c S Coles Harding ... L% I\NAapOIm Eslectromcs
| Cricklewood Electronics . 10 Ol S

OMNI i

* NEWCATALOGUE NOWREADY % | |Crofton Electronics ... " Phonosonics

Crotech Instruments ... )
Pineapple Software ...

Cambridge Learning ...

Croydon Disco ..

We stock a wide range of components: A o RISCOMP ...
transformers, switches, pots, ICs, capacitors, resistors, CRSCopeh e . :cne(\tlfliwlfe Cg. ........................... 61
diodes, boxes, triacs, LEDs, cable, connectors, PCBs — Cybernetics ........ e M. EIRES IRy G
P Pt aad. foF - BIE. Ao ] = 61 Smiths Electronics ...
In 1act, all yo ee your projects. O Eetionics IBC Society of Electroscience ..
Send 2 x 18p stamps for a copy of the catalogue or call AL . IR Specialist Semiconductors
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FULL-TIME
TRAINING
COURSES

2 YEAR
B-TEC National Diploma (OND)
ELECTRONICS &
COMMUNICATIONS ENGINEERING

(Television & Computing)
15 MONTHS
B-TEC National Certificate (ONC)
ELECTRONIC EQUIPMENT SERVICING

(Television & Video}
15 MONTHS
B-TEC National Certificate (ONC)
COMPUTING TECHNOLOGY
9 MONTHS
B-TEC Higher National Certificate (HNC)
COMPUTING TECHNOLOGY
& ROBOTICS

HIGH PERCENTAGE OF COLLEGE BASED
PRACTICAL WORK

SHORT COURSES WITH PREVIOUS
KNOWLEDGE
NO EXTRA CHARGES FOR OVERSEAS
STUDENTS

COURSE COMMENCES
21st SEPTEMBER 1987

LONDON ELECTRONICS
COLLEGE

Dept: AA, 20 Penywern Road,
London SW5 9SU. Tel: 01-373 8721

SURPLUS/REDUNDANT ELECTRONIC
COMPONENTS WANTED

1/Cs — Tuners — Transistors — Valves — Diodes
etc. any quantity considered — immediate
payment.

ADM ELECTRONIC SUPPLIES

Tel: 0827 873311

Free Membership to a new national electronics club. For
details and a free pack of components worth over £10 send
only £1 p&p to Dept PE Woodside, Dowsett Lane, Ramsden
Heath, Billericay, Essex CM11.

d.c.electronics

THE Source For All Your Component
Requirements.

ALL components are professional grade,
brand new with manufacturers marking
and guarantee.

SPECIAL BARGAINS — ONLY £1 EACH

200 0.25W resistors, mixed values
{max 5 your choice}
50 0.4W resistors, mixed values
max § your choice)
40 1N4148 computer diodes
30 1N4001 1A power diodes
15 BC182L NPN transistors
15 BC212L PNP transistors
30 Ceramic plate caps — you specify
value
10 Electrolytic caps 47-470uf - you
specify value
Only our catalogue cantell the full story —
send SAE (9x6) for your FREE copy now.
Dept. P, 34 The Platters,
Rainham, Kent, MES ODJ.

Mait order only, cash, PO or cheque with order.
60p P&P. Prices incl VAT.

CLASSIFIED ADVERTISING

Carbon Film Resistors %W E24 series 0-51R to10M0 -1p
100 off per value — 75p 1000 off in even hundreds per value - £7
Metal Film YW 10R0 to 1M0 5% E 12 series — 2p 1% E24 series ~ 3p
| BC107/8/9 - 12p BC547/8/9 - 8p BC182L 184L - 10p
BFY50/51/52 — 209 2N3055 - 50p TIP31A,32A - 25p TIP41,42, - 40p

T ) head s lectrolytics (Mids/Volts)
01/35, 0:22/35, 0-47/35, 3-3/16, 4.7/16 - 14p 47/35 - 15p
22/35,47/25,10/5-15p  4-7/35,6/8/16~16p  10/16,22/6 — 20p
22116 30p 33/10 - 30p 47110 35p 100/6 — 40p

Aluminium Eilectrolytics (Mids/Volts)

1/50, 2-2/50, 4-7/25, 4-7/50, 10/16, 10/25, 10/50 - 5p 22/16, 22/25 - 6p
22/50, 47/16, 47/25, 47/50 - 6p  100/16, 100/25-7p  100/50 — 12p
100/100 — 14p 220/16 — 18p 220/25, 220/50 ~ 10p 470/16, 470/25 - 11p
1000/25 - 18p 1000/35, 220/25 - 22p 4700/25 - 70p

Miniature Polyester Capacitors 250V Wkg. Vertical Mounting
<01, -015, -022, -033, -047, -068 —4p 0-1-5p 0:15,-22-6p 0-47-8p

Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series
1000pto 8200p—-3p  01to-068-4p 0i-5p 015,022 -6p

Subminiature Ceramic Plate 100V Wkg. E12 Series Vertical Mounting
2% 1P8t047P-3p  56Pto 330P-4p  10% 390P to 4700P - 4p
Ceramic plate/disc E6 Series 50V 22P to .047 - 2p

Polystyrene Capacitors 83V Wkg. E12 Series Axial Mounting

10P to 820P - 3p 1000P to 10,000 - 4p 12,000P - Sp
IN4148-2p  IN4002-4p  IN5404-14p  WO1 bridge — 25p

0A91 -6p AA43-8p WO005 - 20p 1N4006 - 6p
Zener diodes E24 series 3V3 to 33V 400mW - 8p 1 watt —12p
LE.D's Red, Green & Yellow 3mm & 5mm - 10p 8mm - 35p

20mm fuse 0-1A to 5A quick blow — 5p Anti Surge — 8p
High Speed drills 0-8mm, 1-0mm, 1:3mm, 1-5mm, 2mm - 30p

Expo Reliantdrilling machines 12V d.c. with improved 3-jaw chuck 6.50
Nicads AA — 80p HP11 - £2 PP3 - £4.20 Universal Charges - £6.50
Glass reed switches single pole make contacts —8p ~ Magnets—12p

VAT inclusive. Return postage 20p (free over £5). Lists free.
THE C.R. SUPPLY CO.,

127 Chesterfield Road,
Sheffield S8 ORN. Tel. 557771.

TURN YOUR SURPLUS

ICS transistors etc into cash, immedi-
ate settlement. WE also welcome the
opportunity to quote for complete fac-
tory clearance.

Contact COLES-HARDING & Co,
103 South Brink, Wisbech, Cambs.
ESTABLISHED OVER 10 YEARS*
Tel: 0945 584188

ELECTRONIC

COMPONENTS

( ® Velleman Electronic Kits

® Test Equipment & Tools

® [nstrument Cases

_(Mon-Sat. 9.30-5.30 Closed Thurs)

13A Station Rd, Cullercoats, North Shields,
Tyne & Wear NE304PQ. Tel. 0912514363

Learning Electronics?
Get to grips with the first principles of
electronics. To learn more send
for free leaflets.

Electrotechniques
Selsey, Stroud, Glos. (04536) 3129.

MANUFACTURERS OF METAL CASES
Front panels professionally silk screen printed
to your own design.

Send details of your requirements for a quotation.

PAYNE ELECTROPRINT LTD

Marcus Road, Dunkeswell,
Honiton, Devon EX14 ORA.

DELUXE WALKIE TALKIES 49MHz, long range. £24.99/
pair (normally £31.49). Satisfaction or refund. Send £3 now,
pay balance upon receipt. 48hrs delivery. Xenon (Dept PE9),
24 Wharncliffe Street, Barnsiey, Yorkshire.

The largest selection of flight case fittings
and loudspeaker cabinet components in
Europe.

Stockists &
Distributors of

IXCELESTION

THE FIRSTNAME IN ACOUSTICS
A complete range of professional
crossovers & filters.

UnitG.The Cordwainers. Temple Farm Industrial Est.,
Sutton Rd, Southend-on-Sea. Essex Tel: (0702) 613922 4

CUSTOMISED FRONT PANELS

Self adhesive labels to your own design in plastic or
aluminium. Wide range of colours. DIY kit available.

FOTOBOARD

Singte Sided & Double Sided in a wide range of sizes.
SAE for full price list.

MINIATURE CORDLESS SOLDERING IRON
New product — operates from butane gas.

ELECTRONIC ALARM SERVICES

143 Farnham Road, Handsworth, Birmingham B21 8EF.
Tel: 021-523 6747 Private & professional enquiries
welcome

THE SCIENTIRC WIRE COMPANY
811 Forest Road, London E17. Telephone 01531 1568
ENAMELLED COPPER WIRE
SWG 1lb 8 oz 4 oz 20z
8 to 34 3.63 2.08 1.10 0.88
35 to 39 3.82 2.3 1.27 0.93
40 to 43 6.00 320 225 1.61
44 to 47 8.67 6.80 3.49 2.75
48 15.96 9.58 6.38 3.69
SIL VER PLATED COPPER WIRE
14 to 30 9.09 5.20 2.93 1297
TINNED COPPER WIRE
14 to 30 397 24 125 094
Fluxcore
Solder 6.90 325 1.82 094
Post Free. Please add V.AT. at 15%. Orders under £2 add 20p
SAE for list of copper and resistance wire.
Dealer enquiries welcome.

