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Much more than just kits
quite simply the best way
to make music...

Powertran have been designing and manufecturing high-quelity electronic kits for more then
a decade. Thousands heve been purchesed end assembled by constructors throughout the
UK end world-wide. Meny of our regular clients have built the entire range — severel times!
A Powertran kit makes an excellent gift for the electronics enthusiast; and is a gift that,
when constructed, may be given again.

Our reputation rests on these unshakeeble foundations — we use the most imaginative and
ingenious designers; we use high grade components subjected to rigid quality control; our
kits are complete, even screws and wire are included; we take care with packing and
despatch; our instructions are clear and always fully comprehensive . ... and if that weren’t
enough we back it up with our money-back guarantee. Powertran care and your skill gives
you that something special.

Among the most popular of our kits are the fabulous 'Transcendent’ range of synthesisers. Designed by the expert
in the field, Tim Orr, and featured in Etectronics Today International — those kits represent the zenith in both
constructional Ingenuity and musical performance. Thanks to our fully jflustrated, carefully diagrammed 30 pages
plus of constructional notes the ‘Transcendent’ range is comfortably within the cepability of most enthusiasts. A
great many ‘first time builders’ have completed them without difficulty and are justifiably pleesed with the results.
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- . - write or phone for NEW 40 page ‘81/82 catalogue — FREE!
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or at cuitent tate )l changed Cheques. Access, Barclaycard accepied
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Telecom Turnround

It seems that there has been some confusion about the use of the
‘ilegat in the article entitfed Telecom Turnround published last
‘lllegal supplier and ‘illegal equipment’ were not clearly defined. in
"there is nothing illegal about supplying or selling telephone equipment,
and likewise the units themselves are not iflegal. The faw is only broken
when an independent supplier publicly states that the equipment he seV,
can be connected to the UK network when it hasn't been approved by
British Telecom. And again, the equipment is only illegal once it has been
connected and in this case it is the buyer of the equipment who breaks the!
taw, not the supplier.

We apologise to any readers (especially supplierst) who may have|
been inconvenienced by this misinterpretation.

FM Main Man!

Here is a letter we received from the Electricity Council referring to our
article on FM Mains Remote Control. Please note

Game, Set And
Match

Extending the series of features
on their C80 watch, Casio have
decided to include alarm with lone
control, day and date indication § Dear Sir

with time display, and a combat EM Mains Remote Control

style electronic game. The two TRl et
new models incorporating these a conerlfolflr;fe":cr:e ‘;-,)C;,Obe-rlmm edition o
features are called the CA90 and vice which utilises the eleciri :
CAY01 The first has a black resin | for communication berw e roaca! installation as the medjum
case and bracelet, the second. a gy of utiis
staqr:;ess su,?el coalecli case Tnd Hf)uld F;":rem,'ses.
solid stainless steel bracelet | u please point out to .
Recommended retail prices are ‘E';'ecmc Lighting (clauses} Act 1{;’3:;-‘::}:75’5 frh.u under section 27 of the
£22.95 (CA90) and £34 95 (CA901) e owner or accupier of premises tses the onereror o nCh states that if
They should be available trom intertere ‘unduly or improperiy’ with the ofﬁme,“supphed ¥avo
your friendly neighbourhood any other person the Board may discontin :nr ik o {0
Casio stockist or in case of difficul- | We would also point out that if the poss feie urpin
ty contact Casio themselves at 28 | be used in the manner you describe ‘:’h; o oasuribution system were to
Scrutton Street, London EC2A 4TY restricted to the circuit between the “helg,ffff)i-(ljysf; R %ou{d non
bours’ but veould be

q broadcast thro
ughout the surround 3
| therefore be ‘received by all the or:gi 5“ b

ln-car care helplineyslem.Theequipmenlin~ = to that network. Any detrimental effeci eﬁ""{”v consumers connected
cludes Citizens’ Band radio, stereo item of equipment bemng used hy thers oorc, Bnals may have on any

he high price of instaliingin-car  and normal radio, and offers a the responsibility of those in ;-oly dose other consumers must clearly be
sound systems is often due to  wider range of choice than most of whether they have spilled o HE fm generating the signals regardless

the large proportion of cash ear-  high street shops. Each unil is ac- have been doliberately m;ec:edvier rc;m the installation or whether they

marked for so-called expert in-  companied hy detailed fitting in- Yours faithiulf nto the network directly

stailation. But Grieens at siructions, but should you get into -

Debenhams have come up with a  difficulties just ring the number DV lord

less expensive alternative. They shownon the leaflet and an expert i Head of Distrib

have introduced Track One — a  will talk you through to find out . istribution £ngineering

range of in-cat entertainment where you went wrong. You can

systems with full installation in-  find Greens at any of your local |
structions, backed by a 24-heur  Debenhams stores.

New Connections

Followm up on our article last month about the new Telecommuni-
cations bill, we have found Brilish Telecam are now pulling their pro-
verbial receivers out For example, a scheme designed to enable
telepbone sockets Lo become as commonplace as power outlets has
recently been announced by BT The scheme will be launched nation
wide this autumn and follows a successful trial programme in Taunton
and Carliste which has been running since May this year. Instead of hav-
ing telephones fixed permanently. customers now will be abie to unplug .
them and move them from room to room wherever sockets have been in-
stalled This idea will radically change the instaliation of the telephone
service in and around the home. also simplifying the sale of some
Telecom equipment, when phones will be available from some 40 shops
by next April, mostly within department stores. These wiil be available for
sale to customers to take home and plug in As supplies of the new plugs
and sockets become available, customers asking for extension phones
will have sockets fitted. and will be supphied with a telephone of therr
choice, witha pluﬁ already connected to it. Engineers will also adapt ex-
isting phones on the same line to plug and socket connections This will
reptace existing extension arrangements Customers requiring an exten-
sion tefephone will pav i connection charge of £25 with.additional exten
sions provided st tk o ontal Fet265h0
residential extension, complete with standard telephone and additiona)
sockets on their own will be charged at 15p a quarter All new installation
work on residential and single business lines will incorporate the new
system txtranote 1hismeansthat all telephones approved after the new
liberalisation comes into eftect will be candidates for this kind ot plug
and socket connection

Further update Ferranti have just won a contract to supply British
Telecom with the new ZN470AE Microphone Amplifier Integrated Cir
cuit This will be incorporated in the new linear electret microphone
manufactured by AP Besson Ltd, which will replace the familiar carbon
type, thus offering improved speech quality and long-term rehabulity
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THREE FOR FREE

EXPERIMENTOR BREADBOARDS
No soldenng moduiar breadboards. simply plug
components 'n and out of letter number 10entified
nickel-silver contact hotes, Start small and simply
snap-iack boards together to buld s breadboard of
any size

Al EXP Breadnoards have two bus-bars as an nlegra
part of the board, if you neec mare 1han 2 buses
simply snap on 4 more bus-bars vath the aid of an EXP
48

EXP 325 £1.60 The daal breadboard

Available from selected stockists

ELECTRONICS BY NUMBERS

e

No. 10 SOIL MOISTURE TESTER
No more wilting housepiants with this soil
moisture test. Just place the probes into the
soil and it will light up to tell you whether
the soil is “too wet* or “too dry”’. You
don’t even need green fingers.

No. 11 DIGITAL ROULETTE

The suspense and excitement of the casino
in your own home. Just press the button,
the clrcle of tights go round and there is the
sound of the roulette wheel as well, both
gradually slowing down to reveal the
winning number.

No. 12 EGG TIMER

How do you like your eggs done, harg or
soft, just set the timer and it will sound
when the egg is done to your liking. Long
battery life because it switches itself off
automatically. So get cracking nowt!

gty \ P
for 1 chip circunis A ‘?'53 t ‘? a”’c”’ --";W Want to get started on building exciting
upto 22 pin ICs Has 130 contact paints G projects, but don’t know how? Now using

including two 10 point bus-bars

EXP 360 £3.15 Specially gesigned
for working withup 10 40 pin ICs
perfectlor 3 & 14 piniCs

Has 270 contact poenis including
two 20 point bus-hars

EXP 300 £5.75 | he

st widely bought
breag-board in the UK
With 550 contact

points, two 40 point

bus-bars. the EXF 300 wilt accect any size IC and up
10 6x 14 pin DIPS.UUse this breaoboard with
Adventures in Microelectionics

EXP 500 £6.30Mosi
MICROPROCESSOR  *
Projects i magazines =
and educational books E
are built on the EXP 600 *

EXP 660 £3.60 Has -6 centre
spacing so 1s parfect for
MICROPROCES SOR appiications

EXP 4B £2.30 Four
more bus-bars in

RRINE L1 X

EXPERIMENTOR BREADBOARDS and
following the Instructions in our FREE
‘Electronics By Numbers® leaflets,
ANYBODY can build electronic projects,
For example, toke one of our earlier
projects, a L.E.D. Bar Graph;

Py

SO0
-o-%_—cx-

IR o
Lol PN o |

You will need; One EXP 300 or EXP 380

breadboard 15 silicon diodes

6 resistors 8 Light Emitting Diodes

Just look at the diagram, Select R1, plug it
1to the lettered and numbered holes on the

EXPERIMENTOR BREADBOARD, dn the

same with all the other components,

connect to the battery. and your project’s

finished. All you have to do is follow the

large, clear layouts on the ‘Electronics by

Numbers’ leaflets, and ANYBODY can build

a pertect working project.

F pers
ROM Gsc by Nurfh N0 B
nl 0

N

For full detailed instructions and layouts of
Projacts 10, 11 and 12, simply take the coupon
1o your nearest GSC stockist, or send direct

to us, and you wili receive the latest
‘ELECTRONICS BY NUMBERS® leaflet.

If you have missed projects, 1,2 ang 3, or 4,5
and 6, or 7, B and 9, please tick the appropriate
box in the coupon,

PROTO-BOARDS

The ultimate in breadboards for the minimum of cost.
Two easily assembled kats

LITICT DOATAMTEL JPACEMTH) COIVARITION

PBE Kit. 630 contacts, four S-way binding posts
accepts up to six t4-pin Dips
PROTO-BOARD 6§ KIT £9.20

Q
Proto- Ioar 1n0.100

i

PB 100 Kit complete with 760 contacts accepis up to
ten 14-pin Dips, with two binding posts and sturdy
base. Large capacity with Kit economy

PROTO-BOARD 100 KIT £11.80

r = s e wm e [T°S EASY WITH G.S.C. w0 mm on i =m =
TO RECEIVE YOUR FREE COPY OF PROJECTS 10, 11 and 12

-on t ® pmmnae s . . . .
—_—ak RS 4§ Just clip the coupon For immediate action ]
The above prices are exciusive of PBP and 15% VAT Give us yout name end full postal address lin block The GSC 24 hour, 5 day 3 week service.
l capitais). Encloss cheque, postal ot?nu or crednt card Tdoo:wm E(o?eo):»gaz and give us your Access, l
number and explry dats, indicating In the appropn. American Express or Berclaycard number and your
THE GSC 24 HOUR SERVICE txmhv:sir the braadboard(s) you require. d order will be in the post iImmediately l
EXPERIMENTOR| C CAPACITY |UNIT PRICE INC | Qt
TELEPHONE (0799) 21682 l |Eme ADBOARDS| CONTACT l Sapin oIp Fapa 15% VAT| req | NAME
With your Access, American Express, l EXP 325 —1 [t B €270 ADDRESS I
Barclaycard number and your __EXP 30 270 3 48
order will be in the postimmediately || | :’;:: i 5 | ::: i |
GLOBAL SPECIALTIES CORPORATION = ot T 1
I E£XP 080 SO L dcloISp € 5.00 Jancioss chaque/P.0. o1 €. . . ., I
' vgzi_ g“"'f‘ Oebit my Berclaycsrd, Access, I
) | il
our 4 Point | z Amencan £xpress card No.
y € 3.5
I EXP 40 Bys-Bars I 1 s ) _ Expiry date |
S.C. Ltd, Dept. 97T [PROTO BOARGCS " i roject No*
Snsitc1 (gh.'fr’e Hill In‘c)!tustnai Estate ‘ [ pes | 80 ] 6 T EA T ] 1w ek o |
Saffron Walden. Essex CB11 3AQ ’ P | 760 | 2 JE m'sn L1 ForFros cataiogue tick box o
A ’ N C (UK) Ltd., 9TT Unit 1, Shire Hill Estate, Saffron Waiden, Essex CB113A
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Books, Books, Books...

Once again it's time to get to grips with the ever-increasing pile of
p review hooks that threaten to take over ETI's corner of the ASP of-
ces.

The first one comes from Hodder and Stoughton, and is the latest
Teach Yourself book in their Computer Science Studies range. Entitled
‘Microelectronics and Microcomputers’, the book is intended to provide
a general background and introduction to microcomputers for people
who want to come to terms with the increasing impact of computers both
at home and at work. All aspects of the subject are covered, although
briefly; the book starts with such basic topics as types of electronic com-
ponents, the use of various number systems (decimal, binary, hex and so
on), and simple logic of a microcomputer, peripheral devices and how to
use them, programming, system development, data transmission and in-
strumentation techniques. The final five chapters describe numerous ap-
plications in the fields of industry, transport, consumer goods, education
and business. No prior knowledge is assumed, although some experience
of electronic theory would make the first half of the book easier to grasp.
The authors have packed a great deal into the book’s 225 pages, and it can
be recommended as an introductory text for bewildered businessmen and
for people interested in the forceful effects that computers are having on
our society. ‘Microelectronics and Microcomputers’ is written by L.R.
Carter and E. Huzan, and costs £1.95.

