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Quite simply the best way to make music...

Prices to suit every pocket
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® COMPREHENSIVE INSTRUCTIONSE WITH EVERY KIT @ KITS REALLY COMPLETE —
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... build the TRANSCENDENT range from POWERTRAN

® WORLD LEADERS IN ELECTRONIC KITS
If you are not completely satisfied with your Powertran Kit, return

. MONEY BACK GUARANTEE itin ariginal condition within 10 days and we will refund your money
® SOLDERING PRACTICE KIT — FREE on request with your first kit, to assist newcomers!

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HAMNTS SP10 3WN. ANDOVER (0264) 64455
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Extra-terrestrial time keeping made easy
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33/35, CARDIFF ROAD, WATFORD, HERTS, ENGLAND 28
Tel. Watford (0923) 40588. Telex: 8956095
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-
ALL DEVICES BRAND NEW. FULL SPEC. AND FUI.LV GUARANTEED ORDERS 70
DESPATCHED BY RETURN OF POST. TE QOF BUSINESS: 75
CASH/CHEQUE/P.O.s OR BANKERS DRAFT WITH ORDER GOVERNMENT 75
AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS ACCEPTED 75
(TELEPHONE ORDERS BY ACCESS NOW ACCEPTED Minimum £10-00 piease),
TRADE AND EXPORT INQUIRY WELCOME. P & P ADD 50p YO ALL ORDERS
UNDER £10:00 EXCL. VAT. OVERSEAS ORDERS POSTAGE AT COST.

VAT Enport orders no VAT. Appli to UK. C Unless
stated otherwise, all pricas are exciusive of VAT. Ploo-e ndd 15% to
the total cost incl. p&p.
We stock many more items. it pay. (o visit us. We are situsted behind Watford
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Monday to Saturday 9 a.m.-6 p. m Ample Free Car Purlung space avsilable.
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16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16!

Use it for long and complex
programs or as a personal database.
Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, you can
also run some of the more sophisti-
cated ZX Software - the Business &
Household management systems
for example.

— | — ||
Z X8I

6 Kings Parade, Cambridge, Cambs., CB2 1SN.
Tel: (0276) 66104 & 21282.

Available now-

'/l

the IX Printer
for only £49.*

Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers full alpha-
numerics and highly sophisticaled
graphics.

A special feature is COPY, which
prints out exactly what is on the
whole TV screen without the need
for further intructions.

At last you can have a hard copy
of your program listings —particularly

How to order your ZX81

BY PHONE - Access, Barclaycard or
Trustcard holders can call

01-200 0200 for personal attention
24 hours a day, every day.

BY FREEPOST - use the no-stamp-
needed coupon below. You can pay

|

]
...u'unl"n

use“ul when writing or editing
programs.

And of course you can print out
your results for permanent records
orsandinjto a friend.

Printing speed is 50 characters
persecond, with 32 characters per
line and S lines per vertical inch.

The ZX Printer connectsto therear
of your computer — using a stackable
connector so you can plugin a RAM
pack as well. A roll of paper (65 ft
long x 4 in wide) is supplied, along
with full instructions.

by cheque, postal order, Access,
Barclaycard or Trustcard.

EITHER WAY - please allow up to

28 days for delivery. And there’'s a
14-day money-back option. We want
you to be satisfied beyond doubt -
andwe have no doubt that you will be.

I_To: Sinclair Research Ltd, FREEPOST 7, Cambridge, CB21YY.

LFREEPOST =no stamp needed. Offer applies to UK only.

Order
I Qty | item Code | item price Total I
£ £
l Sinclair ZX81Personal Computer kit(s). Price includes I
I ZX81 BASIC manual, excludes mains adaptor. 12 49.95 |
Ready-assembled Sinclair ZX81 Personal Computer(s).
I Price includes ZX81 BASIC manual and mains adaptor. 1 69.95 I
| Mains Adaptor(s) (600 mA at 8 V DC nominal unregulated) 10 8.95 |
I 16K-BYTE RAM pack 18 49.95 I
Sinclair ZX Printer 27 49.95
I 8K BASIC ROM to fit ZX80 17 19.95 I
I Post and Packing. 2.95 I
| O Please tick if you require a VAT receipt TOTAL £ |
| *| enclose a cheque/postal order payable to Sinclair Research Ltd, for £ |
| *Please charge to my Access/Barclaycard/Trustcard account no. |
I *Please delete/complete as applicable \ l
Please print
I Name: Mr/Mrs/Miss I
I Address l
PRE 10



and an 1.C. {F. System,

FEATURES: VHF, MW, LW Bands, interstation
muting and AFC on VHF. Tuning meter. Two back
printed PCB’s. Ready made chassis and scale. Aerial:
AM - ferrite rod, FM - 75 or 300 ohms. Stabilised power
supply with ‘C’ core mains transformer. All components
supplied are to P.E. strict specification. Front scale
size 10%""x 2%" APProx. Complete with diagrams and instructions

« Matching 1.C. 10410 Stereo Power
amplifier kit {(usually £3.95 + £1.15 p&p}
« Mullard LP1183 built preamp. suitable
for magnetic/ceramic and auxiliary
inputs (usually £1.95 + 70p p&p)

« Matching power supply kit with trans-
former {usually £3.00 + £1.95p&p)

SPECIAL OFFER! :*+.

« Matching set of 4 slider controls complete
with knobs for bass, treble and volumes
{usually £1.70 + 80p p&p)}

£21.95:....

ONLY

£17.95

PRACTICAL ELECTRONICS - STEREO

This easy to build 3 band stereo AM/FM tuner kit is designed in
conjunction with Practical Electronics (July issue). For ease of
construction and alignment it incorporates three Mullard modules

TUNER

plus
£2.50 p&p

TEREO AMPLIFIERKIT

« Featuring latest SGS/ATES TDA 2006 10 watt output IC's
with in-built thermal and short circuit protection.

» Mullard Stereo Preamplifier Module.

« Attractive black vinyl finish cabinet, 9''x8%" x 3% ‘(approx}
« 10+10 Stereo converts to a 20 watt Disco amplifier.

To complete you just supply connecting wire and solder
Features include din input sockets for ceramic cartridge, mic-
rophone, tape or tuner. Qutputs - tape, speakérs and head-
phones, By the press of a button it transforms into a 20 watt
mono disco amplifier with twin deck mixing. The kit incorp-
orates a Mullard LLP1183 pre-amp moadule, plus power amp
assembly kit and mains power supply. Also features 4 slider
level controls, rotary bass and treble controls and 6 push
button switches. Silver finish fascia with matching knobs and
contrasting cabinet. Instructions

avallable, price 50p. Supplied £1 495

FREE with the kit. Plus £2.90 p&p.

SPECIFICATIONS: Suitable for 4 10 8 ohm speakers.

Frequency response 40Hz - 20KH2.
Input sensitivity P.U. 150mV. Aux. 200mV,
Mic. 1.5mV.

Bass *12db @ 60Hz
Treble +12db @ 10KHz
Distortion 0.1% typically @ 8 watts
Mains supply 220 - 250 volts 50Hz

STEREOMAGNETIC PRE-AMP CONVERSION KIT
Includes FREE Magnetic cartridge with diamond styli,
All components including p.c.b. 10 convert your ceramic in-
put on the 10410 to magnetic.

Only available with 10+10 amp. £2.00 inciudes p&p.

Tone controls

8 SPEAKER KIT Two 8" twin cone domestic speakers.

£4.75 per stereo pair plus £1.70 p&p. when purchased with
amplifier. Available separately £6.75 plus £1.70 p&p.

PRACTICAL ELECTRONICS
CAR RADIO KIT

2 WAVE
BAND
W.- LW
« Easy to build
* 5 push button
tuning « Modern design
» 6 watt putput « Ready etched
and punched PCB « incorporates suppression circuits.
All the electronic components to bulld the radio, you supply
only the wire and the soider, featured in Practical Electronics
March issue. Features: pre-set tuning with 5 push button
options, black illuminated tuning scale. The P.E, Traveller has
a 6 watt output neg. ground and incorporates an integrated
circuit output stage, a Mullard IF Module LP1181 ceramic
filter type pre-aligned and
assembled, and a Bird pre £1 0 50
aligned push button tuning unit Plus £2.00 p&p
Suitable stainiess steel fully retractable aerial {locking) and
speaker (6" x4 app.}
available as a kit complete

SERIES 11

HIGH POWER
AMPLIFIER
MODULES

READY BUILT OR IN KIT FORM

KIT
125 WATTMODEL  £10.50 £14.25

Plus £1.1508&p Plus £1.15p8&¢
200 WATT MODEL  £14.95 £18.95

Plus £1.15p&p Plus £1.15p&g.
SPECIFICATIONS: 125W Model 200 W Model
Max, output power (RMS) 126 watts 200 watts
Operating voitage {DC) 50 - 80 max. 70 - 95 max.

Loads 4 - 16 ohms 4 - 16 ohms
Frequency response

measured @ 100 watts 25Hz - 20KHz  25Hz - 20KHz
Sensitivity for 100 watts  400mV @ 47K 40mV @47K
Typical TH.D. @

50 watts, 4 ohms 0.1% 0.1%

Dimensions (both models) 205 x 90 and 190 x 36mm

The P.E. power amp kit is a module for high power applicat-
fons - disco units, guitar ampiifiers, pubtic address systems
and even high power domestic systems. The unit is protected
against short circuiting of the load and is safe in an open
circult condition, A large safety margin exists by use of

generously rated components, result, a high powered rugged
unit. The PC Board is back printed, etched and ready to
drill for ease of construction and the aluminlum chassis is
preformed and ready to use. Supplied with all parts, circuit
diagrams and Instructions.

ACCESSORIES:

Suitable LS coupling electrolytic
for 125W model

Suitable LS coupling electrofytic
tor 200W model

Suitable mains power supply
unit for 125W mode!

Sultable Twin transformer power
supply tor 200W model

£1.00 plus 250 p&p
£1.25 otus 25p pap
£7.50 plus £3.15 p&p
£13.95 plus £4.00 p&p

£1.95 /pack. Plus £1.15 p&ip.

30+30 WATT STEREO AMPLIFIER

Viscount IV unit in teak simulate cabinet, silver finished
rotary controls and pushbuttons with matching fascia,
mains Indicator and stereo jack socket. Functions switch
for mic magnetic and crystal pickups, tape and auxiliary
Rear panel features fuse holder. DIN speaker and input
sockesl 30430 watts RMS, 60+60 watts peak. For use with
4 1o 8 ohm speakers.

Size 14%"x 10" approx. £3290

BUILT AND TESTED. Plus £3.80 p&p.

PHILIPS BELT DRIVE RECORDPLAYER,;
DECK GCO037 (size: 15%'x 12%"approx.}

HiFi record player deck, 2 speed, damped cueing, auto
shut-off, belt drive with
floating sub chassis to
minimise acoustic feed-
back. Complete with
GP401 stereo magnetic
cartridge

LIMITED STOCK.

UNBEATABLE
OFFER AT

£27.50

COMPLETE
Plus £3.16 p&p.

MONO MIXER AMPLIFIERS

50 WATT six individually mixed inputs for two pbick ups
{Cer. or Mag.}, two moving coil microphones and two aux-
iliary for tape, tuner, organs, etc. Eight slider controls - six
for level and two for master bass and treble, four extratreble
controls for mic and aux inputs. Size: 13% " x6% 'x3% 'app
Power output 50 watts R.M.S. {continuous) for use with 4 to
8 ohm speakers. Attractive

black vinyl case with matching £3995

fascia and knobs. Ready to use Plus £3.70 p&p.

100 WATT

Brushed
Aluminium
fascia and rot
ary controls.
Size: approx. 14"'x4 " x10%
kive vertical slider controls, master volume, tape level, mic
level, deck level, PLUS INTERDECK FADER for perfect
graduated change from record deck No. 1 to No. 2, or vice
versa. Pre fade level controls (PFL} lets YOU hear the next
disc before fading it in

VU meter monitors output £7600
100w RMS output (200w peak) Pius £4.60 p&p

CALLERS ONLY

323 Edgware Rd, London W2, Tel: 01-723 8432.
Open 9.30am - 5.30pm, Closed all day Thursday.
Persons under 16 not served without parents
authorisation.

ALL PRICES INCLUDE VAT AT 15%.

MAIL ORDER ONLY

21B HIGH STREET, ACTON, W3 6NG.

Note: Goods despatched to UK-postal addresses only.
For further information send for instructions 20p
plus stamped addressed envelope.

All items subject to availability. Prices correct at 1/10/80 and subject to change without notice. RTVC Limited reserve the right to update their products without notice.
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REDUNDANT?

IHE microprocessor and robots are

about to rear their ugly heads in our
pages. “Will this make hobbyists and
journalists redundant?’’, we hear the
laymen asking. As readers will be
aware, much has been made of “the
chip” as the popular press like to call
the m.p.u., though why they shouid
suddenly latch onto a term that has
been used for i.c.s for a decade and
frighten everyone into believing it will
take over their jobs, is a mystery to
most of us. Presumably, once the fuss
is over they will take no more notice of
further deveiopments until an android
is made by someone! Besides all that,
what on earth are we talking about
“make an appearance’’? The m.p.u. has
hardly ever been out of our pages in
the last three or more years, so what
do we mean?

DEDICATED

Dedicated, that's the word that
changes it all. Up to now we have not
used a dedicated m.p.u. in a project but
we are about to commence publication
of our first unit which has a built-in
program specifically designed for a
new item of equipment. It does not

.

and programmed m.p.u. but uses an
EPROM to store its controlling
program. .

This development is the next step in
the ever-changing life of PE. Why has it
taken about three years for us to
publish something? Mainly because we
do not agree with using an m.p.u. just
for the sake of it; it should be cost
effective above all else and up till now
we have found it cheaper to design our
projects in other ways.

However, now that the breakthrough
has come to PE, we have a number of
projects lining up with dedicated
m.p.u.s to control them. The first will
be the PE Bandbox which starts, along
with our robots (more about them
later), next month. This unit is an add-
on development of the PE Master
Rhythm—both designed by Alan
Boothman—and can provide trio
accompaniment (bass, drums and
chord instruments) for a solo perfor-
mer. It will store about 3,000 different
chord changes between approximately
120 chords and thus replay around 80
user programmed tunes; capacity de-
pends to some extent on the complex-
ity of the scores. The Bandbox can be
directed to play individual or groups of

tempo. Facilities exist for composition
of introduction, repeat chorus and coda
sections including linked multiple score
sequences, so the unit is extremely
versatile.

ROBOTS

Now to get to the second item
which will see off the few remaining
jobs in the UK! The PE Robots are
about to arrive in force. We wili be
publishing three robot designs all em-
ploying low pressure hydraulic systems
driven by an electric motor and all
available as complete professionally-
engineered kits. They won't be cheap
but then they are not Heath Robinson
tin and string contraptions either, and
they can be used for real work, not just
as experimental toys. However, they
are inexpensive when compared
to similar ready-made commercial
units costing £5,000 or more. Many
industrial robots that perform similar
tasks to those of which the PE Robots
are capable cost tens of £1,000!

Our robotics article {page 30) writ-
ten by the Director General of the
Production Engineering Research
Association, Professor Heginbotham,
gives an introduction to the subject of

empioy an “off the shelf’ dedicated scores in any key at a controlled robotics. Mike Kenward
EDITOR
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We regret that lengthy technical
enquiries cannot be answered
over the telephone (see below).
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Technical Queries
We are unable to offer any advice on the
use or purchase of commercial equipment
or the incorporation or modification of
designs published in Practical Electronics.
All letters requiring a reply should be
accompanied by a stamped, self addressed
envelope and each letter should relate to
one published project only.
Components and p.cb.s are usually
available from advertisers; where we antici-
pate difficulties a source will be suggested.
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Copies of some of our recent issues are
available from: Post Sales Department
(Practical Electronics), IPC Magazines Ltd.,
Lavington House, 25 Lavington Street, Lon-
don SE1 OPF, at 95p each including In-
land/Qverseas p&p.

Binders

Binders for PE are available from the same
address as back numbers at £4-30 each to
UK or overseas addresses, including

postage and packing, and VAT where ap-
propriate. Qrders should state the year and
volume required.

Subscriptions

Copies of PE are available by post, inland or
overseas, for £13.-00 per 12 issues, from:
Practical Electronics, Subscription Depart-
ment, Qakfield House, Perrymount Road,
Haywards Heath, West Sussex RH16 2DH.
Cheques and postal orders should be made
pavable to IPC Magazines Limited.
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BBC'S disappointment

The BBC is very disappointed with the response it has had so far from
schools to the new Electronics and Microelectronics School Radio Course
which it is due to start broadcasting on September 22nd.

The course which has been designed for 14
to 16 year old pupils is in ten parts and will
cover developments in the field of electronics
over the last decade. It will also give pupils the
opportunity to carry out practical work with a
specially developed kit of parts which enables
the course projects to be constructed without
soldering.

Five of the twenty minute broadcasts are
radiovision programmes which link a tape
recorded broadcast with a filmstrip which can
be purchased separately. The teachers’ notes
which are available free of charge also contain
the master copies of the pupils’ worksheets
which can be photocopied. The course starts
off with an introductory programme to bridge
the gap between basic school physics and
microelectronics covering switches, relays,

capacitors, diodes and transistors. Other
programmes include logic, counters, fre-
quency division, memory systems as well as
factual programmes explaining how micro-
circuits are made and the economic and social
effects of microprocessors. The final
programme is a look ahead to see how the
microprocessor may affect our lives in the
future with the aim being to make the pupils
aware of the microprocessor revolution and its
impact.

Full details of how to obtain the kits and the
filmstrips are included in the teachers’ notes
which are available from Electronics and
Microelectronics BBC School Radio, 1 Port-
land Place, London W1A 1AA on receipt of
a s.a.e. with a 20p stamp.

STOP THAT
NASTY TV

The HP4A high pass filter has been
designed to eliminate UHF TV interference
caused by CB, police, taxis, amateur radios
etc. although it is an unfortunate fact that in
most cases of interference the fault lies
with the TV receiver rather than the
transmitter.

TV receivers have a very poor ability to
reject stray local signals even if they are
several hundred megahertz away from the
TV band and as a consequence any radio
transmitter that is close to a number of TVs
is almost certain to cause interference to at
least one set.

This filter is a double acting type which
blocks signals on both the inner and outer
conductors of the coax cable and the inser-
tion loss is so low that no degradation of
picture quality should be noticed even in
poor reception areas.

The HP4A is priced at £5-95 including
VAT and p&p from Waters & Stanton Elec-
tronics, 18-20 Main road, Hockley, Essex
{0702 206835).

LOW COST
LOGIC PROBE

Sinclair Electronics have introduced a
small, low cost digital logic probe with a
wide frequency response from d.c. to
50MHz suitable for use with high clocking
rate circuits. Designated the LPD-076, the
probe is designed for use with TTL/DTL as
well as CMOS logic families and has three
l.e.d.s indicating high, low, open circuit or
poor level states respectively. A major feat-
ure is the powerful puise/memory mode

e
-

and indicator which extends use of the
device from continuous high speed pulse
monitoring to very slow repetition, narrow
width pulse detection. The LDP-076 comes
complete with its own case as well as an
i.c. clip cord and a ground shield cord for
high frequency work.

LDP-076 operates using the power from
the system under test and is protected
against an input overload of +120V
d.c./a.c. Maximum power input protection
is +100V d.c/a.c. An additional audible
alarm is activated when the input signal
level exceeds that of the operating power,
when the power voltage exceeds 30V d.c.,
or a reverse polarity is applied, and when
a.c. power is connected to the input.

The LDP-076 is priced at £49.50 plus

VAT. Sinclair Electronics Ltd.,, London
Road, St. lves, Huntingdon, Cambs.
PE17 4HJ

MICROBUS

We apologise to regular readers of
Microbus for its non-appearance in this
issue. It will be published next month.

ADCOLA

In last month’s News & Market Place we gave
the address of Adcola Products Ltd., as 113
Camden Road. This was incorrect. Adcola’s
correct address is 113 Gauden Road, London
SW4 6LH. (01-622 0291).
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Briefly...

The growth in the sale of teletext receivers
continues with Mullard announcing an order
from Thorn Consumer Electronics for
120,000 teletext modules worth around £2
million. Thorn’s are currently producing
teletext set at an annual rate approaching a
quarter of a million.

e & & o
Watford Electronics have just announced that
they have been appointed as distributors to the
amateur market by Texas Instruments and
will supply the complete range of TI
semiconductors.

The first national CB exhibition will take place
at the Royal Horticultural Society’s Old Hall,
Westminster, London on the 11, 12 and 13
September. With the legalisation of CB expec
ted during September/October all the equip-
ment at the show will become legally available
a few weeks after the exhibition.

Anyone with an interest in amateur robotics
will be pleased 10 hear of 'Transducer’—a
club which specialises in the subject.

The annual membership fee and subscrip-
tion 10 the newsletter is £5. Complete club
membership can also be arranged. For a sam-
ple newsletiter and further details readers
should send a cheque or postal order for 50p
10 D. Stocqueler, 66 Waterloo Road, Penylan,
Cardiff.

® & o o

Newcastle upon Tyne Education Committee
inform us that they are running a radio course
at Gosforth, beginning in September. The
course is designed to prepare students for the
Radio ‘Amateurs Examination in May/June
1982 and will run at the Gosforth Adult
Association Classes at Gosforth Secondary
School, Gosforth, Newcastle upon Tyne.

Although specifically for the R.A.E. the
course is also ideal for anyone wanting to get
an insight into radio theory, having just taken
up radio or electronics generally as a hobby or
professionally. The course will be held on
Tuesdays of each week from 7pm to 9pm, and
candidates may sit the R.A.E. at the school.

Enquiries should be addressed to: The Prin
cipal, Gosforth Adult Association, Gosforth
Secondary School, who will forward a
prospectus by return, or further information
can be obtained by telephoning Newcastle
upon Tyne 668439.
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items mentioned are available through nor-
mal retail outlets unless otherwise specified.
Prices correct at time of going to press.

LTRASONIC ALARIM

The US 4012 is a new ultrasonic alarm unit from Riscomp operates at
40kHz with an effective range of up to 25ft. The unit incorporates the
usual 40 sec ‘switch on’ delay together with a fixed alarm time and an
inhibit period following an alarm to prevent the slow decay of the siren
retriggering the unit. Two l.e.d. indicators are provided to enable the
unit to be set up visually rather than audibly and with a standby current
of only 15mA at 12V the US 4012 can be operated from batteries in the

event of a power failure.

A power supply and relay unit together with a ready drilled enclosure
is also available and the complete system is priced at £22.17 including

VAT and p&p.

Riscomp Ltd.,, 21 Duke Street, Princes Risborough, Bucks HP17

OAT.

Tooled up

A new electronics service wallet - from
Toolmail Ltd., is designed for work with all
electronic equipment including video, audio
and computers.

The fitted zipper wallet contains a
carefully selected range of 25 precision
miniature tools including a soldering iron,
desolder braid, solder, soldering tools, a
range of pliers, cutters and screwdrivers,
wire strippers and contact cleaners.

The kit is priced at £39-50 including VAT
and p&p, and it is available from Toolmail
Ltd., Parkwood Industrial Estate, Sutton
Road, Maidstone, Kent ME15 9LZ.
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IRAVELLERS
CHESS SET

Vulcan's executive chess set is a hand-held
chess computer which is especially recom-
mended by the World Chess Federation for
travelling chess enthusiasts. It has a large
l.c.d. chessboard and black futuristic
styling.

For the first time, a player can move elec-
tronic chess pieces across the board as if

Eoumidown. ..

Please check dates before setting out, as we cannot guarantee the ac-

curacy of the information presented below.
BEX Cardiff Sept. 3—4. Centre Hotel. K

Business & Light Aviation Sept 3—5. Cranfield Airport. Z 1

Microprocessor Workshop Sept. 7-8. University of Liverpool. D
Laboratory Sept. 8—10. Grosvenor House, Park Lane. London. |
Personal Computer World Show Sept. 10—12. Cunard Hotel. London.

M

West of England Electronics Show Sept. 15-17. Bristol Exhibition

Centre. Q
Microtest Sept. 21-24. University, Kent. G1

Business Telecoms & Electronic Office Sept. 23-25. Royal Lancaster

Hotel, London. O

Microtest Sept. 21-24. (Symposium), Kent University, Canterbury. S1
BEX Edinburgh Sept. 30-Oct. 1. Assembly Rooms K
Viewdata Oct. 6—8. Wembley Conference Centre, London. O

BEX Bristol Oct. 14—15. Exhibition Centre. K

Video Show Oct. 16-18. West Centre Hotel, London. Z 1
There are Continuous Events & Permanent Exhibition at the National

Micro & Electronics Centre. L1

D Liverpoo! Univ., Brownlow Hill, PO Box 147

G1 Sert, 8 Charing Cross Rd., London
1 ITF, Solihull £ 021-705 6707

K Douglas Temple, Bournemouth # 0202-20533

L1 World Trade Centre { 01-488 2400
M Montbuild Exhibitions ¢ 01-486 1951

O Online, Northwood, Middx. ¢ 09274 28211

Q  Exhibitions for Industry ¢ 0883 34371
S1 SERT ¢ 01-403 2351

T  Trident, Tavistock § 0822 4671

Z1 1PC Exhibitions, Sutton § 01-643 8040

20

they were real pieces on a conventional
board, with the novel cursor control system.

Executive chess has 8 levels of play—
from beginner to expert— and it can be
operated from mains or battery. It offers
most of the features of non-portable
models, plays either black or white and is
easily reversible. This model will even play
against itself.

The price of the Executive is £89.95 in-
cluding VAT.

UPGRADED
BIMBOARD

Boss Industrial Mouldings have up-
graded their range of Bimboard
prototyping systems. The new range
incorporates either 1, 2, or 3 individual
bimboards mounted on a 15 degree
sloping front panel with a triple range
power supply.

Each Bimboard has a central bread-
boarding area in which 47 horizontal
rows of 5 interconnected sockets are
set either side of a central channel on a
2.54mm matrix together with integral

bus strips on each side for carrying
power.

The system incorporates a fixed 5V
d.c. (+0-.2V) at 1A supply plus indepen-
dently adjustable positive and negative
rail +5V TO +15V at 0.-5A supplies.
Each supply is fully isolated and has
short circuit protection.

The basic Bimboard is priced at £70
ex. VAT and p&p with extra boards
available for £5-70 ex. VAT.

Boss [Industrial Mouldings Ltd., 2
Herne Hill Road, London SE24.

Simply place the tool over the ends of d.i.l. 8, 14 or 16 pin
i.c.s and pull them out—it's that easy now!
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Jobs

The urban disturbances during the sum-
mer inevitably focused attention on their
causes with jobs, or more precisely lack of
them, as a leading contributor. This may be
true but we shouldn’t be surprised at the
rise in the unemployed.

When we look back to 1974 when the
miners’ strike toppled the Heath govern-
ment, unemployment was 2.6 per cent with
585,000 people out of work according to
the register. But was this the true figure?
When the nation was forced to operate a
three-day working week most firms
achieved figures of upwards of 80 percent
of normal output and some, in the excite-
ment of the new challenge, were reported
to have produced over 100 per cent of their
normal weekly output.

It was jokingly observed that perhaps a
three-day week could be made permanent.
But Labour won the day on the slogan of
‘getting the nation back to work’, at the
same time giving the miners all and more
than they had demanded, thus triggering off
big pay increases all round which led to
over 25 percent inflation and ultimately to
the ‘winter of discontent’.

The three-day week revealed that in-
dustry was over-manned. As wages and
inflation soared the crunch became in-
evitable. De-manning started seriously un-
der Labour who doubled the dole queue,
and has accelerated during the Conser-
vative drive for greater efficiency. Unem-
ployment, previously concealed by over-
manning, is now on public view. We are no
longer deceived.

The point is perfectly illustrated by
Jaguar whose current output of cars is
higher and of better quality than a year ago
with 40 per cent fewer employees. And yet,
say Jaguar, the company is not yet cost-
competitive with comparable manufac-
turers on the European mainland.

No politician dare admit it but it has to be
faced that what is described as the 'natural’
level of unemployment in the UK will settle
at a figure in excess of two million even
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following a substantial increase in world
trade which, according to a recent forecast
from the International Monetary Fund, is
unlikely in the immediate future.

In fact the unthinkable, the unspeakable,
the politically unacceptable, has actually
happened. The meaning of the term full em-
ployment has in seven years changed from
half-a-million to a new norm of two-
million plus on the unemployed register.
This would be perfectly supportable with
nine people out of ten profitably employed
but for the present uneven distribution
among geographical regions, among ethnic
groups and among age gtoups.

No political party in a free society is able
to solve the problem. You cannot force peo-
ple to move from one area to another, or
force industry to employ unwanted people
or invest in areas which are regarded as
troublesome. The easy option of injection of
yet more public cash into the areas of dif-
ficulty is only a short-term palliative.

In the end the individual is forced to look
to his own resources. In this respect the
Waelfare State, so hopefully instituted more
than 30 years ago, may have done more
harm than good by diminishing personal in-
itiative. ‘They’ will care for everyone, it's
‘their” fault, etc.

Has the great educational experiment of
recent years been successful? This shifted
the emphasis from vocational training (i.e.
producing factory and office fodder) to in-
struction in life and living with the objective
of students emerging as well-rounded
responsible citizens equipped to exploit all
the exciting possibilities of increased feisure
which was bound to come, and seen to be
coming, in the age of automation. One
result of liberal education is a growing hard
core of youth, illiterate, inarticulate, often
delinquent, virtually unemployable, vyet
equally unable to direct their energy to
harmless enjoyment. The common excuse
for vandalism or worse is boredom.

All, however, is not disaster. The pop-
ularity of Practical Electronics and a whole
host of other hobby journals among the
young is one yardstick of the current level
of intelligent spare-time activity with a
strong element of painless self-education
and even career advancement. It is
remarkaple how many of the engineering
and technician grades in the electronics and
electrical industries are filled by people who
started as hobbyists and then realised that
a good amateur, literally a lover of the craft,
could equally well be a good professional.

My advice to the unemployed young is to
get into electronics as quickly as possible.
The industry still needs recruits but can af-
ford to be selective — in fact has to be
selective if it is to continue to ride high in
world markets.

Results

All the ‘majors’ in the industry have now
reported full-year results with GEC, Plessey,
Racal and Ferranti all having record years.
Thorn-EMI had a profit drop from £125.5
million to £94-3 million but even this hic-
cup still pleased the City who feared a
worse result.

GEC, the traditionally cautious plodder,

upped profits from £415 million to £476
million which compares more than
favourably with British Steel’s loss of £668
million in the same period. Racal, despite
fears that the Decca acquisition was too
expensive and would be difficult to turn
round, upped profits by £22 million to
£73.2 million. The Racal-Decca companies
which account for some 30 per cent of
tumover were losing £12 million a year.
The loss is now down to £2.5 million and
all set for profit next year.

How is it that companies like Racal and
GEC continue to prosper through good
times and bad. seemingly unaffected by oil
shortages or glut, high or low exchange
rates, good or bad government? It can only
be that they have goods or services that
others want to buy. Without that they are
nothing. Now add on leadership, manage-
ment, sound economics, market strategy
and a willing, if not always enthusiastic,
warkforce and you get somewhere near the
complete success package. It is quite true
that big and well established companies
have a momentum of their own but you
don’t need to be big to be successful. The
big companies also had to start small.

Dne of the year's best success stories is
Memory and Electronic Components
(MEMEQC) started in the 1974 recession by
Dick Skipworth and his aide Ed Sturmer.
They had a single product range to sell, in-
tegrated circuits from Harris Semiconduc-
tor, and later expanded the range to include
other components and microcomputer
equipment. Turnover by 1976 had grown
fram nil to £454,000. Last year it was up to
nearly £7.3 million.

When the company went public in July
the 10p shares were offered at £1.40 each.
The issue was oversubscribed 58 times and
dealing started at £1.96. As chairman and
managing director 43-year-old Dick
Skipworth draws £55,000 a year salary. He
also owns nearly 4 million shares. Ed Stur-
mer, who is 34, is on £40,000 and has over
a million shares. Both are now wealthy men
through providing a service that people
wanted to buy and they did it during reces-
sian. The original ‘'one-man-and-a-boy’ has
expanded to 73 employees and more
people are being recruited.