SERVICES

SERVICE SHEETS from £2.50/1sae ctv/mus-c/combis £3.50/
Isae. Sae Newnes & TVTechnic Books in stock. Thousands
Service & Repair Manuals. SAE Free Review/pricelists. TIS
(PE), 76 Church St., Larkhall (0698 883334), Lanarkshire.

HEATHKIT U.K. SPARES ANO SERYICE CENTRE. Cedar Elec-
tronics, Unit 12, Station Drive, Bredon, Tewkesbury,
Glos. Tel. (0684) 73127.

COMPONENTS

L.G.S. COMPONENTS, No 18 QUEENSWAY, SHELLEY,
ONGAR, ESSEX CMS 0BN. RESISTORS %W 5% carbon
film E12, 1 2p, 25 1.5p, 100 1p, 4R7 to 10M any mix, 10 off
each above 770 resistors £4.40. 5Smm LEDS red 1 8p, 25 6p,
100 5p, green or yellow 1 11p, 25 9p, 100 8p. IDC ribbon
cable grey 0.05in pitch, 10way 12p/ft, 16way 18p/ft, 20way
23p/ft, 26way 30p/ft, 3dway 34p/ft, 40way 46p/ft. 1DC
connectors also available — full list free on request. All prices
include VAT. Orders under £10.00 50p extra.

BARGAIN PACKS - 610 Vaw Carbon Resistors 2,5,10%. 10
each value E12 Series. £3.00 inclusive. Also 1000 of above,
good mix £2.50 inclusive P&P. Many other items in stock.
Write for free list. D.M. Evans 12 Vicarage Hill, Rhostylen,
Wrexham, CLWYD LL14 4AR.

MISCELLANEOUS

CLEARING LABORATORY, scopes, generators, P.S.U.'s, bridges,
analysers, meters. recorders etc. Tel. 0403.76236.

Published on Ist Friday of each month by infrapress. 16 Garway Road. London W2. Typesetting. artwork and film by Gilfitlan Ltd.. and printed in England by McCorquodale Magazincs Ltd., Andover, Hants. Distributed
by Seymour Press 01-773 4444. PRACTICAL ELECTRONICS is sold subject to the following conditions. nameiy that it shall not, without the written consent of the Publishers first having been given, be lent, resoid. hired

out or otherwise disposcd of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disp of ina

unauthorised cover by way of Trade or affixed to or as part of any publication or advertising. literary or pictorial matter whatsocver.
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OUR DIGITAL

THERMOMETERS

ARE GUARANTEED
ALCOHOL FREE!

° A;_,len

B e B T ey

ﬂ Dual Scale Thermometer

A neat digital thermometer with internal and
external sensors displaying °C or °F. The
external sensor is a waterproof probe (max.
length 3m). Temperature range —5°C to
50°C (internal), —20°C to 70°C (external).
Includes a 12 hour clock.

Order Code FD25C Price £9.95

Pocket Thermometer

A well made temperature meter displaying
°C or °F and a 12 hour clock. Temperature
range —5°C to 50°C (internal), —20°C to
70°C using external probe (max. length
900mm). High and low temperatures can be
set and an alarm sounds when these are
reached. A set/lock switch prevents
accidental resetting.

Order Code FD26D Price £14.95

Temperature Module
Versatile thermometer module displays in °C or °F,
includes a 12 hour clock and serial data output.
Temperature range —5°C to 50°C (internal),
—20°Cto 70°C with external probe. Overall size
68 x 35 x 23mm deep. Probe (max. length 3m) and
bezel also available.

Module Order Code FE33L Price £6.95

Probe Order Code FE34M Price £2.50

Bezel Order Code FE35Q Price 15p

All prices include VAT. Please add 50p towards postage.
Prices firm until 15th August 1987. Subject to availability.

A s4tetellin, eLecTRONIC SUPPLIES LTD.

Mall Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) Sales: 554161,
Enquiries: 552911; Trade sales: 554171, Trade enquiries: 552961.

Shops

Birmingham: Lynton Square, Perry Barr. Telephone: 021 356 7292.

London: 159-161 King Street, Hammersmith W6. Telephone: 01 748 0926.
Manchester: 8 Oxford Road. Telephone: 061236 0281.

Southampton: 46-48 Bevois Valley Road. Telephone: 0703 225831.
Southend-on-Sea: 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000.
All shops except Manchester closed all day Monday.

1987 BUYER'S BUIDE T B1{CTROMIC COMPOXENTS

Pick up a copy of our 1987
catalogue from any branch of
W.H. Smith for just £1.50.

Or to receive your copy by
post just send £1.50 + 40p

p & p to Mail Order address.
if you live outside the

U.K. please send £2.50 or 11
international Reply Coupons.