The rest of the books come from Bernard Babani. ‘Audio Projects’
(£1.95), by $:C. Rayer, gets down to the nitty-gritty very quickly — a brief
introduction and then it's straight into the projects, over 30 of them, rang-
ing from preamps, mixers and power amps to tone control networks, test
gear and a simple tuner. Although constructional details are rudimentary
and in some cases non-existent, none of the circuits should be at all dif-
ficult to build. '50 Simple LED Circuits Book 2, by R.N. Soar (£1.35),
speaks for itself — the circuits are simple, they use LEDs, and there are 50
of them. A good buy for the absolute beginner; no constructional details
are given but anyone should be able to build these circuits on Veroboard
without any trouble. If you think BASIC is beyond you, ‘An Introduction
to BASIC Programming Techniques’, by S. Daly, provides a simple guide
to this popular high level computer language. The author covers all the
statements you're ever likely to meet, keeping the examples simple and
pointing out possible machine-dependent variation. In fact the book
recommends that you try programming an actual computer as soon as
possible — and so do we. Tgls way you quickly find all the quirks of a par-
ticular BASIC, and the hands-on approach is definitely the fastest way to
learn. ‘An Introduction to BASIC Programming Techniques’ will cost you
£1.95. That's it for the time being; more reviews will follow, word blind-
ness permitting!

Pack Up Your
Troubles

mhof-Bedco, the electronics

packaging specialists, have just
launched a range of ‘camera craft’
security cases. Of course, they
needn’t just be used for carryin
cameras, as they are just as usefu
for carrying any sort of delicate
equipment — test gear perhaps?
They feature an aluminium frame
and facing on rigid wooden panels,
combining strength and smart ap-
pearance with light weight. Lock-
able toggle catches, robust hinges

and riveted corner reinforcements
add to the protection thev can of
fer. The cases can be supplied in
three different sizes complete with
carrying straps and shock-
absorbent foam inserts. The foam
is easily cut to shape with the knife
provided, so it can accommodate
various shapes and sizes. There is
also a briefcase version fitted with
PVC lining and document wallet in
the lid, just in case you have any
briefs in need of protection! The
cases are available ex-stock and
prices start at £22. Further details
are available from Mike Young,
imhof-Bedco Standard Products
Ltd, Ashley Road, Uxbridge, Mid-
dlesex UB8 25Q (telephone Ux-
bridge (0895} 37123)

which includes VAT and free
delivery (RRP is £34.95). The se-
cond offer is an electronics service
wallet designed for work with com-

Mail Order

Toolmail'ate offering two new
helpful aids to the hobby en-

thusiast. The first of these is a hob;
by service case, available for the
first time in this country. it has a
robust metal frame containing 16
clear styrene drawers (each 5% x
2% x 1%") for storage of com-
ponents and small parts, and one
strongbase drawer (11x5% x3%*)
for the storage of tools and other
large or heavy items. The front of
the tough vinyl outer case folds
down to provide a useful working
surface. The case is 127 highwitha
comfortable carrying handle. It is
available for a limited period at
the introductory price of £29.95

puters, video and audio units. It in-
cludes a selected range of 25 preci-

tools include miniature soldering

iron, desolder braid, solder, solder- | -

ing tools, range of ‘screwdrivers
pliers and cutlers, wire strippers,
IC extractor, tweezers, scissors and
contact cleaners. The kit costs
£39.95 including VAT and free
postage anywhere in the UK. Both
of these items are available mail
order from Toolmail Ltd,

Parkwood industrial Estate, Sutton |

Road, Maidstone, Kent ME159LZ.

sion miniature tools and is contain- |
ed in a fitted zipper wallet. The |

Heavy Levy

he Government is likely to face strong opposition from Britain’s 25

million blank tape users if it goes ahead with its plan to put a levy on
the sale of blank tapes. The levy is meant to compensate performers for
their loss of sales and royalty payments due to home taping. The six main
UK blank tape manufacturers will alsg be adding their weight to the argu-
ment through the auspices of the Tape Manufacturers’ Group. The Group
has been formed to fight the proposal reported to be contained in a Green
Paper reviewing the whole area of copyright law. which is expected to be
published shortly. The TMG includes representatives from BASF,.3M
Maxell, Memorex, Sony and TDK, and Mr Bill Fulton, the Group's Chair-
man, maintains that the levy plan is unworkable and impractical and that
the problem of home taping has been overstated. He also believes that
any levy would penalise all tape users, whether or not they were breaking
the copyright law, and that the levy would be like imposing a tax on blank
tapes therefore effectively subsidising the record companies. The basis
on which the levy has been proposed is that the British Phonographic in-
dustry claims that it is losing £1 million a day through breaches of
copyright. But the TMG say they haven’t produced any hard evidence to
back up this fact.

Loudspeakers

t looks as if ourreaders are not as
handy with the woodsaw as they
are with the soldering iron. Volt
Loudspeakers, designers of the V3
(October 81 ETH), tell us they'e had
almost as many enquiries for a

woodwork kit as they have for the
electronics. Consequently they
have arranged for a complete set
of precut chipboard panels to be
made available by Wilmsiow
Audio, 35/39 Church Street,
Wilmslow, Cheshire (telephone
0625-529599) — contact them for
details All you have todois screw
the panels together as described in
the original article — now there's
no excuse for not building a pair!
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Scientific and technical
professionals favour
the HP 85, they are
being joined by
increasing numbers of
business professionals.
Find out why the HP 85
is the professional
microcomputer at your
nearest Laskys store or
write to our Mail Order department for more details.

LAFKYS is the largest specialist Hi-Fi chain in Europe, in July 1980 they acquired M

Microdigital — an independent, specialist microcomputer store based in Liverpool. M\(
Since then specialist microcomputer departments have been set up within selected M\
Laskys stores under the Microdigital name, these have now been renamed
Microcomputers at LAFKYS$ y

h fessional Mi il

The Proftessional Microcomputer Retailer
® | L4 ® L
with 10) Outlets Nationwide & Mail Order

BIRMINGHAM MANCHESTER
19721 Corporation Street, Blm\inghum B2 4ALP Tel 021.632 6303 12714 St. Mary's Gate, Market Street, Manchester, M1 1PX Tel 061-832 6087
Manager: Peter Stollard 300 yards from Bullring Centre Monager. Lesly Jacabs Corner of Deansgate.
BRISTOL NOTTINGHAM (Orenng eory 1982)
16/20 Penn Street, Bastol, BS)1 3AN. Tel 0272 20421 174 Smithy Row, Nottingham, NG1 20U. Tel: 0602 415150
Opentng 16th October Manager Alister Howkes.
Between Holidoy inn and C & A Within Market Square, Exchonge Buildings, Nottingham
CHESTER SHEFFIELD
The Forum, Northgate Street, Chester, CH1 2BZ. Tel 0244 317667 58 Leopold Street, Sheffield, $1 2GZ. Tel: 0742 750971
Manager Jeremy Ashcroft Next to the Town Hall Manager. Justin Rowles. Top of the Moor, opposite Town Hall
EDINBURGH LIVERPOOL
4 St Jomes Centre, Edinburgh, EH1 3SR Tel. 031-556 2914 33 Dale Street, Liverpool, L2 2HF. Tel: 051.236 2828
Manoger Colin Droper. East end of Princes Sireel, St. James Centre Monager: Mark Butler. Between the Town Hall and Magistrates Courts.
KINGSTON (Opening eorly 1982) LONDON
38/40 Eden Street Kg‘?ﬂcn KT11EP Tel 01 546 1271 42 Tottenham Court Road, London W1 9RD. Tel 01.636 0845
Opposite Main Post e

/"v"‘“v"‘w——\f T \ M -l rd
/_M I,CR o Q o M P UTE R 51 Mic rgc:igifoul Limier:d, FREEPOST {No stamp required), Liverpool 12 y

LASKYS
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B-B-Books from B-B-Babani

ernard Babani Publishing Ltd will be happy to send copies of their new

1982 catalogue of Radio, Electronic and Computer books to anyone
who cares to send them their name and address. So if you want one, write
to them at: The Grampians, Shepherds Bush Road, London W6 7NF

Hot Stuff! oo

Sinclait Electronics has just an.
nounced the faunch of the
Thandar TH301 hand-held digital
thermometer. It features a large
readou! LCD display, a wide
temperature range of —50°C to
750°C and 1°C resolution. it also

thermocouples

as optional
accessories,

covering a wide

range of applications,
including mineral

b - A
et ' +

and over 1,000 hours of battery life
is obtainable. The unit is housed in
a strong Thandar case and is sup-
plied complete with battery and
fast response bead thermocouple.
The price is £59.50 including VAT
and Sinclair offer a range of

' incorporates the latest lechnology

filled, hypodermic, right angle and
surface. These all come compiete
with plug and fiexible interconnec-
ting cable. For further details con-
tact Sinclair Electronics Ltd, Lon-
don Road, St ives, Huntingdon,
Cambridgeshire PE17 4H).

RSN .

ELCB

B & R Relays have broadened their range of combined 13 A Earth
Leakage Circuit Breaker (ELCB) socket outlets with the introduction
of a new wall mounting version. Based on the successful HO4 portable
ELCB with integral 13 A socket, the new model is designed for mounting
direct!y on a convenient single of double outlet box. The new ELCB is sim-
ple to install — anyone capable of wiring up a standard socket candoit,
be it at home, in the office, workshop or factory. The unit is available in
sensitivities ranging from 10 mA to 30 mA, and a test button allows opera-
tion to be checked at any time as well as every time the device is switched
off.Special socket styles can be supplied to ensure that particular equip-
ment is always plugged into the ELCB and not a non-protected socket
outlet. Further information can be obtained from B & R Relays Ltd, Edin-
burgh Place, Harlow, Essex CM20 2D)

Bright Flatpacks

Perdix Components Ltd have just
announced the release of two
new incandescent digital displays
for their Aurora line. The new
FFD-71 (0.472" character) and
FFD-81 (0.614" character) displays
operate from 3.5 V DC with a low
current drain of 7 mA while main-
taining extremely high brightness
levels. The units also feature TTL
compatibility, are multiplexible,
can operate from AC or DC power
and can be filtered to almost any
colour. For further information
contact Perdix Components Ltd,
gté Crofton Park Road, London
4

Drilling Holes

K Machine & Tool (UK} Ltd

have launched a lighlweighli
electric drill for drilling, grinding!
and polishing which is particularly
useful on printed circuit boards.
The PCB-258 dritl is powered by a
high-speed 220-240 V motor and
measures 175 mm long x 44 mm
diameter. Four different collet
sizes are supplied to handle 0.4-3.2
drills. Optional extras include
tungsten carbide cutter sets, grin-
ding points, cutters, sanding discs
and various drills. A drill stand is
also available with a spring-
mounted arm which provides good
stability and can be used with cir-
cuit boards up to 280 mm. Further
information and prices can be ob-
tained from OK Machine & Tool
{(UK) Ltd, Dutton Lane, Eastleigh,
Hants SO5 4AA.

10

New Improved DMMs

luke are now manufacturing a new series of digital multimeters. They

are intended to replace the existing 8020A series by providing more
features at even more competitive prices. The new features include four
models instead of the previous three, three of which include a high-speed
continuity bleeper as standard, improved calibration specification with
two-year calibration guarantee, two-year parts and labour warranty,
heavy duty 600 V fuse system to provide greater protection against high
energy inputs and improved mechanical design with non-slip feet, tilt bail
and easier-to-use layout. This new ‘B’ series will be available direct from
Fluke at Watford or through their nationwide network of distributors.
Further information from Fluke (GB) Ltd, Colonial Way, Watford, Herts
WwD2 4TT.
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ELECTRONIC GAMES

\
SEMI-PI MMABLE TV GAME

- 4 Canridges - Mans
£39

Adapror
Nermal Price £73
NOW REQUCED TO: nc var

DATABASE T.V. GAME

FULLY PROGRAMMABLE

The mast populer IV Game on
CARTRIDGE TV GAME
ne VAl

the market with a range of aver
40 carirnidges in¢cluding SPACE
INVADER% with over 112
games on ore cartridge

14 Cartnidges available
Normat Price £87 86
NOwW REOUCED TO:

CHESS COMPUTERS

MANY UNITS"

ARE COVERED 8Y

THE EXCLUSIVE

SILICA SHOP 2 YEAR GUARANTE

/ @,\ Noimal Price £49.85
£39.:

Teach your chud 1o
spell propecly with
1S vnigue lesrning
M Fully automatic
fcatures and scoring
Agditional word
modules availadle to
extend 1he range of
wofGs

HAND HELD GAMES

EARTH INVADERS

{
/
(-

These invaders ere @ breed of Creaiure hifherto
unknown to man They cdnnat be welled by
tragitional methods — they musl be buned The
bettle 15 conducted 1 a mare where squads of
»ligns  chase nhome 110ops The onky wav ol

NOW REDUCED TO:

We carry a range of over 15
different Chess computers
Elecironic Chess £29.95
Chess Traveller £39.95
Chess Challenger 7 £79.00 T
Sensory 8 £118.00, ™
Sensory Voice £259.00

SPECIAL OFFERS : = %X

VOICE CHESS CHALLENGER
Normal Price £245 NDW £135.00

- tarl un
SARGON 25/80RIS 25 — ——— s 1V progra

Normal Price £273 70 NOW £199.95
Al peages ncivde VA T

ADDING MACHINE
OLYMPIA HHP 1010

lorma) Price £57 21
NOW REDUCED TO

£34;

Uses ordinary papes
No aeed 10 buy espensive
tharmas paper|
Fast add isrng PRINTER
CALCULATOR 2 tinas per
second. 10 dwgi capacay
Uses normai pdding
machune rolls Batiery or
MMNS ODErated
Sww 9" "ad®i"a2
Mg ad

ELECTRONIC DOOR
BELL

Normal Price £19 70
NOW REDUCED TO

J0nc var

Plays 24 ditferent 1yncs
with sepsrale speed
control and volume
control  Sefgct the most
3ppropriste lunce for your
visdor, with  appropriate
funes for diffecant nmas of
1he yea