Fight Back

According to BREMA, UK manufacturets
will capture half the small screen TV market
this year compared with only one quarter
last year. Fidelity Radio is one company
fighting back with a low priced colour set
with the first 40,000 production already
sold. The company has taken on 100 more
workers, over half school leavers.

Another fight-back factory is at
Bridgnorth where the former Decca TV fac-
tory is now under the Taiwanese manage-
ment of Tatung (UK). Employees there are
happy with a new tougher disciplinary code
eased by a courtesy from management
previously unknown in the area. The unions
like it, too. Of the 580 workforce only 40
are reported to have taken redundancy
rather than work in newly imposed condi-
tions. The remainder have welcomed the
new regime.
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to be seen and thé e\Ier
tion to the star-gazer.

celestial sphere which revolves contmuousLy. The apparent
position of any particular object changes_throughout the
night, but all is not chaos, however. The stars on their
celestial sphere have, over the centuries, been mapped—
just as the earthly sphere has been—with an astronomical
equivalent of latitude and longitude. Knowing the celestial
co-ordinates of any object and a quantity calied "“Local
Sidereal Time" enables the astronomer to find any object in
the sky and train a telescope on it.

This article describes a simple, dual-system clock
designed to indicate both Greenwich Mean Time and Local
Sidereal Time. Small physical size, low power consumption
and ease of use permit the clock to be used out of doors—
even, perhaps, at a remote observing site chosen for dark
skies.

THE HEAVENLY CLOCKWORK PROBLEM

Why does the astronomer require this quantity calied
sidereal time? Sidereal time (time of the stars) has years,
days, hours, etc., like mean time. One mean-time day, or
solar day, is the time taken by the Earth to revolve until the
sun re-occupies a set position in the sky; the sun is thought
of as being due south each day at noon, for example. A
sidereal day is the time taken until a star re-occupies a set
position in the sky; it is shorter than the solar day, the effect
essentially being caused by the motion of the Earth in its
orbit. In units of mean time, the sidereal day is 23 hours 56
minutes 4 seconds long. Alternatively, there are 24 hours 3
minutes 56 seconds of sidereal time in a solar day.

This sounds rather baffling, but simply means if you ob-
serve a star at the same time on two nights, on the second

T‘he non-standard rate may be obtained by usmg a crystal

T gsmllator with a custom-cut crystal or by dividing the output

from a frequency-standard crystal (1-OMHz say) by an
appropriate value to obtain 1.002738Hz instead of
1:000000Hz. A custom-cut crystal might cost £10 with a
seven week delivery time and would require a high resotu-
tion frequency counter to trim to the correct frequency. A
long divider chain with output decoding would employ many
integrated circuits. Using CMOS devices a maximum crystal
frequency of 5-CMHz could be used to give a conversion
accuracy (mean to sidereal rate) of one part in one million.
These methods are shown schematically in Figs. 1 and 2.

The HOROLOGICUM uses neither; a novel, incremental
corrector is employed. With only six integrated circuits a
time-averaged caonversion accuracy of one part in ten million
is obtained. Following a mathematical trend of thought, if
any incoming frequency is divided by 1461 and, when a
“carry” occurs, four extra pulses are injected into the original
frequency, the output frequency, f,, is (where f, is the
original frequency):

4
f
=0+ Zen )X b

. which is the ratio required to obtain sidereal time from
mean time. Hence, the problem has been elegantly solved.
The block diagram of the design is shown in Fig. 3.

1.002738 f,

CIRCUIT DESCRIPTION

The circuit diagram of the star clock is shown in Fig. 6.
The system osciliator is crystal controlied and operates at
a frequency of 1@WMHz—well within the capabilities of
CMOS devices. The crystal is driven by a NAND gate (ICd)
wired as an inverter. The padding capacitor, C8, is chosen to
give a useful range with the trimmer. A heterodyne techni-




; 0! CAg p:
43518 may be added to give one- seCOnd markers for an ex- ¢
ternal circuit; a socket position has been left avaliable on the ' 3 o

printed circuit board design.

The binary counter, shown in Fig. 3, receives the 100Hz
signal; the device is the CMOS 4040 12-bit counter {IC8).
Qutputs Q2, Q6, Q7, 09, Q10 and Q12 go to six inputs of
the 4068 (IC7) eight input AND gate. Q8, Q11, @3, Q5 and
Q1 are tested for the ALL-ZERO condition by iC9a, ¢, d,
IC6d, and IC7. At a count of 2914, |IC6a sets the latch (IC4a,
b! (Q—1, Q—O0) and 2f, is now routed through 1C5a, IC4c,
d. After eight counts (four extra plus four normal) IC8
reaches 2922 and IC6b resets IC8 and the latch {(Q—0, Q—
1). f, is now routed through 1C6b, iC4c, d.

IC5¢, d enable the outputs to be held, performing one of
the setting functions of the clock.

The clock decoding is provided by an LS| chip, the
MMBSE309. This is a general purpose MOS digital clock chip
with (4 or 6 digit) drive capabilities compatible with the
miniature displays used: Hewlett-Packard 5082-7406 and
—7402 ("W’ brightness class) devicés. Display luminosity is
equivalent to the average i.e.d. calculator and is certainly
adequate in the astronomical environment! The MM5309
pin functions are shown in Table 1; selection pins left uncon-
nected float to +ve voltage because of internal pull-up
resistors. Six digit, 24-hour mode and 50Hz input are selec-
tad; the multiplex timing connections are shown in Fig. 4.
The setting and display circuit is shown in Fig. 5 with func-
ton description in Table 2. At first reading, this method of
setting may seem rather inefficient. However, it renders the
exterior fitted push-buttons immune from accidental
manipulation, an important criterion for portable equipment
of this type.

To achieve the dual time option, two clocks are used

: SPAT '-x 'SOmm pnnted \
00€ MB tvpe plastic box and

> &
The tra'c'k Iayout, cﬁmpoﬁent overlay and connections for
each board are shown in Figs. 8a, b, 9a, b, 10a, b. Aiter-
natively, since the layout is not critical, readers may care to
design their own boards to suit individual applications.

Power supply connections are brought out from a com-
mon point—this helps to reduce the line noise from the os-
ciltator and high-speed dividers. Ribbon cable may be used
to link the clock i.c. outputs to the display board.

The cutouts on the front panel of the box which enable the
displays to be seen are covered by oversize rectangles of
magenta plastic availatle from art or photographic shops.

The Hewlett-Packard displays must be inserted the
correct way, pin 1 of the package being asymmetric for iden-
tification.

TESTING

After completion of construction, the unit shouid be con-
nected to a power supply of 12 to 16 voits while the current
consumption is monitored. With the display off {d.i.l. 8 “on”
no plug in SK2), 10mA (approx.) should be taken; 20mA
with the display on {(d.i.l. 8 “off").

If a frequency counter is to hand, connecting it to the
buffered oscillator output will confirm the oscillator is
functioning. For those who do not own a counter, the author
recommends the purchase of a crystal earpiece. Surprisingly,
this rather archaic acoustic apparatus makes an excellent
logic probe. Placing the earpiece in the ear and touching the
tip of the jackplug normally supplied on the circuit under
test, will enable what s going on to be ciearly heard. Note it
is not necessary to connect the earth of the earpiece to cir-
cuit ground. Never use this test equipment with anything but
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Fig. 3. Block diagram of star clock Fig. 5. Setting and display control wiring
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low voltage circuits! To confirm oscillator activity, place the
tip of the jack on pin 14 of IC3—a loud buzz should confirm
all is well.

A 50Hz signal will be present on pin 10 of IC5, the latch
output {Q) should go high for 80ms every 29.2 seconds. An
oscilloscope will show these signals, or the earpiece may be
used to listen for a short squeak of 100Hz tone from pin 3 of
IC5 every 29.2 seconds.

There is really no testing to be carried out with the LS|
MOS clock devices. Checking the p.c.b. track and watching
the display are the only pertinent activities. Note that the
slow and fast setting functions should not be used
simultaneously.

If all is functioning, the sidereal clock can be seen advanc-
ing in phase compared with the mean-time clock; the former
gains ten seconds (approx.) per hour relative to the latter.

The crystal oscillator frequency may be checked using an
accurate frequency counter and altered by adjusting the
trimmer capacitor and C8. Alternatively, tuning may be
achieved by timing the mean-time clock over, say, 24 hours,
and iteratively correcting, or alternatively by heterodyning
the signal against the 200kHz Radio 4 frequency. Bringing a
radio close to the crystal oscillator produces a beat note with
the Radio 4 signal which can be clearly heard. The trimmer
may now be tweeked to minimise the beat frequency. It is
advisable to leave the oscillator running slightly fast, clock
correction may thenceforth be carried out with short presses
on the HOLD button with both clocks connected (d.i.l. 2 and
d.i.l. 3 "on”).

EP6S)

Table 1. MM5309 Pin Functions (
1 Ground 2% ¥8 Display Enable
2 BCDS8 27 K 4/6 digit select |
3 BCD4 b W multiplex timing
4 BCD2 1$ #  unit .
5 BCD1 TE W tens }mlnutes |
6 a 2374 unit R
7 b 2084 tens S hours digit drives
8 c¢ | muitiplex 21 7@ unit
9 d ) segment Le78 tens }seconds
10 e | drives 1% 3 clock signal input
11 f 13 28 fast =0 \
12 g 17 d8  siow
13 12/24 hourformat 6 B reset
select l
14 50/60 Hz select t5 28 Positive Supply
Practical Electronics October 1981

Table 2. Setting and Display Control Functions

DiL1”
DIL2 ™
DIL3 ™
DiL4 ™
DiLE ™

a

DIL6

DIL7 "

DIiL8
Note:

on”
on”
on”
on’”’
on”’
on”
on”
“on”

Push S1 to RESET both counters
Push S2 to HOLD count on IC10 (clock 1)
IC11 (clock 2)
Push S3 to FAST SETIC10
IC11
Push S4 1o SLOW SET IC10
IC11
Display off; insert J1 in SK1 to turn display on.

If any d.il. switch is in the off position, pressing the
push-button connected to it will have no effect on the
corresponding clock.

With d.i.l. 8 off, the display is permanently on.
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" COMPONENTS . . .

Resistors
R1 6M8
R2 1k
R3 10k
R4,R5 100k (2 off)
R6.R7 220k (2 off)
R8-21 -2k7 (14 off)

All resistors $W 5% carbon

Capacitors
Cc1 47p Disc ceramic
c2 100u 25V Electrolytic
Cc3 100n Disc ceramic
C4,5 10n (2 off) Disc ceramic
C6.7 100n (2 off) Disc ceramic
Cc8 100p Disc ceramic
VC1 50p Trimmer
Semiconductors
D1 1N4001

Integrated Circuits

IC1 4011 Quad 2 1/P NAND

1C2.3 4518 Dual BCD decade counter
(2 off)

1C4,9 4001 Quad 2 I/P NOR (2 off}

1C5,6 4081 Quad 2 I/P AND (2 off)

1C7 4068 8 I/P AND

IC8 4040 12-bit binary counter

1C10,11 MM5309 MOS digital clock (2 off)

Miscellaneous

J1 3-5mm plug
JK1 3-5mm socket
Xtal 1.0MHz

D.i.l. Switch 8 SPST contacts (S5-S12)

S$1-S4 Miniature Push-to-Make switches (4 off)

1,3 HP 5082-7405) "W brightness class

2,4 HP 5082-7402 § common cathode 0- 1" displays

Constructor’s Note
The MM5309 is available from DTV Group Ltd., 2-12
Ernest Avenue, West Norwood, London, SE27 ODJ.

\

APPLICATION

Following the instructions given in Table 2, the mean-time
clock should be set to the correct time; astronomers may
wish this to be GMT rather than any local time in operation.
Suitable time signals to use are the six-pips of the BBC radio
time signals (Home Services or World Service] or the
numerous frequency and time standards transmitted on the
short wave bands. The author has found the easiest method
as follows: set the clock to an exact hour {(or whenever the
time signal is due) and then use the HOLD function to pre-
vent counting until the time signal occurs, when the button
should be released; a setting accuracy of +4 second can be
obtained.

The sidereal clock is set in the same manner, aithough
the correct local sidereal time needs to be established
beforehand. Armed with a pocket calculator and a pad of
paper, this is not too difficult. The sidereal time on the
Greenwich Meridian (ie 0° longitude) was 6 hours 39
minutes 15 seconds at 0 hour GMT on 1st January 1980. To
determine the Local Sidereal Time, calculate the number of
complete days since 1st January 1980 (at O hour GMT) and
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add (to the 6 hours 39 minutes 15 seconds mentioned
above) 3 minutes 56-555 seconds for each fully elapsed
day. Decide the time of day (in GMT) at which the clock is to
be set and convert this time from hours, minutes, seconds to
hours and decimals of an hour, Multiply by 1-002738 and
convert back again to hours, minutes, and seconds. Add this
to the previous sum. A correction for longitude must now be
applied. The reader’s langitude may be obtained from a large
scale map of his/her area; Ordnance Survey maps are ex-
cellent for this purpose in the UK. The value obtained should
be converted to degrees and decimals of a degree Waest of
Greenwich, then divided by 15 (to convert to hours and
decimals of hours) and then converted back to hours,
minutes, and seconds. This is subtracted from the previous
sum.

If that little lot sounds terrible; two examples will show
how easy it really is.

Let us suppose the Local Sidereal Time is required
for 17 hours 30 minutes on the 5th March 1980 at
Machrihanish (longitude 5° 44’ West, latitude 55°
25' North).

1) Initial value for 1st Jan 1980 6h 39m 15s
2) 64 days (at 3m 56.555s)
have elapsed

3) 17h 30m (ie 17-50h) times

+ 4h 12m 20s

1.002738 + 17h 32m 52s
=28h24m 27s
4) 5° 44’ West (ie 5-733°)
divided by 15 Oh 22m 56s
=28h 1m31s
Subtracting multiples of 24h gives
LST = 4h01m 31s

... and for the 30th January 1981, 20h 15m local
time, Coonabarabran (Australia) (longitude 149° 50’
East, latitude 31° 5’ South)

1) Initiat value for 1st Jan 1980

2) 395 days have elapsed
{395 x 3m 56-555s)

3} This part of Australia is 10h
ahead of Greenwich mean
time normally, but operates
one extra hour of Summer
Time ahead for the date given.
Hence, the GMT is 9h 156m
s09-25h x 1.002738

6h 39m 15s

+ 25h 57m 19s

+ 9h16m 31s

=41h43m 05s
4) 149° 50’ East (ie 360° —
149-83° =210-17° West)
210:17 divided by 15 =
14.0113h — 14h 00m 40s
27h 42m 25s
Subtracting multiples of 24h gives
LST 3h42m 25s

Once set, the clock is ready for use. If, at some future date,
the sidereal section is no longer required, the link between
pin 24 of IC11 and pin 11 of IC5 may be disconnected and
pins 24 of IC10 and IC11 connected—a dual time zone
clock is then obtained to help with international telephone
calls. Readers may care to note, for future reference, the
basic conversion principle could be used to accommodate
for local time on other planets! *
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Introduction to
ROBOTICS

Professor Wilfrid Heginbotham O.B.E. D.Sc. "

DIRECTOR GENERAL. PRODUCTION ENGINEERING RESEARCH ASSOCIATION (PERA) '

NDUSTRIAL robots have little resemblance to the futuristic

machines of science fiction. But there is one similarity. Most
robots are designed to replace human workers and are built to
the same scale. although they can generally lift much heavier
weights and for longer periods. Apart from this superficial
likeness. robots are very different from either humans or the
robots of science fiction. They are really little more than
machine tools. whose prime function is the handling of compo-
nents. To carry out this task most robots have one manipulative
arm which provides either point-to-point motion or a continuous
path. The “architecture™ of a robot may be cylindrical or polar,
or it may consist of an arm and an elbow.

CAPABILITIES

Although at first sight an industrial robot can appear almost
humanoid in its capabilities. the resemblance is a delusion. The
facts fall better into place if one perceives the robot more as an
*“automated crane™ controlled by an electronic cam system. Its
most versatile feature is its ability to be re-programmed so that
its arm obeys a different set of space/time co-ordinates. Once
programmed. the machine reverts to being a mechanistic piece
of automation that will perform a sequence of events.

Robots are good at mimicking the space/time co-ordination
skills of a manual operator. For instance. one could record the
movements of the conductor of an orchestra in such a way that,
on future occasions. the robot would faithfully conduct the
orchestra in precisely the same way as the conductor had done.
It would. however. be completely unaware if the first violin were
absent or, indeed. whether or not the entire orchestra were there
at all. One could prepare for such hazards by equipping each
seat with a sensor to detect the presence of players and so inhibit
the robot motion until all were present; but even then the robot
could be fooled by a “non-player™ sitting in the chair. This sim-
ple example completely describes the present extent of robot in-
telligence and prevents one from expecting too much.

The full potential for robot versatility within a particular field
of activity depends on how that activity fits the robot architec-
ture and technology. Robots are ideal:

a. For the tracing of curves. where a low level of accuracy is
sufficient,

b.  Where no gripping is necessary, or where a loose grip is suf-
ficient.

c. Where a standard no-variable gripping surface exists
naturally on the component (ie, in die casting).

d.  Where the skill of the manual operator is restricted to judge-
ments within a clearly defined space/time pattern.

e. On relatively dedicated precision applications when suf-
ficient peripheral “tooling™ can “clean up™ the final compo-
nent position to the required accuracies.
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These operations can be classed into four different categories,
each with its own characteristics. They are listed below, with ex-
amples of typical operations.

QUICK AND EASILY CHANGED

The first category includes spray painting, shot peening, spot
welding, stud welding, flame cutting, the application of gasket
sealing compounds. coating, marking, heat sealing, glass cutting,
water jet cleaning. drilling and any routine where no gripping is
required. In these situations, so long as suitable means are
available to initiate the process (ie, one single time/space co-
ordinate to relate the start of the component/robot time
relationship) then the job can be changed in a matter of minutes.
Some robots can store a multiplicity of pre-recorded
programmes.

The second category concerns operations where the gripping
need not be very precise or where standard gripping surfaces are
available (ie, gripping surfaces on the component or standard
Job holders). 1t includes the unloading of die casting and injec-
tion moulding machines, the dipping, quenching and handling of
investment castings. unloading presses, unloading furnaces. flat
sheet transfer. brick handling and stacking, heat treatment,
rough transfer operations, stacking pallets and sacks and the
general loading and unloading of machine tools over a range of
cylindrical or other regular prismatic workpieces.

The third category demands more precise operations. In-
terstage tooling and special grippers and/or fixtures may be
necessary for each different situation. Examples are the transfer
between stations for hot and cold forging operations, the loading
and unloading of machine tools in general work, inspection
probing. filament winding, wire wrapping. sprue cutting, sorting
and packing. deburring, fettling, drilling, routing and arc
welding. The needs of any particular operation will need to be
carefully scrutinised in order to select the appropriate activities.

The fourth category includes the control of assembly and
parts in a factory where variability levels are high.

An analysis of 600 typical robot installations in the UK and
West Germany showed that the proportion of activities in the
various categories are:

UK 1981 West Germany 1980

(BRA) (1PA)

Category 1 36-0% 45.0%
Category 2 48-0% 42-0%
Category 3 15-0% 12-5%
Category 4 1-0% 0-5%
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These interesting samples reflect very well the areas of ac-
tivity where industrial robots of the present generation are
easiest and most profitable to apply. The pattern does not seem
to be significantly altered by differences in the two countries’
economies.

From experience, it is possible to distil a few principles that
determine the viability of robots in particular circumstances:

a. The skills required for the particular job:
— sight
touch
— hearing

b. The extent to which the pattern and need for these skills is
repeated without ambiguity.
c. The “peripheral” controls required to ensure an adequate
control of incoming material for:
~ position
- quality
- variability
d.  The need for the human workforce to carry out inspection
tasks as part of the operation.

Safety and “guarding” requirements.

The suitability of a robot for light handling depends upon the
speed of the operation. It is generally difficult for a robot to keep
up with a human operator because human responses are so
much faster. In some machine operations, like forging, human
operators can alter their scénario and cope with variable events
on the periphery of the machine. But most current robots are
generally incapable of reacting in this way. This kind of self
programming will be the next stage of robot development.

These economic factors can be overruled by other factors. A
bad working environment can be a powerful motivating factor in
the decision to use robots instead of people. Indeed it is clear
that many industrial robots are presently used in a relatively un-
coordinated way, in a piecemeal fashion. It is apparent that for
some time to come factories will have to adopt a hybrid ap-
proach to robots and introduce only partial automation.

i

THE MINI METRO

Safety is an important issue. It is important not to try to mix
human work with any part of the possible working universe of
industrial robots. There is a particular danger if a robot is handI-
ing dangerous materials. Some robots are used to pour hot metal
into a die-casting machine or a mould. Any malfunction of the
robot system might lead to a scattering of this dangerous

material in areas occupied by humans. This danger should not
be exaggerated. There are several successful installations of
teams of robots performing relatively simple operations. In the
new Mini Metro line two lines each of 14 unimates are used to
spot weld car body shells.'

To get the best out of a robot in applications where the
process cycle times are relatively long, it is desirable to allow the
robot to service several machines placed within its reach, and to
carry out auxiliary functions like inspection. For example, a Cin-
cinnati T, industrial robot can serve two turning centres and an
inspection station.? The inspection station uses a laser to
measure the size of components and the robot can extract a part
from any machine and pass it through the inspection system
before accepting it as a correct component.

The fully versatile small batch automatic factory will only be
achieved when robots have sufficient “intelligence” to deal with
increasing levels of variability in their environmental conditions.
Current trends are exemplified by the software control system of
the Cincinnati T,. It involves three distinct types of branching.
The first is conditional branching in which several workplace
‘““states” are monitored and the robot will not continue with its
operations unless the signals received from the transducers are
“green”. The second type, offset branching, involves the con-
struction of a repertoire of pre-taught sub-routines which form
common parts of repetitive activities. The continuous need to
programme these repetitive activities could be tedious and time
wasting for the programmer. In the third kind, “interrupt™ offset
branching, pre-recorded routines are selecied to deal with con-
tingencies which may occur during the robot’s automatic cycle
of operations. For instance. a failure to insert a part at some
point of the function would be noted by the robot which would
divert that part to a scrap bin, initiate the re-selection of another
part at the pick-up position. rejoin the sequence and try again to
complete the function.

A ROBOT BLACKSMITH

A more advanced application of this technique is the develop-
ment of a robot “blacksmith”. For this particular application, it
is essential to understand the process by which metal is defor-
med so that it can be represented by suitable algorithms in the
computational software.’ * The process is called “open die forg-
ing”. The robot seeks to form a shape by manipulating the
squeeze anvils of simple prismatic tools in a hydraulic press. A
robot could be taught to complete the process of changing a
shape by using the direct skill of a human operator, but usually

One of the two synchronised welding lines for the Metro
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A Cincinnati T? serving two turning centres and an inspec-
tion station
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this method takes a long time and very often takes longer than
the time required to complete the whole batch. It is also a rather
inefficient way of using a robot’s computational facilities. It is
better to develop blocks of programming incorporating the
known characteristics of the process, so that changes in the
number of steps and the size of steps can be initiated by inserting
the appropriate numerical data. For instance, square-to-square
and square-to-round reduction can be achieved by the routine
insertion of data on the initial and final sizes required by the
operator.

So far, we have assumed that a robot can complete its cycle
without ambiguity. However, the variations in steel’s charac-
teristics and possibly temperature can necessitate a continuous
feedback of information on the pressure and position of the anvil
and the temperature of the billet. The robot could interpret the
possibility of success within an envelope defined by certain
critical values of these parameters so that it could take ap-
propriate action. If the temperature falls below a prescribed
minimum, for example, the robot would withdraw the billet from
the forging press and insert it in a re-heating station and release
it. all the time remembering at what step it had left off the
process before re-heating. Next, it would continue to forge
another billet. Then it would pick up the partly finished, re-
heated billet, rejoin the sequence and take the forging process to
a successful conclusion. This routine is a valid alternative to the
human’s use of sight and touch. A machine’s ability to see and
feel is important, of course. but it is better in many cases to seek
machine solutions to problems where the technology available
can conveniently solve the technological problem.

ASSEMBLY BY ROBOT

The number of robots involved in small batch assembly is
actually very small. Assembly is a highly skilled operation and
implies levels of sensory interaction and mechanical dexterity
which are not easy to achieve in an economic way. The Unima-
tion PUMA Assembly Robot and the DEA Pragma Assembly
Robot are the nearest we have to a general industrial applica-
tion.* The PUMA incorporates another example of “branching
off-set” technology and can be easily programmed to perform
manipulative functions. One of the available sub-routines allows

PERA PADDS automated draughting system
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the device to execute a “pick and place” movement between two
pre-selected points in its universe without each successive step
having to be programmed. As with many other first generation
devices. it is likely to be most adaptable in hybrid situations
where the people conduct operations that demand a high level of
cybernetic reaction and the robots perform the more mundane
tasks.

The next step is the addition of facilities for artificial vision
and an artificial sense of touch. These benefits over the next
decade will be part of a cascade of development leading to more
assembly processes being taken over in their entirety by robotic
devices. These developments will be achieved by a process of
evolution rather than single dramatic leaps in technology.

The wider implications for automated small batch factories of
the future have yet to be really considered. The possibilities af-
forded by the micro-computer make it easier for machines to
“communicate” easily with machines and eventually we shall
have to proceed from the present piecemeal applications to an
overall systems approach. At this stage we will have, or a com-
puter will have. overall control of design and production func-
tions. The situation was adequately expressed by Lord Kelvin
who said. in 1880. “I often say that when you can measure what
you are speaking about and express it in numbers, you know
something about it; but when you cannot measure it, when you
cannot express it in numbers. your knowledge is of a meagre and
unsatisfactory kind: it may be the beginning of knowledge. but
you have scarcely. in your thoughts, advanced to the stage of
science, whatever the matter may be”.

An example of an automated draughting machine controlled
by a minicomputer is the PADDS system developed by PERA.
Systems like the PADDS produce detailed drawings without
drudgery. The operator uses a keyboard to enter the dimensions
and shapes of the part. according to a simple code, and also
specifies the reference co-ordinates of the dimensions. The com-
puter needs no more information for the “dimensioning” of the
component. As it works it will decide whether a drawing with
only two “views™ might lead to ambiguity in the specification of
components, and produce extra drawings as required. It is a
relatively small step from PADDS to the development of
programmes for the numerical control of machine tools.

THE ECONOMIC EFFECTS

The use of robots will increasingly influence, if it does not
already, national economic and sociological development. The
economic issues range from the level of employment to the level
of investment. An indication of these parameters in the UK,
USA., Japan and West Germany since 1970 is illustrated in Fig.
1, which shows the ratio between the hourly earnings index and
the consumer price index. It represents what can be bought with
what is earned. The performances of Japan and West Germany,
particularly after 1974, are remarkable. It is notable that both
countries have made considerable progress in applying advan-
ced methods of automation, and that Japan has as many as half
the total world population of industrial robots. One could be
tempted to draw a wrong conclusion from these statistics and it
must be made quite clear that the application of industrial robots
does not automatically ensure industrial success. Robots can
only amplify success. They can only manufacture an already
successful basic product. They make cheaper and more reliable
that which is already successful and thereby render it even more
successful.

It might seem that the application of industrial robot
technology is counter-productive in terms of the number of jobs
for people. However, it can be argued that industrial robots will
cause no additional threat to employment. For instance, any
country which manufacturers average products which sell in an
average manner and achieve an average sales level cannot hope
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THE ABILITY TO PURCHASE WITH INCOME

1:300 Average hously earnings

]

Consumer price index

West Germany

United Kingdom

1:000

0-900

1970 1972 1974 1976 1978
from: Yearbook of Labour Statistics, 1979 (tables 18 & 23)

Fig. 1. The ratios between earnings and prices in four
countries

for anything but to subside into an average state of industrial
mediocrity. Such average sales cannot create conditions that are
capable of exploitation by the effective and correct application
of industrial robot technology. In such a situation, advanced
automation is powerless because the need to “amplify” produc-
tion does not exist.

If the need for amplification does exist, however, the applica-
tion of adaptable robotic systems will materially influence in-
dustry’s capital investment programmes and will produce a less
labour intensive situation in areas of industrial activity where
lower batch quantity production situations apply. There will
have to be a reappraisal of the relationship between advanced in-
dustrial automation systems and the whole manufacturing com-
plex.

The amount one can afford to spend on an industrial robot in-
stallation will depend on:

a. The cost of labour.

b. The amount of human involvement required to complete the
task.

The cost of a standard robot system.

The cost of adapting (c) to a particular job.

The frequency of job change.

The interest rate on capital.

Batch sizes.

Overall demand and the increase of output achieved by the
robot.

Depreciation.

Maintenance and running costs.

oM o an

Bde, o
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The inherent versatility of a robot system is clearly depen-
dent on the relationships between (c), (d), (¢) and (f) in the
table above.

Comparisons between automated and manual systems are
generally made on the basis of direct cost savings. The com-
parison can lead to false conclusions. Indeed, if we compare the
rate of production of a manual system with the rate of produc-
tion of an automated system then the automated system can ap-
pear to have little or no advantage. A more relevant index is
total daily production. since this total will reflect the robot’s es-
sential characteristics; the advantage of being able to work con
tinuously, without a break and without variation, for much
longer periods than can a human. A machine might be slower
than a human, but its daily output could be significantly higher.
It is benefits of this kind that signify the quality of robots in in-
dustry. *
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PE ROBOTS

Next month we start a series of articles describing the
construction of three different hydraulically operated
robots — see page 57 for more details.

Unimation PUMA 500 robot, control system and VDU
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AC. Input: 110,127, 220, 237, V.A.C..50- 60 Hz
Weight: 8- Lbs.
Size: : 4~'/2'H‘ x 8-3EW x -_1,0-7[16_'0 T

et | ] .

For further information on HAMEG's full range of top

HAMEG LTD.

performance oscilloscopes, contact:

74-78 Collingdon Street, Luton, Beds. LU1 1R
Tel: (0582) 413174
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GAMES PACK 1

Asteroids Shoot them before
they crash into you. Lists ten
best scores. Program 4K, graphics
6K.

Sub Hunt Command a destroyer
tracking a submarine, find its
position and destroy it. Program
1K, graphics %K, needs floating
point.

Breakout Score points knocking
bricks from wall. Ball has two
changes of angle and speed
Program 3K, graphics 1-2K.
COLOUR

GAMES PACK 2

Dogfight Two-player game

each piayer controls a plane and
tries to shoot down his opponent
without crashing. Program 4K,
graphics 6K,

Mastermind Guess the com
puter’s code before the computer
guesses yours; program 3K,
graphics %K.

Zombie Land on Zombie isiand;
try to lure all the zombies into
the swamp, In desperation jump
into hyper-space! Program 3K,
graphics K, COLOUR
GAMES PACK 4

Star Trek Ciassic computer
game, rid the universe of
Klingons. Short and long-range
scans, galactic map, phasers,
photon torpedoes, shields, etc.
Program 5K, graphics 2K.

Four Row Take turns in placing
marbles on the board; the first
to get a line of four wins,
Program 5K, graphics 6K.
COLOUR

Space Attack Repel the
invasions of earth and avoid
being hit by the gunner ships.
Becomes progressively harder
with each invasion. Program
3K, graphics 6K .

GAMES PACK 6

Dodgems Steer your car and
avoid the computer<controlled
car programmed to collide
Survive, and the game gets faster
Program 4K, graphics 6K

Simon Test your ability to
remember a progressively ionger
sequence of lights and tones.
Adjustable skill tevel, Program
2K, graphics 3K. COLOUR
Amoeba Try and creste the
shapes devised by the computer
Program 3K, graphics 3K

NEW! For Atom Owners

RIHEBIGIONES

Acorn are right on target with a
whole range of games
GET THE BEST — FORGET THE REST

All Acornsoft games ate designed and produced by the manufact-
urers of the Atom. Trust the manufacturer to get the very best out
of his product. Realistic sound effects, great graphics and colour too!

SPACE iNVADERS

This has proved to be the most
popular video game ever. And
now we’'ve brought it right up
to date. Different, types of
invaders, flying saucers, shelters,
laser guns and full sound effects.
Program 5K, graphics 6K

Afso in Games Pack 5

Wumpus + Reversi

GAMES PACK 3

Rat Trap Move your rats without
colliding with the trails left.
Entangie your opponent before
he entangles you! High-speed rat
action-replay. Program 4K
graphics 6K.