THE OLYMPIA — POST OFFICE APPROVED
TELEPHONE ANSWERING MACHINE

WITH REMOTE CALL-IN BLEEPER

This teiaphone answering maching $ manulaciured by Olympia Business Machines. onw of the
largas1 Office Equipment manufaciorers in 1he K It 15 fully POST OFFICE APPROVED and w
answer and record messages for 24 hours 8 day With your remote cail-in bleepes you can receive
1hese messages by telephone wherever you are inthe world Theremote call-inblesper activales the
Answor/Record Unit. which will 3t your command repeat messages, keep or e7ase tham and s
acivated from anywhere in the world, of on your retusn 10 your hioma of ottice The machme ¢an als
be usod for message relerral it you have an urgem appoimment bul are expecting an importan cati
simply tecord the ‘phone number’ and location where you can be reached With opuional extra
bleepers {£13 each) this facuity can de
extended to colleagues and members of

SPACE INVAD

[ ] SR
- - -~
L
pisa’
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e

Hand-held Invaders Games svsilabie £19.95

* invagers Cartrdges avadable to it
ATARI RADOFIN ACETRUAC BMILPS G000
Cartrdiges also availabie for
MATTIEL TELENG ROWTRON
DAIABASE INTERION

ADD-ON
ADAPTOR £1 9 9

THE RADOFIN TELETEXT ADD ON
ADAPTOR

Plug the 8aaptor 110 the avrial aocket of your
colour T V.
ORACLE retevision inturmanion services

and secerve the CEEFAX snd

1S NEW MODEL INCORPORATES

Ul e i)

tutt PAL Colour

’ #BC & 184 broadcamt spem,ihcalivny
chinnei change

35y 10 F@TOve (he

oy

A0 Cw et Dy '
* Naw SUPFRPMPOSF News Fush s

OMe COMpuier we
d progracnmable 0 Mi1g30)| Bagee
7 ACCEESONIRS Wil DO BVE 18DIR La%er i the yeu

623,95
HAND HELD GAMES
GALAXY

1000 G

The ACE TELCOM VOX1000 Prestc) Veiew
data addutur siMply Diygs 1Nto the acnial
sovket of yout telovision and cnables vou tp
receive the Presiel Vievwiatd scrvice
cotays or black & white

Features

the tamity. Using a C90 standardcassette
YOU C8M record as many Js 45 messages
The announcement ¢an be up 1o 16
seconds Jong and the incoming message
up 10 JO seconds long

The mactune (s easy to install and comes
with lull instructiars It s vas:ly wred 10
Your JoNCtION bOx with The $pade conmnex
tors provided o allernatvely a fach ptug
£4an de piovded 1o plug into 3 JIek socke:
Most important of course s ihe tacl that
it s fully POST OFFICE APPROVED

The price of £135 (rnc VAT) includes the
mactune, gr ealrd lighl 1g1001¢ cali-in
Bleepe: the microphone message tape
A € mawns adaptor The ounit s
93746742 and 15 tully guaranteed for
12 monins The wlephone can be placed
drrectly un the unit — no akhtional desk
space 15 fequired

The 20d generatinn Gaary tavader [he invaders
hove re grouped and have a seemingly endless
supoly o spacect s’ whist Ing plaver 8 wna &

IPAre 10 |uSt 250 Menar A4 o e launchid ¢ 3
rm Ie $lal Y MIVC (O pravant the fvakors

A of
- -£19.95
detencas L] vAT

FOR FREE BRO

1
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THE EXHIBITION FOR THE ELECTRONICS ENTHUSIAST

COMPUTERS @ AUDIO @ RADIO ® MUSIC® LOGIC® TEST GEAR® CB® GAMES ® KITS

Wednesday 11th November 10 a.m..6 p.m. Thursday 12th November 10 a.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.

S 9 & 8 8 8 s 8 8 00 00

PEOPLE
CANT BE
WRONG

COMPONENTS @ DEMONSTRATIONS @ SPECIAL OFFERS @ MAGAZINES ® BOOKS

Any one of the 17,000 people who thronged
the RHS for the Breadboard exhibition last
year will need no introduction to this year’s
premier show for the electronics enthusiast.
They already know all about the
demonstrations, bargain sales, bookstalls,
games, kits, computers and music machines
to be found at BREADBOARD 81. They could
name you all the leading companies who
were there to see — and tc buy from, at
fantastic prices.

Even thuse lucky 17,000 would be surprised
to hear that this year we've improved
BREADBOARD still further! More stands,
more demonstrations and wider gangways to
make it all easier to enjoy!

SREADBQARD 8l is the place to be from
November 11th to 13th ai the RHS Hall. Why
not come and find out for yourself how much
you missed last year? We can promise plenty
to see and do at BREADBOARD 81.

Close to Victoria Station and NCP car
parking facilities.

12

Cost of entry will be £2.00 for adults and
£1.00 for children under 14 yrs and O.A.P.s.
ORGANISED BY ARGUS SPECIALIST
PUBLICATIONS LTD., 145
CHARING CROSS ROAD, LONDON WC2H OEE.

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

To avoid quouoini. advance tickets will be available from
dvance Tickets BB ‘81, |
ASP Lid, 145 Charing Cross Road.

London WC2H QEE.

**Special Advance Booking Price’* |
Adults £1.75 Children under 14 yrs and O.A.P.s 80p

Plecse send ...... tickets @ £1.75 ...... tickets @ 80p

............................................................
............................................................

............................................................

I enclose PO/ chequeforf.......... {make payable to ASP Ltd.)
| Advance tickets MUST be ordered BEFORE 20th October 1981. i

h--—--—-----*-—--‘----—-d

——————
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Defence Digest

This new regular feature is 2 detence electronics, its
equipment techniques and application. Defence remains
one of the largest growth areas in UK industry, with much of the
real innovation and investment taking place there. -
Defence Digest will thus act as a news {and views) section,
containing up-to-date information and explanation of some of
the happenings in the different sectors of the defence industry.
Companies with information and articles for these columns
are invited to submit them direct to Defence Digest at our
editorial address. Indeed, anyone with anything to say on the
subject, be it information or opinion, is a potential contributor

Direct Hit

The first guided launch of the Hughes Aircrait Company’s Advanced
Medium-Range Air-to-Air Missile (AMRAAM) was a success with a
direct hit on a drone aircraft targe!. It was tested in Holloman Air Force
Base, New Mexico, and fired from a US Air Force F16 aircraft against an
F-102 drone target. It closed in on its target using its radar guidance
system, thus proving the missile’s capability with this particutar aircraft.
The next generation AMRAAM missile will pack higher performance into
an airframe which is only about half the weight of the missile it will
replace — the AIM.7 Sparrow. The missile provides ‘launch-and leave’
capabilities enabling the pilot to break away immediately after launch to
engage other targets. Hughes is one of two contractors selected for a
33-month prototype validation programme; selection of a winner is ex-
pected in October and the winning contractor will then start full-scale
development. The AMRAAM program isajointUS AirForce and Navy ef-
fort to develop an advanced all-environment missile for operational use

and should not refrain from putting pen to paper.

Acceleration

he picture shows Mr C.H

Davies (left), Director of Air
craft Production, Ministry of
Defence (Procurement Executive}
receiving from Mr Lester George,
Managing Director of Ferranti In-
strumentation Ltd, a presentation
model of the Ferranti FA2 ac-
celerometer to commemorate the
production of the 9,000th instru-
ment. Ferranti inertial grade ac-

celerometers have been in full
series production since 1968 and
currently exist in five variants
Since that time they have been fit-
ted in the inertial guidance plat-
forms of all British military aircraft
including the Nimrod, Jaguar, Buc-
caneer. Phantom and rnado
Other applications have included
use in airborne and shipborne
radar antennas and sonar arrays.
Satellite and rocket applications
include Exosat. Skylark. Black
Knight and Ariane.

-
&

anng

between 1985 and 2005.

Tracking
Helmets

erranti is to supply its advanced

Helmet Pointing System (MPS)
as part of the British Aerospace
Dynamics Group Tracked Rapier
Misstle System for the British Ar-
my. The HPS, which was first seen
at last year’s Farnborough Air
Show, is a revolutionary target
sighting system which can direct
weapon aiming sensors towards
any target at which the wearer is
looking. The HPS was originally
conceived as a pilot’s aid but it has
received its first major contract as
a land-based system. The Ferranti
Helmet Pointing System Is a very
lightweight, stimple system which
improves normal weapon aiming.
Basically, the entire system con-
sists of the helmet-mounted sight
and sensor, aradiator (mounted on
a convenient nearby fixed object),
a signal processing box, a contro!
unit and an appropriate source of
electrical power. The observer’s
sight is light and compatible with
the latest protective masks. in the
Tracked Rapier situation, the com-
mander {observer) with his head
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out of the cupola, searches for
possible targets. The sight on his
helmet has an illuminated aiming
mark, focused at infinity represen-
ting line-of-sight. A tiny sensor,
also on the helmet, continuously
monitors the angle and position of
the Commander’s head (and hence
his precise sight-line) relative to
the radiator fixed to the vehicle,
wilth high accuracy. Once the
observer has spolted a arget, he
overlays it with the aiming mark, as
a means of designating his target.
At the press of a button, the line-of-

sight, as measured by the HPS, is
transferred to the optical tracker,
directing it to the target, which
then appears in the tracker
operator’s sight. The operator then
follows normal procedure through
weapon release to target impact.
Ingeneral use the Ferranti HPS can
be used where an observer’s
sightline needs to be transferred to
equipment that must be directed
to the same ‘target’ — whether it
be in low-flying aircraft, a ground
target or in a commercial applica-
tion.

Hughes Hues

Here a Hughes Aircraft Com-
pany engineer uses a full-
colour display to test a stand-off
airborne system for detecting and
tracking massed armour and other
forces. The system is called Pave
Mover and displays targets and
their movements in full colourona
cartographic base, showing roads,
railway lines. airfields and rivers
As many as 4,096 colour hues can
be displayed The Pave Moveruses
airborneradar torelay target infor-
mation via data link to a mobile
ground-based Data Processing
Control Station. Computers in the
DPCS process the information and
display the target data Pave
Mover’'s radar can also guide
missiles or tactical aircraft to
designated targets Guidance
commands and targeting informa-
tion are supplied by the DPCS. The
Pave Mover system is part of a
broader Assault Breaker pro-
gramme for neutralising enemy ar-
mour before itreachesthe forward
edge of thebattle area. The system
is being developed by MHughes
under contract from the US Air
Force and the Defense Advanced
Research Projects Agency. [t is be-
ing evaluated at White Sands
Missile Range, New Mexico
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and an I.C. IF. System.

This easy t0 build 3 band stereo AM/FM tuner kit is designed in
conjunctlon with Practical Electronics {July issue}. For ease of
construction and alignment it incorporates three Mullard modules

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 24" 3PProx. Complete with disgrams and instructions

» Maiching 1.C. 10410 Stereo Power
amplifier kit {usually £3.95 +£1.15p0&p)
= Mullard LP1183 built preamp, sujtable
for ceramic and auxiliary

inputs (usually £1.95 + 70p p&p)

= Matching power supply-kit with trans-
former {usually £3.00 + £1,95 p&p)

SPECIAL OFFER! <"+

+ Matching set of 4 stider controls complete
with knobs for bass, treble and volumes
(usualiy £3.70 + 80p p&p)

£21.95.....

ONLY

£1795...

STEREO AMPLIFIER KIT

= Featuring fetest SGS/ATES TOA 2006 10 wett cutput IC's
with in-built thermal and short citcuit protection.

= Mullard Sterso Preamplifier Module.

= Attractiva btack vinyl finish cabinat, 3“x8%" x 3% {approx|
= 10410 Sterec converts to & 20 watt Oisco amplifier.

To compiete you just supply connecting wire and solder,
Features include din input sockets for ceramic cartridge, mic-
rophone, tape or tuner. Outputs « tape, speakers and head-
phones, By the press of a button i1 trangforms into a 20 watt
mono drsco amplifier with twin deck mixing, The kit incorp-
orates a Mutlard LP1183 pre-amp moduie, plus power amp
assembiy kit and maing power supply. Also features 4 slider
fevel controls, rotary bass and treble controls and & push
button switches. Silver finish fascia with matehing knobs and
contrasting Cabinel, instructions

available_ price 50p. Supplied £1 4.95

FREE wth the kit. Pius £2.90 p&p

SPECIFICATIONS: Suitable tor 4 to 8 ohm speakers,

Freguengy response 40Hz - 20KHz,
Input sensitivity P.U_150mV, Aux. 200mV
Mic. 1.5mV.

Bass +12db @ 60MHz
Treble *12db @ 10KHz
Oistortion 0.1% typically @ 8 watts
Mains supply 220 - 250 volts S0Hz.

STEREOMAGNETIC PRE-AMP CONVERSION KIT
Includes FREE Magnetic cartridge with diamond styli.
All components tncluding p.c.b. to convart your ceramic In-
put on the 10410 to magnatic

Oniy available with 10+10amp, £2.00 inctudes p&ip

Tone controls

8" SPEAKER KlT Two 8’ twin cone domestic speakers,

£4.75 per stereo pair plug £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

MW - LW

« Easy to build
= 5 push button
tuning « Modern design
« & watt output » Ready etehed
and punchad PCB « Incorporetes suppression Circuits.
All the elucs ~*iic components to build the radio, you supply
only the wire and the solder, featured in Practical Electronics
Mareh issue. Festures: pre-set tuning with 5 push button
options, black illuminated tuning scate. The P.E. Travelier has
4 6 watt output neg. ground and incorporates an integrated
clreuit output stage, a Mullard IF Moduie LP1181 ceramic

SERIES It

HIGH POWER
AMPLIFIER
MODULES

READY BUILT OR IN KIT FORM

KIT BUILT
125 WATTMOOEL  £10.50 £14.25
Pus£1.15n&p Pilus€£1.35p&p
200 WATTMODEL  £14.95 £18.95
Plus€1.15p&p Plus€£1.15p&p
SPECIFICATIONS:  126W Model 200 W Model
Max. output power {RMS} 125 watts 200 watis
Operating voltage {OC) 50 - 80 max. 70 - 95 max
Loads 4 -16 ohms 4 - 16 ohms
Fregquency response
measured @ 100 watts 25Hz - 20KMz  25Hz - 20KHz
Sensitivity for 100 watts  400mV @ 47K 400mV @ 47K

Typical T.H.0. @

50 watts, 4 ohms 1% 0.1%
Olmensions (both models} 205 x 90 and 190 x 36mm
The power amp kit is a modute lor high power applicat-
ions -~ disco units, guitar amplifiers, public address systems
and even high power domestic systems. The unit is protected
against short circuiting ot the load and is gate in an open
circuit condition. A targe safety margin exists by use of

generously rated components, result, a high powered rugged

unit. The PC Board is back printed, eiched and ready to

drill for ease of construction and the sluminjum chassis is

preformed and ready to use, Supplied with all parts, circuit

diagrams and instructians.