Lunar Lander Land a spacecraft
on s Junar crater; altitude
velocity, fuel and drift. Program
1K, graphics %K

Black Box Deduce the position
of four invisible objects in the
Black Box by firing rays at them.
Program 4K, graphics % K

on <ivosy
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GAMES PACK 7

Green Things An alien life-form
has invaded your spacecraft;
discover a way of destroying It
with the weapons available on
the ship. Program 5K, graphics
2K. COLOUR

Ballistics Take turns in firing
shells at the other player, taking
into account the wind and shape
of the hill, Program 3K, graphics
6K, needs floating-point.

Snake Grow yourself a snake by
guiding it towards digits which
it eats. Program 2K, graphics %K

ORDER TODAY!

Just send a cheque of money order only £11.50 per pack
including VAT and post and packing. State which packs you want.
Or ring 0223 316039 or 01-930 1614 quoting your
Access or Barclaycard number. Allow 14 days for delivery.

Or if you think you can wait for more details just write to

Acornsoft Limited, 4a Market Hill, Cambridge.

ACORNS2FT TAKE GAMES SERIOQUSLY
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FEATURING

SEE-THROUGH CHIP

L.e.d. numeric displays are now available
in a wide range of styles and sizes and can
be used in any application which does not
require power consumption to be reduced
to an absolute minimum. If power is a
problem, then liquid crystal readouts should
be considered, but remember that there is a
big difference between the light EMITTING
l.ed. and the purely REFLECTIVE l.c.d.
which has a lot in common with the printed
page and its dependency on ambient
lighting. The two technologies do compete
in some areas, but there are also clearly
defined applications where either the l.e.d.
or the l.c.d. wins hands down. In digital
watches, for example, there can be little
doubt that the low consumption of the I.c.d.
is the dominant factor despite the con-
siderable inconvenience of having to
provide an incandescent backlight for night
viewing, On the other hand, in mains
powered equipment such as digital alarm
clocks where ample power is available, the
brightness of the l.e.d. readout and its in-
dependence of ambient fighting, make it
the logical choice. The use of |.e.d. readouts
does bring some problems, however, and
foremost among these is deciding just how
bright the display needs to be to compete
with any ambient lighting which may be
present. The range of brightness required to
compete with strong sunshine at one ex-
treme and a darkened bedroom at the other
is considerable, and rather than have illeg-
ible displays by day and "‘keep-you-awake"
neon signs by night, many clock-radio
manufacturers incorporate a dimming
switch into their designs to reduce the
problem to manageable proportions.

The provision of just two brightness
levels is hardly a complete answer to the
problem though, and what is really required
is a CONTINUOUS adjustment of display
brightness as the ambient tight level alters
throughout the day. You can probably see
how to design one of these. All you need is
a photo-detector such as a light dependent
resistor or photo-diode, an amplifier, a
voltage controlled pulse width modulator,
and a high fanout driver to strobe all the
digits on or off at a fairly high frequency
which cannot be detected by the human
eye. (You could vary the display voltage,
and therefore current, instead of using the
strobe approach but that would mean
wasting a lot of power heating up an
expensive power regulator, not to mention
the probtem of a distinctly non-finear
voltage/brightness characteristic.) Although
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OPL100 WD55 LM396

the concept of an automatic brightness
control is simple enough, the realisation has
usually been too expensive for all but the
most up-market equipment, but that situa-
tion will soon change thanks to a new
device from an American firm called TRW
Optron.

What TRW Optron have done is to build
a complete brightness control integrated
circuit, including an ambient light sensor,
into a diminutive eight pin d.il. package
made of see-through plastic. The device is
coded OPL100 and it contains a
photodiode, a high gain amplifier, an op-
amp and several comparators, a latch,
some gating, an output stage and a voltage
regulator. A brightness control range of
zero to 100 per cent is possible using the
pulse width modutation output to control
the display duty cycle. The 7447 seven seg-
ment decoder which is widely used to drive
l.e.d. displays can be directly controiled via
its RBI input; other types of driver may re-
quire some gating. Thanks to its internal
regulator, the OPL100 can operate from
any availabte supply from 4.5 to 24 volts,
and current drain is constant at around
10mA.

The OPL100 could be just the thing for
that digital car instrument panel you have
been promising yourseif!

MICRO TIMER

Some time ago | wrote about the. CY500
Stepper Motor Controller, which was ac-
tually a single chip microprocessor with a
built-in program designed by a firm other
than the micro’ manufacturer to do a
special job. Single chip microprocessors are
being made by the million and they are all
being manufactured with “built-in’
software to do a special job of one kind or
another, although usually they disappear
without trace into a mass produced product
such as an automatic washing machine or
an electronic game, and are never offered
for sale to anyone else. Some of these
devices turn out to be of such general ap-
plication however, that their designers DO
offer them for sale to a wider market,
recouping their own development costs and
making a handsome profit into the bargain!

The CY500 was one example of such a
general purpose development, and this
month | would like to tell you about
another, the WD 55 from Western Digital,
distributed in the UK by Jee Distribution of
Hayes, Middlesex. This interesting device
is a mask programmed member of the
WD 50 family of four bit single chip

microprocessors, dedicated by the internal
program ROM to perform the function of a
capable timer system able to replace and
out-perform timers currently using motors,
gears, cams, and micro-switches. The WD
55 has two basic operating modes; the
simplest of these requires very few external
components and relies on an array of
thumbwheel switches or even diodes to get
the desired ON/OFF timing intervals with a
range of up to 999 hours and a resolution
of 0-1 second. The second mode is selected
by a strapping option, and interfaces the
WD 55 to a numeric keyboard matrix and a
seven segment l.e.d. display to perform the
function of a fully programmable timer/se-
quencer with up to seven sequential
ON/OFF timing periods. In either mode the
timing reference can be 50/60Hz mains fre-
guency or an external crystal oscillator, and
timing operations can be continuous or
single shot. The timer outputs are capable
of driving relays or triacs, and an alarm out-
put is available to sound a buzzer at count
termination if required. The use of simple
membrane switch keypads is made easier
by the provision of audible feedback via the
alarm output to signify the proper actuation
of keys which give little or no tactile
response.

The WD 55 is made with PMOS
technology, lives in a 40-pin plastic or
ceramic DIP, and runs from nominally 13-2
volt supplies. | can think of all kinds of uses
for it, how about you?

MOOSE

It seemed quite wonderful to me when
someone first squashed a 1 amp 5 volt
regulator circuit into a TO3 can. A whole
amp | thought, that will keep my TTL
happy! Since then we have seen 1.5 amp 2
amp and even 5 amp regulators in the same
can and | for one thought that NOBODY
would ever be able to do any better than
that, until | saw the National LM 396. This
device, known to its friends as MOOSE, can
provide an astonishing TEN amps at power
levels of up to 70 watts without even
starting to melt its little TO3 package
(provided it's on a heat sink of coursel).

National have performed the trick by
bringing together on one chip the best dis-
crete power transistor and linear amplifier
design principles. The MOOSE is voltage
adjustable over a 1.25 to 15 volt range,
and has excellent line and load regulation. If
you are planning any arc welding, the
LM 396 could be for you!
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HEADPHONES

A.B.BRADSHAW

THE writer spends much time listening to music on hi fi,
stereo tape and disc, using headphones. This is often
necessary in a family household where other members are
playing the piano, practising the guitar or operating the
washing machine! A friend of the writer's recently loaned
him a “dummy head” tape, and listening to this material
proved to be a revelation. It was realised that ordinary stereo
sound played through headphones could be improved upon.
A search of technical articles revealed that work on this sub-
ject goes back a long way in time.

THE PROBLEM

Most people are familiar with normal stereo sound, where
microphones are spaced out across the sound stage and
suitably mixed. The sound is then recorded or relayed to be
eventually launched from suitably positioned loudspeakers,
giving the illusion of the original sound space (See Fig. 1).

From the L.H.S. loudspeaker we have the direct path (1A)
which enters the left ear; in addition, the path (1B) from the
same loudspeaker diffracts around the listener’s face to en-
ter the right ear. This latter path will give a sound pressure
which is both lower in amplitude and delayed in time com-
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pared to that perceived in the left ear.

A similar cross-diffracted signal is generated in addition to
the direct path by the R.H.S. loudspeaker.

When we use headphones on normal stereo sound, the
cross feed signals are absent.

This is the reason why headphone stereo is unnatural in
its spatial rendition. We get the "‘outside-the-head" effect.

The diffraction of sound waves around the human head
has been studied by “WEINER" (See ref. 1).

Graphs produced from data show the average differences
in sound intensities, when the sound source is at 45° to the
left of the listener (See Fig. 2).

Assuming an ear to ear spacing of 8 inches, the additional
53 inch of path length which must be traversed by the sound
on its way to the more remote ear produces a calculated
delay of 0-4 milliseconds.

These results were used by “Bauer” of C.B.S. (Ref. 2), to
develop a dual cross feed network to restore electronically
the original sound perspective. See Fig. 3 and Fig. 4. These
show the original network, and a later simplification.

Both networks were designed to be driven from high
power AF amplifiers since the voltage loss of the networks is
in the region of 30 dB.

To evaluate the system the writer decided to. feed the
network from a point in the hi fi chain prior to the main L.S.
amps, and provide voltage gain with enough power to drive
a pair of good quality 8Q2 headphones.

A dual stereo loudspeaker amp was used with its gain set
by R9/R8, R10/R7 to give 40 dB. This is not the optimum
arrangements from the noise point of view, but it is easily
implemented and allows the system to be heard. See Fig. 5.

INDUCTORS

Many of the "RF choke” type of 10 millihenry coils that
are advertised are for radio frequency use, where a large
ratio of reactance to resistance is needed. This means that
they are unsuitable for AF use. For this reason pot core
assemblies are specified.

Using the specified pot assemblies: Wind 158 turns of 28
s.w.g. enamelled copper wire, “random fashion” on the
bobbin and tape the turns in place. The core adjusters are
not required.

CONSTRUCTION

Construction of the unit is straightforward. The main p.c.b.
design for the unit is shown in Fig. 6 with the component
layout shown in Fig. 7. A suitable p.s.u. design is also given
in Fig. 8 together with the p.c.b. design and component
layout in Figs. 9 and 10.

RIGHT = HAND
SPEAKER

LEFT-HAND
SPEAKER

CROSS -FEED
AREA

LISTENER

{(Eesse)
Fig. 1. Stereo recording produces cross-feed signals
when reproduced in open air by loudspeakers
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source 45 deg. on the left
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L1..2 RS Components
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AAA—o

INPUT FROM 5,7 50 59 INPUT FROM
LEFT HAND RIGHT HAND
AMP. AMP.
aIP L o/P R
50 5a
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O -0
T ™ e
Fig. 3. Original network due to ‘‘Bauer’’
INPUT FROM INPUT FROM
LEFI:PAND W RIGHT HAND
5 l AMP.
120 10mH 10mH 120
100 100
i L7 2 2p L7
BALANCE
—v
o/P L o/P R
8 80
PHONES GHONES
Fig. 4. Simplified version due to ‘‘Toneburst’’
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Pot Core Assembly
RM10 A = 400
(see text for winding details)

o _J
Fig. 5. Circuit diagram
cs
INPUT FROM LEFT HAND ™ INPUT FROM RIGHT HAND

TONE CONTROLS
PRECEDING THE
LOUDSPEAKER AMP

9:0/%

80 PHONES

EOG94

TONE CONTROLS
PRECEDING THE
LOUDSPEAKER AMP.

et 111 AAS—o
L L2
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120 I
%

c1
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p 2p 47
BALANCE
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R4 R8
27 1k
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HEADPHONE AMP
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—
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37



I I e a4 = I
Fig. 6. Main printed circuit layout (actual size)

TO VRY

TO VR1

I EARTH
I

&

w

1 -VE +VE 0/P2 O
Fig. 7. Main component layout

P

OPTIONAL PSU

L Fig. 8. PSU p.c.b. (actual size)

H2v v -1V

8 I L 240V N E L 240V

N

- T1SEC ’ I
N 7912 feom I1C2
o1| |o3

®r—p— T1 SEC

-12v ov +i12v

T2 SEC. 1 2

1c1 o ]

E i

2] o4
Gm .
T2 SEC . -
Fig. 9. PSU component layout ‘

RESULTS

The effect of switching the network into circuit will not be
immediately obvious as the effects are rather subtle.

Choose sound sources with a good stereo separation,
close your eyes and visualise the direction of the source, and
whilst operating the IN/OUT switch the effects are readily
heard. Once you have used the network over a prolonged
period, accidentally temoving it produces a very odd
sound!
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Fig. 10. Circuit diagram

REF. 1 Francis M. Weiner, “On The ODiffraction Of A
Progressive Sound Wave By The Human Head". J. Acoustic
Soc. Am: Vol 19 po 143-146 (1947).

REF. 2 B. B. Bauer, “Stereophonic Earphones And Binaural
Loudspeakers”. J. Audio Eng. Soc. Vol 9 number 2 April
(1961)

REF. 3 Towaras True Stereophony. By “Toneburst”.
Wireless World, Sept 19689.
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CHOOSE ATOM POWER

At work or play - everything youneed in a personal computer

The Atom is amachine tobe used
Every day, day after day. It's afull
function machine~ check the
specification against others. It's
rugged, easy to operate built to last
and features a full-size typewriter
keyboard.

Justlook at some of the features’

©® More hardware support than any othe-
microcomputer ® Superdast BASIC —ca1 be
updated to BBC BASIC if required

©® High resolution and comprehensive
graphics ideal for games programmers cnd
players* @ Integral printer connection*

@ Software available for games, educaton,
maths, graphs, business, word processing, etc.
@ Other languages: Pascal FORTH, LISP
©® 1/O port for control of extemal devices

@ Built-in loudspeaker ® Cassette interkace
® Full service/repair facility ® Users club

* Expanded version only

Optional Extras

® Netwcrk facility with Econet

@ Disk ® PAL UHF colour encoder

® Add-cncardsinclude 32K memory,
analogue to digital, viewdata VDU, disk
controller, daisywheel printer, plus many,
many more! ® Power supply

FREE MANUAL
The Ator's highly acclaimed manual comes
free with every Atom and leaves nothing out. ‘n
justa whle you'll be completely at ease with
your new machine! Within houss you'll be
writing your own prograi.s.

Dealers or Mail Order
Computer stores are stocking Atoms

there’s a list below but if you have any prablems getting

hold of one just fill in the coupon and we’ll rush one to ycu within 28 days. If the machine isn’t
all you expected, or all we've told you, just return it within 14 days for a full refund.

MOM, Aberdeen 22863. Broadway Electronics, Bedford. Owl Computers, Bishops Stortford,
52682. Eltec Services, Bradford 491371. Gamer, Brighton 698424. Electronic Information
Systems, Bristol 774564. Cambridge Comp Store, Cambridge 65334, Cardiff Micros, Cardiff
373072. Emprise, Colchester 865926. Silicon Centre, Edinburgh 332 5277. Esco Computing,
Glasgow 204 1811. Contro! Universal, Harlow 31604. Unitron Electronics, Haslington. Castle
Electronics, Hastings 437875. Currys Micro Systems, High Wycombe. Microdigital, Liverpool 236
0707. Barrie Electronics, London 488 3316. Off Records, SW12. Technomatic, NW10 452 1500.
H.C.C.S., Low Fell 821924, NSC Comp Shops, Manchester 832 2269. Compshop, New Barnet
441 2922. Newbear Comp Store, Newbury 30505. Newcastle Comp Services, Newcastle 615325.
Anglia Comp Store, Norwich 29652. Leasalink Viewdata, Nottingham 396976. Customized
Elect, Redcar 481460. Computers for All, Romford 751906. Intelligent Artefacts, Royston,
Arrington 689. Quadraphenia, Sheffield 77824. Q-TEK Systems, Stevenage 65385. 3D Computers,
Surbiton (01) 337 4317. Computer Supplies, Swansea 290047. Abacus Micro Comp, Tonbridge,
Paddock Wood 3861.-Northern Comp, Warrington 601683.
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YOUAND YOUR CHILDREN

More and more schools are buying Atoms.
More and more children will learn on an Atom.
You can give them that extra familiarity with an
Atom in the home.

ACORN

co PUTER 4a Market Hill,
CAMBRIDGE CB2 3NJ
'-When you order your Atom we will include =
I full details of all software packs and the I
optional hardware.

To: Acom Computer Limited, 4A Market Hill,
Cambridge CB2 3N].

I [ enclose a cheque/postal order for £. o, '
Please debit my Access/
I Barclaycard No 1 l
Signatwe ... .......
l Name(please print). . . . '
l Address .
Telephone Number
I Registered No. 1403810 VAT No. 215400220 '
Item price inc.
Quantity _ Item VAT +P&P __ Totals
l Atom Kit8K ROM+ @£140.00 I
2KRAM
Atom Assembled 8K @£€174.50
| ROuedmAN |
Atom Assembled 12K @£289.50
_ ROM+ 12K RAM )
| Power Supply @£ 10.20 |
— TOTAL
S I U S ———
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LECTRONIC ignition systems fall into two basic

categories, inductive discharge (ID} or capacitive dis-
charge (CD) depending on whether the energy for the spark
is stored in the coil or in a capacitor, which is then dis-
charged into the coil. The capacitive discharge system is
more efficient but requires an invertor, a capacitor able to
withstand high discharge currents and a thyristor to dis-
charge the capacitor into the coil. These items are relatively
expensive and increase the circuit complexity, but in spite of
this, capacitive discharge systems are popular with con-
structors and many designs have been published over the
past few years.

Inductive discharge systems are usually simpler than
capacitive discharge systems as they do not require the
invertor, capacitor or the thyristor. Instead they use a
comparatively less expensive high voltage transistor and
relatively simple drive circuits. They also have the advantage
of being compatible with both voltage pulse and current
pulse tachometers without any modifications to the vehicle
wiring, which is not always the case with capacitive dis-
charge systems.

Many of the electronic ignition systems available from ac-
cessory shops are of the ID type, as are the systems fitted as
original equipment by the car manufacturers. When fitted as
original equipment they are usually of the contactless type,
whereas the add on systems can be either contactless or
triggered by the existing contact breakers.

The system to be described is an inductive discharge
system incorporating an extended dwell circuit and can be
triggered by either the contact breakers or by a contactless
sensor. It is only suitable for negative earth vehicles.

CONVENTIONAL IGNITION

Fig. 1 shows a conventional (Kettering) ignition system
comprising a coil, contact breaker and capacitor {(sometimes
called the condenser). This is an inductive discharge system,
because energy is stored in the coil as a result of the current
flowing when the contact breaker is closed. When it is open,
this stored energy is released in the form of a back e.m.f.
pulse of approximately 300V across the coil primary, which
then transforms it up to the 30kV required for the spark
plugs.

The capacitor across the contact breaker prevents the
points being rapidly eroded by the back e.m.f. pulse. Some
cars are fitted with a ballast resistor to aid coid starting. In
these cars the coil is designed to operate off 6V and during
normal running this is obtained by means of a dropper or
ballast resistor. During starting when the battery voltage
drops because of the heavy loading of the starter motor this
resistor is shorted out, which supplies the coil with the full,
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Fig. 1. Conventional ignition system

but reduced, battery voltage, providing approximately the
same H.T. voltage as would be obtained during normal run-
ning.

Also shown in Fig. 1 are the positions of the radio sup-
pression capacitor and the alternative take off points for the
current pulse tachometers fitted to older cars and the
voltage puise tachometers fitted to more recent cars.

In spite of its simplicity, the conventional ignition system
has several limitations, most of which are due to the contact
breakers which, because of wear, have to be replaced at
regular intervals during servicing. This wear also causes the
timing to change gradually during the life of the contact
breaker. In addition, at higher r.p.m., the contacts bounce,
which further reduces the amount of energy available for the
spark. The effect of all these limitations is to gradually
reduce the overall performance of the engine between ser-
vices.

TRANSISTOR OUTPUT IGNITION

In an inductive discharge electronic ignition system the
current through the coil is switched by a transistor instead of
the contact breakers. This makes it possible, with suitable
drive circuitry, to overcome all the limitations previously
mentioned with a consequent improvement in performance.
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In the contact triggered version the wear on the contact
breakers is considerably reduced, which greatly extends their
service life. A life in excess of 20,000 miles can be expected,
although they will eventually have to be replaced because of
wear of the cam follower. The contactless version, by remov-
ing the contact breakers, reduces timing variations to a
minimum, thus maintaining engine performance over a
much longer period.

The switching transistor has to be a high voltage type able
to withstand the 300V pulse produced when the current is
switched off. It also has to be able to switch a current of up
to 10A, which may be experienced in a ballasted system
when starting. The transistor chosen for this ignition system
is the BUYB9C manufactured by Texas Instruments.

EXTENDED DWELL

The amount of energy stored in the coil falls off at higher
engine speeds as shown by A in Fig. 2. This graph assumes
that the current is switched off cleanly, which does not hap-
pen in practice with conventional ignition due to contact
bounce, especially at the higher engine speeds. The net
result of this is @ weaker spark than would otherwise be ex-
pected.

The actual fall off in stored energy is due to the exponen-
tial rise in the current through the coil {(Fig. 3). At low speeds
the current “on’ time is greater than the time constant of the
coil, hence the current builds up to a maximum of approx-
imately 3:-5A. However, at high speeds, when the “on” time
is less than or equal to the time constant, only a fraction of
the maximum value is reached. As the stored energy is equal
to $LI? the reduction in stored energy is proportionally
greater.

100 4

80 4

STORED
ENERGY A
{m JOULES)

c0-4

T T T L4 T T T
¢ 1000 2000 000 6000 5000 080 7000

RPM

Fig. 2. Stored energy vs r.p.m.

If the current through the coil can be switched off just
iong enough for the spark to occur, then the current will have
a much longer time to build up, resulting in an increase in
the amount of energy stored. At low speeds there will not be
much difference between the normal dweil and the extended
dwell (the dwell period being the time current is flowing into
the coil) but over the range 2,000 to 5,000 r.p.m. up to 25
per cent more energy can be stored in the cbil, depending on
its inductance and resistance, resulting in a better spark over
that range. Graph B in Fig. 2 shows the energy stored in an
extended dwell system. It also shows that there is a speed
above which less energy is stored in the extended dwell
system than in the normal dwell system. This occurs when
the extended dwell “off” time is equal to the normal dwell
“off"* time. The speed at which it occurs, however, is nor-
mally above the maximum engine speed. For example, a 4-
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cylinder engine with a dwell angle of 50° and an off time of
1-4ms. The speed here is 9,500 r.p.m. and 7,100 r.pm. for a
dwell angle of 60°.

3
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(ssss)  Fig. 3. Exponential rise of current in coil

CB TRIGGERED SYSTEM

The simplest form of triggering the system is to use the
contact breaker. This has two advantages:

1} No modifications to the distributor are required.

2} Should the electronic ignition fail it is very easy to
revert back to conventional ignition.

The circuit is shown in Fig. 4. When the contact breaker
opens, C1 charges up via R1 and D2. This turns TR1 on, giv-
ing a negative going pulse at its collector. D2 isolates C1
from the effect of any bounce on the contact breaker, and R1
causes a current of approximately 60mA to flow through
this, which helps to keep the faces clean.

The negative edge from TR1 collector triggers a 555
monostable whose output (pin 3) goes high for approx-
imately 1-4ms. This turns TR2 on which turns off the driver
and output transistors TR3 and TR4 respectively. Thus when
the contact breaker opens the output transistor is turned off
for approximately 1-4ms, performing the extended dwell
function.

The off time of 1-4ms was chosen to allow sufficient time
for the spark to occur and to allow a sufficiently wide pulse
to trigger a voltage pulse tachometer. Tests done on the
tachometer fitted to the author’s car showed that the pulse
required to trigger it had to be greater than 7V with a width
of greater than 1ms. If a tachometer is not fitted or the
engine is capable of high r.p.m., then the timing components
R8 and C4 may be altered to reduce the off time, which is
given by the formula t=1.1C4 R8.

The output transistor is protected from excessive voltages
by two 160V Zener diodes, D5 and D6, and the rest of the
circuit is protected from transient pulses on the vehicle elec-
trical system by means of C6, R9, C2 and D3.

Also included is an ignition inhibit facility, provided by R6
and D4, which prevents the 555 being triggered if the inhibit
connection is earthed. This can be used as an anti-theft
facility, if required, or for preventing the ignition from firing
while setting the static timing. The l.e.d. across the contact
breaker input provides an indicator for setting the static tim-
ing. This is a useful feature which can be easily incorporated
in any electronic ignition system which uses the contact
breaker.

CONSTRUCTION

The printed circuit board is shown in Fig. 5 and the com-
ponent layout is shown in Fig. 6. The driver and output tran-
sistors are mounted on a heatsink, details of which are
shown in Fig. 7. A solder tag is used under each of the out-
put transistor fixing bolts for the output connection and for

41



the protection Zener diodes. The heatsink is also used to fix
the circuit board to the lid of the diecast box. When
mounting the transistors on to the heatsink use the ap-
propriate mica washers and some heatsink compound. C2 is
a vertically mounting capacitor, but in this design it is moun-
ted horizontally. To prevent it being damaged by vibration it
should be glued to the board with cyanoacrylate adhesive
{super-glue).

The l.e.d. should be soldered in place after the p.c.b.
assembly has been fitted to the box lid. In this way the
correct spacing of the l.e.d. from the board can be found. All
the leads are brought out through a suitable grommet in the
box lid.

TESTING

Once the board has been built, connect it to a 12V power
supply with a 12V 2.2W bulb connected from the output to
the + 12V connection. When the 12V supply is switched on,
the bulb and the timing l.e.d. should both light up. If the in-
hibit lines are now shorted together.the bulb should go out.
If not check for short circuits between the output transistor
and the heatsink or a faulty driver or output transistor or a
faulty 555.

Checking the extended dwell triggering is a little more dif-
ficult. If an oscilloscope is available the task is a lot easier.

is no contact bounce to worry about, the timing is more ac-
curately defined and once set up no adjustment should be
necessary during the life of the car.

There are many forms of contactless sensor, falling into
two basic types, optical and magnetic. The optical sensors
usually consist of an infra-red l.e.d. and a photo-transistor
opposite each other. A slotted vane passes between them
switching the photo-transistor on and off. This is then used
to switch the driver and output transistors on and off.

Magnetic sensors usually use a proximity detector, where
the presence of a smail ferrite rod in a rotor is detected and
used to switch the output stage on and off. Alternatively a
Hall effect sensor can be used to detect either the presence
of a magnet in a rotor or the presence of a ferrous vane be-
tween the sensor and a magnet.

SENSOR USED

The sensor used for this contactless ignition system is a
Hall effect vane switch consisting of a magnet and Hall ef-
fect switch with a gap between them. With nothing in the
gap, the transistors in each of the open collector outputs are
on and can sink up to 4mA. When a ferrous metal vane is
placed in the gap, the output transistors are switched off, For
further details consult the data sheet supplied with the sen-
sor which is available from stockists of RS components.

RS
100

>

O+12V

R6 R7 > RB
10k 10k, 39k
b
] ICH
o] 555

D& ouTPUT
1NL1LB s T0 COIL
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. 33
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* = -0 0V

I
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invigit  Fig. 4. ID ignition system with extended dwell

With the 12V bulb still connected, connect the oscilloscope
to the output. If the contact breaker input is now shorted to
0V, the l.e.d. should go out and a 12V pulse of approximately
1-4ms duration should be seen on the oscilloscope. There
should be very little change in the brightness of the bulb. If
an oscilloscope is not available it is possible to check the
operation of the circuit by means of a loudspeaker connec-
ted, via a capacitor of about 1uF, across the bulb. When the
contact breaker input is shorted to OV a click should be
heard in the loudspeaker. This only checks that the output is
switching but will prove that the unit is functioning. Once
the board is working clean it to remove the flux and spray it
on both sides with printed circuit lacquer. This will protect
the board from the effects of the adverse environment in the
engine compartment.

R14 should be mounted so there is a clearance of approx-
imately }in. above the board as it runs hot in use.

CONTACTLESS INPUT

An alternative method of triggering the system is to dis-
pense with the contact breakers altogether and use a con-
tactless sensor instead. The advantages of this are that there
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CIRCUIT

The circuit of the contactless inductive discharge ignition
system is shown in Fig. 8. The Hall effect sensor, IC1, re-
quires a 5V supply which is provided by a constant current
source, comprising TR1, TR2, R1 and R2 and a 5-1V Zener
diode D1. The use of a current source instead of the more
usual resistor means that the 5V supply remains stable
down to an input supply voltage of approximately 6-5V,
enabling the sensor to work during starting with worn out
battery. TR3 and TR4 convert the 5V signal from the sensor
output to a signal suitable for triggering the 555. A l.ed. is
included in the collector of TR4 to act as a static timing light.
Its use is equivalent to the l.e.d. across the points in the con-
tact version. The remainder of the circuit is the same as in
the contact version and operates in the same manner.

CONSTRUCTION

The printed circuit board is shown in Fig. 9 and the com-
ponent layout is shown in Fig. 10. The heatsink for the driver
and output transistors is the same as for the contact version
(Fig. 7), and the same type of diecast box is used. As in the
contact version do not forget the mica washers or the heat-
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sink compound. Two grommets are used, one for the power,
inhibit and output leads and one for the sensor cable.

TESTING

Connect the unit to a 12V power supply witha 12V 2-2W
bulb from the output to the +12V connection. When the
supply is turned on the bulb should come on but the timing
l.e.d. should not. Check that there is +5V on point 1 with
respect to point 3. Then short the inhibit lines together, and
the bulb should go out, as in the contact version.

To check the triggering, short point 2 to OV, the led.
should come on and a 1-4ms pulse should appear at the
output. This can be monitored by an oscilloscope or a
loudspeaker as in the contact version test procedure.

The sensor should now be temporarily connected up, and
with nothing in the gap the l.e.d. should be on. If a piece of
ferrous metal (e.g. steel) is then placed in the gap the l.e.d.
should go out, remove it and the l.e.d. should come on again.
Each time the metal is removed a 1-4ms pulse should ap-
pear at the output. Once the board is working, clean it to
remove all the flux, and spray it with printed circuit lacquer
to protect it.

nection. If the original connector on the contact breaker is
retained then it is easy to revert back to conventional igni-
tion should it ever be necessary; alternatively a switch can
be fitted to effect the changeover. The diecast box should be
mounted in such a position that it does not receive too much
heat from the engine. It will probably be necessary to make
up a bracket to do this, no details are given as each installa-
tion application is different.

CONTACTLESS VERSION MODS

The main requirements for the distributor are to replace
the contact breakers with the Hall effect sensor and to
replace the standard rotor arm with a rotor arm with a slot-
ted ferrous vane attached to it. The vane and rotor arm and
an adaptor plate ta which the Hall effect sensor can be at-
tached are available as part of a contactless ignition system
made by Lucas. These parts are available from Lucas agents
and are made to fit a number of distributor types for British
and foreign cars. It is advisable to check the availability of
the appropriate distributor kit before starting work on the
contactless version. If a distributor kit is not available, then it
may be possible to make up a suitable vane and contact

OV@

Fig. 5. Printed circuit
and Fig. 6 (right)
component layout for
CB triggered system

CONTACT VERSION INSTALLATION

Wiring details for the contact version are shown in Fig.
14. Power for the ignition unit can be taken from the positive
or SW contact of the coil in a non-ballasted system. If your
car is fitted with a ballast resistor, then power must be taken
from a point after the ignition switch but before the ballast
resistor. Consult the wiring diagram for your car to see if a
ballast resistor is fitted and for a suitable power feed point.
The OV connection can be made through any convenient bolt
onto the body of the car, although the easiest way is to use
one of the fixing bolts for the ignition unit. The contact
breaker lead must be taken off the negative or CB connec-
tion of the coil and connected to the contact breaker input of
the ignition unit via the appropriate connector, using spade
terminals. Similarly the ignition output lead should be fitted
with a suitable connector to mate with the coil negative con-
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breaker adaptor plate. Of course one reason for the non-
availability of a kit is that the particular car is already fitted
with electronic ignition.

“The Hall effect sensor is mounted on a small printed cir-
cuit board (Fig. 11). It is recommended that epoxy resin is
used to fill the gaps between the sensor and the printed cir-
cuit board, which should then be sprayed or painted with an
ingulating lacquer for protection against corrosion. The sen-
sot is then mounted on an adaptor block shown in Fig. 12.
This whole assembly can then be fitted to the contact
breaker adaptor as shown in Fig. 13. The two locating pegs,
which prevent the sensor assembly moving, are made from
two 6BA bolts which are filed down at their ends to fitin the
locating holes in the adaptor plate. A thread locking adhesive
should be used on all the bolts on the sensor, to prevent
them loosening as a result of engine vibration.

There are two identical outputs from the Halt effect sen-
sor, either one may be used. The three wires which connect
to the sensor should be tied together using Spirawrap sleev-
ing before fitting into the distributor, details of which are
given later.

It is advisable to use a connector to connect the dis-
tributor to the ignition unit as this enables each part to be in-
stalled and removed separately. This is advantageous if, for
example, the engine has to be taken out.

Any 3-way non-reversible lockable connector can be used
for this purpose. The author used a 3-way Molex type of
connector but other types of connector, such as d.i.n. plugs
and sockets, could be used provided they are of the lockable
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type to prevent the sensor from becoming accidentally dis-
connected. Before fitting the connectors make sure that the
wiring is long enough to reach from the distributor to the
ignition unit when fitted in the car.

The major part of the installation work on the contactless
system is fitting the sensor into the distributor. Aithough this
could be done with the distributor in the car it is certainly
much more convenient to remove it from the car because of
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and Fig. 10 (right)

contactless system
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Fig. 9. Printed circuit

component layout for

;/ : . O 0V

Fig. 8. Circuit of contactless ID ignition system

The figure shown below should be substituted for Fig.

INDUCTIVE IGNITION SYSTEM (Oct 1981) j
10 on page 44.

TR3 TR4

FITTING THE SENSOR

Before removing the distributor it is advisable to turn the
engine to a known position, e.g. top dead centre with No. 1
cylinder in a firing position. The distributor cap should be
removed and the position of the rotor arm marked on the
distributor casing. The clamp fixing bolt or bolts should then
be removed and the distributor removed slowly. If the dis-
tributor drive is via a gear, the rotor arm will turn as the
distributor is removed. Try not to twist the body of the dis-
tributor as it is removed and if necessary mark the position
of the rotor arm when the distributor is clear of the engine.
Full details on distributor removal can usually be found in the
workshop manual for the car. Once the distributor has been
removed do not move the engine otherwise it will be
necessary to retime it completely.
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Fig. 12. Sensor adaptor block. Hole A is
tapped 6BA for sensor mounting. B is
tapped to suit mounting to CB adaptor
plate. C is tapped for locating pegs

Once out of the car, the rotor arm, contact breakers and
the capacitor, if fitted internally, should be removed. Check
that the Hall effect sensor on its adaptor plate will fit in place
of the contact breakers. If it does not it will be necessary to
modify the sensor assembly so that it does. No specific
modifications can be given because of the variety of dis-
tributors in use, but in general no or only minor modifications
will be needed with larger diameter distributors, whereas
smaller diameter distributors may require the sensor board
cut flush with the sensor to enable it to fit. Next check that
the rotor arm and vane, when fitted, does not foul the
sensor.

When the position of the sensor has been established,
make sure that the vacuum advance mechanism is free to
move (those of you with a Mini Cooper S need not worry
about this point) and does not cause the sensor to foul the
vane. Be careful not to let any metallic fragments get onto
the sensor magnet face. The sensor should then be removed
and the wiring soldered to the sensor p.c. board. Allow
enough wire so that it is not subject to too much flexing by
the vacuum advance mechanism, otherwise the continuous
movement may break the wire. Do not forget to feed the wir-
ing through the distributor body using suitably sized grom-
mets before connecting it to the sensor. Replace the sensor
in the distributor and check the alignment making sure that
the vane is not fouled by the wiring or the sensor. Then con-
nect the distributor to the ignition unit, apply power and
rotate the distributor drive shaft. The l.e.d. should flash on
and off, on when the sensor gap is clear and off when the
vane is in the gap. The distributor can now be refitted in the
car making sure that the rotor arm is aligned with the marks
made when the distributor was removed. Once again the
workshop manual should give more detailed information on
refitting.

% CONTACT SYSTEM
% CONTACT LESS SYSTEM

\

Fig. 13. Sensor mounting details

Showing the sensor
mounted in the
distributor with the
vane and rotor arm
beside which fits on
the rotor drive shaft
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Fig. 15 {(above) 6V
contact input version
with non-extended
dwell

Fig. 16 {left) mods for
non extended dwell
contactless system

Fig. 14. Installation wiring
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(" COMPONENTS . ..

Contact Version

Resistors

R1,R12 220 2-5W (2 off)

R2 1k2

R3.R4 1k8 (2 off)

R5,R10 4k7 (2 off)

R6, R7 10k (2 off)

R8 39k

RS 100 0-5W

R11 2k2

R13 22 0-5W

R14 33 7w

R15 15 2.5W

All W 5% except where stated otherwise
Capacitors

c1 330n

Cc2 470u 16V electrolytic

Cc3 22n

ca 33n

C5 10n

C6 |

All 250V polyester except where otherwise stated
Semiconductors

D1 0:2in. t.e.d.

D2 1N4002

D3 BZX61C15

D4 1N4148

DS, D6 BZX61C160 (2 off)

TR1 BC108

TR2 2N3704

TR3 BD131

TR4 BUY69C

IC1 565

Miscellaneous
Diecast box RS 509-939, printed circuit board, nuts,
bolts, grommets, etc. (D5-D6 and TR4 can be obtained

from Ace Mailtronix 3A Commercial St. Batley, West
Yorks for a cost of £3)

Contactless Version

Resistors

R1,R4 6k8 (2 off)

R2 63

R3 8k2

RS 1k5

R6, R7 10k (2 off)

R8 39k

R9 100 0-5W

R10 4x7

R11 2k2

R12 220 2-5W

R13 22 0-5W

R14 33 7W

R15 15 2.5W

+W 5% unless stated otherwise
Capacitors

Cc1 47u 6-3V elect. or tant.

Cc2 470 16V elect.

C3 22n

(C:g ?gz Palyester 250V

Cé i
Semiconductors -

D1 BZX85C5V1

D2 BZX61C15

D3 0-2in. l.ed.

D4 IN4148

D5, D6 8ZX61C160 (2 off)

TR1, TR2 2N3702 (2 off)

TR3, TR4 BC108 (2 off}

TRS 2N3704

TR6 3D131

TR7 BUY69C

IC1 RS 309-492

1C2 555

Miscellaneous
Diecast bux RS $08-939, printed circuit boards, 3-way

lockable connector, Lucas distributor adaptor kit, nuts,
bolts, grommets, atc. J

The diecast box for the ignition unit should then be fitted
in the same manner as the contact version, except that the
contact breaker lead is replaced by the 3-way lead to the
distributor sensor.

As a rough guide it took the author approximately half an
hour to fit the sensor to a Mini with the Lucas 25D4 dis-
tributor, which required no modifications, and about an hour
to fit it to a Ford Fiesta with a Bosch distributor which, being
smaller, needed the sensor board modifying.

When installation has been completed start the engine
and check the timing, especially if the contactiess system
has been fitted, preferably with a strobe timing light, and
adjust if necessary to the manufacturer's recommended
setting. If the car does not start, check all the connections
and the position of the distributor. Also check the static tim-
ing, shorting the inhibit lines to prevent the ignition firing.
More detailed information on setting the timing is to be
found in the workshop manuai.

This type of ignition system is fully compatible with any
existing suppression equipment, therefore no changes
should be needed. Some cars are fitted with a suppressor
between the contact breakers and the coil. This suppressor
should be connected between the coil and the ignition unit
to maintain the radio suppression.

If any radio interference is experienced try connecting the
ignition OV lead to the engine instead of the car body.

Both voltage pulse and current pulse tachometers can be
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used with this ignition system and no modifications should
be necessary to the car wiring or to the tachometer.

ADAPTATIONS

Several adaptations of the circuit are possible. These in-
clude versions without the extended dwell and a 6V version.
A BV contact input without the extended dwell is shown in
Fig. 15; this version is suitable for 6V motor-cycles. Fig. 16
shows the necessary modifications for the contactless ver-
sion without the extended dwell. The printed circuit boards
shown in Figs. 5 and 10 can be used for these versions
without modification.

It is also possible to use the contactiess sensor input to
trigger a capacitar discharge system but it is left to the in-
dividual constructor to devise a suitable interface.

Once fitted do not expect the dramatic improvements
claimed by some of the electronic ignition adverts. Certainly
it is possible to obtain higher m.p.g. and better performance
with electronic ignition due to the better and more precisely
timed spark but as has been pointed out many times the
best improvement in m.p.g. can be obtained by careful use of
your right foot. The most probable results of fitting electronic
ignition will be better starting and smoother idling and
perhaps an improvement in top end performance due to
the elimination of contact bounce. These effects are most
likely to be noticed on an older car rather than a relatively
new one. b ¢
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LCD DIGITAL MULTIMETRES
SPECIAL PURCHASE - LIMITED PERIOD ONLY

6220 Reliable 22 range hand held 3% digit LCD with volt/ohms auto range, unit
and range signs. 10 amp AC/DC battery warning. lower power ohms range
Model 6110 Also has range hold. continuity buzzer and tmproved accuracy. All
modets high quahty rolary operation. Resclution 0 1 milli volt 10-Micre amp

0 1ohm

6220 1000v DC_0.2/10A AC/DC: 600v AC 2meo ohm was £55.95 NOW £42.95

6110 As above plus 20mA AC/DC and improved accuracy Was £85.95

NOw £59.95
THIS SPECIAL OFFER IS QUALITY WITH VALUE
Also in stock
6200 20/200mA version of 6220 (1 e. no 10 ampt £37.95
61000 2A version of 6110 (i.e no 10 amp) £49.95
188m 16 range with Hfe checker £43.50
189m 30 range with Hte checker £69.95

GLOBAL SPECIALISTS EQUIPMENT

| Generators (UK ¢/p £1.00}
= 2001 1 HZ-100 KHZ sweepable function generator. TTL/Sine/

8 a 6% ¢ Square/Triangle. All facilities: Mains £89.00

| P 4001 Uitra Variable Pulse Generator: 0.5HZ-5 MHZ Ever

faclilty: Mains {I

Frequency Counters (UK ¢/p 80p]

MAX100 100 MHZ Counter. Battery operated. 8 Digit JOn;:\é

typical. Bench portable LED 9.00
MAX50 6 Digit 50 MHZ Hand held LED £56.00
MAX550 2 range 6 Digit 550 MHZ hand held LED £97.75
PS500 500 MHZ prescaler Tor MAX50/100 34.50

Circuit Powered Logic Probes Pulser and Monitors (UK c/p 65p)
IESE%TUL/TTL CMOS: 10 MHZ. 100K chm: Pulse: Memory
LP2 DTL/TTL/CMOS: 1.5 MHZ. 300K ohm: Pulse £19.95
LP3 DTL/TTL/CMOS: 50 MHZ. 500K chm: Pulse Memor¥:55

LM ANl 8. 10. 12,14 8 16 Pin IC’'S. Indicates Pins an/oft
DTL/TTL/CMOS/HTL. Logic Monitor £33.00

DP1 Digital Pulse. Single shot or 100pps. £58.50

HAMEG OSCILLOSCOPES

Range of top quality scopes lor Amatear and
Professional (UK ¢/p 307 £3.00, other£4.00)

307 Single trace 10 MHZ: SmV: 0.5 micro sec. Plus built In
component tester 6 x 7cm display £158.70
(Optional carry case £18.40

203 Dual 20 MHZ: Trig to 30 MHZ: S5mV- 0.5 micro secs

8 x 10cm display (replace madel 312) £253.00
412-5 Dual 20 MHZ delayed sweep: (1 t0 40 MHZ. 5mV:

0 1 micro sec. 8 x 10cm display £402.50
512 Duai 50 MHZ. Delayed sweep: Single sweep: Delay
line: Trig to 70 MHZ: 5mV: 0.1 micro sec 8 x 10cm ulsgla

Ootions 203/412/512 Viewing hood £6.90
Component fester 203. 412. 512 £46.00
Carry case (state model) £21.85

Optlonat Probes (Afl models) X1 £8.50: X10£10.50
X1-X10£12.95: X100 £16.95

KEITHLEY PROFESSIONAL
DIGITAL MULTIMETER

Model 130. 25 range. Easy to hold and use LCD

DMM. Size7x3.1x15

Ranges

DC Volts 200mv-10C0V 0.5% 190 micro volt

AC Volts 200mV-75CV 1% 100 micro volt

DC current 2mA-10AMP 1-2% t micro amp

AC current 2mA-10AMP 2% 1 micro amp

Resistance 200 ohm-20 Meg 05% 0.1 ohm £102.35

VARIABLE REGULATED
POWER SUPPLIES

SABTRONICS EOUIPMENT

SAFGAN PORTABLE OSCILLOSCOPES |

Range of low cost Dual Trace Scopes mains operaied. Made in UK to ‘
exacting standards. Available as 10 MKZ: 15MHZ or 20 MHZ. All feature
5mV sensitivity: 0.5 micro sec: 6.4 x 8cra display. (UK ¢/p £2.50)£

071410 Dual 10 MHZ 194.35
01415 Dual 14 MHZ £201.25 |
071420 Dual 20 MHZ £216.20

Optional probes available {see Hameg above)

Mains operated reg

frequency computers with those single metre (UK ¢/p £1.50)

New reliable range of DMM’s and

extra facilities and competitive 2410/12-0/24v 1amp  £35.00
prices. All battery operated 154 5-15 volt 3amp £44.00
(supplied). Except 5020A mains - 4230/12-0/24V 3amp  £54.00

-l
Optional malns eliminators available 5 .
8 DIGIT COUNTERS 0.1 HZ to 10 HZ Res =

10mV sensitivity to 100 MHZ -
UKc/pEI00) 37T
81104 20 HZ-100 MHZiananES [ ‘r' 3
5 -29

86104 20 HZ-600 MHZ in 3 ranges L
£113.85

9 0IGIT COUNTERS 30mV sensitivty to

1GHZ. Resolution 0.1 HZ-10HZ

86108 10HZ-600 MHZ in 3ranges. _ |f
EQZS.SS

AMATEUR/CB
KOMB 1.5 10 250 MHZ Dip meter
6 ranges £38.50
SWR9 3-150 MHZ SWR < F/§
£9.50

B00GB 10 HZ-1GHZ in 3 ranges

FUNCTION GENERATOR (UK c/p £1.00)

SWR50 Twin meter SWR < Power
with mains adaptor £13.95

TKW max.

==

a 2
- IR s O
. TVCGOLOUR BA
LASCAR BENCH MULTIMETER PATTE,“’SGE"NE’:‘MMS
3% Digit LCD Made in UK: 25 sanges with basic 0.17
accuracy: 2A AC/DC wlth0.1. Microamp resotution PAL UHF and VHF Models
e T
100 £89.00 (UK ¢/ £1.00 LCG382v VHF 15pattern  £231.15

Alse madel LM2001 hand hels model 2Meg chm
2AAC/DCETC. £67.70 (UK c/p 65p)

LCG399 VHF /UMF 13 pattern £572.70

. -ma o

5020A 1 HZ-200 KHZ Sine/Square
Triangte/TTC Freq. sweep. Low
distortion £98.90
OIGITAL MULTIMETERS Two LCD
hand held - one with temperature
range. Also LCD and LED Bench
models.

2035A 3% digit LCD hand. 2A AC/DC
20Meg chm ETC £95.45
2037A As 2035A with -50°C to

< 150°C Temp. range 0.1°

resolution £109.25
2010A 3% Digit LED. Auto decimal &
minus. 10A AC/DC: 20Meg chm etc

Options Touch & hold
Prabe tor DMM's
95.45 £14.95

2015A LCD version of above.£109.25

Battery eliminators
(¢/p 2035/37A 65p. All others £1.00

(state model)  £5.69

310 Single meter SWR « Power

10W £8.95

110 SWR/Power iFS-10/100W
£11.95

171 As 110 Twin meter  £14.50
175 SWR/FS/AE Match

{40 MHZ) £13.80
176 As 175 + 0/5/50 Watt
power £16.95
178 As 175 + 0/10/100W » MDD
Scate £19.50
HM20 SWR meter Plus 20K/ Volt
19range Multimeter ~ £28.95
(Note. SWR-Power ETC 10
144/150 MHZ)

Just a selection of a huge range
In stock - send for latest lists
including professional ranges

LEADER AUDIO RF FM
TV GENERATORS |

AUOIC

High quality mains os)eraled
equipment (UK ¢/p £1.50)

L$G16 RF Generator (matches LAG25)
Sranges 100 KHZ-100 MHZ (300 MRZ
harmonics). Int/Ext MOC: 100mV
o/p ¢ 1.5% accuracy £63.25

O
| 13131 ng

LAG26 4 range 20 HZ-20 KHZ. Sine/
Square: 5V 0/p: Distortion 0.5-1%

LAG120A Srange 10 HZ-1 MHZ Sine/
Square: 3V o/p: 0.05-0.8% Max
Distortion Switched attenuator

£l

LAG125 L ow distortion (0.02%)
version of LAG120A Plus ‘Burst
signals for Speaker test

4'3)

£73.60

46.00

t21300

POWER SUPPLIES 138 volt. Qutput reguiat
mains operated (c/p£1.00)
g . 3to5amp £15.50
~a 5to8amp £1795

DISCOUNTS Smali and large quantity Discounts available for most products for UK and Export Your Enquiries Invited
ALSO STOCKED Range of chassis speakers and kits. microp

AUDIO ELECTRONIC

301 EDGWARE ROAD, LONDON, W2 1BN, ENGL AND.

Cubegate
Limited
TELEPHONE 01724 3564

ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2
OPEN SiX DAYS A WEEK ® CALL IN AND SEE FOR YOURSELF
Order by Post with CHEQUES/ACCESS/ VISA or Telephone your ordar
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and public address equipment accessories etc

CATALoGUE,
——— e -
Send large SAE
20p yk)
School; Compames
ete. hee on request.
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SPACEWATCH

FRANK W. HYDE

SUNSPOTS AND THE EARTH'S
CLIMATE

There is reason to suppose that there is a
link between the cycle of solar activity and the
weather. The evidence has been found in the
mud of Australia. The idea of the Sun’s in-
fluence on the weather is not new of course
and much effort has been directed toward
establishing a working hypothesis. The Sun’s
activity has scarcely changed over the last
500,000.000 years. that is to say, that solar
activity has followed along its present condi-
tion of continuous radiation. The change of
intensity of that radiation follows the advent
L of sunspots and fares. The sunspot activity
has been logged for hundreds of years in great
detail. Many claims have been made for the
effect of sunspots on motor car sales, sto¢k
market movements. wars and revolutions,
epidemics; in fact in every sphere of world
activity. However. some years ago there was a
cooperative investigation between the Elec-
tricity Authority and the Meteorological Of-
fice which revealed a special cycle of events
which correlated with magnetic storms and
sunspots. The reason for the investigation
arosc from the effect of high surges and light-
ning strikes on the grid network. A period of
174 years with certain significant sub-cycles
was observed.

The recent work by G. E. Williams. who is
| a geologist with the Exploration Department
of the Broken Hill Company. Camberwell.
Victoria. was undertaken at the Flinders
Ranges in South Australia. Here the
sandstone deposits and siltstone deposits of
sedimentary rocks show a layering which
relate to climatic conditions and leave a
‘signal” which is visible to the eyc. Previously
the periodic effects have been deduced from
statistical data but in these deposits the layers
are visible and show seasonal bands. Layers of
this nature appear only under special climatic
conditions. These layers are called ‘varves’.
The thickness of these varves indicate the tem-
perature at the time they were laid down. The

results shown agree with the 22 year double
sunspot cycles and a 90 year cycle. Records
are available now for 1760 ycars of the
Precambrian varves.

Also the magnetic reversals are apparent
and thus it seems very likely it will be possible
to examine now some of the problems such as
the ‘lack’ of nutrino counts which should exist
according to present models. Again, if the
varves are correct the period covered is a con-
siderable part of the age of the Solar system
and one in which the Solar clock has been
very accurate.

A SECOND VISITTO SATURN

The second Voyager spacecraft pictures of
Saturn and its 17 moons became visible to
mankind during August and September. Five
of the satellites have not till now been more
than blobs of light. The details were seen on
the close approach in the early hours of
August 26. Saturn’s moon Phocbe will be seen
for the first time. A number of the puzzling
features observed on the first spacecraft
flypast will be resolved after the data is
scrutinised. The Cassini division which looks
black from the Earth is in fact filled with many
rings which seem to have polarised crystals or
particles. When the first Voyager passed from
above. the rings were bright but after passing
below they became dark. This was discussed
at a conference of a small group earlier this
year. The writer made a suggestion that the
answer might be that there were water ice
crystals or particles and also carbon dioxide
ice. It could be expected that there is polarisa-
tion or refraction of sunlight to produce this.
As it happened the new controller of opera-
tions for this pass was there. Arrangements
were to be made for this suggestion to be ex-
amined.

The ring system as a whole was quite unlike
anything that had been imagined. It is un-
derstood that there are two satellites which
change places and it is possible that they were
once a single satellite; this will now be deter-
mined. The programme for the detailed ex-
amination of the rings is being carried out by
looking at the rings against the light from the
star Delta Scorpio. This will reveal the struc-
tured effect by the way the light is obscured.
absorbed or scattered.

The spacecraft will pass closer on this occa-
sion to the moons lapetus, Hyperion, En-
celadus, Tethys and Phoebe but will be further
away from Titan, Dione, Mimas and Rhea.
There are other mysteries to be cleared by the
repeat pictures of lapetus. Why should this
satellite appear with one hemisphere com-
pletely dark as though sprayed with soot? En
celadus is covered in ice and smooth like a
billiard ball. The others—Mimas, Tethys.
Dione and Rhea—are covered in craters with
deep valleys and what may be frozen geysers.
The composition of each seems to be different.
Some are a mixture of rock and ice though
Tethys has the density of pure ice and Dione
appears to be 40% rock.

More than 18,000 pictures were taken dur-
ing this pass and now the spacecraft passes to
its new target Uranus. It is hoped that all
systems will remain operational till the five
year journey to Uranus is accomplished. Then
will come the opportunity to see the mystery
planet Uranus and its environs. This will be in

1986. If at that time the spacecraft is still
operational it will have as its next target the
planet Neptune, which would be reached by
1989.

DYNAMICS EXPLORER MISSION

The Dynamics Explorer Mission is a twin
spacecraft mission for the explorers to
research the interaction between the
magnetosphere, ionosphere and the atmo-
sphere in both high and low altitudes. The pur-
pose is to cover areas which have not been
previously studied in regard to special
phenomena. The mission is to gather new data
on auroral processes. One of the spacecraft
will detect, when over the equator, powerful
signals from a transmitter based in the an-
tarctic. The signal will be directed into the
magnetosphere making changes in the space
environment which will be detected by the
spacecraft over the equator. This twin mission
is essentially a follow-on mission to the
Atmospheric Explorer and the International
Explorer programme. Robert Hoffman, one of
the Project Scientists, said ‘The sunlight in-
teracts with the upper atmosphere as well as
the lower atmosphere. The interaction of
sunlight with the upper ionospheric region was
studied in the previous mission together with
the solar wind. The data that was missing was
the coupling between the magnetosphere, the
ionosphere and the atmosphere. This gap will
be filled by the new mission.’

The two spacecraft will be used together ac-
quiring simultaneous data. For example one
spacecraft would be sensing the
magnetosphere while the other monitors the
state of the ionosphere and the atmosphere
Dynamics Explorer A (DE A) will go into an
orbit of about 24,875km by 675km and in-
clined at 90° so passing over the Earth's
poles. This will ensure that the spacecraft will
spend the maximum time in the
magnetosphere. The imaging system will
monitor auroral activity. The photographs will
enable assessment of the amount of energy
transferred from the magnetosphere to the
Earth’s upper atmosphere to be made.

The second spacecraft DE B will be put
into an orbit 1,300 by 305km. This also will be
inclined by 90°. The two Explorers will be in
the same plane. The DE A will carry 6 instru-
meni packages and the DE B will carry 9
packages.

The antenna systems aboard DE A include
two long wire units each 328ft. long. This will
give an effective diameter of 656ft. In addition
there will be:

Two 19.3ft. triangular truss booms carrying
a loop, search-coil and electric antenna for the
plasma wave experiment and a magnetometer
to form a 38ft. long span.

A single 4.9ft long S-Band antenna.

Two 13ft. long tubular antennas will be
deployed as part of the plasma experiment.
The antenna systems carried by DE B will be:

Six 36ft. long tubular antennas forming a
span of 72ft. around the spacecraft axis as
part of the vector electric field instrument.

A 19.3ft. long triangular truss boom will
carry a magnetometer.

Two 2ft. probes which will sense electron
temperatures and concentrations.

A single 4.9t tall S-Band antenna suppor-
ted by two guy wires of nearly equal length as
it sits on top of the spacecraft at launch.

48

Practica! Electronics October 1981




mSpecial Offers!

MS4015 Three-way speaker system {bass, mid-range and
tweeter drive units). 30 watts, size 145 x 82 x 83mm. Each
pair is supplied with swivel mountings.

£19-35

swe-PER PAIR

Following the success of our earlier in-car
entertainment offer we have arranged with
Videotone a further sample of their products
at incredible prices. These products represent
excellent value for money and all quoted
prices include VAT, postage and packing.
Equipment is negative earth only.

Offer limited to U.K. and B.F.P.0. only
To: Videotone Ltd., 98 Crofton Park Road, Crofton

Park, London SE4. Tel. 01-690 8511/2
r------------1
Plea

£24

se send me the following items

-

e~ o e
EQB230 Five stage graphic equaliser, 30 watts per I ) o Total .
channel into two pairs of l.s. outputs with front/rear ‘3 Price each No.| Description price l
fader. Frequency response 30Hz to 30kHz, frequency g 2
control 60, 250, 1,000, 3,500 and 10,000Hz, +12dB. = | £24-95 EQB230 Equaliser [
j5[£19-95 AC200 Cassette ]
: £19.95 pr. pr.] MS4015 Speakers '
8 | enclose P.0./Cheque No. .......... . Value ......... . I
a‘ Make cheques payable to Videotone Ltd.
et e Name ........ o X YT —y XA bl I
/ c
| ' :
s S S AAGIESS « .ot s
18 i
LN Q
tovomess f ! s 7 Ll e v v e e g 2 bA e e B e se ke PO
P A < I

o™ : SR !

Please allow 28 days for delivery
l 8 OFFER CLOSES FRIDAY 30th OCTOBER 1981 I

B ATANESS 4300 aieine - ! § aihbbiw Lt B K0 & i 4 Eisiian IR
g |
£
——— Iy ° .......................................................... l
AC200 Stereo cassette player, 10 watts per channel o

with autostop, bass, treble, volume and loudness con-
trols. Frequency response 50Hz to 12kHz.
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' From \'/-id-eé).toﬁ-e- Ltd98 Crofton Park Road, Croftonl
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HE purpose of the speech processor is to convert the in-

put signal from the microphone into a form suitable for
modulating the bias on the varicap diode in the transmitter
oscillator circuit. As has already been seen, the deviation ob-
tained is dependent on. the amplitude of the modulating
signal, e.g. Fig. 1.3. (last month) shows that a peak-to-peak
signal of approximately 5-8 volts will produce +2-5kHz
deviation at 27MHz. it is important, therefore, that the am-
plitude range of the modulating signal is restricted in order
to prevent any undesirable over-deviation. Simple amplitude
limiting, however, will result either in significant distortion,
or in a low average level of the recovered audio signal. What
is required, therefore, is a circuit which will compress the
dynamic range of the speech signal, and limit the maximum
amplitude. This will have the effect of reducing the ‘peak fac-
tor’ {ratio of the peak to the r.m.s. value) of the speech
waveform, thereby allowing the average level to be main-
tained at a higher value without the risk of over-deviation.
Typically, the peak factor expected in speech over a period of
time is around 20dB.
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Fig. 2.1. Overall transfer characteristic for the
modulator at 1kHz

The speech processor in the Ranger uses an active
limiting arrangement, whose overall transfer characteristic
is shown in Fig. 2.1. Some distortion of the audio signal is
inevitable (indeed, it is intended!) in any speech processor
circuit, and is primarily due to the generation of harmonics
which resuit from the non-linear transfer chacteristic. Har-
monics of the lower frequency components (say below
1kHz) in the waveform are more significant because they fall
within the frequency range of normal speech. At middle and
high frequencies, however, the speech waveform is filtered
to limit the frequency range of the modulating signal.
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The ‘soft-limiting’ characteristic used in the processor
causes the slope of the transfer characteristic to fall
progressively as the input level increases above the
threshold level. This reduces the generation of unwanted
harmonics of the input signai, and renders the resultant
processed speech less harsh and more pleasant to listen to
than it would be using a ‘hard-limiting’ characteristic (where
there is no perceptible increase in output above the
threshold input level). At maximum limiting, there is approx-
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Fig. 2.2. Frequency response characteristic for the
speech processor

imately 3dB change in output for 20dB change in input level.
The frequency response characteristic, which together with
the transfer characteristic defines the behaviour of the
speech processor, is shown in Fig. 2.2.

A block diagram for the speech processor is shown in Fig.
2.3. Each of the four stages uses one of the operational am-
plifiers in IC1. The LM324 will operate from either differen-
tial or single-ended power supplies; the supply in the Ranger
is single-ended and decoupled by R15, C17 and C18. The
amplifier and limiter stages have their non-inverting inputs
connected to the half-supply point formed by R16 and R20,
and these inputs are decoupled to signal frequencies by C19.
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Fig. 2.3. Block diagram of the speech processor

The first stage is a conventional inverting voltage amplifier
whose gain (defined by R18/R17) is set to match the
microphone being used. The gain should be set, by variation
of R18, such that the output of IC1a is 600mV peak-peak
when the microphone input corresponds to the level at
which the onset of limiting is required.

The active limiter is formed by IC1d, D4, D5 and
associated components. The limiter has a fixed gain of 2,
defined by R19 and R21. Since D4 and D5 are silicon
diodes, a peak-peak voltage swing of approximately 1.2
volts will cause the diodes to conduct in turn on alternate
half-cycles, and this in turn will provide a low impedance
shunt path across the feedback component, R21, effectively
reducing the stage gain.

The third stage amplifier, IC1c, is used as a low-pass
Sallen and Key active filter. This is a second order filter
whose cut-off frequency is determined by R22, R23, C22
and C24, and which exhibits a roll-off at higher frequencies
of 40dB/decade (12dB/octave). The response of the speech
processor at low frequencies is governed by the inter-stage
coupling, e.g. C20, and the mid-band gain of this stage is
unity.

The final stage is a variable gain stage whose voltage gain
may be varied over the range 0-1 to 10-1. The gain is deter-
mined by (R27 + VR3)/R26, thus VR3 allows the output of
the speech processor to be adjusted to provide the required
maximum frequency deviation. R29 provides the necessary
high source impedance for applying the modulating signal to
the varicap diode in the oscillator and modulator stage.

RECEIVER

The receiver front-end employs two junction f.e.t.s,
TR100 and TR101, arranged in a cascode configuration to
provide a high input impedance, high gain and low noise am-
plifier. The cascode configuration is preferred to a com-
parable dual-gate MOSFET circuit due to its inherently
robust performance but similar electrical characteristics. The
number of passive components in both designs is identical,
but the overall cost of the MOSFET design is higher and
more careful handling during construction is necessary.

The aerial signal is coupled into the gate of TR100 via
L100/L101. This coil, and L102/L103, has a Q of approx-
imately 45, and the bandpass coupling between aerial and
mixer input greatly enhances the rejection of unwanted
signals. The amplified signal is coupled to the integrated
mixer in IC100 via L102/L103.

The second input to the mixer is derived from the local
oscillator. TR102 is configured as an overtone oscillator
using third overtone crystals, X100-X105, to generate a
local oscillator signal at 455kHz below the channel
frequency, e.g. for channel 14 (27.73125), a crystal is
selected to set the local oscillator frequency to
27-27625MHz. L104/L105 forms the tuned drain load for
TR102 from which the mixer drive is taken. The tuning core
of this coil allows a small range of frequency adjustment
should this be necessary, although the circuit will oscillate
satisfactorily over a wide tuning range. The oscillator is
stabilised against supply voltage fluctuations by D100.