ACCESSORIES:

Suitable LS coupling electrolytic
for 125W modiel

Sultable LS coupling electroiytic
for 200W model

Suitable maim power supply
unit for 125W model

Suitabie Twin ransformer power
supply tor 200W model

£1.00 pius 25p pap
£1.25 pius 250 pap
£7.50 plus £3.15 pao.
£13.95 pius £4.00p8&p

30+30 WATT STEREO AMPLIFIER

Viscount 1V unit in teak ssmulate 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, OtN speakar and input
socket 30430 watts AMS, 60+60 watts peak. For use with

4 10 8 ohm speakers. £32.90

Size 14%"x 10" approx

BUILT ANOTESTEO. Plus £3.80 p&p.
PHILIPSBELTDRIVE RECORDPLAYER
DECK GCO037 (Size: 16%"x 12% " approx.}

HiFi record player deck, 2 speed, damped cueing, suto
shut-off, beit drive with
floating sub chassis to
minimise acoustic feed-
back. Complete with

GP401 stereo magnetic
cartridge

LIMITED STOCK.

MONO MIXER AMPLIFIERS

50 WATT six individually mixed inputs for two pick ups
{Cer. ot Mag.), two mowing coil microphones and two aux-
iltary for tape, tuner, organs, atc. Eight slider controls - six
tor ievel and two for master bass and treble, four extra trable
controls for mic and aux inputs, Size: 13%"x6% " x3%"app.
Power butput 50 watts R.M.S, {continuous) for use with 4 to
8 ohm speakers. Attractive

black vinyl case with matching £39.95

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

100 WATT

Srushed
Aluminium
tascia and rot-
ary controls
Size: approx. 14" x4 x 104"
Five vertical slivler controls, master volume, tape level, mic

filter type pre-aligned and £ 0 5 UNBEATABLE tevel, deck level, PLUS INTEROECK FAOER for perfact

assembied, and ¢ Bird pre. 1 .50 OFFER AT graduated change from record deck No. 1 to No, 2, or vice

aligned push button tuning unit, Plus £2.00 p&p. £27 50 versa. Pre fade leve! controls {PFL) lets YOU hear the naxt

Suitable stalnless steel tully retrSctable aerial (tocking) and . dis¢ before fading 1t in

speaker (6"'x 4"'app.} COMPLETE VU meter manitors output, £76.00

available as a kit complate £1.95 /pack. Plus £1.15p&p. | Plus £3.16 p&p. 100w AMS output {200w peak). Pius €4.60 p&p.
CALLERS ONLY MAIL ORDER ONLY

21E HIGH STREET, ACTON, W3 6NG.

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

323 Edgware Rd, London W2, Tel: 01.723 8432.
Open 9.30am - 6.30pm. Closed all day Thursday.
Persons under 16 not served without parents
lauthorisation.

Att PRICES INCLUOE VAT AT 15%.

All items subject to avallability. 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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Meter Beater

If the bane of your life is the notsoovely Rita the Meter
Maid then you need our allsinging, all-dancing project. The
unit is the same size as a Barclaycard (though you can't get
credit with it) and fits neatly onto your keyring. It has an LED
_display which indicates whether you're setting it for 20, 40, 60
or 80 minutes with the touch switch operation, and when you
are nearing the time to beat Rita back to the limo, it beeps.
We've set it so that for a 20 minute wait, it will go off three
minutes before at 40, it goes off six minutes before, and so
on. We reckoned that the longer you were leaving the car the
further away you might be, cunning eh?

Robotics Today

This month we have an in-depth study on the hobbyist ap-
proach to robotics written by one of our readers. It covers
just about everything from thoughts on mechanical construc-
tion, through data processing and programming to ex-
perimental ideas for sensors. For a really down-to-earth ap-
proach to the exciting subject of Robotics read on......

‘ "
Dummy Load
We’re making audio testing easy! Apart from your
multimeter and your oscilloscope what you really need is a

dummy load. Our version allows paralle! and series connec- C
tion as well as testing of both channels of a stereo amplifier DC CO“tl’OI Of AUdIO
at the same time. The advantages of using the unit are Taking still further our favourite theme of remote controlling

manifold — not only because the source is presented with an  everything in sight, Keith Brindley follows up his article on
ideal resistive load of the correct value, but also because you Vultage-Controlled Audio with this little offering. Using

can’t damage expensive speakers during experimentation another of Mullard’s chips to demonstrate, he delves into the
Not only that — you don’t annoy the neighbours when murky depths of voltage-controlled volume and tone for use
you're testing at full power and your eardrums are saved so in preamps and to help put the theory into practice there are
you can still enjoy the music once you're finished loads of good circuits to play with

Guitar Tuner

Our simple, low cost, easy to use (and all that jazz) Guitar
Tuner is just the thing you need if you’re a budding musician
Tuning up can be really irritating. but we’ve made it simple
You just plug the guitar into the unit and the oscillator with
six reference frequencies does all the hard work for you. Just
play the note and adjust the tuning until the built-in meter
zeros, repeat the procedure for all the strings — et viola —
it's tuned. The tuner can also be shifted one or two octaves
down to make it suitable for bass or rhythm guitars. Play it
again Sam!

Infant Guard

How do you like your children — fried or boiled? Or perhaps
poisoned? Well, we prefer to see healthy specimens of the
next generation, so we’ve designed a special guard for you to
fit onto your medicine cabinet. When small inquisitive hands
open the cabinet an alarm goes off, which not only puts the
child off investigating further, but also warns you about
what’s happening. When the cabinet is shut, the unit switches
itself off. For the adult who doesn’t want to be shattered by
the sound of the alarm as hefshe is reaching for the hangover
remedy, there's also a disable button on the outside of the
cabinet which prevents the alarm going off when the cabinet
is opened by someone who is meant to use it. It's a really

LOOK OUT FOR
useful gadget to have whatever age your children may be, TH E lA N UARY ISSU E

and it'’s cheap and simple to build

ON SALE DECEMBER 4th
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COMPUTER WAREHOUSE

BULK
BUY
SPECIALS 21 63

TELETYPE ASR33
I/0 TERMINALS

\ ‘::3\
!*\ ’W i

» CAR

From£195 & Ui7

Fully fledged industry standard ASR33 data ter
mnal Many teatures inciuding: ASCIl keyboard
and pninter {or data 170, auto data delset clicunry.
RS232 senal mierface, 110 baud, B it paper tape
punch and reader for off ine data preparation and
ndicuiousty chesp and rehiabe dala storage. Sup
pled n good cohdition and n working order
Options: Floor stand £12.50 + VAT
Sound proof enclosure £25.00 + Vi

DIABLD S30 DISK DRIVES

Anothef shipment allows us to offer you
even greater savings on this superb 2.5 MB
{{ormatted) hard disk drive, Two types are
svailable both tully refurbished and
electronically identical, the only difference
is the convenience of changing the disk
packs.

S30 front losder, pack change via front
door £550 + var

S30 flx‘o:d ch.nwa vis removal of top
+& — 15v PSU fo« 2 drives £125 +vat
SPECIAL DFFER new, 12 sector packs
£20 + vat carriage & insurance on drives
£15.00 + vat tully DEC RKOS, NOVA,
TEXAS compstable further info on

“NATIONAL MA1012 LED
CLQCK MODULE

*50/60 HZ m

The same module as used in most ALARMICLOCK
radios today, the only differercs is our pricel A
electronics are mounted on a PCB messuring anly
3 x 1}" and by addition of a few switches and 5116
wolts AC you have 8 muhti function slarm clock at a
traction of cost Other features wxlude snooze
timer, am pm, alarm set. power fail indicator, flash-
ing seconds cursor, modulated alarm output etc.
Supphied brand new with full data onty

Sunable transformer £1.76. £525

MAINSFILTERS

Protessonat mans fllers a3 used oy “Main Frame
and dats giiches, fit one now end Cure your probie
Suppression Devices SD5 A10 5 amp£8 98

Corcom ing F1900 30 amp £13.95 + pp £1 00

MUFFIN FANS

oo o0d Rokobis wits par (9nted 55 vewpment
“iufle Fane” slmert st rmevwy 00d eatily momnted Aviisdic m
twe vonges 110 V.AC.£5.05 +pp 20p OR 240vA
£6.50+pp 90p. OIMENSIONS 4% t4%” c1%”

0

DISCOUNT
Oua to our massive bulk purchasing programme
which snables us 10 bring you the best possible
bargains. we have thousands of 1.C.’s, Transistors,
Rolays, Cop's., P.C.B.'s, Sub-assembles. Switches,
1. 1€, surplus to our requirements Becausa we
don’t have sufficient stocks of any one item to
mciude 1n oyr ads., we are packing ak these items
into the "BARGAIN PARCEt OF A LIFETIME"
Thousands of componants at giveaway prces!
Guaranteed 10 be worth at least 3 fmes what you
pay plus we stways include something from our 8ds.
tor unbestsble velue t Sold by wenght

Lt CTRONIC
COMPONENTS
K EOQUIPNENT

RAM sCOOP

4118 200 NS & for £12.95
4164 200 NS £0.50 sack

2102-850 NS 4 for €8.50

I:DNNEUORS
50+

1.1 1.10
1.90 120
ALt + VAT

ICLTERMIPRINTER
300 BAUD TERMINALS

REDUCED
TO CLEAR

NOW
ONLY
£80

+CAR
+VAT

Made under licence Irom the worki famous GE Co.
The ICL Termipninter 15 8 small attractive umit with
$a maay features it is imposs:bie to list them in the
space availabie! Briet spec. as follows: RS232
serial interlace, switchabig baud rates 110, 150,
300. (30 cps). upper and lower case coffrespond-:
ence type face, standard paper, almost silent run
ning, form feea, electronic 13b setlings, suied for
word processor applicatons plus Many more
featores Supplied compl in o3 5000

condition, no guerentee.

100+
095
1.00

WIRE WRAP SKTS.
24 Pin Vero 28p

14 Pin God 22p

16 Pin Gold 24p

190 PCS Mip Brd

NOW OPEN

MONDAY- SATURDA

9.30-5

RF CON

5043 BNC PLC 50p
750 NC PLG 50p
PL259 PLG 40p
$0238 SKT 35p

Cto
DATA CASSETTES
10 for £56.75
Inc VAT

MPU
EXPERIMENTORS
eSv+12v-12ve24V
POWER SUPPLY

Dres agew we e vary pieasad 10 offew Oes supesd Powe:
Supgly Ut and hope W satsty most of our prvous
customers who were desappoinied when we sold out dus 1o
demarxd last tme they we sdvertsad! These unrs may st
Nave webl besn made for yous lab., ey consast of @ semi
enclosd chassis measurey 160mm x 120mem x 350mm
conanng o slean shacyoncs © give the folovang ully
raguisted) and short arout prood oututs ek

+5v & 2 amps OC + 12y & 600 ma DC

-12v @ 800 ma 0C 4 24y & 350 ma DC
20 thal's rot enough 2 fully Aoatng Sy outpet @ 50 maDC
which may be seresed o gve @ host of other vollages Al
catputs are brought Dut to the front panel wa minkature ik
sockets and are siso hpicated o1 the rear on shon fng
\madts. Ungs actept sonders 240v  mams mput. They are
e GPO arl may have mnar scratches on the ot panels,
ey ww soki uestad tit n good witeenal condfon
£16 500&714'{2 SOWmmmm

neeed HURRY
WHII.E STOCKS LAST!!

100 PES MIN ORD

HIGH SPEED
DATA MODEMS

otwr dats s Mam fsatures inciude swichabir V28
mzmmum.smnmm
a0 wawer 4 v of 2 wew oparrion. Seff wst, LES
st wieaton CMOS s akogy. modular consaueon
orgral cont v £ 700 sach Bebevad brand cew
sugpied complens with PSU e

£185.00 +£9.50 camege + VAT
*Pemeam may by requesd bx connecton 1 PO Gaw

PERTEC

PERTEC TAPE DRIVES
7 track 6840 — 75-25 £176.00 +
/i

THE PRINTER SCOOP OF THE YEAR

THE LOGABAX 280 MICROPROCESSOR CONTROLLED

L.X180L MATRIX PRINTER

A massive bulk purchase enables us to offer you ths
superd professional panter at @ fraction of ity recent
cost of over £2000. Utlsing the very istes! in
mucroprocessor technology it features a host ot
facikties with all electroncs on one plugin PC.B Just
study the specfication and you will instantly realrse it
meets all the requwements of the most exactng
professional of hobbyrst user
AMOARD FUNCTIONS # Fult ASCII character set % Standard

T/
ik nbbon % RS232/¥24 senal intertace -7 xtal controlled baud retes up
109500 # 154 charncters per ina # Paralel interface & Hundshakes on seraland parasel
ports # 4 Type fonts, naic scnpt, double width, ake large, standard # Internel bufter

& Internal 30! tast & 170 CPS & Vanable paper tractor uj

10 17.5" wade # Solid steel

construction & All software in 2708 sproms sesity reconfigured for custom fonts etc.