Practical Electronics October 1981

The i.f. amplifier and demodulator is built around the
MP5071, which is a pin-compatible and lower power ver-
sion of the Motorola MC3357 low power integrated narrow
band FM i.f. strip. This device was designed for use in FM
dual-conversion communications equipment, and it includes
a number of highly scphisticated features. The i.c. contains
an oscillator, mixer, limiting amplifier, quadrature dis-
criminator, active filtar, squelch, scan control, and mute
switch. A functional block diagram for the i.c. in its design
configuration is shown in Fig. 2.4.
+VE
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Fig. 2.4. Design configuration for dual conversion
receiver applications

In the Ranger, the receiver is a single-conversion superhet
design which uses a high frequency local oscillator, with
overtone crystals, to avoid the need for any frequency mul-
tiplier stages, with the associated alignment problems. The
MP507 1's internal oscillator is, however, unsuitable for this
application, and a discrete oscillator is therefore used in its
place. The local oscillator signal, generated as described
earlier, is a.c. coupled to pin 1 of IC100 via C106 because
this input is tied up to the positive supply rail. The r.f. am-
plifier output is similarly coupled to the mixer input at pin 16.
The input limiting voltage (—3dB limiting) at this point is
typically 5uV, which gives the receiver an excellent overall
sensitivity. The mixer conversion gain {a measure of the con-
version of r.f. energy at 27MHz to i.f. energy at 455kHz) is
similarly good at around 20dB. The mixer is double-balanced
to reduce spurious responses.

The mixer output from pin 3 is filtered to remove unwan-
ted mixing products, leaving the 455kHz i.f. signal. The filter
also acts to define the bandwidth of the i.f. strip, which
would otherwise have a broadband response. The arrange-
ment used in the Ranger is to combine a 455kHz
mechanical filter, FL100, with an input matching transfor-
mer, L106/L107. A mechanical filter (here a Toko type
CFM2455D) is preferrad to a ceramic i.f. type because of its
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Fig. 2.5. Attenuation characteristic for a typical
CFM 24550 filter
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Fig. 2.7. Component layout for the Ranger p.c.b. Please note: Socket 203 should only have the GND
and 12V connections made. The other connections are for the base station and a suitable 6 pin d.i.n.
socket will be provided with the base station kit.




superior performance in rejecting spurii at higher frequen-
cies, and its long term stability. The combination of a
mechanical filter and an input matching transformer
provides an overall response with excellent stopband
characteristics, and up to approximately 80dB rejection of
unwanted signais. The bandwidth of the i.f. is defined by the
response of the filter used between the mixer and the
limiting amplifier; the CFM2455D has a bandwidth of 10kHz
{min) at a centre frequency of 455 + 2kHz. The insertion loss
is a maximum of 6dB, and a typical attenuation curve
characterising the fiiter is shown in Fig. 2.5.

The filter output at 455kHz is applied to the input of the
i.f. limiting ampilifier at pin 5 of IC100, where most of the
amplification is performed. The signal is amplified in a five-
stage limiter whose output appears at pin 7, This signal then
drives a multiplier demodulator, both by a direct internal
path, and externally via the quadrature coil (L108) to pin 8,
to recover the FM. The output of the demodulator at pin 7 is
also used to supply d.c. feedback to pin 5, and the other side
of the first limiter stage is decoupled at pin 6.

The recovered audio at the demodulator output is partially
filtered within the i.c. and then buffered, giving an output im-
pedance of around 40002 at pin 9. The recovered audio
signal at pin 9 is typically around 350 mV r.m.s., but this
signal still requires de-emphasis, volume control and further
amplification before it is suitable for driving a loudspeaker.

The audio signal at pin 9 is applied to an active high pass
fiiter, formed by the combination of an internal operational
amplifier and C110, C109 and R116. The filtered output
from this stage is couplied via C108 to the AM detector for-
med by D102, R114 and C107, which looks for the
presence of noise at frequencies above the normal audio
band, and the detected noise level is then applied to pin 12.

The external positive bias on pin 12 provided by R106,
VR100 and R109, sets up the squelch trigger such that the
audio mute on pin 14 is open circuit {typically 10MQ). If pin
12 is pulled down to O-7V by the noise detector, pin 14 is in-
ternally shorted to ground, and the audio signal to the am-
plifier is muted. There is hysteresis of approximately 100mV
on the input to the squelch trigger to prevent jitter on the
mute operation. The squelch may be over-ridden by holding
pin 12 high, via R107 and S101, to keep the mute switch
open. The output from pin 13 may be used in scanning
receiver applications; the output is low (less than 0O-5V)
when the mute is off, and high (min +5V) when it is on.

The MP5071 is designed to operate from low voltage d.c.
supplies in the range +4V to +8V, and consumes only
2-3mA under these conditions. To provide a suitable supply,
tHe 12V receiver power rail is regulated to around +6 volts
by R110, D101 and C104. This also has the effect of making
the performance of the receiver substantially unaffected by
variations in battery voltage, with the exception of the audio
output power level.

In the audio section, R118 and C116 provide the de-
emphasis for the recovered audio signal, and IC101 supplies
amplification for driving the loudspeaker.

POWER SUPPLY
The power supply for the Ranger aliows the rig to be
operated in one of five active modes:
(i) Internal NiCad battery pack
(i) External + 12V d.c. supply
{iii) Mains supply
{iv) Mains re-charging of the NiCad battery pack
{v) Re-charging of the NiCad battery pack from external
+12 voltd.c. supply
The changeover between modes is automatic. The only
manual switch in the circuit, S200, is used to turn the power

54

on to the transmitter/receiver sections. Modes (iv) and (v)
are inhibited when the transmitter or receiver is active in or-
der to prevent noise generated by the charging circuit from
de-sensing the receiver front-end or corrupting the modula-
tion of the transmitter.

In normal portable use the Ranger operates from its own
internal 12-5V 250mAh nickel-cadmium battery pack, i.e. in
mode (i) above. This pack is sufficient to allow approximately
4-5 hours use when operated with a 10:1 receive:transmit
duty cycle. The steering diodes, D201/2/5, are reverse-
biased to prevent unwanted current drain to the unused sec-
tions of the power supply. The battery pack, B200/1, com-
prises 10 individual mass piate button cells in series, sleeved
for insulation purposes. It features a high storage capacity
for its size, has a low internal resistance, is resistant to ex-
tremely hostile environments, and can be stored without the
need for periodic re-charging. A NiCad pack is thus an ideal
choice for use in a portable rig.

Operation from an external battery supply requires that
d.c. power is applied via SK203. A car battery or similar d.c.
source will generally have a terminal voltage which exceeds

TABLE 1
Channel Channel TX Oscillator | RX Oscillator
Number | Frequency Frequency Frequency
{MHMz) {MHz) {MH2z)
01 27.60125 9.20042 2714625
02 27-61125 8.20375 27-15625
03 27-62125 9.20708 27-16625
04 2763125 8.21042 27-17625
05 27-64125 9.21376 27-18625
06 2765125 $.21708 27.19625
07 27-66125 9.22042 2720625
08 27-67125 9.22375 27-21625
09 27-68125 9.22708 2722625
10 27-69125 9-23042 27-23625
1 2770125 9.23375 27-24625
12 27-71125 9.23708 27.25625
13 27-72125 9.24042 27.26625
14 27-73125% 9.24375 27.27625
15 27-74125 9.24708 27.28625
16 2775125 9:25042 27.29625
17 2776125 9.25375 27.30625
18 2777125 9.25708 27-31625
19 27-78125 9.26042 27-32625
20 27-79125 9.26375 27.33625
21 27:80125 9.26708 27.34625
22 27-81125 9.27042 27.35625
23 27:82125 9.27375 27.36625
24 27-83125 9.27708 27.37625
25 27-84125 9.28042 27.38625
26 27-85125 9.28375 27.39625
27 27-86125 9.28708 27.40625
28 27-87125 9.29042 27-41625
29 27-88125 9.29375 27.42625
30 27-89125 $.29708 27-43625
31 27-90125 9-30042 27.44625
32 2791125 9.30375 27-45625
33 27-92125 9-30708 27-46625
34 27.93125 9.31042 27.47625
35 2794125 9.31375 27.48625
36 27-95125 9-31708 27-49626
37 27-96125 9.32042 27-50625
38 27-97125 9.32375 27-51625
39 27-98125 9.-32708 27.52625
40 27-99125 9.33042 27.53625
N = Channel Number
Channel Frequency = (27.59125 + (N x 0.01)) MHz
TX Oscillator Frequency = (27.59125 + (N x 0-01))/3 MHz
RX Oscillator Frequency = {27.13625 + (N x 0-01)) MHz
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the 12.5 volts of the internal nickel-cadmium stacks. D201
will therefore be forward-biased and D202 will be reverse-
biased, causing automatic changeover from the internal bat-
teries. With S200 in the ‘off’ position, the battery charging
circuit formed by 1C200 and its associated components will
be active. The 555 timer i.c. in this circuit is configured as an
astable multivibrator running at approximately 20kHz. The
astable output is added, via the steering diodes D203 and
D204, to the supply voltage to develop a suitable charging
potential across C204. The NiCad cells in B200/B201 are
charged at almost constant current from this source via
D205 and R202. The maximum charging rate for the
250mAnh cells specified is 25mA, and 14 hours of charging
are required to restore the charge in a set of fully discharged
cells, i.e. the charge:discharge ratio is 1-4:1. The charging
time may be extended beyond the fully-charged point by up
to 200 per cent without risk of damage to the cells, allowing
the unit to be left on charge overnight to replenish partially
depleted batteries. The charging circuit is disabled when
either the receiver or transmitter is active in order to avoid
interference caused by harmonics of the astable output.

CRYSTALS

The frequencies of crystals required for the transmitter
and receiver are listed in Table 1 for the 40 allocated 27MHz
CB channels. The transmitter crystals are 9MHz fundamen-
tal types designed for use with the circuit loading. The
receiver crystals are 27MHz third overtone series resonant
types. By convention, channel 14 is used as the ‘calling
channel’, and channel 9 is used as the ‘emergency channel’;
they are not working channels and should be reserved for
their designated uses. A number of alternative channels are
useful for continuing a conversation once contact has been
established, usually via channel 14.

CONSTRUCTION

Arrange the work surface so that it is well lit and that all
the necessary small tools are available. These should include
a soldering iron rated at no more than 25W having a
miniature bit, pairs of small long-nosed pliers and cutters, a
small screwdriver, and a sharp knife or scalpel. A magnifying
glass may also be useful for inspecting joints and checking
that there are no solder bridges between tracks.

The p.c.b. copper foil layout is shown in Fig. 2.6 with
corresponding component layout in Fig. 2.7. The earth plane,

- Constructors’ Note
The PE Ranger 27FM will only meet the Home Office
_specification for UK CB if it is built from a complete kit of
parts from Modus Systems-—exactly in accordance with the
instructions given in this series of articles. No responsibility
 will be accepted by Modus Systems for sets which do not
meet the specification due to incorrect assembly or align-
ment. The following prices have been specially arranged for

- PE readers.

The PE Ranger 27FM kit including injection moulded
case, mains and car input, rechargeable batteries,
microphone, helical § wave aerlal and crystals for two chan-
nels, £49-95 plus £1:40 p&p, plus VAT (£59-05 inclusive)
or £97-00 for a matched pair of transceiver kits with crystals
for two channels plus £2-80 p&p, plus VAT (£114.77
inclusive).

Extra sets of crystals are £2-25 for each channel plus 50p
p&p (for any quantity), plus VAT.

~ Extra plastic covered helical § wave aerials (overall length
~ 50mm) for mobile or base station use, £3-95 each, pius 80p
£ plus VAT,

. Modus Systems Ltd., Dept AP, PO Box 30,
lg-ﬂ’lﬁh-w«, Herts. SG6 3DQ (£ 046 26 74468/76392).
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supply rails, and general component layout are quite critical
and constructors should not attempt to use any other layout,
p.c.b. design, or construction method since instability will
almost certainly result. Carefully fit the channel selector
switch, $1/S100, to its daughter p.c.b. (Figs. 2.8 and 2.9),
check that it mates correctly and solder the tags. Then fit the
in-line right-angle caonnector which is used to attach the
daughter board to the main transceiver board. Take care not
to strain the connector and check that the daughter board is
aligned correctly at 90° to the main p.c.b., as shown in Fig.
2.7, before soldering it in place. Mount the mains transfor-
mer, T200, and solder its connecting tags to the main p.c.b.
Having fitted these two components (channel selector
switch/p.c.b. and mains transformer) it should now be poss-
ible to invert the p.c.b. and work on the copper foil side
without damaging components fitted to the other side. The
switch p.c.b. and transformer support the inverted
transceiver p.c.b. clear of the work surface and this con-
siderably aids assembly.

It is recommended that the remainder of the components
be fitted to the p.c.b. in the following order:
.r.f. and i.f. inductors and transformers
. i.f. filter and r.f. chokes
. variable resistors
. variable capacitors
. fixed resistors
. fixed capacitors
. transistors, diodes, bridge rectifier, and i.c.’s
. test points
. links

10. relay

Note that the crystals and output filter should not be fitted at
this stage. Instructions for fitting these items are given later
under the sections dealing respectively with “Initial Tests
and Adjustment’ and “Alignment’”. The filter input and out-
put pads should, however, be linked together with a short
length of connecting wire. When fitting the r.f. and if.
transformers and inductors care should be taken to ensure
that the correct component is fitted in the correct location on
the p.c.b. (part numbars are printed on the metal screening
cans). The transformers should be carefully eased into the
p.c.b. observing the pin orientation which is non-reversible.
When the bottom of the screening can is flush with the top
surface of the p.c.b. the pins and earth tags may be soldered
to the copper foil. Note that L1 has to be modified slightly
before fitting to the p.c.b. This involves first removing the
metal screening can by gently prizing the can away from the
base using the blade of a small screwdriver and pushing thg
can upwards. The can may then be discarded and the ferrite
cup (which is inverted over the coil former assembly) is then
removed. The remaining coil former, tuning slug, and base is
then mounted on the p.c.b. in a similar manner to that adop-
ted for the r.f. and i.f. transformers however, in this case,
there are no earth tags to solder. Carefully check the polarity
of the electrolytic capacitors and the orientation of the
diodes, bridge rectifier, transistors and i.c.’s before fitting,
see Fig. 2.7. The use of i.c. sockets is not recommended for
this project since, particularly in the case of IC100, in-
stability may result due to the exceptionally high values of
gain involved. Transistor leads should similarly be kept as
short as possible and, in particular, TR3 and TR4 should be
soldered so that they are flush with the surface of the p.c.b.
Terminal pins of Tmm diameter are used for the test points.
These should be carefully push into the p.c.b. using a pair of
long nosed pliers and then soldered into place. The links,
which consist of short lengths of insulated connecting wire,
should be kept as direct as possible.
NEXT MONTH: Testing and Alignment
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THE LAST WORD IN POCKET PROGRAMMABLE CALCULATORS

* LCD alpha/numeric (dot matrix) scrolling
display (86 types).

 Variable input capacity from 32 functional
program steps with 88 independent
memories, to 512 steps with 22 memories.

Powerful high speed pocket computer using
BASIC language.

CASIO FX-702P

CASIO
FX-602P

% Memory and program retention when
switched off.

* Up to 10 pairs unconditional jumps
(GOTO). Manual jump.

* Conditional jumps and count jumps.
Indirect addressing.

* Up to 9 subroutines. Nesting possible up to
9 levels.

+ 50 built-in scientific functions, all usable in

(RRP £134.95)

programs.

ONLY £119.95

% PAM (perfect Algebraic Method) with 33
brackets at 1! levels.

Available September

+ Ultra high speed calculations.

* Program storage on cassette tape using
optional FA-1.

* Compatible with FX-501/2P.

* 2 lithium batteries. Approx 660 hours con-

LCD scrolling display of alpha/numeric (dot matrix) characters.

Input can be varied from 1680 program steps with 26 independent
memories, to 80 program steps with 226 memories. (All retained when
switched off).

Up to 10 programs can be stored (PO to P9). Subroutine: Nested up to 10
levels. FOR-NEXT lcoping: Nested up to 8 levels.

Straightforward program debugging by tracing. Editing by moving cursor.

tinuous use.
+ Battery saving Auto Power Off.
* Only 9.6x71-x141.2mm. 100g.

(RRP £84.95)
ONLY £74.95

55 built-in scientific and statistical functions, including regression analysis
and correlation coefficient, can be incorporated in programs.
Program/d ata storage on cassette tape via optional FA-2 (available soon).
Optional FP-10 mini printer, for program/data print-out, available soon.
Two lithium batteries give approx. 200 hours continuous operation, with
battery saving Auto Power OfY after approx. 6 minutes non-use.
Dimensions: 17x 165x82mm (§x64x31"'). Weight: 180g (6.30z).

JOIN THE KEYBOARD REVOLUTION!

Casiotone Polyphonic Keyboards

The two harpsichords demonstrate the
.. Even more

“Son of success
Casiotonc’s talent for sparkling. crystal clear tones
impressive is the clav ... (Melody Maker).

CT-202

(RRP £325)
ONLY £275

49 instruments over 4 octaves. 4 voice memory function with
push button selection. 3 vibrato settings and sustain. Pitch
control. O/P jacks. AC only. 34x34§x113/16". 15.81bs.
CT-301. NOW ONLY £195
CT-401 ONLY £295
MT-30 ONLY £95

INSTANT MUSICIAN!

CASI0 YL-TONE (VL-1)
Electronke Musical instrument

and calculator. s -
- '-‘ ' ‘:
vt 11}
TEL g o |
(RRP £39.95)
ONLY £35.95

VL-1 records and plays back up to 100 noles as a melody.
One Key Play or Aute Play of Piano. Violin, Flute. Guitar and

NEW LOWER PRICES*

A STAR IS BORN!

100 metre water resistant watches

With alarm. C/D alarm and stopwaich
The AX-210 is out of this world

—)

)
CASIO e
AX-210 Y '
(RRP £34.95) w150 wi1s0C w100
ONLY £24.95 £21.95 £19.95
£29.95

Time and auto calendar, alarm, hourly chimes, countdown alarm
timer with repeat memory function. stopwatch. Time is always on
display, regardless of mode. Stainless steel.

THESE SPACE INVADERS WILL ALARM YOU

® LCD analogue/digital duai display. Casio’s most amazing watches ever]
¢ Daily alarm plays “Dixieiand™, "Greensleeves™ -or
“My Darling Clementine™.

Hourly “Blg Ben™ chime (sclectable).

.
Y

® Full month calendar display funetion. CA90 (leftﬂ

® Dual time facillty (12 or 24 hour). £l9 95.

* Countdown alarm timer, with repeat.

.

1/100 second siopwatch. Lap timing.

CA901 (right)
£29.95

Delivery normally by return.

Fantasy. or creale your own unique sounds with A.D.S.R.

10 built-in Auto Rhythms and Tempo control. LCD digital
readout of notes and tempo. Also a caiculator. Battery powered
with memory and program retention. [ntegral amplifier/speaker.
Output jack. With Song Book. Dims: 1§ x| i1$x3"

ILLUSTRATED
CATALOGUE 20p

Time and auto calendar, calculator, alarm, hourly chimes.

PRICE includes VAT and P&P. Send
cheques, P.O. or phone your ACCESS

or BARCLAYCARD number to:

56

p . dual time. DIGITAL SPACE INVADER GAME.

Dept. PE, FREEPOST,
164-167 East Road, Cambridge CB1 1DB
Tel. 0223 312866

TEMPUS
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The age of the robot has arrived with the start of this series describing three
versatile units. Each one employing an electrically driven hydraulic operating
system and being capable of real industrial, experimental and domestic tasks.
They can be used by amateurs, students and industry to study robotics and
assess particular applications of robots. These are not toys but properly
designed and engineered robeots with arm extensions of up to one metre; full
kits will be available.

Pﬁ P

@
@73)’ =/_, ”E HANnaax
o =l ot Sl el b

PEBANDBOX

Provides, in one programmable unit, a trio backi
of drums, bass and a chord instrument. Employing
a microprocessor to provide over 3,000 chord
changes between approximately 120 chords,
makes an ideal project for the penurious soloist.

Also... FREE ELECTROVA
C”' 4‘0 6 0£ (WITH ALL U.K. ISSUES)

PRACTICAL

ELECTRONICS

NOVEMBER ISSUE ON SALE FRIDAY OCTOBER 9th
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- Digital Design

Techniques...

Tom Gaskell pa@wyELEcENG

Part 3 Touch Switches, Timers & Oscillators

HIS month we are going to look at a more sophisticateu

circuit for a contact de-bouncer using a single pole
changeover switch and two NAND or NOR gates. To in-
troduce this circuit we must first look at the principles of
cross coupled gates.

CROSS-COUPLED GATES

Fig. 3.1 shows an arrangement of cross-coupled gates.
Let's assume that point X starts off at logic 1, and A and B
start off at logic O. If you work through the truth tables for
the two gates; and | suggest you do, because it takes a bit of
thinking about; you'll see that Q = 0, an (as we've already
decided) X = 1. Now let input B go to logic 1. Again, follow
through the truth tables and you’ll see that when B goes to
1, X goes to 0 so Q goes to 1. If B is now taken back to logic
0, NOTHING CHANGES: Q is still 1, X is still 0. This condi-
tion will remain until A goes to 1 {and B is at 0). When this
occurs, Q goes to O and X goes to 1. This again is “stable”,
i.e. unchanging, even when A drops back to O, until B
changes again.

\5993) B

Fig. 3.1 Cross coupled gates (the ‘latch’)

This circuit is known as a “latch”, “flip-flop” or “bistable”
(stable in two states; Q = 0 and Q = 1); it is the most basic
“memory” element, i.e. it remembers that B has been to
logic 1, until re-set by input A, or vice versa. It has got a
reverse version; if you replace the NOR gate with NANDS,
and have A and B normally at logic 1 {then dropping to logic
0O temporarily), and Q and X reversed, then the whole thing
behaves in the same way! Because NAND gates are used
more widely than NOR gates, this latter version of the latch
is more usually seen, although it can be a little more difficult
to visualise working in practice.

CONTACT DE-BOUNCING USING THE LATCH

This is a fairly simple procedure; the switch is connected
to the two latch inputs, with its wiper to Vss. See Fig. 3.2,
When the switch is "ON", Q = 1 and O = 0; when the switch
is “OFF", Q = 0 and Q = 1. Contact bounce cannot affect
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the circuit, because the wiper of the switch has to travel
from one contact all the way across to the other contact
before the logic changeover occurs, and then all the way
back to the first contact to make it change back again. Con-
tact bounce cannot do this; it merely makes and breaks the
contact at one position of the switch (the wiper movement is
minimal) so the circuit effectively eliminates any contact
bouncing that there might be. The logic gates used can be
ordinary gates, although Schmitt trigger input types will tend
to work better in difficult cases.

Voo lor ) vee
R R
a
switcH JOFF

FOR CMOS

R IS TYPICALLY
10k TO M.
FORTTL R 15 1k

VsslorGND}

Fig. 3.2 Circuit using the latch as a contact de-bouncer

There are switches available which have no mechanical
switching action at all, and hence do not suffer from
mechanical contact bounce. One type of switch is the “touch
switch” which still has a bounce-like effect due to the finger
contacting then momentarily losing contact from the sensor
plate; see below. The other type of switch is the “Hali-
effect” switch., These work by using the Hall-effect principle
of magnetic fields controlling the conduction in certain
semiconductors, These types of switches are readily
available, but fairly expensive, and they need a power supply
to be fed to them for their internal circuitry.

In large assemblies of switches, e.g. calculator or com-
puter keyboards, it is often more economical to have com-
mon circuitry to contact de-bounce all the switches. The
logic circuit “scans” the switch array, i.e. looks at each
switch in sequence, for a short period of time. When it
reaches the last switch it starts again at the beginning; over
and over again, with each cycle of the process taking a tiny
fraction of a second. When the control circuit sees that a
particular switch has changed its logic state since the last
time that is was scanned, it “remembers’’ that fact, and on
each subsequent scan of the switch looks for further
changes. When there has been no more changes for a set
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‘number of scans, say 10 for example, the control circuit
assumes that all contact bounce has stopped. When this oc-
curs, the logic state for that switch is now valid, and this
logic state is finally fed out of the control circuitry into the
rest of the system. Obviously, this circuit arrangement is
fairly complex, and it is only suitable for fairly large switch
assemblies.

TOUCH SWITCHES

There are three main types of touch switch; hum-
inducing, resistive and capacitive. All of these are used with
CMOS logic as TTL is unsuitable due to its low input
impedance.

HUM INDUCING

These circuits work on the principle that the human body
has a 50Hz signal of surprisingly high voltage induced into it
by ordinary domestic and industrial mains wiring. This can
be fed into a circuit when a contact is touched by a finger.
{Fig. 3.3). The resistor R2 and the two diodes protect the
CMOS gate against any transient voltages. The value of R2
should be between 10k and 100k. Resistor R1 sets the sen-
sitivity of the switch and is dependent on the size of the
touch plates and the proximity of the mains wiring; values
between 1M and 10M are usual. (Try not to go above 10M if
possible). Take care the touch plate is not too large as it may
induce hum into the circuit and if the plate is large enough
and the value of R1 high enough then the switch will
become a ‘proximity’ switch i.e. you won't have to touch the
metal plate merely approach it.

Yoo

PROTECTION DIODE
{INL148 OR SIMILAR]

SO0Hz WAVEFORM
WHEN SWITCH TOUCHED

——
Juuuu
OUTPUT

PROTECTION DIODE
{1INL14B OR SIMILAR]

SCHMITT TRIGGER
INPUT GATE(CMOS)

TOUCH
PLATE
Vss
(Eessz) Fig. 3.3 Conventional hum-inducing touch switch

The switch gives a 50Hz waveform when touched which
may be difficult to use in some applications. It also has
‘bounce’ associated with it, caused by the finger momen-
tarily losing contact with the touch plate. This can be
eliminated by adding a simple pulse stretching circuit as
shown in Fig. 3.4. The RC constant is 0-1 sec which is long
enough to remove any effects of mains hum or ‘bounce’.
These circuits are fairly standard designs and work well but
not if they are used in the middle of a field well away from
mains circuitry,

Voo

OE-BOUNCEO ANO
SPIKE FREE OUTPUT

Fig. 3.4 Improved version of Fig. 3.3

For safety reasons, touch switch circuits should be treated
with great caution if powered from mains supplies; it is
generally better to use them in battery powered equipment
where possible. Note also that hum inducing (and some
capacitive touch switches) will not work unless Vss is con-
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nected to earth usuafly via the earth of a mains plug or via
other equipment that is earthed. In all cases take great care
to make connections correctly, any errors could prove to be
fatal.

RESISTIVE TOUCK SWITCHES
The human body has a typical resistance of several hun-
dred thousand ohms. This combined with very high input im-
pedance of CMOS enables very simple touch switches to be
made as shown in Fig. 3.56. The two diodes and R2 once
Voo

INL148
{OR SIMILAR)
2 OUTPUT
e I
F YL
“‘D“‘CEN”I_l (OR SIMILAR)
Vss
Fig. 3.5 Resistive touch switch design

again protect the input of the Schmitt trigger gate from high
voltage transients. The touch plates are adjacent pieces of
metal which must be bridged to operate the switch. The
values of R1 and C1 should be experimented with: R1 sets
the sensitivity of the switch and R1,C1 together set the time
constant of the ‘de-bouncing’ circuit. Typically R1 should be
1M to 10M and C1 should be O- 1uF to 10nF respectively.

This circuit is unfortunately dependent on individual peo-
ple's skin resistance which tends to vary depending on the
amount of sweat on the fingers. Also any residual moisture
between the touch plates can cause the false operation of
the switch. Otherwise these are fairly simple and effective
circuits.

CAPACITIVE TOUCH SWITCHES

These are the most sophisticated and complex type of
touch switch. A simplified circuit is shown in Fig. 3.6. The
two small plates are placed very close to but insulated from
the larger touch plate. Normally the h.f. oscillator feeds its
signal to the touch pkate via the small capacitance between
the touch plate and the generator plate and then the touch
plate feeds the signal to the detector input via the small
capacitance between the detector plate and the touch plate.
The detector input has a very high impedance. When the
touch plate is touched by a finger the ‘human capacitance’ to
earth of 100 to 400pF attenuates the signal passing into the
detector considerably, which then fails to operate the detec-
tor causing a change in logic state of the detector output.

GENERATDR PLATE
OETECTOR PLATE

HF |
OSCILLATOR

N
Uy o\
OETECTOR

OUTPUT

SMALL CAPACITANCE

SMALL CAPACITANCE{
OF A FEW TENS OF pF

OF A FEW TENS OF pF

}

TOUCH PLATE
[ 100p TO 400p
OUE TO HUMAN

BOOY CONTACT
%A

Fig. 3.6 Simplified diagram of a capacitive touch
switch

There are many variations on this theme of capacitive
touch switches. They are very safe because the touch switch
is insulated from the rest of the circuitry but are all fairly
complex and we won't be looking at any practical circuits for
this very reason.
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POWER-ON RESET

There is frequently a requirement to ‘reset’ or ‘clear down’
a circuit shortly after power has been applied to it to prevent
unwanted operation and initialise circuit states. This is easily
implemented using one of the circuits shown in Fig. 3.7. The
circuits provide either an initialised logic O changing to logic
1 after a period defined by RC or the other way round. The

VoD Voo

VOLTAGE

QUTPUT

{TO RESET PINS) | e
SWITCH
ON

TIME

OUTPUT
{TO RESET PINS)
SWITCH
ON

SS
RESET WITH LOGIC1 RESET WiTH LOGIC 0

Fig. 3.7 Power on reset circuits

time period should be made fong enough for all transients to
die down; typically 1 or 2 seconds to be safe. For CMOS this
is implemented by R=1M and C=1pF. For TTL only the reset
with logic 1 circuit should be used; R should be 1k and C
fairly large {the time delay will be shorter than with CMOS
due to the low input impedance) typically around 100uF or
even more. Schmitt trigger input gates should be used if it is
important that the fogic level change is free from spurious
pulses and a pulse deriving network (as shown fast month)
can be added after the gate if a short reset puise is needed
a short time after power is applied rather than a continuous
initial reset pulse as given by the circuit.

TIMER I.C.'s

In Part 1 we saw how we could generate short time
delays using RC networks and logic gates. For longer delays,
more accurately controlled delays or the removal of spurious
pulses it is often preferable to use timer or monostable i.c.'s
(i.e. stable in only one state) which are specially designed for
timing applications. Both TTL and CMOS have such i.c.'s,
the CMOS type being the 4047, 4528, 4538 and the 4531.
These i.c.'s all use resistors and capacitors to form the timing
interval but with accurate control over the charging and dis-
charging of the capacitors and the thresholds at which the
logic changes occur. We won’t look at these i.c.'s in detail as
the data sheets give the information required to build circuits
using the chips. These chips are not cheap and many
designers prefer the simplicity and fiexibility of the 555
timer.

THE ‘555’

This is said to be the most regularly used i.c. in the whole
of electronics! In its basic form it is very cheap indeed, but
can cause difficulties in many circuits due to the large
‘spikes’ it puts on the power supply raiis due to its.poor out-
put switching action. Fortunately, there is now a CMQOS
based version of the 555, known as a 7555, which is a much
more satisfactory device, and is pin-for-pin compatible with
the old 555. It is more expensive than the older devices,
although still under £1, and is ideal for use in CMOS logic
circuits. Pins 8 and 1 of the 555 are the supplies, pin 6 a
comparator input, and pin 7 a discharge transistor. An RC
network is provided externally, which has a capacitor charg-
ing up via a resistor towards the +ve supply rail. This feeds
into the comparator, and when the voltage exceeds a certain
threshold, an internal latch is reset and the capacitor dis-
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charges via pin 7. The ‘trigger’ input, pin 2, sets the latch in
the first place, which then stops pin 7 discharging the
capacitor and allows the capacitor to charge up slowly. The
latch output forms the output of the device (pin 3) and the
threshold at which the latch is reset can be controlled via pin
5. The timing interval can be shortened or prevented from
occurring by permanently re-setting the latch; this is done by
taking pin 4 to O volits.
+5v 10 +15V{FOR 7555 THIS CAN BE +2v TO +18V]

RESET O= %R

8 4
TRIGGER | — 2 +VvE u:ssv offf 7
Oty e
1-VE GOING  PSET770 LATCH LATE" IOISCHARGE
EDGE) TIME T TRANSISTOR
. {71555 IFED FROM LATCH)
i )
3 L]
[ e T A T RWTTIT oo 4§
ouTPUT DUTFUTOFLATCH]  -ve  vouraoe | COMPARATOR
1 s
TLIME PERICD T=0-7 RC
R IN OHMS,C IN FARADS -
SUPPLY QUIESCENT CURRENT 10n —
10 =10mA FOR 555
10: 80pA FOR 7555
o VoLTS
Fig. 3.8 The 555 connected as a monostable timer

The 555 in its monostable timing configuration is shown
in Fig. 3.8. The timing period is activated by a negative going
edge on pin 2; if the input to pjn 2 stays at iogic O for fonger
than the timing period, the output will remain at logic 1 until
after pin 2 has been taken to logic 1 again; hence for most
applications, the tsigger input pulse should be kept shorter
than the required timing interval. When the reset function is
not being used, it should be taken to logic 1. (This is not
critical in the 7555, and the 10n decoupling capacitor can
be feft out, but this will leave the device more prone to being
affected by spurious puises and noise.) The output can
source and sink high currents in both the standard and
CMOS versions, and both can drive CMOS or TTL inputs
very easily. A final point to note is that the CMOS type can
be very easily damaged by shorting pins 6 and 7 to the
supply rails, so avoid doing this even for a short duration.

OSCILLATORS
An oscillator is sometimes known as an ‘astable’ multi-
vibrator; i.e. not stable in either of its states. Functionaily, it
can be created by putting a suitable time delay in the feed-
back loop of an amplifier. If we substitute a logic gate for the
amplifier, we can easily create a ‘logic gate osciliator’. The
simplest type uses a Schmitt trigger input inverting gate; see
Fig. 3.9. If the control is at logic O, the output of the gate will
be at a fixed fogic 1 level; if the control is at logic 1 then
the gate will osciliate. It's as simple as that!
— =
CONTROL O

Uy

OUTPUT

FREQUENCY IS
APPROX.F= 1
RC
Vss

[Eewe7)
s Fig. 3.9 Basic Schmitt trigger oscillator

If Schmitt trigger input gates are not available, then two
gates can be coupled together to make an osciliator; see Fig.
3.10. If the control is at logic O, the output is also at logic O.
if the control is at logic 1 the output will osciilate. The con-
trol function can be reversed in operation by using NOR
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gates instead of NAND gates. R1 helps to stabilise the
oscillator frequency against changes due to the different Vdd
voltages; typically, R1 should be twice the value of R2.

Both these types of oscillator benefit considerably from
having an extra gate added to their outputs, prior to them
being fed to any other logic circuitry; this can be a buffer, or
inverter, as required, or any gate connected to act as a buffer
or inverter. The output waveform is ‘sharpened” and cleaned
up by doing this.

+VE SUPPLY
"RESET” Qe
P e (T R1
L] D)
2 ?
5°5R5
7555 82
3 3
OUTPUT O
Junru \ S
FREQUENCY APPROX F=__1'5
{R1+2R2IC il._.wn T g

0 VOLTS SUPPLY

Fig. 3.11 The 555 oscillator

The final type of oscillator circuit to look at briefly is that
using a 555, or preferably a 7655 timer. The circuit is shown
in Fig. 3.11, and similar comments apply in this case as ap-
plied in the case of the 555 monostable timer of Fig. 3.8.
Once again, taking the reset pin to logic O will prevent the
oscillator from running, and taking it to logic 1 will allow it to
run.

TESTING LOGIC CIRCUITS

As with most electronic circuitry, the engineer’s ‘standard’
tools of a multimeter and an oscilloscope are always useful.
However, the nature of logic itself necessitates the use of
rather more specialised instruments, to measure and test in
ways that conventional instruments cannot.

LOGIC PROBES

These are small, hand held devices, with a sharp metal
‘tip” at one end which is touched to the point in the circuit
under test, and a pair of wires which clip to the power supply
rails of the circuit being tested. Three l.e.d.s show the state
of the circuit being tested. If the ‘LOGIC 1 LED' {(sometimes
marked ‘H’) lights, then that is the basic logic level present,
likewise for the "LOGIC O LED’ {or 'LO’). If neither l.e.d. lights
it means that the logic state is indeterminate; not connected
to anything, or in the deadband between logic levels. If the
'PULSE’ l.e.d. flashes on briefly, it indicates a logic level
change or pulse, and if it flashes on and off repetitively (or in
some probes, stays on), it indicates that a stream of pulses
or changes is occurring. The ‘pulse’ l.e.d. is driven from a
pulse stretching circuit, in order to make tiny logic pulses or
changes long enough to light the l.e.d. visibly.

Often, probes are available with CMOS/TTL switches to
change the logic thresholds being detected; if no switch is
provided, then the probe takes a compromise between the
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two. Some more expensive probes have a ‘memory’ feature,
which latches a l.e.d. on if a single pulse is detected, in case
the operator is looking elsewhere at the instant the pulse
occurs. The input of most probes is very high impedance in
order to avoid loading the circuit under test, which could
affect logic operation. Probes are able to detect very high
speed pulses; the cheaper probes can detect puises of
500ns, and frequencies of 1:5MHz, and the most expensive
can detect pulses shorter than 10ns, and frequencies of
60MHz.

LOGIC MONITORS

These are small, self-contained instruments which clip
over the pins of the i.c. under test, rather like a large clothes
peg. The monitor senses the power supply pins of the i.c.
and draws its power directly from these pins. At the top of
the monitor there are two rows of le.d.s, each led.
corresponding to a pin of the i.c. If the l.e.d. is lit, that pin is
at logic 1, if not, it is at logic O or an indeterminate state.
There are no pulse stretchers normally built into logic
monitors, so pulses of less than 10ms are not easily visible.
The main advantage of these devices is that they show all
14 or 16 pins simultaneously, enabling the user to relate
what is happening on one pin to the operation of the rest of
thei.c.

LOGIC PULSERS

These are very similar in appearance to logic probes, with
two leads to connect to the power supply, and a tip to touch
against the relevant point in the circuit. When a button on
top of the pulser is pressed, it over-rides the logic level pre-
sent at the tip tor a very short time, forcing it to go to the op-
posite logic state. This changing of state only lasts for about
1 or 2 microseconds, so there is no damage done to any out-
puts of CMOS or TTL i.c.s which are connected to that point
in the circuit. A pulser can be used to permanently change
the setting of parts of a circuit such as a latch, or temporarily
to change the state of combinational circuits {such as arrays
of gates) so that the effect of these changes can be traced
through the rest of the circuitry, using a logic probe, every
time the pulser button is pressed. Some pulsers will give out
a stream of pulses, at a rate of 100 or 1000 pulses a second,
if the button is held down for a prolonged period.

MORE COMPLEX LOGIC TESTERS

There are many more comprehensive logic testing instru-
ments than the basic types already described. Logic
analysers can display the logic states of many separate
points simultaneously, triggered by specific combinations of
logic states on the points being monitored. Some store the
data in memories, to be replayed step by step on a series of
l.e.d.s or alpha-numeric displays, or others display the logic
states as waveforms on a cathode ray tube, looking like a
multiple trace oscilloscope. There are logic monitors for up
to 40 circuit points at once, and hand held ‘current tracers’,
which follow current flow in logic circuits, rather than
voltage level.

Another technique used is ‘Signature Analysis’. These in-
struments look at a particular point in the circuit for a period
determined by specific start and stop pulses derived from
elsewhere in the circuit. The stream of logic 1's and logic O's
fed into the analyser is treated as a stream of binary
numbers (i.e. numbers with a mathematical base of 2, not
10 as our ‘normal’ number system is based on), and is
mathematically divided by a special binary number
generated by the instrument. The ‘remainder’ of this division
is called the ‘signature’ of that point in the circuit, and can be
displayed on alpha-numeric type displays, as found in some
calculators. Other points in the circuit can have their
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signatures compared, to ensure that streams of logic
changes are passing through the circuit correctly not just in-
dividual 1's and O’s.

All these instruments, and more like them, are very expen-
sive, and have extremely comprehensive triggering and dis-
play functions. They are, as you can imagine, beyond the
financial reach of many professionals, and most hobbyists!
The simple logic testers, however, are very much cheaper,
and worth investing in if you are able to. Let’s have a look at
how to use them.

USING SIMPLE LOGIC TESTERS

The logic probe is an easy-to-use device, but there are a
few pitfalls to look out for. Although the input impedance is
high, the probe circuit can be fooled by pull-up resistors on
inputs. These are frequently between 100k and 1TM& in the
case of CMOS, and many probes give an incorrect reading
when applied to an input with such a high resistance
loading. Occasionally, it is found that a non-working circuit
suddenly begins to work when a logic probe (or oscilloscope
probe} is touched to a certain point in the circuit! This is
almost always due to the slight extra resistance and/or
capacitance to O volts caused by touching that point with

LM-1 Logic Monitor (GSC)

the probe; this often points to ‘floating’ inputs of CMOS
devices not tied to Vss or Vdd, or sometimes to faulty inputs
or outputs. This effect can also be seen if very short pulses
{often spurious) are present at that point in the circuit — the
probe can sometimes attenuate these and prevent them
from having an effect on the circuit. Finally, be aware that
some logic probes flash the ‘pulse’ l.e.d. on and off at a fixed
rate if the input logic level changes faster than a certain rate;
s0, just because the ‘pulse’ l.e.d. is flashing on and off three
times per second, it doesn’t mean that there are necessarily
three pulses per second coming into the probes!

The logic monitor is a very easy-to-use device. If the i.c.
being examined has logic changes occurring too rapidly to
see, it may be possible to slow the ‘clock’ or oscillator in the
system (if it has one) to enable easier viewing of the logic
monitor l.e.d. changes. The input impedance to a meonitor is
typically 100k, so it can seriously affect any RC network
connected to the i.c.’s inputs; otherwise it does not usually
affect an i.c.’s operation at all.

The logic pulser is often used in combination with a logic
probe, to trace logic changes through a system by
generating pulses with the pulser, and looking for those
pulses with a probe. A pulser can normally over-ride all logic
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inputs and outputs to produce a pulse of the opposite logic
state, but it cannot over-ride a power supply level. So if a
probe and pulser are touched to the same point in a circuit,
and the probe does not show a pulse when the pulser button
is pressed, then that point is either a power supply rail, or a
damaged input or output which has gone short circuit {(inter-
nally to the i.c.} to a power supply rail, or it could be an RC
network. Many RC networks cannot have their logic states
over-riden by the pulser, because its pulse width of 1 or 2us
is not long enough to charge up the capacitors used. This ex-
tremely short duration pulse can also cause problems with
some logic probes, if pulses are sent out very rapidly (but not
as quickly as the 100 or 1000 p.p.s. rate}. The probe can
think that this is a pulse stream, rather than individual
pulses, and it can start flashing its pulse l.e.d. on and off at a
fixed slow rate. This can give the appearance of the probe
‘missing’ some pulses sent out by the pulser. If this seems to
occur, allow several seconds gap between pulses. Pulse
streams generated deliberately by the pulser, at 100 or
1000 pulses per second, inevitably give much faster flashing
of the probe’s pulse l.e.d.

LP-2 Logic Probe (GSC)

WHAT TO BUY

A logic probe of some sort is absolutely essential if you're
going to do a lot of logic work! There have been many
designs published in the past few years for probes, if you
want to do it yourself, or you could save up and buy a high
performance one ready built, which will cost you between
£20 and £60.

A logic monitor is not as widely used as a probe or pulser,
but is a very useful supplement to them if you can find be-
tween £30 and £40 to buy one. Finally, a logic pulser is
almost as invaluable as a probe! Unfortunately, very few
designs exist for the home constructor. For the optimum per-
formance you'll need to pay out £50 for a ready built full
professional one, and this, of course, is beyond many people.
So, here's where we come to the rescue with the 'PE
PULSER’, a high quality, low cost instrument which will
enable you to test all the circuits you're likely to come across
when doing digital designs and construction work !

THE PE PULSER

This is a multi-family, all-purpose pulser, for use with
CMOS and TTL. Its pulse width is 1-5 to 3us, dependent on
the logic family being used. It is designed to draw very little
current out of the power supply, especially when left ‘idling’,
i.e. not pulsing. (See the specification.) Pressing the ‘pulse’
button momentarily will inject one pulse into the circuit point
touched by the pulser tip, flashing its l.e.d. once. Holding the
button down will cause the pulser to wait for a second, then
inject a stream of pulses at 100 pulses per second; the l.e.d.
glows dimly when this is happening.
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Fig 3.12 Circuit diagram of the PE Pulser

CIRCUIT DESCRIPTION

The circuit diagram of the PE Pulser is shown in Fig. 3.12.
The ‘pulse’ switch is a simple push-to-make single pole
switch, with contact de-bouncing by R4 and C1. When the
switch is pressed, the C4, R7, D3 pulse deriving circuit
generates a short negative pulse (logic 0). The output pin of
IC1d (pin 11) is normally at logic 1, which means that the
short logic O pulse applied to pins 1 and 6 of IC1 is inverted
in each case to become a short positive pulse at pins 3 and 4
of IC1. This pulse length is approximately 30ms. The pulse
at pin 4 of IC1b feeds into a pulse deriving network formed
by C8, D5 and R11 (with R12 and TR3). This generates a
positive pulse of a little over 1us in duration when the output
of IC1b changes from O to 1, which is fed to the base of
TR3, turning it on for this period of time. When TR3 turns on,
this then turns on TR4 via R13, causing the collector of TR4
to rise up to nearly the supply voltage for a little over 1us.
This large positive pulse is fed through C9 to the pulser tip,
and hence to the point in the circuit required.

Connected to IC1a pin 3 is a pulse deriving network
formed by C7, D4 and R9 (with R10 and TR2), which
generates a negative pulse, a little over lus in duration,
when the output of IC 1a changes from 1 to 0. The rest of
the output stage (TR2 and TRS) is the exact complement of
that for the other polarity of pulse. In fact, the two pairs of
transistors form a very conventional complementary output
drive circuit. From this, it can be seen that for every press of
the pulse switch, a positive {logic 1) output pulse is given,
followed 30 milliseconds later by a negative (logic O} output
pulse. The output current, being derived directly from the
supply rails via TR4, TR5 and C9, is very high indeed, and
can over-ride any logic level present at the pulser tip, with
the exception of a power supply rail. Because this could
cause large transient voltages on the positive supply rail, R8
and C6 are included to decouple the ‘drive’ section of the

SPECIFICATION

Supply voltage range 5to 18V
Pulse width:
For TTL outputs Approx. 1-5us
For 5V CMOS outputs Approx. 1-5us
For 15V CMOS outputs Approx. 3ps
Pulse repetition rate 100Hz
Supply current (no load) Less than 20pA
Supply current (driving into a short Less than 1T0mA
circuit)

The Pulser can handle reverse connections to its power
leads and a short circuit of its probe tip without damage.

Practical Electronics October 1981

pulser from the rest of the supply. R17 ensures that the out-
put drive capacitor C9 is fully discharged between pulses. If
the point in the circuit to which the pulser tip is applied is at
logic 1, then the positive pulse from the pulser will have no
effect on this level, of course, only the negative pulse will
affect it. Vice versa for logic O.

When the pulse switch is not being pressed, pin 10 of IC
1c. is at logic O, so the input pin of IC1d (which is connected
as an oscillator with R6 and C5) is held at logic O, and the
oscillator cannot run. As soon as the pulse switch is pressed,
D2 is reverse biased, and C3 starts to discharge towards the
positive supply rail. After one second, the input pin 13 of IC
1d is at a high enough voltage to cause the Schmitt trigger
input to pull up to logic 1, causing the oscillations to start at
100Hz. These oscillations feed via IC1a and IC1b, exactly as
did the single pulses we looked at earlier, and once again
this creates streams of positive and negative pulses at the
probe tip, until the pulse switch is released again.

Final points to note are that C2 is included to provide
further power supply decoupling, D1 prevents damage if the
power supply leads are reversed, and that TR1 (with
associated components) is used to drive the indicator l.e.d.
from I1C1a pin 3; the l.e.d. is then either lit by a 30ms pulse if
the switch is pressed momentarily, or by a 100Hz square
wave if the pulse switch is kept held down. If variations of
this basic probe are wanted, then changing C5 will vary the
pulse rate (e.g. if C5 = 10n, then the pulse rate is 1kHz), and
changing C8, R11 or R12, and C7, R9 or R10 will vary the
pulse width.

CONSTRUCTION

The pulser is built on a Matchboard, cut down to fit the
Global 'Probe Case’ CTP-1. Because the two power supply
rails have to be cut off the Matchboard, there is a fair
amount of inter-wiring to do, so it is wise in this case to fit all

The PE Pulser
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Fig. 3.14 Wiring diagram for the Pulser

the components first (Fig. 3.13), then add the wire links
carefully afterwards (Fig. 3.14). Leave the fitting of the l.e.d.
until later.

The top of the case should be marked in pencil where the
pushbutton switch and the l.e.d. will protrude. Drill a hole

r <)
COMPONENTS ...

Resistors
R1,R8,R14 Rt6 1k (4 off}
RZ, R4 100k (2 off)
R3 33k
RS 1™
R6 82k
R7 270k
R, R11 10k (2 off)
R10,R12 5k6 (2 off)
R13.R15 470 (2 off)
R17 1k5
All resistors § or £ W carbon
Capacitors
C1,C2,C4,C5,C9 100n polyester (5 off)
C3 1 35V tant.
(o) 22u 25V elect.
€7, €8 33p ceramic plate (2 off)

Semiconductors

D1 1N4002

D2, D3, D4, D5 1N4148 (4 off)
D6 Red sub-min l.e.d.
TR1,TR3, TRS BC184L (3 off)
TR2,TR4 BC214L (2 off)
IC1 4093

Miscellaneous
Matchboard Global Specilities EXP-300 PC
Probe case Global Specialities CTP-1
Switch p.c.b. mounting Maplin type FF87U
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the correct clearance size for the l.e.d. and a larger hole for
the switch; this hole can then be enlarged with a needle file
or sharp knife until the switch is a good, freely moving fit in
the hole when the two halves of the case are assembled
with the Matchboard in between. The l.e.d. should now have
its leads bent carefully as shown in Fig. 3.15 so that the
l.e.d. just protrudes through the hole when the case is
assembled; don’t let the leads force the l.e.d. too far off the
board, as the case might bend the legs and damage the l.e.d.
when it is screwed up tightly.

The supply leads provided with the case can now be
soldered to the board (the black lead with the white stripe is
the O volts wire). The hexagonal shaped tip holder should
have a short length of flexible wire soldered to the ‘pulser tip’
point on the board. The square strain relief on the power
supply lead can be pushed into place (make sure it's the right
way up; it won't fit properly the other way!), the tip holder
can be dropped into place, as can the Matchboard, and the
case can be screwed together. Finally, the pulser tip can be
screwed into the tip holder.

Test the pulser by first applying power, and then pressing
the ‘pulse’ switch; once to give a single flash of the l.e.d.,
then hold it down continuously and after a second the l.e.d.
should glow dimly. Then try over-riding TTL and/or CMOS
outputs, checking the effects with a logic probe.

The PE Pulser is as simple as that! And, of course, with
the exception of the fairly standard output driving part of it,
the circuit design techniques have all been covered in the
first three parts of this series.

NEXT MONTH: we’ll start looking into the world of
sequential circuits; circuits which count, latch, remember
and sequence. Again, of course, there will be another mini-
project to build.
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Elliott Electronics Ltd.,
Leicester 0533-553293

g

PRB-1 Digital Logic Probe
Compotible with DTL. TTL, CMOS, MOS ond Micro
processors using a 4 to 15V power supply. Thres
holds automaticolly programmed. Automatic re-
setting memory. No odjustment required. Visuol
indication of logic levels, using LED's to show high
low, bad level or open circuit logic ond pulses

Highly sophisticoted, shirt pocket portoble (pro
tective tip cop and removoble coil cord). Eliminates
need for heovy test equipment. A definite savings in
time and money far Engineer and Technicion

NEW DISTRIBUTORS WANTED

Neltronic Ltd.

Dublin 510845

Cobbies Lid.,

London. 01 -699-2282
Microdigital Ltd.,
Liverpool. 051-227-2535
Electronica CG Ltd,,
Manchester. 061-788-0656
Spectron Electronics (Manchester) Lid.,
Salford. 061-834.4583

Jee Distribution Ltd

Middlesex. 01-897-3429 Watford

F.Blokley & Sons Ltd.,
Heywood 0706—65087

DUTTON LANE EASTLEIGH SO5 4AA TEL{0703)610944/5
AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS
Watford Electronics Lid.

F.P. Tools Lid.
Motherwell C69-65672

. I ~

Horizon Electronics Ltd.,
Glastonbury 0458-33600

Ibis Electronics Lid.,
Wokingham 0734-791171

Batvale Marketing Lid.,
Ely 0353-778320

Ely 0353-778756

{24 hours)

PLS-1 LOGIC PULSER
The PLS-1 logic pulser will supenimpose o
dynamic pulse train (20 pps} or o single pulse
™. ontathe circuit node under test There is no need to
@  unsolder pinsor cut printed-circuit traces even when
a, these nodes are being clomped by digital outputs
PLS-1 is @ multi- mode, high current pulse generotor
pockoged in o hond-held shirt pocket portoble instrument
x It con source or sink sufficient éurrent to force soturated
output iransistors in digital circuits into the opposite logic sfofe
Signol injection is by means of a pushbutton switch near the probe
hp. When the button is depressed, o single high-going or low-going
pulse of 2u sec wide 15 delivered to the circuit node under test. Pulse
polority is avtomatic: high nodes are pulsed low ond low nodes ore pulsec
high. Holding the button down delivers o series of pulses of 20 pps to
the circuit under test

X A DIVISION OF OK MACHINE & TOOL UKILIMITED

Transom,

London. 01 405 5240

A. Marshall (London) Ltd.,
London. 01-624-0805
Interface Components Lid.,
Amersham. 02403-22307

New Bear Computing Store Ltd.,
Newbury. 0635-30505

. 4

Technomatickid

0923-37774 Londen. 01-452-1500
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17,000 PEOPLE CAN'T BE WRONG

For 5 days last year they packed the RHS halls
for Breadboard ‘80. All the leading companies
were there. .. ..

..... and they're back again this year for
BREADBOARD ‘81 with larger stands and
wider gangways.

Whether you're buying or just browsing,
BREADBOARD ‘81 has something to offer you.
The top electronics magazines will be there.

If you're interested in kits, components or
computing, BREADBOARD ‘81 covers it all
books, bargains and demonstrations. It’s all
happening at BREADBOARD '81.

£1.00 for chitdren under 14 yrs

Cost of entry will be £2.00 for adults, and
and 0.AP.s
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COMPUTERS @ AUDIO® RADIO® MUSIC® LOGIC® TEST GEAR® CB® GAMES ®KITS

COMPONENTS @ DEMONSTRATIONS ® SPECIAL OFFERS ® MAGAZINES ® BOOKS

ROYAL HORTICULTURAL SOCIETY’'S
NEW HALL, GREYCOAT STREET,
WESTMINSTER, LONDON S.W.1.

Modmags Ltd.. 145, Charing Cross Road, London WC2H OEE

Wednesday 11th November 10 a.m.-6 p.m
Thursday 12th November 10 3.m.-8 p.m
Friday 13th November 10 a.m.-6 p.m
Saturday 14th November 10 a.m.-6 p.m
Sunday 15th November 10 a.m.-4 p.m

""" 77T/

l To avoid queueing, Advance tickets will be availabte from l
l Advance Tickets BB ‘81 l
Modmags Ltd. 145 Charing Cros: Road
| London WC2H OEE | I
l ¢ *Special Advance Baoking Price* * I
l Adults £1.75, Children under 14 yrs and O.A.P.s BOp l
l Please send tickets @ £1 75 tickets @ BOp l
’ lenclose PO/cheque for £ :
1 Advance tickets MUST be ordered BEFORE 20th October 1981 |
=
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for top quality component, innovative kits,
FAST SERVICE AND LOW, LOW PRICES

THE KEY TO YOUR SECURITY

ISIN OUR LOCK Eﬂ_’?j

if you have problems with people lamparin?‘ with your. car, electrical
@ @ ® @ and electronic equipment, or if you are just in a habit of forgetting your door
keys. we have just the kit for you.

Our ELECTRONIC LOCK KIT includes a 10-way keyboard and a special IC which provides a
750mA output to drive 3 solenoid or relay (not supplied) when four kevs are depressed in
the correct sequence. This gives over 5,000 possible combinations! The sequence is pre-
wired and may be easily changed by means of a small plug and socket. A “SAVE" function is
also availabte enabling the open code to be stored {especially useful In a car when it is left in

a garage for servicing as the open code nesd not be disclosed). Size: 7x6x3 cms. Power
Consumption is 40uA at 5V to 16V d.c.

Atonly £10.50 + VAT, it will make a smaller hole in your pocket than a bunch of keys|

LOCK I.C.s

[
0000,

L57220 with SAVE memory £2.75
LS7225 with latched and momentary outputs and a tamper

output £2.60
Data only 10

INTEGRATED CIRCUITS

555 Timer 21p

556 Dual 555 Timer 40p
1 741 Op. Amp. 19p

ADS90 Constant current

Temperature Sensor 2.75
AY-5-1224 Clock 2.60

SN76447 Complex Sound Generator
TBABOO 5W Audio Amp.
TBAB10AS 7W Audio Amp.
TMS1121 Clock/7 day Timer

Data for TMS1121

MEMORIES & MICROS

REMOTE CONTROL COMPONENTS AND KITS

LD271 IR Emitting Diode

ML927 16-channel receiver 4

SFH205 Photodiode detector .90 momentary binary outputs 1.40

SL480 IC Pulse Amp t1.70 MLI28 16-channel receiver 4

S§L490 32 command encoder/ latched binary outputs 1.40
transmitter 2.40 ML929 16-channel raceiver 4

ML922 10-channet receiver latched binary outputs 1.40

3 analogue outputs 4.20 Clip-on Plastic reftector for

ML926 16-channel receiver 4 IR LEDs, increases range. 0.20

momentary binary outputs 1.40

ML926 A decoder designed for model/toy control, providing a 2-speed drive motor and
three position latched steering system or a vehicle with momentary action steering and a
third motor, e.g. gun, turret, winch, atc. Qutputs also available for other facilities such as
horn. tum indicators. headllghls etc.

KITS *** KITS *** KITS **°* KITS

MK6 Simple Infra Red TRANSMITTER. A pulsed infra red source which comes com-
ete with a hand held plastic box. Requires a 9V battery. 4.20
MK?7 In'ra Red RECEIVER. Single channel, range approxlmalelv 20 ft. Mains powered

with a triac output to switch foads up to S00W at 240V a.c. but can be modified
for use with 5-15V d.c. and or relay outputs. 9 00
'Specml Price® MK6 & MK7 together. Order as RC500K

With SR - .
Toam Up W' T H Electronics

than getting up to switch lights on when
it gets dark. Gur Lamp Dimmer Kit with
INFRA RED REMOTE CONTROL will
enable you to switch the lights on or off.
an? set the brightness. at a push of a
ufton without leaving your anmchair,
water-bed. etc. Not only will you save
time but it has also been estimared that
the savings in shoe leather anc catpet
wear alone would pay for this unit in
approximately 1.3697 years or morefl

N\ )

NOT JUST ANOTHER CLOCK

but a PROGRAMMABLE TIMER KIT which
can run your central heating, burglar alarm,
lighting, taperecorder/radio and lots more.
Designed to control four mains outputs in-
dependently, switching these on and off on
selected days and times in a seven day cycle.

- Coded Infra Red TRANSMITTER. Based on the SL490. the kit includes 2 IR LEDs
measures only 8x2 x 1.3 cms. and requires a 9V {PP3) battery.
4-way KEYBOARD. For use with MK% 1 90
16-way KEYBOARD for use with MKB kit, to generate different codes for
decodm ‘! the ML928/926 receiver (MK 12 kit). 5.40
10-on/off Channel IR RECEIVER with 3 analogue outputs {0-10V] for controlling
such functions as lamp brightness, volume, tone, etc. Other functions include an
oerlandby Dudput and a toggle output, which may be used for sound muting. 8as-
ed on ML922 coder IC includes its own mains supply.
16-channel IR RECEIVER. For use with the MK8 kit wilh 16 on/off outputs which,
with further interface circuhry such as relays. will switch up to 16 items of equip-
ment on or off remotely. Oulé)uls may be latched or momentary, depending on
whether the ML926 or ML9I28 is specified. Includes its own mains supply. 11.95
11-way KEYBOARD. For use with MK8 and MK11 kits. Transmits programme
step + and analogue + and {3), mute, normalise 2nalogue outputs, and
standby. 4.35

MK9
MK10

MK 11

MK 12

MK13 -
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Battery backup saves stored programmes and continues
time keeping during power failures. (Battery not supplied).
Display blanking during power failure to conserve battery

“Everyday” function enabling output to switch

Useful ““sleep” function — turns on output for one hour.
Direct switch control enabling output to be turned on im-
mediately or after a specified time interval.

20 function keypad for programme entry.

Programme verification at the touch of a button.

To control your central heating, for example, {including different

AY-5-1230 Clock/Timer 4.50

AY-3-1270 Thermometer 8.20

CA3080 Transconductance OpAmp 72p

CA3130 CMOS Op. Amp. 75p

CA3140 CMOS Op. Amp. 43p

ICh7555 CMOS 595 T 98

imer 3
tM377 Dual 2W Amp 18 Features include:
LM379S Dual 6W Am . .50 .
tmggg gWulAludioAmpp. 1888 % 0.5" LED 12 hr, dlsplay.
ual low noise pre-amp. J e

LM386 250mW low voltage amp e : Day cc‘ vlveek, gm./pt:. an%output status indicators.

LI uid Level Detector o

LM2917 F-V converter {14-pin) 160 Zero Voltage Switching Outputs.

LM3909 LED Flasher/oscillator 60p | * 50/60Hz mains operation.

LM3911 Thermometer 1.20

LM3914 Dot/Bar driver {linear) 2.10 *

LM3915 Dov/Bar driver {log.) 2.20

LS7220 Electronic Combination Lock with

“Save feature .75 *
LS7225 Electronic Combination Lock with 5
tamper ouf 1

MM74C91 1 ?dlgll disptay controller 6.50 PORE .

MM;:gg;SZ sepment BCO converter  96p % 18 programme time sets.

MM 6 Counter/7 seg. output 5

§5668 Touchdimmer Ig 250 * Powerful

AC Power Control g R

SL4a1 Burst Fire Controller 135 everyday but use only one time set.
*
*
*
*

2804 CPU ftohi ; : ;

2708 o2 Wy S0 switching tm:nes at .weekends), ]u.st connect it tq your system,
2716 265 8035L s.oo I programme it, set it and forget it. The clock will do the rest.
2752 1.0 ZooACTS 300 | There has never been a clock capable of so much at this price.
6810 1.40  6850P 1.85 CT5000K Timer Kit (includes all components, assembiy and
6821P 1.85 6852P 3.00

programming instructions, and an attractive black case} £45.00

MINI LEDs

TRANSFORMERS

0.1" Red 9p
0.1" Green 12p
0.1" Yellow 12p
0.2" Red 9p
0.2" Green 12p
0.2" Yellow 129
0.2" clips

Rectangular Red 160
Rectangular Green

Standard mains

primaries 240V a.c

100mA secondaries
8

(]
Rectasugutar Yellow
17

Flat Faca rect-

6-0-6' Op angular, Triangular,

9-0-9v 85p Arrownead or Square
12-012v 90p Red 17p
1A Green 20p
9-0-9v 210p Rec. Yeilow 20p

DISPLAYS

CQX87A 0.5" dual, c.a. Red
DL340M 0.1" 4-digit c.c.
OL5000.5" c.c.

1.80
4.50
0.75
0.75

OLS070.5" c.a.
MP463 4-digit 0.6" muitiplexed

display. 25:-9mm 1.30
Liquld Crystal Disptay. 3§ digit.
0.5" digits, d.i.l. package 6.00

Prices to not Include VAT. Add 50p P&P +
16% VAT to total.
£1.50 {Europe) £4 {elsewhare}.

Access and Barclaycard welcome. Send sae
for price list and with enquiries.