At dws and more, not refurbished but BRAND NEW A1 Only £525

+VAT

Also availedle identice! to shove LESS Elactronics Card £250 + VAT

+ carnage and ing £18.00 + VAT

OPTIONAL EXTAAS # Lower case £25.00 & 16K buﬁermwt Second tractos for

umuitaneous dual torms 8500 &

ggobax maintenance POA

Vﬂmnmwmuuo-dtomnl

lacge

¢ prices as yot \mhnrc ot And as with

moft of our PUIchesss COn Dass thess

mvinga direct to youll The DR 7100 &

7200 8~ tioppy disk drives have many

nbuiit teetures to provide literally sny

BUS contiguretion with full deisy chain

vis internat jumpers 77 tracke on the

singie sised 7100 give upto 0.8 M8 of

deta and 154 tracks on the 7200 doubie sided drive grve s mamve 1 8
M8 of dets. Many other festures such as 20t or hard sectoring, |BM
or ANS| stanciarde, only 240v AC, +24 & +5 v dc powsr requirements,
snd our unbelievabie prices meke these drives ¢ snip.

Supplied BRANO rfc:w and boxed complate with user Mmenue:

7100 single sided

+8.50 lna. & omv. + vat.

7200 double wded tzeéoo»uonn.-v vt
] of

Full technice!

LAMBDA

LMC C5V
5V 10 AMP
PSU, 240V
NEW £45 + VAT
+£2.50 P&P

Dept. E.T.I. 84-88 Malfort Rd.. Thornton Heeth,
Creydon. Surrey. Tel: 01-889 7702 or01-835 8300

TU8
Pomos mml/onmonv crum £450+VA
LS11132KBYTE MDS MEMORY CARDS £2 95+ VAT
RK05 MEMOREX DISK PACKS

(12 s0cto}£20.00+ VAT

1511102 PROCESSOR CARD
® ° All types of DEC squipment purchesed for ce

£275.00+ var

hee

MAIL ORDER
INFORMATION

Unless otherwise stated sl pnces mclusive of VAT, Cash with order, Minimum
order vahue £2.00 Prices and Postage quoted for UK onty. Whers post end
packing not Indcstad plesse add 0p per order. Bora Fide account orders
mnmumczo 00. Elmam trade enquInes welkkome. Om oowllched

Sottware Sevelopmen! systerm |rwnm?3&e ol for desgoers.
Ihobbyists. etc. Enables open heart surgery on 2716, 2708 etc.
Blows. copoes. reads EPROMS or emulates EPROM/ROM/RAM
in stu whilst cisplaying contents on domastic TV recernver, Many,
othar festures. £116 + carr. 4+ VAT. Optional 2716. 2716
Functon Card £40 VAT, PSU £20 + £1.80 carr, + VAT,
Sofy 2 for 2716/2732 £1694+VAT
Wirite of ghgoe igr more detads.

9°' VIDEO
MONITORS

Ex- equipment 8" Moterols Vidso Monitors 758 composite
input, tested dut unguaranted. £38.93 +£7.50 cernage
+ VAT. Complete with circuit

SEMICONDUCTOR
‘GRAB BAGS'

Aty wclude trantatan,
arer's markiogy, fully puasanteed 50+ beg £2.95 100+ 307 £5.15

eganlc purchame of & “acfors the bosrd” tange of 74 TEL wras 1.C73
fwngbias ys 10 offer 100+ muesd “mostly TTL™ 5rab baga 216 prce which two oo
thres chids jm the Bag wou!d normally Cast 10 by
[Foily guarsnteed 31 LG full sorc. 100+ €5 50 200v €12.30 300- £19.50

“c FULLY CASED

ASCII CODED
KEYBOARDS

IDEAL -
TANGERINE,
ORIO ETC.

Strmght from the U.S.A mada by the world fsmous RCA Co. the
Senes of cased freestanding keybosrds meet ail regquire-

ments of the Most exacong user, nght down to the price

Uuiung the latest in switch technology Guaranteed in exc@ss of
5 malion operations The keyboard has a host of other features

inckuding full ASCIl 123 character set user definable keys,

upper/lower case, roliover protection. unBu SV ol keydoard

impervious to kquids and dust. TTL or CMOS outputs, svan sn

on-board tone ganerator tof keyprass feadback and 81 year il

R.CA backed guarentae

¥PSO1 7 bit Nily coded output with delsyed

strode. etc

¥P$1) Same s VPED1 with numenc pad

¥PSOS Senal, RSZX2, 20MA and TTL output, with

6 selectable Baud Rates.

YPE16 Same as YPO06. with numeric pad

Piug and cable for VPSO), vP8I1 £2.25

Phug for VPEDE vrei6 £210

Post, Paclong and Insurance.

OROER NOW DR SEND FOR DETAI

Fo owmg mu recent -

3ampP S.U we have mnnaged to secure a large quan
1y of ex-computer systems P S.U.'s with the following
spec., 240 or 110v A C. input. Outputs of 5v @ 34
amps, 7.2v @ 3 amos and 6.5v @ t amp. The Sv snd
7.2v outputs are fully regulated and adustable with
vanabie current hmiting on tha Sv supply. Unit 15 selt
contaned on a P.C.B. measuring only 12" x5 x 3
The 7.2v output is 10eal for teeding “on board™” regu-
lators or a further 3 amp LM323K regutator to give 80
offeciive Sv @ 7 amp supply.

Suppfied complete with circurt at onty £10.86 + £1.75pp.
Behaved working but untested, unguaranteed
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It's Brer Robot time; not only a chance to meet Mic o—m&use, butan
introduction to his continental friends Mr. Mouse and-Mr. Beaver.
Robotics Today looks at how the achievements of the Swiss roll on.

world's timekeeping. A combination of geography,

climate and national spirit have by some inexplicable
coincidence led to a thriving cottage industry dedicated to high
precision mechanics. Up until only 10 years ago it was a virtual
certainty that most watches sold throughout the world, par-
ticularly those in the middle to upper price bracket, would be
Swiss-made.

However, there can be little doubt that the Far Eastern
countries, particularly Japan, Hong Kong and Taiwan, now
dominate the electronic watch industry, a logical development
of their undoubted expertise in miniature electronics. The Swiss,
like any country with a international reputation for a particular
product, had two choices: they could either resign gracefully,
like the British motorcycle industry, or they could re-invest and
at least try to regain that which was once theirs. The Swiss have
for obvious reasons, chosen the latter path, but along that path
have made some very shrewd and hopefully correct predictions
about the future of personal timekeeping.

F or centuries the Swiss have had a virtual monopoly on the

ET! DECEMBER 1981

Time Zones

The most obvious decision was not to take on the Far East
with purely digital watches. The LCD watch is now made almost
exclusively in Hong Kong. No other country could even attempt
to compete in the lower price bracket multi-function watch
market. The Swiss have an enviable history of being able to
work with micromechanics so the logical step was for them to
marry the two technologies — mechanics and electronics — to
produce watches with analogue displays, hands and faces but
with the timekeeping controlled by integrated circuits and
quartz crystals.

Fortunately for the Swiss the cottage industry that has
developed around watch manufacture lends itself to a kind of
co-operative operation where, for instance, a small area might
have several factories producing different parts for different
watches. Such an arrangement has existed, in fact, since 1939
when a number of companies got together to form ASUAG,
which by the time it is translated into English stands for the
General Corporation Of Swiss Horological Industries Ltd.

0
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‘Mr Mouse’ assembling electronic watch chassis. The picture on the previous page is of the ‘Mr Beaver’ robot.

Within ASUAG are familiar names like Longines and Eterna,
plus a dozen or so other companies which most of us will never
have heard of but are nonetheless well known within the watch
industry. ASUAG was primarily designed to rationalise the pro-
duction of watch movements, thus making it easier for the in-
dustry as a whole to respond to changes in demand and fashion.
As the age of the electronic watch dawned it became necessary
for ASUAG to respond by producing electronic watches, so
within the group certain companies changed their production
from purely mechanical parts to wholly electronic parts. Within
these companies diversification into the development of
automated watch assembly has led to some exciting
developments in robotics.

Swiss Success

The micromechanic expertise of one company, SSIH, has
been channelled into the development of high precision robots.
The term ‘high precision’ refers to the robots’ ability to place
miniature parts into assemblies with an accuracy that is
measured in microns. So far SSIH have 20 working develop-
ment machines with a further 200 planned for next year. The
two types of robots(known as Mr Beaver and Mr Mouse!) use a
combination of electronic and pneumatic power to articulate
the arms. The mechanics are controlled by builtin micro-
processor systems running on Swiss-developed software.

Although these robots were designed primarily for watch
assembly, SSIH see a promising future of Mouse and Beaver in
any situation that calls for high-precision, repetitive work. Such
work might include the assembly of cameras, another area that
would benefit from SSIH development.

At the moment SSIH have the field virtually to themselves.
Robotics has, so far, concentrated more upon heavy industrial
usage, car assembly and the like, where ultra-high-precision is
not required. Doubtless the ability of the Swiss to produce
mechanical systems to such high precision will keep other robot
manufacturers outof the market for some time. Itis tempting to
speculate that SSIH have an eye on the Japanese and Hong
Kong markets where much of the assembly for digital watches
and similar items is still highly labour intensive. It would indeed
be ironic to see the Swiss succeed in this area; Swiss robots
assembling Far Eastern watches.
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Time In Hand

If you're sweating over a hot keyboard, trying to finish your
program for our Armdroid competition before the October 31st
deadline, then panic not. There has been a hold-up in the supply
of the driver boards to customers, so on the fairly reasonable
basis that you can't test the software without the hardware, the
closing date for entries has been extended to December 31st.
This will allow those of you who want to see what's involved to
visit our stand at the Breadboard Exhibition (see page 12) and
watch our demonstration. We hope to have two Armdroids run-
ning, one under program control and the other with a manual
control box so you can play with the system and get the feel of
things. There may even be a competition to find the most dex-
trous manipulator amongst our readers.

Meet The Mouse

On the other hand, if you can’t make it to Breadboard (in
which case we'll never speak to you again!), cast your
eyes across the page and you'll see details of the ACC’s con-
ference on robotics. One of the attractions will be this year's
winner of the Micro-mouse competition (together with his
designers, of course). We'll be providing some of the speakers at

“this meeting together with demonstrations of projects old and
new, See you there!

This new series will provide a stage upon which our readers may
display their robotics achievements. it is intended to cover the
practical application of robots in Britain today, be it at hobbyist
level or in industry.

Readers in either category are invited to write to the editor of
ETI, detailing their experiments, projects, application or usage of
robotics. Any articles published will be paid for at commercial
rates. it is also hoped to run an ‘Ideas Forum’ wherein readers
can exchange views and ideas but that depends upon the
response of our readers — you!

Write to: THE EDITOR, ET) MAGAZINE, 145 CHARING CROSS
ROAD, LONDON WC2H OEE and mark your envelope “Robotics
Today”.
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FEATURE : Robotics Today
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1980 saw a genuine breakthrough —-
the Sinclair Z2X80, world's first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

In March 1981, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000 in the first 3 months!

Today, the Sinclair ZX81 is the
heart of a computer system. You can
add 16-times more memory with the
ZX RAMpack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Software library is growing every day.

Lower price: higher capability
With the ZX841, it’s still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro-processor,
but incorporates a new, more power-
ful 8K BASIC ROM - the ‘trained
intelligence’ of the computer. This
chip works in decimals, handles logs
and trig, allows you to plot graphs,
and builds up animated displays.

And the ZX81 incorporates other
operation refinements - the facility
to load and save named programs
on cassette, for example, and to
drive the new ZX Printer.

BSIC manual

Every ZX81 comes with a preh . Sp y- writh
manual - a complete course in BASIC pragramming, trom
first pnnciples to complex programs.
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Kit:
£49.%

Sinclair ZX81 Personal Comp
the heart of a system
that grows with you.

Higher specification, lower price =

how's it done?

Quite simply, by design. The ZX80
reduced the chips in a working
computer from 40 or so, to 21. The
ZX81reduces the 21 to 4!

The secret liesin a totally new
master chip. Designed by Sinclair
and custom-built in Britain, this
unique chip replaces 18 chips from
the Z2X80'

New, improved specification

® Z80A micro-processor — new
faster version of the famous 280
chip, widely recognised as the best
ever made.

® Unique ‘one-touch’ key word
entry: the ZX81 eliminates a great
deal of tiresome typing. Key words
{RUN, LIST, PRINT, etc.) have their
own single-key entry.

® Unique syntax-check and report
codes identify programming errors
immediately.

® Fullrange of mathematical and
scientific functions accurate to eight
decimal places.

® Graph-drawing and animated-
display facilities.

® Multi-dimensional string and
numerical arrays.

® Up to 26 FOR/NEXT loops.

® Randomise function - useful for

games as well as serious applications.

® Cassette LOAD and SAVE with
named programs.

| @ 1K-byte RAM expandable to 16K
| bytes with Sinclair RAM pack.

@ Able to drive the new Sinclair
printer.

® Advanced 4-chip design: micro-
processor, ROM, RAM, plus master
chip - unique, custom-built chip
replacing 18 ZX80 chips.

Kit or built —it's up to you!

You'll be surprised how easy the
ZX81 kit is to build: just four chips to
assemble (plus, of Course the other
discrete components) - a few hours’
work with a fine-tipped soldering iron.
And you may already have a suitable
mains adaptor - 600 mAat89vDC
nominal unregulated (supplied with
built version).

Kit and built versions come com-
plete with all ieads to connect to
your TV (colour or black and white)
and cassette recorder.
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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!

Useit forlong 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 X8l

6 Kings Parade, Cambridge, Cambs., CB2 1SN,
Tel: (02786) 66104 & 21282,
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Available now- "
the ZX Printer
foronly £49.%

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

A special featureis COPY, which
prints out exactiy what is on the
whole TV screen without the need
for furtherintructions.

Atlast 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

-~
~~~~~~
~~~~~
el

useful when writing or editing
programs.

And of course you can print out
your results for permanent records
or sending to a friend

Printing speed is 50 characters
per second, with 32 characters per
line and 9 lines per verticat inch.

The ZX Printer connects to therear
of your computer ~ using a stackable
connector so you can plug in 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.

To: Sinclair Research Lid, FREEPOST 7, Cambridge, CB21YY,

ltem

| oy

T | Sinclair Zx81 Personal Computer kit(s). Price includes | ”
|_ZX81BASIC manual, excludes mains adaptor. 12

-+ ¥ 1
Ready-assembled Sinclair 2X81 Personal Computer(s). |

e

> sl

Price includes 2X81 BASIC manual and mains adaptor.
Maing Adaptor(s) (600 mA at 8 v OC nominai unregulated).