Shop open:
11 BOSTON ROAD, LONDON, W7 3SJ.
Tel. 01-579-9794/2842

YOU MUST HAVE BETTER THINGS T0O DO

e

> soldering iron, cutters and a few

Overseas customers add

9-5 (Mon-Fri} 10-4 (Sat),

This unit has, of course, considerable
practical uses, especially for the old.
infirm and disabled. It works like a
conventional dimmer, enabling you to
switch the lights on or off, or to dim
them t0 whatever brightness you re-
quire, by touch or remotely using the
hand-held infra red lransmYller \Elhen
assembled, it fits into a plaster depth
box to replace your conventional
q switch or dimmer with no rewiring.
L

e

/

TDR300OK_Dimmer Kit £14.30
and MK6 Transmitter Kit £4.20,
We also still sell our highly pop-
ular TD300K Touch Dimmer Kit
at £7.00 and the LD30OK rotary
controlled Dimmer Kit at only
£3.50 (plus VAT to above
prices).

All kits contain all necessary
components and fuil assembly
instructions. You only need a

MINI KITS

These kits form useful subsystems which
may be incorporated into larger designs or
used alone. Kits include % 8, short in-
structions and all components.
MKt TEMPERATURE CONTRDLLER/
THERMOSTAT
Uses LM3911
{80°C
heater.
MK2 SOLID STATE RELAY
Ideal for switching motors, lights, heaters.
etc. from logic, Opto-isolated with zero
voltage switching. Supplied without triac,
Select the required triac trom our
£2.60

range.

M'?S BAR/DOT DISPLAY
Displays an analogue voltage on a linear 10-
element LED display as a bar or single dol
Ideal tor ther s, level indi

May be stacked to obtain 20 to 100 elemenl
displays. Requires 5-20V s £4.76
MHK4 PROPORTIONAL TEJPERATURE
CONTROLLER

Based on a new zero voltage switch IC, this
kit may be wued to form a ‘burst fire’ power

IC to sense temperature
max} and triac to_ swltch
1Kkw  £4

the of
anclosure to be maintained within 0.5°C.
Thermistor failure causes output to switch
off, Temperature range ambient to 90°C.
3IKW, £5.85

MK5 MAINS TIMER

Based on the ZN1034E Timer IC this kit will
switch a mains load on (or off} for a preset
time from 20 minutes to 35 hours. Longer or
shorter periods may be realised by minor
component changes. Maximum load
TKW. £4.50

DVM/THERMOMETER KIT

Based on ICL7106 OVM chip and a 3
digit fiquid crystal display. The kit will
form the basis of a digital multimeter —
only a few sdditionsl ewitches and
Tesistors requited (detsits supplisd) or
make a senitive digitsl thermomaeter
(~50°C 10 150°C) resding to 0.1°C.
The basic kit has 8 sensitivity for tulls
cale of 200mV, astomatic polarity end
runs from @ 9V PP3 battery.

£13.50 + VAT
DISCO LIGHTING KITS

Each unit has 4 channels (rated at TKW at
240V per channel) which switch lamps to pro-
vide sequencing effects, controlled manually or
by an optional opto isolated audio Input.
DL1000K

This kit features a bi-
direcitonal sequence, speed
of sequence and frequency of
direction change being
variable by means of

potentiometers. Incorproates
meter dimming con-
trol. £14.60
DLZ1000K

A lower cost version of the
above, featuring undirectional
channel sequence with speed
variable by means of a preset
pot. Outputs switched only at
mains zero crossing points to
reduce radio interference to
minimum.

Optional Opto Input
oLl

60p

TRIACS

400V Plastic Case (Texas)
3ATIC206D
8A TIC2260
12A TIC236D
16A TIC2460
25A TIC263D
6A with trigger Q4006LT
BA Isolalm?lab TXAL 2268

Diac 18p
Opto isolated triac MOC3020 0.6A/400V 110p
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UDIO ANALYSER

Michael Tooley:: David Whitfield va vsc
PART 3

Noise Source and Microphone Preamp—Ancillary Modules

Interior of Noise Source

HE Noise Source and Microphone Preamplifier described

in this article were designed primarily to form two ad-
ditional modules for use with the Audio Analyser described
last month. The two ancillary modules may, however, be
readily used in conjunction with other equipment such as
amplifiers, tape recorders and synthesisers.

The Noise Source provides a pseudo-random electrical
signal which has an even energy distribution over a wide
range of frequencies. It may thus be used as a signal
source for testing and adjusting the Audio Analyser. The
Microphone Preamplifier is designed to interface most types
of microphone with the Audio Analyser. The performance of
a complete system may thus be investigated taking into ac-
count the effects on sound colouration imposed by room

SPECIFICATIONS
MICROPHONE PREAMPLIFIER

Input impedance 50k

Output impedance 600

Gain (max) x 4000
{min) x 250

30Hz-100kHz at —3dB
0-1% max typical

Frequency range
Total harmonic distortion
R.m.s. noise voltage

referred to the input 1uV typical
Maximum output voltage
{open circuit) 3vVr.m.s.
Supply +15V at 15mA
NOISE SOURCE
Output impedance 600 typical

R.m.s. noise output voitage

{max) 1ve
{min) 70mv*
Supply +15V at 125mA
—15V at 30mA

*These are open-circuit values, 600 terminated voltages will

be approximately half these values.

[ §
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Interior of Microphone Preamplifier

acoustics. In this case the Noise Source is used as an aux-
iliary input to the amplifying system and the Audio Analyser
is used in conjunction with a pair of microphones and the
Microphone Preamplifier.

NOISE SOURCE

All Zener diodes generate a significant amount of elec-
trical noise when operated in their breakdown region and,
whereas this noise is usually removed by the presence of
additional de-coupling components, in this application the
noise produced is a wanted rather than unwanted signal.
Fig. 23 (a) shows the conventional arrangement of a Zener
voltage reference with a parallel connected de-coupling
capacitor. If this circuit is modified to that shown in
Fig. 23 (b) the noise signal alone is passed on to the follow-
ing stage where its level is amplified to a useful value.

The complete circuit diagram of the noise source is shown
in Fig. 24. R1 and R2 supply current to the Zener diode and
C1 is used to provide some additional supply de-coupling.
The noise signal generated by the diode is coupled to the
amplifier by means of C2 which also removes the d.c. level
(approximately 6V) prcduced by the Zener diode. The am-
plifier employs a two-stage arrangement of high slew rate
operational amplifiers. The gain of the first stage is set by R3
and RS to approximate!y 50. The gain of the second stage is
made variable by means of VR1 and can be adjusted over
the range 500 to 5000 approximately. Naturally with this
high value of gain considerable attention has to be given to
adequate supply de-coupling of both the positive and
negative supply rails to each i.c. The operational amplifiers
also require external frequency compensation and this is
provided by C5 and C9. Twin outputs are available and these
are matched to 600 ohms by means of R13 and R17

MIC PREAMP

The Microphone Preamplifier uses a single 14-pin DIL in-
tegrated circuit. The LM382 was designed specifically for
the amplification of low-level signals and incorporates two
completely separate low-noise amplifiers. Each amplifier has
its own internal power supply decoupling and regulating
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arrangement thus ensuring a high degree of supply rejection
(typically some 120dB) together with a channel separation
of 60dB or more. A variety of closed loop gain and frequency
response options are made possible by means of a resistor
matrix within the i.c. However, in this particular application,
the device is used in its ‘flat’ frequency response configura-
tion with preset gain control.

The complete circuit diagram of the Microphone Pream-
plifier is shown in Fig. 25. R1 and R2 (R3 and R4) provide
input matching and attenuation. The values may be chosen
to suit the particular microphone (or other signal source) and
some typical examples are given in Table 2. R7 together
with C7 and C8 provides supply decoupling over a wide
range of frequencies while C3 and C4 are the major factors
in determining the low frequency cut off of their respective
amplifier stages. VR1 and VR2 pre-set the stage gain by
varying the amount of negative feedback applied to each
channel. The output impedance is raised to around 600
ohms by means of RS and R6.

Table 2. Input matching network
Microphone Input R1 and R3 R2 and R4 Sensitivity for
Type Impedance 1V RMS output

High-Z 50k 3.3k 47k 0-25mV
Dynamic
Medium-Z 5k 3.3k 1.8k 0-625mv
Dynamic
High-Z M 2.2M 47k 12.5mv
Crystal
Low-Z 600 33 560 0-25mv
Dynamic
MICROPHONE PREAMPLIFIER
Resistors

R1 3.3k

R2 47k

R3 3.3k see text

R4 47k

RS 560

R6 560

R7 220

All are W carbon 5%
Potentiometers

VR1 2200 min. horizontal pre-set

VR2 220€1 min. horizontal pre-set
Capacitors TNT

c1 10u 16V tantalum €7 G fbv

c2 10p 16V tantalum €8 tnT Bisc CldrreC

C3 22u 16V tantalum
ca 22u 16V tantalum
C5 22u 35V tantalum
c6 22 35V tantalum

Semiconductor
IC1 LM382N

Miscellaneous
Diecast case measuring 120 x 65 x 40mm approx.
14-pin DIL socket. Stand-off pillars (4 off). 5-pin 1BO°
DIN socket. Terminal pins. 4-pin DIN socket. p.c.b.
4" standard jack sockets (2 off).
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CONSTRUCTION

With the exception of the input and output sockets all the
components for both the Noise Source and Microphone
Preamplifier are mounted on single sided p.c.b.s measuring
approximately 50 x 65mm. Due to the high values of gain
and wide bandwidth of both units instability may result
where constructors depart from the recommended p.c.b.
layout. It is essential, therefore, that the layouts given are
followed closely, particularly with regard to the amount of
earth plane and the location of the decoupling components.
The use of low-profile DIL sockets for the integrated circuits
is recommended and it is also essential that, where
specified, tantalum capacitors are employed rather than con-
ventional axial lead electrolytic types.

The p.c.b. track patterns for the Noise Source and
Microphone Preamplifier are shown in Fig. 26 and 28
respectively. Corresponding component layouts are given in
Fig. 27 and 29. Once complete the p.c.b.s should be
carefully examined and then mounted using stand-off pillars
in their respective diecast enclosures. The internal layout
and wiring diagrams are shown in Fig. 30 and 31. In the
case of the Microphone Preamplifier, care should be taken to
keep the input and output connections physically separated
and, in both units, the connections to the sockets should be
kept as short and direct as possible.

NOISE SOURCE

Resistors
R1 680
R2 470
R3 1k
R4 1k
R5 47k
R6 220
R7 220
R8 1k
R9 1k
R10 10k
R11 220
R12 220
R13 470
R14 470
Capacitors
C1 10u 16V tantalum
Cc2 10u 16V tantalum
Cc3 22u 35V tantalum
ca 22u 35V tantalum
C5 5.6p ceramic
(of5} 10u 16V tantalum
Cc7 22u 35V tantalum
cs8 22u 35V tantalum
c9 5.6p ceramic
C10 10u 16V tantalum
Potentiometer
VR1 100k min. horizontal preset
All fixed resistors are $W carbon 5%
Semiconductors
D1 BZX85 C6V2
IC1 NES31N
1€2 NES31N

Miscellaneous

Diecast case measuring 120 x 65 x 40mm. 8-pin DIL
sockets (2 off). Stand-off pillars (4 off). 5-pin 180° DIN
socket. Terminal pins. 4-pin DIN socket. p.c.b.
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d.c. REFERENCE
ouTPUT

c Fig. 23(a) Conventional
use of Zener reference

Fig. 24 Circuit of
Noise Source

1
|

Rit | SK1
'

ZENER

a3 with parallel decoupling
capacitor o,
BZX85
+v
R 3
¢ AMPLIFIED NOISE I
SIGNAL OUTPUT
..... G
EP63s)
DIODE Fig. 23(b) Zener diode used as a noise

source with signal coupled to following

R7 R12
220 220

amplifier stage

IC1=2LM382N

Fig. 25 Circuit of the R2
Microphone Preamplifier L7k

4 pin DIN to & pin DIN{ Power }

Fig. 32 Using the Noise
Source to adjust the Analyser

NOISE SOURCE  5pin DIN to Spin DINISignal) AUDIO ANALYSER

TESTING AND INITIAL ADJUSTMENT

The Noise Source unit should preferably be tested with
the aid of an oscilloscope. If no oscilloscope is available an
audio amplifier may be used to provide audible confirmation
of the functioning of the noise source. Connect the supply
from the Audio Analyser using a 4-pin DIN connector. Set
VR1 fully anti-clockwise (corresponding to minimum output
level) and observe the output on the oscilloscope. This
should appear as a random noise signal of several hundred
millivolts peak-peak (although it will not be readily possible
to measure the peak-peak voltage of this non-repetitive
noise signal). Rotating VR1 clockwise should increase the
level of the noise. It is recommended that VR1 be set to
about mid-position and final adjustment left until the Noise
Source is connected to the input of the audio system under
test. Some experimentation may be required to establish the
correct output level. In any event, VR1 should be used to
reduce the level of the output signal from the Noise Source
in order to minimise the risk of overdriving the input stages
of the amplifier under test as might be the case with such
equipment as tape replay amplifiers.

If the Noise Source fails to function check that the voltage
drop across D1 is between 6V and 6-4V and that the
positive and negative supply currents are approximately
125mA and 30mA respectively.

For the Microphone Preamplifier set both VR1 and VR2 to
approximately mid-position (corresponding to a voltage gain
of 500). Connect the supply from the Audio Analyser using a

Practical Electronics October 1981
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4-pin connector and the output of the Microphone Pream-
plifier to an audio amplifier or tape recorder. Check that
there is no excessive noise produced by the unit and then
connect microphones to the input sockets. The effect of
varying VR1 and VR2 can then be checked and the setting
should then be returned to about mid-position. If the unit
fails to function check that the supply current is in the range
12 to 18mA, double check the p.c.b. and external connec-
tions.

USING THEM

Set up the arrangement shown in Fig. 32. Adjust the gain
control of the Audio Analyser to produce an adequate dis-
played signal level and observe the shape of the frequency
response characteristic. This should, of course, be substan-
tially ‘flat". If there is a marked deviation from the ‘flat’
response (say more than 6dB) it may be necessary to trim
the gain of the appropriate channel amplifier; this may be ac-
complished quite simply by following the procedure outlined
earlier.

To investigate the overall performance of an audio system
follow the arrangement shown in Fig. 33. The Noise Source
is connected using a 5-pin DIN connector to the ‘auxiliary’ or
‘tape replay’ input of the audio amplifier. Note that there
may be some variations in the pin numbering systems used
for audio connectors and that, in some cases, it may be
necessary to make up alternative connecting leads to suit
the input terminations of the equipment under test. Adjust
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Fig. 26 P.c.b. for Noise Source

+ +
R12 R7 @
A5

SK2 PIN1(-15V) i@

R10
o ]e of
Re R3
SK2 PIN 384 (COM | wad

SK1 PINS(O/P) <-_x

SK1 PIN2 (COM ) == R13

SKt PlNJ(OIPIq——P
@

SKZPIN 2{+15V =

£Goen |
Fig. 27 Component layout of Noise Source

Fig. 28 P.c.b.
for

Microohone
Preampilifier

Leveri e .
NS ene W oF

ich.

©)"

SK3 PIN 2 [COM |atpmi®

SK3PIN 1(0/P) -y

SK3PINLIO/P} -

—e
—
SK3PIN2{CuM | a{——@
—@
—-®

R

‘ I

o} e

SKLPIN 20415V | ]
R7

@ ()

SKL PIN3 84 (COM | e

R1

3

o
&
@
o—

- SK1{COM]

- SK1(SI1G)

b 5K 2{S 16}

- SK 2 (COM]

Fig. 29 Component layout of Microphone Preamplifier
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ANl o

P.C.B

\ )

LEDY JK2 JK1

Fig. 30 Noise scurce wiring  Fig. 31 Preamplifier wiring

the volume control of the audio system to produce a
reasonable signal level from the loudspeakers (sufficient to
overcome externa! noise whilst not overdriving the amplifier)
and observe the display produced by the Audio Analyser. If
there is insufficient display level (even with the Analyser's
gain control set at maximum) increase the settings of VR1
and VR2 accordingly within the Microphone Preamplifier.
Note that the two microphones should be placed at the
normal listening position. This occurs at the apex of an
equilateral triangle formed by the two speakers and the
microphones. The microphones should be raised approx-
imately 3 to 4 feet above the floor and they should subtend
an angle of between 90 and 120°. The tone controls of the
audio system may then be adjusted to obtain as near a flat
display as is possible. The effect of loudspeaker positioning
and the placement of soft furnishings may also be readily
demonstrated. The audiophile will certainly find many hours
of fascination with the Analyser and its ancillary modules!

~5pi0 BIN to
5pin DIN
ISignal

SYSTEM UNDER TEST

SPEAKER

MICROPHONES
22 P
6
N 4Lpin DIN 1o | NOISE 5OURCE
4 pin DIN
{Power) \l
| |
AUDIO ANALYSER
— MICRQ 1
PRE-AMPLIFIER - I
4pinDIN 1o -

Signal )

Lpin DIN vr v-
4] (Power) |
| \ S5pin DIN to

5 pinDIN
Em

Fig. 33 Measurement of system performance
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The WERSI Concept

Build your own electronic organ with the WERSI system

WERSI pxgesents their new generation of elecffonic organs and
accessories td you, the do-it-yourselfer. All the tools you need are
iBlustrated left. The electronics involved js yery revolutionary,
mmaking it very easy to understamd. Every non-specialist who can
read is able to de it. Building a WERSI organ from a kit can save
you more than half the cost of a similarly equipped ready-
madé Instrument and that means with WERSI and your own
initiative and involvement you can afford a sophisticated
electonic organ.

Do you have to he a virtuoso or a
music lover to benefit from building a
WERSI organ? Ns . . - this would mean
failure to recognize the sense of the
hobby, Even after ypur project is
completed you will be able to discover
. mew excitement from the world of
music.

VWhether you playhauhting blues
stomping disco, liturgical hymns or
J classic renditions the new generation

of WERSI organs will make your
life more enjoyables

Want ¢ know more? Just
fill in-the coupon below,
enclosing £1.00, and we’ll
send you the big, full
colour catalogue. It will
answer all your questions.

AURA SOUNDS ETD
are the first company to
successfully market WERSI
organs and kits in the U.K.
We have three modein show-
rooms where we pride ourselves
vou will receive a friendly welcome
Why not pop in and see the WERSI
range for yourself — we can always
arragge a free demonstration We
also offer a free technical teléphone
support service which is second fo none.

Alternatively, fill in tfre coupon below
for the fuil colour catalogue. For
immediate action telephone 01-668 9733
24 hour answering servigce gueoting Acegss/

Barclaycard Number,

SLRA SO0 LI | rpl d me the full colour WERSI Catal -II
=g » . 1 c¢ase send me € 1uil coiour atalogue.
;:::a;!oyal 0Oak Centre, Brighton Road, Parley, || Lenclose cheque(P.O. for £1. i
Tel: 01-668 9733 | NAME |
1i Upper Charter Arcade, Barnsley, Yorkshire. | ADDRESS i

Té1:40226) 5248

1729 Coysntry Rpad, Sheldon, Birmingham. Tel: | Send to Aura Sounds Ltd., 14/15 Royal Oak !
|

021-707 A2d4 Centre, Brighton Road, Purley, Surrey. I

NOW.OPEN — The Micro Gentre, Alsany Road, i o

Newquay, Cernwall. Tel: Newquey 5953 e

WERSIand AURA — The Winning Combinatiof Acdvss:/Barclaycdrd 24 hirseleptione service,



EXGITING OFFERS!

: ULTRASONIC T Vi il i
DIGITAL VOLTMETFEUE mggg&g ALARM 4", " ° -25

. % i 4 = o - effective fully built
®Positive and negative voltages with an FSD MODULE - e module which contains
of 999mV which is easily extended. = s = both ultrasonlc transmitter
eRequires only single supply 7 - 12V. F U”y built . and receiver, together with the
e High overall accuracy £ 0.1% + 1 digit. ; p’ necessary circuitry for providing the
eLarge bright 0.43" {11mm} LED displays. s ; appropriate delays and false alarm supp-
eoSupplied with full data and applications : ] g ression. Using this module with a suitable
information. 12V power supply and relay unit such as that
shown, a really effective though inexpensive intruder
alarm may be constructed. The module, which is supp-
lied with a comprehensive data sheet, is easily mounted in
Using this fully built and calibrated module as a basis now means that you can - a wde range of enclosures. A ready drilled case, together with
easily build a wide range of accurate equipment such as multimeters, thermometers, all the necessary hardware, is available below.
battery Indicators, etc. etc. at a fraction of the cost of ready-made equipment. Full ]
details are suppiled with each module showing how to easily extend the volitage range Power supply & Relay Ul'llt
and measure current, resistance and temperature. Fully guaranteed, the unit has been £3 95
supplied to electricity authorities, Government departments, universities, the P.O . +VAT -
and many companies. Incorporating a stabillsed 12V supply and a
5.p.c.0. relay with 3A contacts, this unit

Temperature Meas“rement £2. 15““” fs designed to operate in corjunction with

the above ultrasonic unit. Fully built and
An easily constructed kit using an |.C. probe providing a linear output of 10mV/°C tested, ERcomeact size makes Tt ideal for
over the temperature range from-10°C to +100°C. The unit is ideal for use in constructing the smallest of un ts. -

conjunction with the above DVM module providing an accurate digital thermometer Hardware K|t £3.95+VAT
suitable for a wide range of applications. = 2 g A suitable ready dritled case together with
Y b the various mounting pillars, nuts and bolts,
Po s I and including a mains switch and 2mm
wer upp y £4.95 .var sockets designed to house the ultrasonic
G alarm module, together with its associated
This fully built mains power supply provides two stabillsed isolated outputs of 9V power supply. This hardware kit provides an

providing current levels of up to 250mA each. The unit is ideally suited for power- ideal solution for assembling the economical
ing the DVM and the Temperature Measurement module. alarm system. Size 153mm x 120mm x 45mm

In addition to the above a wide range of competitively priced électronic B Risconp LiMiTED

components is stocked. Please telephone your specific requirements.
Dept: PE 1,

o V.A.T. must be added on all items. @ Shop hours 9 - 5.30 (Weds. 9 - 1) 21 Duke Street

e@ex-stock delivery on all items. @ Units on demonstration, callers welcome. Princes Risborough, Bucks.
@ Post and packing charge 50p per order. @ S.A.E. with all enquiries please. Tel: Princes Risborough (084 44) 6326

e W
M I C R TI M E 50p OFF 6809 SINGLE BEOARD COMPUTER R —
I Uses Motorolas poweriul MC6B03 CPU.

VOUCHER I 5Kiek/6K ROM. 2% RAM. ACiA. PIA. 8080 | Fast Erase time
19 Mill St Bideford, North Devon EX39 2JR, England @, = = " "ol g grued V0. RS252 Hendsheke 8 sl Baud | Epoxy costed stesl case
8l 3
Telephone Bideford (023 72) 79798 TTL or LINEAR is placed. I BARE BOARD ¢ag+s | Holds up to six EPROMS

INT c A i B Fetum voucher wih order. || SOMPLETE KIT €178 plus 1% VAT £1 Pap.| Sorc interlacked UV source
see below for micro plus + 1 .
RODUCIRGLCRIGSTAND p:ices PEO Manual includes: 11x17in. Schematic Parts List. Data available. £48.50 ea.
THYRISTORS 7415175 e o on o e o all User notes. Sottware listings and morel
C1060 28p | 7415221 ADMONS (2716)......£24.00 AY-3-8910
74L8244 83 -3~
LM13600 £1.20 TLOBACN 98, DATA AVAILABLE ON 6809.
VOLTAGE 7 3L5245 SN76477N £1.76 LM3302 85p| SAE plesee. 0 Gl SOUN.D COMPUTER CHIP
REGULATORS UA709 0 £1.10 Features:
1A m741 1 70p - Full software control of sound generation
7805 5V 3 UA733 70 Interfaces with most 8-bit and 16-bit microprocessors
UA747 E£1.5 1 25+ 3 independently programmes snalog outputs
UA748 £1.50) 2114450ns £1.30 £1.25 | - Two B-bit general purpose /O ports
i o8 A, AEliD of SN s G ated
TLOBICP U 5 80p 14 . .
TLOB2CP (4K CMOS RAM (1Kx &) 450ns. SreciaL ERICEER S5
4116 200ns £1.20 £1.18 ata £1. Large SAE ploase.

L
4116 15 1. £1.8!
79M13 T3¢ : MO Ra 170 fes VEROBLOC SOLDERLESS
24p (*]

TES HyoI 63 360 reliable contacts.
FAMILIES OF EPROMS1 {16K 180n5E15.90 +£15.25 Will accommodate any size IC.
* Accepts 1K/2K/4K or 8K Can be full intertocked one with another. £3.55 each
Eproms. 1+ 25+ | S100 Prototyping Boards
Extendod Device Option 2708450ns  £2.55 €2.50| Microboard patiem 06-2175L £16.40
:I'\Il:lom Slave O;ét':on. 2;;5 Sv 4'50"5 tg%gs £2.60| 5q. Pad Universal Pattern £16.40
rogramming Charactor- 2732 Intel type £9.90 oa. Prot ing Board APPLEATT 202! £8.37
istics. Software Controlled! 8uv 4 off for . £49.00 rototyping Board for your E/ 0
PrceptaliSmolel| T S Suoohy ANTEX SOLDERING IRONS
N2 arts
T 1o: evice Address Switch : Model CX. 17W £4.25
TIL232 green 18p Selectable. Kit SK1. 16W £8.00
TIL212 yellow 18p | © On-Board Wait States s incl. base/stand + solder
TIL216 red 18p° | Put vousvpnc;muenllv used  rout- X :n g:g ;;VWV g:gg
n int o . 3
;:Sgg :.g (o o ’ SK3 and SK4 complete with stand.
Ti224 AREDoanD F 100| MLX Rapair Kit. £4.80,
TIL3 1 3 KIT £178 g can be used where no mains elec. is available.
TL312/3 . Incl. all parts sckts. and Prom- Spare 8i

50p
bt E I S R HE N 8 : ORDERING INFORMATION

Please add 50p P&P.

m FUDPPYDISE ; Plus 15% VAT to all orders. O
a8 CONTROLLERS ; EXPORT ORDERS ACCEPTED. E
FOY?7T £19.60 - Add 15% P&P on total order. =
FD1791-2 £32.00 - .
WD16910 £14.50 ! VAT not applicable.
WD2143-01 £6.00{ o 3 ACCESS/BARCLAYCARD WELCOME
Please add 15% VAT after P& P

*SPECIAL® b Schools, Univ. Official Orders welcomae.
Complete Pkyg. £60. N
includes FD1791-2 + WD1691D + .98 | 280 510/1 £17.80 280 $10/2 £17.50
WDZ143—01.‘ 280AS10/1 £22.50 280AS10/2 £22.80
Set data svailable £3.00

7418174 LM3915 . {51p SAE please). Prices subject to change without notice.
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PRTEATS REY

Copies of Patents can be obtained from:

OVERLOAD PROTECTION

Rudolph Goebel of West Germany has
patented (BP 1 586 495) an overload
protection circuit for loudspeakers. The
patent. which dates back to 1976, is aimed
at safeguarding a speaker driver against
damage or destruction by signal overload.
Although protection circuits are well known
the inventor claims that his design has a
more precise point of response.

By way of reference a circuit previously
patented in BP 1 407 824 is shown in
Figure 1. When the breakdown voltage of
zener diode ZD is reached, it becomes con-

ooo

the Patent Office Sales, St. Mary Cray, Orpington, Kent. Price £1.45 each.

ductive to charge capacitor C via resistor
R1. Relay S then pulls in and the audio
signal is fed to the loudspeaker via resistor
R2 which prevents overload.

The new circuit is shown in Figure 2. The
audio signal is rectified by diode D1 and
when relay S is at rest capacitor C1 charges
via resistor R1. Zener ZD conducts when
the DC across divider R4, R3 reaches its
breakdown voltage. R4 is then shunted and

t== ———

10 +-
==

R2
e

Fig. 1

relay S pulled in. Capacitor C1 now con-
nects to the base of switching transistor TR
to hold it in conductive state for a duration
depending on the time constant of C1, R3.
The loudspeaker is meanwhile connected to
the audio signal by way of resistor R2. The
relay returns to its normal state when the
sigrnal drops and the Zener and transistor
become non-conductive after C1 has dis-
charged.

_
ey T ] 52

b
ﬂ“ RE} * b !
16 U ] 14} “D
/ X
-,\»n—$——¢ _{S]" —
51 b v
R3
(= 8/ s =2 (Jue
1 i

- >

Fig. 2

adSpecial
Offer!

EMPERIMENTOR

cermts
SUSTEM

Including VAT,
jpostage and packing.

EXP - 304
=
To tie up with our Digital Design series we have arranged this
special offer with G.S.C. The kit contains one Experimentor
Solderless Breadboard, an Experimentor Scratchpad for layout
design and two Matchboard drilled p.c.b.s. for final construction.

Practical Electronics October 1981

S SRS S

To: G.S.C. (U.K.) Ltd., Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ. Tel. (0799) 21682
r------------1

l‘ﬂ
o
g
l’:

a | enclose P.0./Cheque No. ............ Value ..........
g Make cheques payable to G.S.C. Ltd.

Please send me ... Experimentor Kits at £9-25 each. I

° Please aliow 28 days for delivery
l"’ OFFER CLOSES FRIDAY 30th OCTOBER 1981 I

5
2
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8 Saffron Waiden, Essex CB11 3AQ. Tel. {0799) 21682J
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Which amplifier?

I.L.P. Amplifiers now come in three basic types, each of whichis available with
or without heatsink. Having decided the system you want — home hi-fi
{models HY 30, 60 or 120 for example), super quality hi-fi with extra versatility
{MOS 120, MOS200) or Disco/PA/Guitar {HD 120, HD 200 or HD400) you will
then decide whether amplifiers housed within their own heatsinks or plate
amplifiers for bolting to a metal chassis will suit. With choice such as this and a
brilliant new range of I.L.P. functional modules to choose from you now have
the chance to build the finest audio system ever offered to the constructor

111NV W Standard, with heatsinks Without heatsinks

__OISTORTION I [
OUTPUY | THD. | MO | SUPPLY |
MOOEL | POWER Typ | SOMZ7WHz | VOLTAGE |  SIZE wr | PRiCE | var | mooeL SIZE WY | PRICE  |var
NUMBER 1 Watts rms | at thHz | a“ g TYPIMAX mm gms NUMBER in mm gms J

HY30 | 15wi4 BQ‘T—0.0L‘:% ) <o.605; +18+20 | 76268240 | 240 -[7.2-9 [1.09—
HYB0 | 30wid-89 | 0.015% | <0.006% | +25+30 | 76x68x40 | 240 | £8.33 | £1.25
HY120 | 60wi4-82 | 0.01% <0.006% | +35+40 |120x78x40 | 410 | €17.48 | £2.62| HY120P | 120x26x40 | 215 | £15.50 [£2.33
HY200 |120w/4.8Q | 0.01% | <0.006% | +45+50 |120x78x50 | 515 | £21.21 | £3.18 | HY200P | 120x26x40 | 215 | €18.46 |(2.77
__HY4no J 240vir4QJ_ 0.01%_L <p.(_]l]8_5 | 2_45_*50 |lZDl78{IOD! 1025 | £31.83 | !4.77 HY400P _120128170 375 | £28.33 |[4.25

Protection: Load line, momentary short circuit (typically 10 sec)  Slew rate: 15Vius  Rise time: Sus
SN ratio: 100dd  Frequency response (- 3dBI: 15H1 - 50kHz
Input sensitivity: S00mV rms  nput dance. 100kS§2 ] g lactor: (8S8100H2>400

AMPLIFIER with heatsinks Without heatsinks
WITH B A — - - =
HEAT SINK HD120 | 60wid-82 | 0.01% | <0.006% | +35+40 [120x78x50 | 515 | £22.48 | £3.37 | WO120P | 120x26x50 | 265 | €19.84 | £2.98

HD200 |120w/4.82| 0.01% ](0.006% i:45*,50 120x78x60 | 620 | £27.38 | £4.11 | HO200P |120x26x50 | 265 | £23.63 | [3.54

HD400 J_ZdOwMQ 0.01% | <0.006% l*45t5l] |120x78x100 | 1025 | £38.63 | £5.79 | HO4OOP | 120x26x70 | 375 | £34.28 | [514

Protection: load line, PERMANENT SHORT CIRCUIT (ideal for disco/group use should evidence of short circuit not be immediately apparent
The Heavy Outy range can claim additional output power devices and complementary protection circuitry with performance specs. as for standard types.