Ordnj

Code ltompﬂa“ Total
£E_| &

40.95

1

N

69.95 4
= 108,

16K-BYTE RAM pack

———

== Slnjlngmnter

-

18 | a0es
27 4995 |

__|_BKBASIC ROM to fit ZX80

17| 198

Ll Post and Packing

2,95

*l enclose a cheque/postal order payable to Sinclair Research Ltd, for £
*Please charge to my Access/Barclaycard/Trustcard account no

“Pleass deiste/completa as applicable

TOTAL £

Name: Mr/Mrs/Miss | P

Address '

Please prnt

I
|
I
|
|
|
|
| OPpieasetickif you require a VAT receipt
|
|
|
|
|
|

Rl o i | A
FREEPOST = no stamp needed, Offer applies to UK only.
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MICROCOMPUTER
EXPANSION

SYSTEM

Treat your home computer to extra memory and more peripherals
with this versatile and simple expansion project. With the modules
to be published you'll be able to custom-design your system to meet
your requirements — and change it all around at a later date should
you so desire. Design by Steve Wilding.

ome computers, like hi-i,
H generally have a habit of start-

ing out modestly (assuming
your finances are anything like ours),
and then growing steadily as you
discover a buming need for more
memory, more |/O, a printer, and final-
ly the sound generator that tums the
system into an allsinging, alldancing
electronic marvel. (Actually, computers
almost never dance). To help out those
of you in the upgrade market, we pre-
sent this low-cost, flexible expansion
system designed for a number of
popular microcomputers on sale in the
UK — ones based on the 6502 and Z80
MiCroprocessors.

The system is made up of a
motherboard and a range of expansion
cards that plug into the motherboard
as and when your needs dictate. For ex-
ample, if your need is purely for RAM
memory expansion then a motherboard
and four RAM cards will give you an
extra 32K of RAM. The constructional
and application details are given for
the motherboard and the 8K RAM card
in this article — in subsequent articles
details of the remaining expansion
cards in the range will be provided.

These will include an EPROM program-'

mer and an EPROM card for use with
2516 and 2532 single rail EPROMs; a
sound board utilising up to three of the
popular AY-3-8910 programmable
sound generator chips; a parallel /O
card providing two 6520s for uses such
as a parallel printer driver (Centronics)
and a low cost disc interface.

Two 40pin input sockets are pro-
vided (SK6 and SK7) — these are wired
in parallel so that two or more mother-
boards may be linked together. This
allows you to use a larger number of
those modular which use less than 8K
of memory.

2

Vive La Difference

Obviously there are differences
between computers and the expansion
system must be capabie of adapting to
meet varying demands. The important
difference for this application is the
first free memory location available for
expansion in your computer's memory.
For RAM expansion to be effective it
must run consecutjvely with the ex-
isting RAM. Table 1 gives the first free
location for some popular computers.

For the more technically minded
an explanation of how compatibility is
achieved is given in the How It Works
section. Suffice to say here that the
system is capable of being moved
around in memory to fit the particular
computer's requirements. This is

achieved by means of selective solder-

ing of wire links as described later in
the article.

Construction

Construction is best achieved using
a 15 W soldering iron with a fine bit
and 22 swg solder. First solder in the
four wire links to select the correct
location in the memory map for your
computer (see Table 2). Solder the DIL
sockets into the board taking care not
to make any shorts between pins. Next
fit the five edge connectors and lastly
the ceramic capacitors — these can be
held in place whilst soldering by slight-
ly spreading their legs under the board.
The PCB has plated-through holes and
50 it isnt necessary to solder a connec-
tion on both sides of the board; but
allow enough time when soldering for
solder to run through the hole as this
ensures a good connection. Construc-
tion of the motherboard is now com-
plete.

Follow the same instructions when
constructing the RAM card — solder
the IC sockets in first, then the eight
ceramic capacitors and construction of
the RAM card wiii be compiete.

Finally insert all ICs according to
the overlay, taking care not to bend
any IC legs.

SPECIFICATION

Motherboard: This is the main board of
the system. It allows up to five
expansion cards to be used at once —
socket 5 being a duplicate of socket 4,
allowing smaller expansion cards to be
used without tying up a whole 8K block
each. Both the control bus and address
bus are buffered by the motherboard
but the data isn’t, as this is already done
by many micros. Power requirements
are 5V at 100 mA.

RAM Card: A static RAM expansion
card using 16 2114L 300 ns RAM chips.
Power requirements are 5V at 650 mA.
EPROM Card: Available for either 2516
(2K x 8) 5 V single rail EPROMs or 2532
(4K x 8) 5 V single rail EPROM:s.
EPROM Programmer: For
programming 2516 or 2532 single rail
EPROM:s for use with the above card.
Sound Card: Allocation for up to three
AY-3-8910 three<channel sound chips,
allowing the generation of complex
waveforms.

PO Card: This board contains two PIO
chips for 32 individual inputs or
outputs. 12 of these are used for a
Centronics-compatible parallel printer
driver, for use with Superboard/UK101
and Watford’s WEMON chip. Three
connections are for use with a light pen
and a further six are for power output

applications.
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The 8K RAM module plugged
into SK1 on the mother-
board. Any of the boards in
the system may be plugged
into any socket to suit your
requirements.
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NEXT MONTH: Connection details for
more machines, details of the

TABLE 1

modifications for use with Z80 micros,
) Group FIRST FREE MEMORY COMPUTERS and the second of the plugin modules.
LOCATION
1 2000 UK101 ¥
Ohio Superboar
8K PET TAB LE 2
Microtan 65 GROUP1 GROUP2 GROUP3 GROUP4
2 4000 16K PET Link Wto: A B C D
3 6000 16K TRS-80 Link X to: B C D E
16K Video Genie LinkYto: C D E F
4 8000 32K PET LinkZto: D E F G

The photograph above shows a close-up of the wire links around 1C4.
This board was in use with the 8K PET, a group 1 computer. (Check
the links against Table 2 and Fig. 1).

ETI DECEMBER 1981

& B W = Em =

NREISISLNG

L e wenised
}&‘- M A W R oSn o=

Z0 OFOEOD
YO

Xo
WO

OB
OA

RHES

/

Fig. 1 Table 2 shows which of the lettered holes around I1C4 to link
in order to locate the expansion system at the correct point in your
computer's memory. The ‘thin' holes are not through-plated; the
rest are.
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PROJECT : Computer Expansion

SK6
{Y0 COMPUT ER}
0O—
o1
D2
b3
24 EXPANSION SOCKETS
(SKS5 1S CONNECTED IN
D3 PARALLEL YO SK4)
< e
SEE TABLE 2
g SK2 SK3 SK4 PIN NO
FOR LINK
DETAILS O O 7
]
~O- i
O 13
a0 s o 3
AV O~ ] 13 4 1
-
A2— 4 3 O~ 19
A3 12 iy 1 =¥ -
A4 O————s 7 Pt 2,
A5 O} 10 9 =
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= » 3 a3
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I OUsH 47
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ANVS e 10
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RO " L E]
i Q_—r 1% )
x ] 16
c
L 1 ¥ T =
00 O } L NOTE:
e g IC1-3 ARE 8195
LN e = 1C4,7-10 ARE 74LS138
— ICS IS 74LS20
w1 = 1C6 IS 741504 2R o o - w
GND L4
Y m 0 O—O0—0 3
% o>— -0 O- 'o) 53
- e O— O ’o) 5
Fig. 2 Circuit diagram of the motherboard. To avoid large numbers
of confusing lines, the buses are shown as thick black lines instead
of eight or 16 thinner ones. SK7 is not shown — it is simply connected
in parallel to SK6 to allow further expansion.
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- = _— et complele kil of parts for this projeci is
WO~ > T == b — — available from Watford Electronics, 33/35
o = = sod - g:rd(i’ff Road, Wat!olr:l. l':etts. The mother-
7 =y = SERN ard costs £39.95 and the BK RAM card is
- o« == 2 = €3 = e = Ks 1cs 67 ] £29.95 (p&p 75p if both are ordered
A3 == 7] == =8 together). A suitable power supply for the
e }_ & expansion system {5V al 3 A)is available for
0o A 1 =1 =3 == =] £20 ready-built. The 40-way jumper lead for
u; I A = = = == use with Superboard/UK101s cosls £5.40
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= ors are available on application. All prices
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wha HOW IT WORKS
1211 1 3zhy) 14 oz 1t 14 oy 14 g2 14 12 14 12! 14 1321
L = ) bl L= 83 The address and part of the conlrol bus
L - — o P — from the host computer are buffered using
—— — - —-— = = three 8T95s (ICs 1-3), which are bi-
A0 P = - o] el e directional hex buifers. A 7415138 three-lo-
ool a3 =y — — - L eight decoder (IC4) is used to decode the
Eile e e e e B s e e L
ry — —t ——— - ——+ 3 ] -
At A: P — - - -— one for each expansion card connector
=0 | e 1 preicnd — - — | socket. The fifth socket is a duplicate of
x AG — = — L b socket four so as o enable the use of two ex-
A% o Iy} 7 i = —— S = panslon cards in one BK block: for example,
:: a3 W] i [t Pt — —— the sound card and parallel inputfoutpul
o TR e | = = — — card use a small fraction of the 8K allocated

0 0 3 to a socket, so by duplicaling socket fourwe
— l allow more expansion cards to be used at
o once.

~ The BK blocks are located at 0000-1FFF,

2000-3FFF .. .EQOO-FFFF (Hex), so if the
system is lo be conficured to start at 2000
{(group 1), then blocks 2 to 5 must be used. If
your computer is in group 2 then its first
free location is 4000 and blocks 3 to 6 must
be selected. Similarily for group 3 blocks 4
to 7 are used, and for group 4 blocks 5 to 8.

Once selecled, the four 8K blocks are
then further decoded into 1K blocks by four
move 7415138s (ICs 7-10). The bus signals
and these 1K decodes are then brought to
the expansion socket conneclors. The DD
(data directlon) signal is generated for
syslem use with Ohio Superboards and UK
101s.

The RAM card is very straightforward,
making use of 16 2114L 1Kx4 static RAMs.
Each pair of RAMs is selecled by ils respec-
tive 1K decode generated by the mother-
board. As the RAMs are only four bits wide,
they are enabled in pairs to provide eight-
bit bytes.
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5K1

Cc2
> -
Ic2 SK2
SK3
+5v
= ov
SK4
SK5
Fig. 4 (Above) Overlay for the motherboard.
Fig. 5 (Below} Overlay for the 8K RAM card.
PARTS LIST
MOTHERBOARD
Capacitors
€110 100n disc ceramic
17 Semiconductors
1€C1-3 87195
1€4,7-10 7415138
IC5 741520
[« 741504
QY
Miscellaneous
$K1,2 40 pin DIL socket
$K3.7 2 x 30 0.1” edge connec-

tors
Double-sided PCB; DIL sockets for ICs;
board support system etc.

RAM CARD
Capacitors
C1-8 100n disc ceramic

Semiconductors
1€C1-16 2114L

Miscellaneous
Double-sided PCB; DIL sockets for ICs.
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EXPANSION SOCKET

+VE 1 2 +VE
+VE 3 4 +VE
+VE 5 6 +VE
BDO 7 8 4+ VE
BD1 9 10 +VE

BD2 1 12 +VE
BD3 13 14 +VE
BD4 15 16 +VE
BD5 17 18
BDé 19 20 BA3
BD7 21 22 BA4
BAO 23 24 BAS
BAI 25 26 BA6
BA2 27 28 BA7
29 30 BAS8
RW 3 32 BA9

o 33 34
CS1 35 36

T2 37 38

33 39 40

Cs4 4 42

55 43 44 ‘
CS6 45 46 Earth
CS7 47 48 Earth
82 49 50 Earth
NM 51 52 Earth
RQ 53 54 Earth
Earth 55 56 Earth
Earth 57 58 Earth
Earth 59 60 Earth

BDO7  Buffered data lines
BAO9 Buffered address lines
NMI Non-maskable interrupt
(507  Chip select lines

RW Buffered Read/Write
82 Buffered clock

iRQ Interrupt request

Each chip select line enables a 1K biock
in the memory. C50 is the lowest and C57 '
the highest withinthe 8K areaassignedto|  Top: You probably can't see it in the photo,

that particular socket. but the screen of this 8K PET reads ‘15359°
P BYTES FREE' — courtesy of thepe;pan‘sion TABLE 3
system. s is plugged into the PET using Mokt E1IN
Table 3 (opposite) gives the connection sockets ]4 and ]9, on the right of the PET PIN FUNCTION PIN FUNCTION]
details for SK6 (the motherboard input at the back (above). 1 40
socket) for people who wish to use this 2 NMI 39
project with other systems. o 3 DD 38
Fig. 6 Block diagram of the complete system. ey g 8(1) ';7, D4
[ R O] 6 D2 35 D5
n2no— iy 7 D3 34 Dé
::‘_a'o_—": CARD 8 33 D7
DATA 8US 9 32 RM
10 n @
Bweuten MOTHERBOARD S 1 30
} PROGRANPAE R 12 Az 29
ADDRESS BUS 13 Al 28
AD-A1S 14 A0 27 A15
| TR T
Left: The expansion system connected to the 17 A5 24 A12
expansion socket of a Superboard via a 40- 18 Ab 23 A1l
way cable. You'll also have to insert two g
8728 buffers into the empty sockets next . 19 A7 22 A10
to the CPU before the system will work. 20 A8 2 A9
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CROTECH OSCILLOSCOPES

Range of Portable Scopes mains and battery operated.
Plys special features (UK ¢/p £3.00

3030 Single trace 15 MHZ, SmV._0 5 micro secs Plus builtin
tomponent tester, 35mm lube £166.75
3131 Dual trace 15 MHZ, trig ta 35 MH2. S5mV. 0.5 micro sec
130mm tube. ptus component tester £2i
3034 Battery-mains dual trace 15 MMZ. {rig to 20 MHZ,
built in Nicads. Smy_0.5mro secs.