Ultra-Fi, with heatsinks Without heatsinks

—

MOS120 | 60w!4-8Q | <0.005% | <0.006% ‘*45050:120178:40 420-1 £25.88 | £3.88 |M0S120P| 120x26x40 | 215 | £23.32 | £350
M0S200 | 120wi4-852 | <0.005% I <0.006% | +55+60 [120x78x80 | 850 | £33.46 | (5.02 |MOS200P | 120x26x80 | 420 | £28.53 | (4.28
MOS400 | 240w/dS? I(0.0DS%L 20.006% ‘..*55t60 1120x78x100 ‘ 1025| £45.39 | (6.81 |MOS400P |120x26x100 | 525 | £38.91 | (584

Protection: Able 1o cope with complex Joads, without the need for very special protection circuitry {fuses will sufficel
Ultra-fi specifications:
Slew rate: 20¥lus  Aise time: Jus  S/N ratio: 100db  Frequency response {~ 3dB): 15Hz - 100kHz

Input sensitivity: 500mV rms  Input e: 100k D factor: (BS2:100H2>400

POWER SUPPLY UNITS

MOOEL NO. FORUSE WITH - PRICE |  vAT 1 FP480

PSU30 + 15V combinations of HY6/66 series to BRIDGING UNIT FOR
a maximum of 100mA or one HY67 £4.50 £0.68 | DOUBLING POWER

The following will also drive the HY6/66

Oesigned specially by .LP. f
series except HY67 which requires the PSU30 ol L V) s

with any two power amplifiers of the

PSU36 10r2HY30 £€8.10 €1.22 same type to double the power autput
PSUS0 1or 2HY60 €10.94 €164 obtained and will function with any
PSUB0 1 x HY120/HY 120P/HD 120/HD 120P £13.04 €1.96 1.L.P. power supply. In totally sealed

| PSUES | 1xMOS120/1 x MOS120P £13.32 €2.00 case. size 45 x 50 x 20mm. with edge
PSU70 | 1o0r2HY120/HY120P/HD120/HD120P £15.92 £2.39 coumectoy It thus becomes possible to
PSU75 | 1or2MOS120/MOS120P £16.20 £2.43 Sutain4B0) W11 (simgte chainel

into 8%2. Contributory distoriion less

| PSUZ0 | 1 xHY200/HY200P/HD200/HD200P £16.20 €2.43 than 0.005%
PSU95 | 1x MOS200/MOS200P £16.32 £2.45 Price: £4.79+72p. VAT,

| PSU1B0 | 2 x HY200/HY 200P/HD200/HD200P or

| 1 x HY400/1 x HY400P/HD400/HD 400P €21.34 £3.20
PSU185 | 1or2 MOS200/MOS200P/ 1 x MOS 400

| | 1xmOSa00P £21.46 £3.22

All models except PSU30 and PSU36 ir our own t dal t /

l- ELECTRONICS LTD.

FREEPOST 2 Graham Bell House, Roper Close, Canterbury, Kent CT2 7EP
Telephone {0227)54778 {Technical (0227} 64723} Telex 965780
Available also from MARSHALLS, TECHNOMATIC, WATFORD ELECTRONICS and certain other selected retailers

600DS BY MAIL ORDER DESPATCHED WITHIN 7 DAYS
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CONCISE PARTS CATALOGUE

OUT NOW!

AMBIT’S NEW CATALOGUE

In an attempt to collate and organize our burgeoning ranges
of ‘stock’ components (now over 7000 line items), we have
at last produced a ‘concise’ 80 page parts catalogue to
supplement the popular ‘Tecknowledgey’ series of ‘wordy’
applications catalogues, which now lists a wide range of basic
components - as well as oar unique RF and Communications
components. The World of Radio and Electronics contains
everything the informed electronics user needs, at prices
which we guarantee will match the lowest on the market for

equivalent product.

Prices appear on the page alongside the part numbers, and
the catalogue is now updated quarterly - available either
direct from here (60p all inc) or at most newsagents and
bookstalls where you can find electronics publications. So
as well as all the ‘run-of-mill’ items like resistor, capacitors,
hardware, solder etc - you now have the first genuinely
complete parts source for the radio, communication, elec-

tronics, computer user.

Ambit International
200, North Service Road,

Brentwood,
Essex CM14 4SG

Ada!;n Hall Supplies

Apolio Elektronics

Audio Electronics

Audio Video Services

Aura Sounds

arrie Electronics

|-Pak

olster Instruments

readboard ‘81 Exhibition

ritish National Radio & Electronics Schoot

Clef Produc
;g)hon E.Ieclronics
U Aqu i

Davian

ectroware (OK Machine & Tool)
Gemini

GJD Electronics

Global Specialtles Corporation
Hame: ed

Heathkit

Henry's Radio

Hlykon Ltd

CS Intertext

ILP Electronics

Industrial Supplies

Maplin Electronics

Micro Times

midwlch Computers
Modern Book Co

Modus Systems

Musicraft

Newbear

Parndon

Phonosonics

Pitman Books

Proto Design

Powertran

Prentice-Hall International
Radio Component Specialists
Radlo & T.V. Components
Rapid Electronics
Riscomp Limited

Roden Products

Safgan

Scientific Wire Co.

Service Trading

Sheban Electronics
Sinclair Research

Swanle

Tandy gorporatlon
Technomatic

Tempus

Titan

T & J Electronic Components
T.K. Electronics

TUAC

Vero

Videotone

Watford Electronics
William Stuart Systems
Wilmslow Audio

INDEX TO ADVERTISERS
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INTERESTED IN

ELEGTRONIGS ?

TRY A ZEDPACK!
COMPONENTS AT A PRICE
EVERYONE CAN AFFORD
21 300 mixed j and § watt tesistors £1-95
22 150 mixed 1 and 2 watt resistors £1:-50
Z3 300 mixed capacitors, most lypes’

24 100 mixed electroiytics £2-20
25 100 mixed polystyrene caps £2:20
26 300 mixed printed circuit

components 1-
Z7 300 mixed printed circuit rulltotr:
45

Zg 100 mixed miniature ceramic and
plate caps £1-20
210 25 assorted pots. E1-50
Z11 25 assorted presets, sheleton etc. £1
Z12 20 assorted vdr's and thermistors

£1-20
Z13 11b mixed hardware. Nuts. bolts
sell-tappers, sleeving, etc. £1.20

Z14 100 mixed, new and marked full spec.
S: 148

Pacl

BF154, BF274 8C2|2L 8C23B BC184L,

PBC198 and, or lots of similar gn;:
/8

215 100 mixed dlodes Including:—zener,
power, bridge, signal, germanium,
silicon etc. All full spec. £4-95

Z16 20 TN4148 £1
Z17 20 1N4003/1002 £1
Z18 20 assorted zeners, 1 watt and Aoamw

£1-50
Z19 12 -125” TiL 209 RED. LED'S £1

Z20 10 Assorted switches, including push
button, stide, multipole. minjature etc.
Fantastlc value. £1-20.
UHF MODULATORS
Video In UHF out. Calibrated to char‘nel 36
(625 llne UHF) housed in metal box 2;*
2° x §" with 8’ coaxlal lead, TV pluo and

connectlon data, £250 ea. 3 for £6.
Aluminium finish slider Anobs, standard
fitting. 10 for £¢

200 A Miniature level/batt. meters, as
fitted to many cassette recorders. 30p
Deluxe FIBREGLASS printed eircuit
stching kits.
tncludes 150 sq ins. of copparclad F/G board.
11b feric chionde, (made for U.S. army to
MIL, SPEC.), 1 dalo etch resisl pen, abrasive
cleaner lweexers etch resist dish and in-
structio OUR PRICE £5-95
11b of FeCl £2.25.

150 sq. ins. single slded board. £2-20
150 sq. ins. double slded board. £330
100 Minjature reed switches. £2-30

100 Subminiature Reed Switches. £4-20
SMALL MAGNETS
With hole in 6 for £1
P/B SWITCH BANKS
These cost a tortune! Were made for
various muslc centres. includes indepen-
dent and Interdependent latching types
multi pole c/o etc. Can be modified.
Can't be repeated. 3 Banks for £1,
KNOBS for Swilch Banks 10 for £t
Chrome or spun aluminium finish,
MINIATURE MAINS TRANSFORMERS

Top quallty. Split bobbin construction
will glve 4-5V-0-4-5V at 250MA. 13”7 x 1}”
x 13", all sorts of uses. ONLY £t

3 for £2-50.
PP3 Battery Connectors 10 for 50p.
Miniature Press to Make Switches, Red
knob. 3 for 50p.
Subminiature S.P.C.0. Slide Switches.
§ for 50p.
:A'lnla(ure D.P.C.O. Slide Switches.

or 5

Standard 2P, 3 Posltion Slide Switch.
4 for 50p.
Assorted Fuse Holders including 20mm,
P.C., Panel and chassis types. Pack of 7
for 50p.

40118. CMOS. house coded. Tube of

ONLY £2-50
2012 Static RAM, house coded. 450N/S
60p each 10 for £5 25 for £10

9 Section, Chrome on Brass Telescopic
Aerial. Plugs into any 3-5mm socket.
Approx 25” extended £1 each. 3 tor £2-50.
Hi Power Infra Red Transmitter 5mm
LED. TIL 38 60p ea. 3 for £1-50.

Crystal Clear 3mm LEDS very pre
Red, Green, Yellow. 10 of one colour £1.
10 of each £2-50.

ALTERNATOR RECTIFIERS
Make lovely 60 amp bridges. Ideal for
High Power Battery Chargers.
Type 4AFI. Set of 4 (2 neg. case +
2 pos. case) £2

Special Purchase enables us to
ofter Mullard C280 Poiyester Capa-
citors (Liquorlce Allsorts) at the
unbeatable price of £2 for 100 mixed.
£15 for 1000, These consist of factory
clearance tots lLe. splilages, floor
sweepings, cosmelic_rejects etc. Also,
Muliard Miniature Electrolytics. 200
mixed £2.

To: “GEMINI ELECTRONIC COMPONENTS' DEPT PE
“THE WAREHOUSE"” SPEEDWELL ST. LONDON S.E.8.

Where shown. Send Chcuue' or Postal Order, Plus 60p P&P. and 15% VAT.

Please Quote ZED Cod

*Schools etc. SEND OFFICIAL ORDER

ZED PACKS now avajlable 'or Callers at 50 Deptiord Broadway, London, S.E.8.
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VAT: Please add VAT at
15% on total order value.

Access & Barclaycards
Accepted.

TTLs by 74190  75p
TEXAS 74191 75p
7400 1ip | 74192 750
7401 12p | 74193  75p
7402 12p | 74194 90p
7403 12p | 74195 95p
:’/:(5’34 :;8" 74196  70p
p | 74197  80p
7405  18p | 74198 120p
7406 30p | 74199 120p
7407 30p | 74221 90p
7408 16p | 74C221 150p
7409 16p | 74251 100p
7410 15p | 74269 120p
7411 20p | 74265 90p
7412 20p | 74278 200p
3 |7 o
283 100
74C14 90p | 74284 1503
7416 27p | 74286 1S0p
7417 27p | 74290p 150p
7420 17p | 74293 150p
7421 20p | 74294 200p
7422 22p | 74298 200p
7423 25p | 74365 ~ 50p
7425 30p | 74366 50p
7426 30p | 74367 SOp
11 i G
P | 74390 100,
7430 17p | 74393 902
;25320 ggn 74490 150p
7433 304 |74LS SERIES
P 174
7437 30p |74LS00  12p
P 741502 12
7438 30p 13,504 1ap
7440 17p 155205  15p
2441 709 15,1308 1sp
74424 sop |79 P
7423 112p |70 10 1op
7444 112p 7“_}5 ;so
7445  ‘8op |71 Z20P
7448A 93p p
ol i
7448 700 1501527 16p
7450 170 1341330  18p
7451 170 | 701339 p
7453  17p [74LS32  16p
7454 17p |74L833  18p
7460 17p 741538 16p
7470 36p 741542 4Sp
7472 30p ;2';‘;; ggp
7413 320 1241373 290
1a38 e lsais7a 3
7476 30p 18p
74L75 150p ;:L ;5 28p
e '3 ruse g
7480 50 |7ai385  70p
7482 Mz 74LS86 25p
7483A 60p |74L830  3S5p
7484 1oo$ 741593 3Sp
7486  100p |[74LS107 4Sp
Tase 30 [7ai3123 "s0n
7489 210p 19413122 110p
74304 30p |74151208 1100
7491 0n 17415126 30p
74924 40p [7413128 300
7493a  30p |7415132 S0p
7494 Bap 7413138 Jen
74958 60p | 7413136 250
7496 50p |74L3138 3%p
7497  180p |74 35p
74100 100p [74LS145 75p
i T e
74105  65p p
74107 74LS154 200p
74109 40p 74LS155 50p
74110  5Sp 7:'-}27 249
74111 70p [741L5158 60p
74116 100p |74L5160 45p
74118 100p [74L5161 4Sp
74119 100p [74L5162 4Sp
74120 110p [74L5163 45p
e i e
74123 a8p |74LS166 120p
74125 55p |74LS173 70p
74126 60p [74LS174 60p
74128  60p |74L5175 60p
74132 50p {74L5181 200p
74138 50p |74L5190 S0p
74121 75p |74L5191 50p
74142 200p |74L5192 50p
74145 “80p |74L5193 60p
74147 120p |74L5194 50p
74148 100p [74L5195 S0p
74150 100p |74L5196 60p
74151A S50p |74LS221 60p
74153  50p [74LS240 90p
74154 90p |74L5241 90p
74156  90p |74L5242 80p
74157  50p |74L5243 B80p
74159 120p |74LS244 80p
74160 70p |74L5245 $S0p
74161  70p |74L5251 50p
74162 70p |7415253 40p
74163 70p |74L5257 7Sp
74164  90p |74L5259 120p
74166 90p |74L5266 100p
74166 90p |74L5273 90p
74167 200p |741L5283 45p
74170 200p (7415365 S0p
74172 300p |74L5366 S50p
74173 " g0p |74L5367 S0p
74174 75p |74L8373 80p
74175  75p |74L5374 80p
74176  70p |74L5375 S0p
74177  90p |74L5377 90p
74178 160p |74L5378 70p
74180  80p [74LS390 60p
74181 160p |74L5393 60p
74182  90p |74L5640 300p
74184A 120p 74L 641 300p
74185 120p |74LS645 300p
74186 500p 74'-5370 225p
% SPECIALS w
2114L{450ns} £1.20
2716 {+5V) £2.75
4116 (200ns)  £1.10

4000 SERIES . .
93 SERIES VEROBOARD TRANSISTORS BFRBO  25p| TIP33A  90p| *2N3708/9 12p
4000  15p| 3301 op £ 25p | *BFR81 253 TIP33C  114p| *2N3773 300p| SOFTY
papl e enifioa0s 175p Icopper clad) AG120/8 20p | BFX29  30p| TIP33A 115p[ *2N3813 ~25p| EPROM PROGRAMMER
4002 15p | 9308 316p | 2} x3 75p| AC176 25p | BFX30 34p ( TIP34C  160p| *2N3820 50p| I|deal hardware/software dev.
4006 80p | 9310 275p | 2§ x 85p| AC187/8 25p | BFX84/5 30p | TIP35A 225p| 2N3823 70p| tool. Ready built for programm-
4007 200 &3y 275p | 31 x 3} 85p| AF116/7 50p | BFX86/7 30p | TIP35C 290p| 2N3866 90p| ing +5V EPROMS. £170
ey (R 160p | 34 x5 95p| AD149  70p | BFX88  30p| TIP36A 270p| *2N3903/4 18p
i gl s (i ol Miee i) ewo e nes S s o
x L N
4011 14p [ 932 2252 monoomso: 8C107, 112 BFY51/2 30p| TIPAIC  78p N4058/9 12p| MINI FLOPPY DISC DRIVE
4012 18p| g33) 150p | Spotface curter 85p| BC109  11p | BFY56  33p| TIP42A  70p| *2N4061/2 18p{ FD-50A 40 Track DOUBLE/
:g}i ggp 9334 p | Pininsertion *BC117 20p | BFYS0 90p | TIP42C  82p :2N4|23/4 27p| SINGLE DENSITY 63" £150
4015 6op Tihudaang B! e P HEE Boxa920 208 TIp 958 70n| aNedars 39p
016 30p AY10212 800 | vEROWIRING  [*BC157/8 10p | BU104 225p | TIPS~ 150p| 2N4427 ~ 90p| EPROM ERASER
4g‘l7 450 | 111320 32°: PEN *BC159 11p | *BU105  190p | 71593 30p| °2N4871 60p| UV140 - Erasers up to 14
4013 ZOP V15050  1a05 | Plusspool  340p [*BCIEIC 12p |°BUIOB  250p |"ZTX108  12p| -2N5087 27p| EPROMS In approx 20 mins.
3070 gp AY-3.8910 750p | Spare spool *8C172 12p | BUTO9  225p ZTX300  13p| *2N5089 27p| Slide in tray for safety. Mains
s gs: AY3-8912  650p | (wire) 8 BC177/8 17p .Buggg ;oo‘a .ZZTT;ggg :gp 2N5172  27p| and Erase indicators.  £61.50
4022  70p| AYS1224a 240p | Combes 7peach| BCIZO,  18p |IBVECS TU2P|7TS0s  30p| 2no1a1 830
4023 20p .3362‘3976 738" NE555 20p|+pC184 ": *E300 sos 2N457A 250p| 2N5194 go: ACORN ATOM
282; ‘z*gp CA3028A 90": mgggﬁ ‘ggp 8C187 30p | *€308 50p 22293 g:o :2N5245  40p| Full size Qwerty Keyboard,
2026 130p | “CA304 700 | NES66 130p].862123 11p | J310 S0p | 2Neos  aeh| 2N229¢  8%| 2K Ram, 8K HYPER-ROM,
4027 32¢| "CA3048 2250 | NESEE 155p ag%é‘: ;gp mjggg; 29‘5);1 2IN706A 20: ‘2N§4g7/8 :‘8" UHF TV output kit  £120
4028 60p .CAgggOE 272;1 NES67 140p gC477/8 30'; ™M 1 225: 2N918 35p| *2N5459 403 Ready-built £150
g T . fE|wen, seldter ) b W) 2w, ) e S ownofonRom €20 |
4031 1702 CA3130E  100p | pLLO2A soos .25222,8 :g" e 2“7’8" 2N1132 305 -§k1'28§? 4.‘?"
4033  180p | CA3140€ S0p Rc4136 70p <BCS578 16| *MPF102  45p| 2N1613  30p| 2N6247 130p
4034 200p | CA3160F  100p | 556 250p| +BCR29C 188 | *MPE103/4 40p| N1711  30p| 2N6254 130p| MEMORY
zggg 1;2., et 4903 -séFolgauA 1:50p BCY70 18p | *"MPF105/6 40p %zZ:gg Ggp 2N6290 65p) EXPANSION PCB
4041 700 | C€a3183  300p Y 122: 8CY71/2 22p Srpe | 4t 242080 @¥0e 2N6292  65b| Low price versatile system
4042 65p | HA1388 260p | TA7120 120p gg:gyg 22" *MPSA13 50” 2N2222A 30’; 228387 zggp for UK101 and Superboard.
4043 75 ICL7106 850p | TA7204 250 4 P | 2n2369A 25 P! Compact memory expan-
P | \CLB03s 300 p| 80139  56p | MPSA43 50p p| 25C1939 300p
4044 70p e aop TA7205 250p| BD140  60p | *MPSA20 S50p | 2N2484  30p| 25C2028 150p| Slon PCB. 8K RAM(2114)
23:? ;gn rah 45: ;A;g% g%o BD189  60p | *“MPSA56 32p %z%géa/s ggp 25C2029 300p| plus FOUR 24 pin sockets
4048 s5p | LF356 95p [*TBABA1B11 3000| BoZez 2007 [-Mpotne 29| 2N2906A 24p §§°§°’8 200p| for 2708. 2716, 2732
4049 27p| LM301A 27p |-TBAGST = 200p| BR11s 2365 | MPoues 7o |.2N907A 30| 3n1a0 1eon| EPROMS OR 2K static
4050 270 | M3U1 70p |*TBABOO 90p| BF167 302 0c28 1302 *2N2926 9| 3N141 ”0:: RAMS({6116) glvmg {a) 8K
zgg; Bop tmg}g ggg'; :}'g:g;g 190p| BE173  30p| OC35  130p ;mgggg 30p| 3N201 110p RAM + 16K EPROM: OR
ooy sop [M322 e ”59 BF178 36p | *R20088 200p oo 489 3N204  120p| (b) 16K Static RAM. Plated
2053 1502 LM339 75p | TC4500A 250!’ .ngggs 32p "?ﬁg‘s&s zggp IN34a3 1405 2029? 50p | thru holes. Fully buffered
54055 125p | ,LM348 80p -TDAT1004A 300p| -BF356B  Jon | TIP29C 556 | 2N3553 240p 0389/2 1652| and decoded lay-out. Inter-
o o UMHD | Tomser s sngre ol i, el stle ool BERS elenigms
00p | © 1 225p| BF289 36p | “TIP30C  60p|° 4 48p| 40411 300p .
2822 Jeo tmggé”‘ 'gg‘; ';g:}ggi 600p| "BFR3Y  28p | TIP31A  58p 323982/3 fgp 40594 120p| Suitable for other com-
2066 35m| M387  115p| TDA10348 Zson| ormey o | TP32a  Sap|2N3704/5 20| 40873 | aen| PUters
:gg; uzwg: tmggg ,33: ;gﬁ;&zgv ggg: *BFR79  25p| TIP32C  82p|°2N3706/7 14p| 40871/2 100p
a 0 LM703 36p |
oo 3| wm710 80p | TO2020 ,3-,8,': o OrES a0 | UART LOW PROFILE DIL SOCKETS BY TEXAS | HEADER
4071 20p | LM725 350p | TLO71/81  4Sp| 31078 2000 | AY31018P 4000 | 8pin  9p 18pin  16p 24pin  20p|, PLUCS
4072 20p| LMI33 1900 | TL072/82  75p| 21114 2008 AY 10134 3%0p | 1apin 100 20pin  18p 28pin  26m I - fﬁ
e AR Lo L. o
407 60 LM748 35p | TL17 50 2 P | cHARACT
488? S| Lhzets  2s0m ULAA|°70 20 %14 a50n gggp gsnsaf\:‘rg:s WIRE WRAP SOCKETS BY TEXAS | ZERO FORCE
4082  20p | LM3900 60p | ULN2003  100p| 4116-2 2009 | RO-3-2513U 700p [ 8pin25p  18pin50p 24 pin 70p | INSERTION
4093  40p | LM3909 70p | YPC1156H 300p 4”8(250",, 550., RO-3-2513LC  700p | 14pin35p  20pin60p 2Bpin B80p | ~SOCKET
:ggg 1;39 tmggu ;:‘!g:: ;Sﬁg 3(9)8,, 5101 300 SN 745262AN £10 | 16pin40p 22 pin6Sp 40 pin 100p | 24 pin £6.50
P | Pl 6116 1200p
4099  120p LM3§}§ ggsn ZN419 225p| 6810 250,, SUPPORT
4412 1100p | M3 Sp | ZN424E 1350| L om/PROM DEVICES
dsog Tep| e 70p|aNazee  ssap| noMIPROMS, | 555 goop * ZX80/Z2X81
4503 50p hasae 200‘, ZN427E-8  650p 745188 228, 3245 450p
4507  45p | | P | ZN1034E  200p( 5,283 S50 | 6522 500p
Hom e W AEE B B B USER PORT %
B 0| MO el e s amn %S T .
4315  1s0p | *MC1496 700 | 7aC328  so0p| 745571  650p | 8845 el (as described in Pc.W. Oct. 81)
4518 790 | MCINAOP V2P| voitaee | 93446 G50n | 6850  180p
4518  45p »
asz0 70p| MMs7ieo 6200| REGULANORS | 33 So0m | G552 855 | ADD SOUND TO YOUR ZX80/81
50p p . ) X 4
4528 7sp T0-220 CP1610 930p ]gg 328: Port module plugs directly into ZX80/81 to
:ggg a10p 1 R Tl ;ggfm 7‘5:‘1’5 205 3200 | provide 8 input and 8 output lines.
PEL S 300'; |gv 78(1’2 5.5?"; 7312 :g: 6502 500p ag:g ‘:ggn These allow input of data from switches,
4538  120p | 15v 7815 Ssp 7915 60p gggg :;zgo 8324 250: photocells, joy-sticks etc., and control of upto 8
ﬁggg ;gg: ;% ;g;g ggp ;3}2 ggp 6809 £13 | 8226 250p relays. Also 7 segment displays and led lamps
4560  180p | 100mA 73%2 P{ 8080A 450p gg? iggi’ may be used, variable tone audio output may
4569  180p | 5V 78L05 30p 79105 60p | 8085A 550p | 8523 aoos | be produced — CREATE YOUR OWN SOUND
4383 1900 | 12v 7et12300  79L12 80p| ARS0SC  Go] | 8255 a00p | EFFECTS
p |15V 15 30, 1 P ] .
40097 90D |‘oruER HEGULATORS 280A ssop | 5287 BO%F | The port is accessed by simple peek and poke
14833 1;33: mg?;; 13kp K!:JGOHS 1200 ERRGMS oo 1%3210 950p commands. Complete PORT KIT (includes
1 p i
14599 290p LM32§K 500:: 78HOBKC 550:: 2716 200p %383"(‘:0 a50p double-sided PCB) £11.50
INTERFACE | LM72 37p  78MGT2C_ 140p [ o cTars BOCTC  400p
iCs 52.768kHz 250p | 290BSRT eoon ALSO ZX81 MEMORY DOUBLER
DP8304 450p | OPTO-ELECTRONICS 100KH, 3001
MC1488 885 | 2N5777 a0p OCP71 250p| 100KHz ~ 300p | Z80ADART €16 Double the on board RAM of ZX81 to 2K. Only
MC1489 65p | ORP12 2% ORPEO 1200 | 1’ga3omu: 2508 2B0nD%A e302 | one internal connection required to be made.
3515; 123,2, il P TIL78 e g%)GM” 250p | MC14411 700, Kit contains 2K IC plus full instructions £13.00
EEAREE o257 o . 32768MHz 2809 |_MC14412 800p =
§5p TIL220Red  16p | 3.6864MHz 32
73325 3% | Mig09Red 13 T222Gr  18e | 100MM: 250 * UK101 and SUPERBOARD Il %
r p e p | 4.1943MHz 250
75363 225p | TIL212Ye  25p MV54391TS 120p | 4.4336MHz: 125p INTERFACE SYSTEM
7g:ig§ 1{;gv TIL2t6Red  1Bp  Clips 3p | 5.00MHz  250p Three board interface system plugs directly into computer expansion
75491/2 96p DISPLAYS FND500 120p g-("gg"x;x zggz socket to provide wide range of facilities accessible from BASIC or
ghic Tvamm | 06" o0 TGS 120D AN 27| MACHINE code
8728 140p SuolR p AT oop 8.867MHz  250p 1. DECODING MODULE - Providing a dual 5 voit supply, 16 bit
8795  140p | DL7O7 Gfd :w THsT gool’ 10.00MH2 2509 programmable Input/output port, plus extensive address decoding for a
g:?gss :;gn D747 Red 225: TIL312/3 110;': 10.70MHz  250p wide variety of interfaces, including full decoding for a programmable
811596 1405 DL747 Gr  225p TIL321/2 130p }g-ggmnx Zgon sound generator, and also a 40 pin socket for further ex-
811897 120p | FND357  120p TIL330 190p | 12O bz ae0n |  Ransion. 7.50
81LS98 140p | DRIVERS 7750 200p | 19.968MHz 390p 2. ANALOGUE BOARD - Plugs into the decoding module to ro-
9601  120p | 9368 250p 7760 200p | 27.145MHz 250p vide D/A converter, 8 channel multiplexed A/D converter with 2
9602  220p | 9370 250p NSB5881CC S70p | 38.6667MHz 350p conversion time, AV-3-8910 Programmable Sound Generator, plus
- 6522 VIA providing timing and counting functions and an additional
COMPUTER BOOKS (NO VAT} NEW RETAIL 16 bit port. ) 39.95
Introduction to Microcomputers Vol 0 595p 3. DI_S_PLAY BOARD - Plugs into the decoding moduie to provide a
Introduction to Microcomputers Vol 1 630p SHOP AT ::3%9?‘0’.5 dLE? display. A pair of such boards may be used toé;uve a
Micros-interfacing Techniques 995p 305 Ed are Rd ur aig ea( Ly X . .
TT) Cookbook 750p gware o All are sold in kit form, and in each case the kits are complete
C-MOS Cookbook 795p London W2 with double-sided PCB, and all components, ic sockets and
. connectors.
Piease add £1.00 p & p per book. Tel: 01-723 0233 . P -
A reprint of all “PE’’ articles available at £3.00

Please add 30p p&p & VAT.
overnment, Colleges, etc. Orders accepted

. Mon. Fri 3.30-5.30
* Saturday 10.30-4.30

TECHNOMATIC LTD.

17

BURNLEY ROAD, LONDON NW10

(2 minutes Dollis Hill tube station) (ample street parking)

Tel: 01-452 1500

Telex: 922800

Published approximately on the 15th of each month by IPC Magazines Ltd.. Westover House, West Quay Road. Poole. Dorset BH1S 13G. Printed in England by Chapel River Press, Andover, Hants. Sole Agents for

Australia and New Zealand — Gordon & Gotch {A/sia) Ltd.; South Africa -

- Centra) News Agency Lid,

Subscriptions INLAND and OVERSEAS £13-00 payablc 10 IPC Services, Oakfleld House. Perrymount Road, Haywards Heath. Sussex,
Practical Electronics is sold subject to the following conditions. namely, that it shall not, without the written tonsent of mc Publishers first gwen be Icn( resold. hired out or otherwisc disposed of by way of Trade at more

than the recommended selling price shown on the cover, and that it shall not be lent, resold or hired out or otherwise d

d of in a
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CHATTER-
BOXES
SERVED
HERE.

Realistic is the biggest name in Citizens Band
Radio and accessories —and you will be
able to buy the full range at Tandy — the
world’s largest retailer of CB equipment!

—FPLEALISTICE

CBfromTandy
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For personal service visit one of our stores.
Our new store at Hammersmith is conveniently situated near the end
of the M4 and the North and South Circular Roads.
There is excellent street parking on meters a few steps away and
Hammersmith Underground Station is nearby. Call in and see us soon.

.. inour @
CATALOGUE @

320 big pages packed with
data and pictures of .

(s over 5.500 items L]
®

LY X
Over 100,000 copies sold aiready! 3 Same day service on in-stock lines
Don’t miss out on your copy. 3 Very large percentage of our stock lines in stock
On sale now in all branches =« All prices include VAT
WH Smith @ price £1. % Large range of all the most useful components
In case of difficulty check the coupon below. “ First class reply paid envelope with every ordes

s Quality components—no rejects—no re-marks

k t s Competitive prices
..“a e I easv- ne s Your money is safe with a reputable company
On price. service. stock, quality and secunty it makes
. A\\\J \\‘\Q,% . W|th n’.InDLIII ' sense now more than ever to make MIGPLIM your
e \\,e 96 ® first choice for components every time!
. “’AQ 1\‘\ aQ\“S q\‘e\) .
§ @

r-----------------|
Post this coupon now.

o@mw

. . . . . Easy to build, = Plez:sgssend&me ?'(;opy of your 320 page cat?lugJe | enclose £1.25 (|
Ry (incl. 25p p&p). If 1 am not completely satisfied | may return the
SuDerb specﬁlcatlon_ . catalogue to you and have my money refunded. If you live outside the I
Comparable with organs selling for UK. senc £1.68 or 12 International Reply Coupons i
up to £1,000. |
' g Name .
e A § rodess |
B | - 2
IEPLIMR 7 '
PE-10-81
n 1 r\{ P n ELECTRONIC SUPPLIES LTD. k-----------------l

All mail to: P.0. Box 3, Rayleigh, Essex SS6 8LR.  Tel: Southend (0702) 554155  Sales: (0702) 552911