£356.50
{Eminator charger optional £28.75)

Aleo Availadie 3033, single trace 3034 £293.25
. 130mm 3030 £189.75
3337. dual 30 MHZ, 130mm £408.25

RF AND AUDIO SIGNAL GENERATORS Mains operated

(UK ¢c/p £1.00)

Audlo 20 HZ-200 KHZ 4 band Sine/Square o/p.

TE220 Distortion max 1% A
LAG28 Distortion 0 5-1% leader £73.70
AG2024 Distortion 0.5-1% Trio £78.20
A5203 10 HZ-1 MHZ 5 band max distortion 0.1% Trio £126.50
RF All feature Int/Ext. MOD. Variable output

TEZ00 100 KHZ- 100 MHZ 6 band {300 MHZ harmonics) £52.00
£$816 100 KHZ-100 MHZ 6 band (300 MHZ harmonics} Leader £63.25
$6402 100 KHZ-30 MHZ 6 band professional trio £68.00

THANDAR - SINCLAIR

Reliable tow cost portable instruments, bench madels ali
255x 15x5¢m Generators mains operated rest battery
{supplied). UK c/p Hand models &p, bench £1.15)

DIGITAL MULTIMETERS (3% digit LCO)
TM354 Hand held, OC 2A. 2m ohm. 1mV - 1000V DC. 500v ?:C,

...... BT SAS, 0
””””” curteac( &

TMISZ Hand held, OC 10A. Hfe test. Continurly test £57.44 @3 ™
TM353 Bench. 2A AC/DC. 1000V AC/DC 20M ohm taeefrged o
Typlcal 0 25% New Low Price £86.25

TM351 Bench. 10A AC/DC. 1000V AC/OC 20M ohm {

Typical 0 1% £113.85

FREQUENCY COUNTERS I8 Dtoitl
PFM200 A Hand held LED. 200 MRZ 10my (600 MHZ wrh TPOODY

£57.50
TF(40 Bench LCD 40 MHZ, 0mV (400 MHZ with TP60D} £126.50
T#200 Bench LCD. 200 MHZ, 10-30mV 1600 MMZ with (TP%‘.I]O&G %
TPS00 600 MHZ » 10 Prescaler 10 mV £4313
GENERATORS (All bench models) mains operated
TG100 Function. 1 H2-100KHZ Sine/5Q/Trangle/TTL  £90.85
T6102 Function 02 HZ-2 MHZ Sine/SQ/Triangle/TTL £166.75
TG10S Pulse 5MHZ-5HZ {200nS-200mS) varrous outputs £97.75
OSCILLOSCOPE {Bench model iow power portable)

10 MHZ Z” trace, 10mV. 0.1microsec All tacliities | KN

Model SC110 £15085 -

{Rechargable battery pack £8.63. AC adapior /charger £5.69 .
QPTIONAL ITEMS s @age o B

Carry case {bench only) £6.84 AC Adaptors {state moce!) £5.69

ALSO STOCKED

Further range of low cost

SABTRONICS EQUIPMENT

New reliable range of DM’ ang et | | Triier Isige 8 i SPECIAL PURCHASE — LIMITED PERIOD ONLY
frequency computers with those accessories etc. Also speclal 6220 Reliable 22 range hand held 3% digit LCO w.th voltiohms auta range. unit
extra tacrities and competitive m offers which vary from time to and range signs, 10 amp AC/DC. battery warning. iower power ohms range
prices. All battery gperated P time for callers Model 6110 Also has range hold. conlwurty buzzer-and improved accuracy. All
B‘&?ﬂfﬁ#ﬁi’&:m. :g:oza;r;sa o) 0] models high quality rofaty operation Resolution 0.9 millivolt 10-Micro amp
i ‘ 01 ohm
?&:'G\;Tste:glsﬂtmfs t0 ‘13;?”‘20 HZ Res Ais 6220 1000v OC: 0-2/10A AC/DC: 600v AC: 2meg ohm Was £55.95
v 0 !

UKe/pELOD) R , NOw £42.95

8110A 20 HZ-100 MHZ in 2 ranges o i ‘t L AMATEU“/CB' 6110 As above plus 20mA AC/DC and improved accuracy Was £85.85
iy (o
86108 20 HZ-600 MHZ in3ra;|:4ie'sa = KOMB 1 510 250 MHZ Dip R ratlor e ST v NUEW £56.95
.B5 meter  Branges
9 0IGIT COUNTERS 30mV sensitivty 10 - SWRG 3-150 MHZ SWR +F/S 0 A W VALU
1GHZ Resofutson 0.1HZ-10 HZ - £950 Also i stock
86108 10 HZ-600 MHZ in 3 ranges SWRSO Twin meter SWR + Power 188m 18 range with Hfe checker 10 smp DC £43.50
£125.35 1 KW max £1395 169m 30 range wih Hie chackar 10 omp AGIDC £59.55

80008 10 HZ-‘GHZinSrangeél { ?[T)&Smgle melerSi’lﬂ*i‘t}t\nraelg5 00601 27 range push button 2A ACIDC £39.95
FUNCTION GENERATOR (UK ¢/p £1.00) 110 SWR 'Power/rsw.wcom MULTIMETERS (UK c/p650 or £1.00 lor two) n B
with mains adaptor g v
50204 1H2-200 KHZ Sine/Square/ 17145 110 Twin meter £1450 | CHOOSE FAOM UK'S LARGEST RANGE £450 2',:‘0[30; L
Triangle/TTC Freq sweep. Low 175 SWR/FS/AE Match 12' i L £5.50
R 9. O . WASS 10 ange pockel ZK/Vol £6.50
hand heid - one with temperature powet ol
s s -ororoow oo | SeTimeeck ol SR [
?&g:‘gm digit LCOhand 2A AC/D i&azgSWR eterIPIus 2023[)?? YN3BOTA 19 range pius Hie Test 20€/vatt 1350 . |0/40KV:20K voit E£18.40
20Meg ohm ETC £95 45 19range Mulllmeter  £28.95 ST303TR 21 range plus Hie Test 20K/ V’oll £15.985 - -
2037 As 20354 with -5PC to {Note. SWR-Power ETC to KATS001 16range - range doubleSOK/volt ~ £16.50 OISCOUNTS
< 150°C Temp. range 0.1° ‘ 1447150 MH2) AT1020 19 range Deluxe plus Hie Test 20k /Voit £16.95

resolution £109.25

Just a selection of a huge range
2010A 3% Diget LED Auto decimal &

in stock - send for latest lists
including prolessional ranges.

Opticns Touch & hold

==, LCD DIGITAL MULTIMETERS

minus. 10A AC/DC. 20Meg ohm e1C
5.45

Probe for DMM's
£14

Available for UK and Export for
small and large quantities For
most products Please enquire

ETC5000 As KRT 5001 ptus colour scales S0K/voh £17 95
708118 range - range double 10A OC S0K/Volt  £20.85
TMKS00 23 range. Pius 124 DC Plus Cont. Buzzer

30K /Volt

£05. 95 , 4
2015A LCD version of abave £100.25 | Battery ellminators :“Ow::gflg;f.:’il:.nn gggg‘]:::g: IDaerIgue';cLoI: IIJA:ASI()?!:KO\I;AC!OC £25.75 - | 0SCILLOSCOPE
{¢ip2035/37A 65p All others £1.00.1 (state model)  £5.69 Miths orbrassd rolied 20K Vo £27.50 PROBE KITS UK &ip S0p
POWER SUPPLIES 138 voll Dulput ru?n!aleo . maﬂ!dpﬂ.ﬁ) 168m 36 range Large scale 104 AC/DC SOK/Volt £2850 per 1 10 3 Avaiiable BNC piug

. mains operated (c/pE1.000 | 247012.0,24% 1amp £35.00 | AT21023 range Oeluxe 12A AC/DC 100K/Volt  £31.00 or Sarara X1 £7.96. X10
E_e‘_ 3te5amp £1395 | 154515vat 3amp £4400 | 360TR 23range Large scale 10A AC/DC He Test SOM £945 X1-X10 £16.50. Ao

E Sto8amp £1795 | 4230:120:24v3amy  £54.00 | onm. 1KV AC/DC 100K /Volt £349 X100 {BNC oniy} £16.85
SAFGAN PORTABLE OSCILLOSCOPES s>, LOGIC PROBES/MONITORS/PULSERS circuit
Range of low cost Dual Trace Scopes mains operaled. Made In UK fo powered (UK c/p 60p)

exaching stangards Available as 10MHZ 15MMZ or 20 MHZ Al feature
Smv sensttivity. 0.5 microsec 6.4 x Bcm display (UK ¢/p £2.50)
0T410 Duat 10 MHZ

DT45 Dusl 15 MHZ
07420 Dual 20 MHZ

AUDIO ELECTRONIC

LP1 DTL/TTL/CMOS. 10 MHZ: Puiser Memory
LP2 DTL/TTL/CMOS. 1.5 MHZ: Pulse
LP3 DTL/TTL/CMOS S0MMZ Puise: Memory £55.95
LM1 Logle monitor for 8 to 16 pin IC's |

OP1 Digital pulser. Single ar 100pps. £58.50
LOPO76 50 MHZ: 10Meg ohm: Logic Prode. withcase £56.90

Cubegate
Limited

301 EDGWARE ROAD, LONDON, W2 18N, ENGLAND. TELEPHONE 01-724 3564
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD. LONDON W2

OPEN SIX DAYS A WEEK e CALL IN AND SEE FOR YOURSELF
Order by Post with CHEQUES/ACCESS/ VISA or Telephone your order

Send large SAE
20p YK
choofs, Companies
C, free on requen.'
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BOOK SERVICE

How tp order; Make cheques payable to ETI Book Service. Payment in sterling only please. Orders should be sent to: ETI Book Service,
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Beginners Gulde to Electronics Squires £4.50
Beginners Guide to Transistors Reddihough £4.50
Beginners Guide to Integrated Circuits Sinclair £4.50
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CROSSOVER

NETWORKS

on an old cotton reel and read this

article on crossovers and loudspeaker
design from KEF Electronics. It'll tell you
why you've been wasting your time.

¢lude on the one hand a smooth and uncoloured response

maintained over an angle of radiation wide enough to
cover the listening area, and on the other, freedom from audible
nondinear distortion, together with a combination of efficiency
and power handling capacity adequate for the conditions of
use. For each drive unit in @ multi-vay system, there is only one
frequency band over which all these requirements are
simultaneously satisfied; outside this band there will be regions
in which some of them cannot be met. A low-frequency drive
unit, for example, if allowed to operate in the high-frequency
range, would introduce colouration through diaphragm
resonance. Again a high-frequency unit, if allowed to operate at
low frequencies at which the necessary diaphragm excursion
exceeds the linear limit, would introduce distortion products.
To avoid degradation of the overall sound quality by such un-
wanted contributions, it is therefore essential that the output
from eachdrive unit outside its working frequency range should
be reduced to a sufficiently low level by adequate attenuation
in the crossover filter.

Filtering Through

Filters in practice cannot have an infinitely sharp cut-off, so
that there is an overlap region around the nominal crossover fre-
quency in which the total sound output is made up of contribu-
tions from two different drive units. Ideally, the combined
characteristic of each unit working in conjunction with its
associated filter network should be such that the sum of the two
contributions gives a flat response over the entire transition
region; in addition, if the frequency characteristic of a unit
within its working band is not quite flat, the network should be
designed to rectify this . Each filter has therefore to be tailored
to suit the response of its associated drive unit both in the work-
ing band and in the nominal cut-off region; moreover, it must be
designed to operate into the input impedance of the unit, which
will in general be complex and will contain additional com-
ponents associated with the fundamental resonance of the
diaphragm. Finally, the impedance presented by the filters to
the power amplifier must be kept within prescribed limits which
apply not only to the magnitude or modulus, but also to the
relationship between the resistive and reactive components.

To measure the phase shift in a loudspeaker has been until
recent times a very difficult operation, largely because of the
additional — and much greater — phase shift associated with
the time taken for the sound to reach the measuring micro-
phone; this phase shift depends on the distance of the micro-
phone from the acoustic centre of the drive unit, ie that point
within the unit at which the sound appears to originate. The ex-
act location of the acoustic centre is initially unknown but can
be readily determined by the pulse test method developed by

30

The basic requirements for a high-quality loudspeaker in-

Put down that inductor you're winding

KEF; a short electrical impulse is applied to the unit, and the
complete frequency response, in both amplitude and phase, is
derived by computer analysis of the resulting transient sound
output. This technique allows the phase shift introduced by the
drive unit to be separated from the muitiple phase rotations
associated with the distance of the microphone from the
acoustic centre, so that the position of the latter can be ac-
curately calculated.

On Target

In designing crossover filters to suit individual drive units,
the method adopted by KEF is to consider the overall electro-
acoustic response of the network and unit together, and to
make this conform as closely as possible to some known filter
function that gives adequate attenuation in the cut-off region
together with a smooth transition at crossover; the responseffre-
quency relation to be aimed at is referred to as the Target Func-
tion and is represented by the symbol T(f). The response/fre-
quency function of the drive unit alone, already measured
under working conditions, is represented by f). The next step
in design is to compute the frequency characteristic H(f) of a
filter that will convert the existing response §(f) into the wanted
reponse T(f); the functions T(f), S(f} and H(f) are in linear units,
not dB, so that the conversion is a multiplication process, ie

T(f} = H(f).S(f) and H(f) = _Ts&%

In specifying the function T(f) we can use any of the known
forms of filter response, ignoring however the circuit configura-
tions conventionally associated with these. The form common-
ly adopted is that of the classical Buttterworth filter. Figure 1
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Fig. 1 Butterworth high-pass filter characteristics. (a) 1st order,
maximum slope cut-off 6dBjoctave; (b) 2nd order, 12 dBloctave; (c) 3rd
order, 18 dBjoctave.
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Fig. 3 (a) Measured amplitude and phase response of the FiT 2 circuit;
(b) Theoretical amplitude and phase response of the filter alone, ter-
minated with the correct resistive load.

shows three high-pass filters of this type; the corresponding low-
pass characteristics are the same but reversed left to right. All
these curves are of the type described in filter theory as ‘max-
imally flat’; this means that the attenuation within the pass band
is kept as small as possible down to the nominal cut-off frequen-
cy f, — atwhichtheloss is 3 dB — without introducing peaks or
rippies in the characteristic. The curves in Fig. 1 represent But-
terworth characteristics of the first, second and third order; the
higher the order, the greater the cut-off slope — which in the
three cases illustrated rises to amaximum of 6 dB and 18 dB per
octave respectively — but also the greater number of circuit
components required.

Cross Over Choice?

Although a first-order crossover network exhibits such
desirable characteristics as unity amplitude and zero phase
shift at all frequencies, the relatively slow cut-off rate of 6
dBjoctave gives rise to a number of practical difficulties and
such designs are not used. Crossover networks of the second
order were at one time favoured but now have littie application
in high-quality systems. The overall frequency reponse obtain-
ed is not flat in the crossover region, but exhibits either a
crevasse or a hump, depending on whether the drive units are
connected in the same or opposite polarity; moreover, the cut-
off slope of 12 dBjoctave is still insufficient for many purposes.

Third-order crossovers, on the other hand, satisfy many of
the requirements and are widely used. Figure 2 shows a com-
mercial high-frequency drive unit fed through a conventional

o— g T
NPUT [Q
=

fFig. 2 High-frequency drive unit with conventional 3rd order Butter-
worth high-pass filter.

third-order Butterworth high-pass filter having a nominal cut-off
frequency of 3 kHz, and Fig. 3a the measured amplitude and
phase response of the filter unit together; Fig. 3b represents the
theoretical response of the filter alone when loaded with a
resistor numerically equal in value to the nominal impedance of
the unit. Comparing curves (a) and (b} it will be seen that the
response of the filterfunit combination deviates substantially
from that which the filter was intended to produce. At high fre-
quencies the characteristic is modified by the voice coil induc-
tance, which resonates at 5 kHz with the second capacitor of
the filter. From 3 kHz downwards, the cut-off slope, which fora
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third-order filter should be 18 dBjoctave, starts off at 12 dBfoc-
tave and below1.2 kHz — the fundamental resonance frequen-
cy of the diaphragm — increases suddenly to nearly 30 dBjoc-
tave. This large change in slope is reflected in the phase shift in
the cutoff region, which far exceeds the proper value; the
disparity extends up as far as the crossover frequency and
would have a significant effect on the overall loudspeaker
response in the transition region.
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Fig. 4 (a} Computed Acoustic Butterworth filter designed to
compensate for the non-flat response and complex input impedance of
the high-frequency drive unit; (b) Practical realisation of Acoustic
Butterworth filter.

Figure 4a shows the same high-frequency unit with a new
network computed by taking the theoretical filter response of
Fig. 3b as the target function; Fig. 4b illustrates a different but
equivalent circuit configuration adopted for greater conve-
nience in manufacture. The new network compensates for the
electro-acoustic characteristics of the drive unit, including the
effects of the voice coil inductance and the fundamental
resonance. The voltage at the terminals of the unit varies with
frequency in such a way as to produce the acoustic response
shown in Fig. 5a; over most of the range from 500 Hz to 20 kHz
this response conforms closely to the theoretical Butterworth
characteristics, reproduced in Fig. 5b, the residual deviations
bﬁing within 1 dB in amplitude and within a few degrees in’
phase.
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Fig. 5 (a) Measured amplitude and phase response of the high-
frequency drive unit with the filter shown in Fig. 4; (b) Theoretical 3rd
order Butterworth filter characteristic (as in Fig. 3b).

Avoiding Interference

For maximum horizontal distribution of sound without in-
terference, the drive units in a multiway loudspeaker should be
mounted one above the other. Because of the unavoidable
separation between the units, some interference effects must-
then occur when the listener is located above or below the
design axis and thus no longer equidistant from the different
sound sources; the amount of this interference sets alimit to the
angle above and below the axis within which the response can
be maintained substantially constant.

This situation is further complicated by the phase shift
necessarily associated with the high- and low-pass
characteristics of the individual filter/unit combinations. The
high<frequency drive unit, which at crossover normally has a
phase lead over the low-frequency unit, is commonly mounted
above the latter; what happens then is illustrated by the polar
diagram in Fig. 6, which shows how the loudspeaker response at
crossover varies with angle in the vertical plane. It will be seen
that the main lobe of the polar % g
characteristic, instead of coin-
ciding with the axis of zero
inter-unit time delay, is tilted
downwards and has a max-
imum amplitude 3 dB above
the on-axis response; a great
deal of sound energy is thus
directed away from the listen-
ing area and towards the floor,
producing unwanted
frequency-dependent reflec-
tions which modify the rela-
tionship between the direct
and reflected sound in the
room. Worse still, there is a
region, just above the axis,
where the outputs from the
two units are beginning to get
out of phase and at one angle
almost cancel each other; as a
result, a small vertical
displacement produces a
large change in the response
of the system around
crossover, and hence in the
spectrum of the reproduced
sound.

2

%° % vertical plane polar
diagram of two-way speaker
system. X-Y indicates axis of zero
inter-unit time delay.

R
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One way of dealing with this situation is to mount the low-
frequency drive unit (or midrange unit in case of a three-way
system) above the high-frequency unit, this tuming the polar
diagram upside down; the main lobe is then directed away from
the floor and the cancellation region placed where it can do lit-
tle harm. This arrangement is adopted in the KEF Calinda and
Cantata loudspeakers. A more radical solution, applied in the
KEF Model 105 loudspeaker, is to choose for the target func-
tions a form of filter characteristic that keeps the acoustic out-
puts from the high- and low-frequency drive units in phase over
the whole frequency range, so that the main lobe of the polar
curve remains symmetrical about the axis of zero inter-unit time
delay. The crossover networks used to achieve this end are of a
special type of fourth-order filter which is equivalent to two
second-order Butterworth filters in cascade and thus gives a cut-
off slope of 24 dBfoctave.

.

Time Travel

Before leaving the subject of interference, it may be noted
that the acoustic centre of a high-frequency drive unit usually
lies approximately in the plane of the panel on which the unitis
mounted, while that of a low-frequency or mid+ange unit is
located further back, a short distance in front of the voice coil.
The resulting difference in time delay can be allowed for in the
physical positioning of the units in the loudspeaker assembly. It
is however possible in some cases to achieve the equivalent
result electrically by modifying the amplitude response, and
hence the phase shift, in the crossover filters in such a way as to
introduce a compensating time delay, while still satisfying the
basic requirements of flat overall response and adequate cut-
off slope. The target functions adopted then differ from the
classical forms illustrated above — for example, the high-and
low-pass characteristics at crossover may not be of the same
order; given the necessary computational facilities, a number of
useful variants of this kind can be evolved to meet particular
design requirements.
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FEATURE : Crossover Networks

-
The KEF Calinda (left)
and Cantata (far left)
loudspeakers avoid in-
terference effects by put-
ting the mid-range drive
unit above the high-
frequency unit. The KEF

» =% A rv, . 105 lll (lead picture‘)’i ]
e altiEd .. employs a more radica
- ‘) solution.

Network Synthesis

The design of the KEF Model 105.2 loudspeaker provides a
good example of modern methods of network synthesis. The
mid-—ange filter only is considered here: a similar procedure is
adopted for the high- and low-frequency networks.

The first step is to examine the frequency response curves
of a large number of midrange drive units, measured under
standard production test conditions, and to select one
specimen, the characteristic of which coincides with the mean
of the production spread. This unit is then mounted in the
enclosure designed for the complete loudspeaker system, and
its response under these conditions measured without a filter, ie
with constant voltage applied to the input terminals.

Since the filter has to be designed to operate into the com-
pleximpedance presented by the input of the drive unit, this im-
pedance must now be measured. For the purpose of network
synthesis however it is convenient to represent the result by an
equivalent electrical circuit with specified component values
rather than by a series of resistance and reactance figures at a
number of frequencies; this approach makes it easier to
calculate the effect of certain parameters of the unit.

The next step is to decide what circuit configuration will
produce the best fit to the desired network response curve while
using the minimum number of components — taking into ac-
count the complex load imposed by the drive unit and the need
to present an acceptable impedance to the power amplifier.
The order of network required can usually be deduced by com-
paring the slope of the frequency characteristic for the drive
unit alone with that of the target function representing the
desired overall response curve. In principle, a number of alter-
native circuit configurations could be considered at this stage,
but in the light of the designer's experience the choice will
usually be narrowed down to one or two.

Details of each network to be investigated, the response
characteristic required and the equivalent circuit for the drive
unit input impedance are now fed into a computer; this is pro-

ETI DECEMBER 1981

grammed to carry out an optimisation routine, which deter-
mines the network component values giving the best fit to the
desired response curve and also the degree of accuracy achiev-
ed. The optimisation process is initiated by assigning approx-
imate values to the various circuit elements; the computer then
calculates the effect of making small changes in each element,
and retains any of the new values that bring the response nearer
to the ideal. This operation is repeated — possibly athousand or
more times ~ until the residual error in the curve fitting cannot
be reduced any further. With the component values thus arriv-
ed at, the input impedance of the network is then checked to en-
sure that it remains within acceptable limits throughout the
working frequency range.

The above procedure is repeated, if necessary, for alter-
native types of network so that a final choice of the optimum
circuit configuration can be made.

Choose Your Components

At this stage the designer has to consider ways of utilising
readily available circuit components, avoiding the need for
non-standard values and close tolerance limits, both of which
add considerably to the cost. The computer program is accor-
dingly retun with the calculated values of capacitors and
resistors replaced by the nearest preferred values. Provided that
asufficiently accurate fit to the target response was achieved in
the original calculation, the effect of these changes can be off-
set without appreciable detriment to the performance of the
filter by altering the inductance values in the circuit — a simple
matter since the coils are in any case wound to suit the in-
dividual design.

The process is now extended to allow for the production
spread in component values. By arranging that the deviations of
different circuit elements from their nominal values have op-
posing effects on the overall performance of the filter, it is possi-
ble to utilise stock components, having normal commercial
tolerances, with very little wastage. The known manufacturing
variation in component values, expressed in statistical form is
fed into the computer, which calculates the maximum percen-
tage of stock items that can be utilised in this way while keeping
the filter characteristics within tolerance. Finally, permissible
combinations of component values are worked out and incor-
porated in the instructions for assembling the networks on the
production line.

Experts Rule OK?

It will now be clear why the standard of reproduction
potentially attainable with a modern high-quality system can-
not be realised by the home constructor with an assemblage of
ready-made networks and drive units selected simply on the
basis of their nominal frequency range, impedance and sen-
sitivity ratings. Attempts have been made to ameliorate this
situation by publishing descriptions of complete loudspeakers
incorporating commerically available drive units, and giving
circuit details of the filters to be used. The success of such
designs however depends on the extent to which the author has
taken into account all the factors referred to and has been able
to measure the electro-acoustic characteristics of each type
of unit specified allowing for manufacturing tolerances —
before attempting to determine the appropriate network para-
meters.

On the other hand, those manufacturers who have good
facilities for acoustic measurement are usually well aware of
the various pitfalls in filter design, and by means of computeris-
ed data-handling methods are able to produce the components
of a multiway loudspeaker in matched sets. These techniques
ensure that the end product — whether in the form of a kit for
assembly in an enclosure of prescribed construction such as the
V3 speakers in the October ETI, or a complete system —
represents the best combination of performance and cost-
effectiveness that modern technology can provide.
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ELECTRONICS

NOW'!

The PRACTICAL way!
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This year we present a new twelve-part, non-iction
series — ET1 1981 . .. ... available from your
newsagent every month.
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issues of ETI.

To claim your years’ supply of ETI, send your PO or
cheque direct to :

ETI Subscriptions Department,
513 London Road,
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We can’t do much to
improve the quality of
the programmes on TV
but at least we can do

B W e e W i

qgf ¢

something about making
the sound a bit higher-fi.

Design by Bill Nemes.

Development by Rory Holmes.

electronics, one of the questions

designers apparently ponder over is
‘Will anyone notice if we save money
by chopping this out?’ In the field of
domestic TV sets, one of the first
casualties always seems to be the
sound quality; small speakers are used
for cheapness and to reduce the size of
the set, tone controls are rare, and as
for separate bass and treble drivers —
overdrafts at the ready if you want
them.

This is a pity really, as the TV com-
panies do their best to transmit the
highest quality sound possible, using a
FM modulated sound carrier. Perhaps
the TV manufacturers think that
viewers are going to be so engrossd by
what's on the screen that they won't
notice the inferior sound reproduction.
Obviously they haven’t watched televi-
sion lately...

Get In Tune

Naturally the more discerning
members of the public (ETI readers,for
example) will be dissatisfied with this
state of affairs, and the easiest remedy
is to build this TV Sound Tuner. The
unit is designed round a ready-built and
aligned UHF tuner module which is
soldered directly onto the PCB contain-
ing the IF detector circuitry. The IF
board filters out the sound carrier from
the video, which is ignored (unless you
want to try building a colour television,
with Teletext, Prestel, remote control
oh alright, forget it), and the
demodulated audio signal can be fed
directly into your hii, free from the
abuse it normally receives at the hands
of your telly
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I n the cut-throat world of consumer

Since TV sound is broadcast in
mono (at present, anyway), an optional
'stereo simulator’ based on a Mullard
preamp module has been included in
the design. With an eye on the future,
four tuning pots are provided so that
the fourth TV channel can be catered
for when it arrives. The required tuning
voltage is fed to the varicaps by a four-
way selector switch.

The signal from the aerial has to
be split so as to feed both the TV and
the Sound Tuner, and first we toyed
with the idea of fitting the tuner with
‘aerial in’ and ‘aerial out’ sockets, like a
video recorder. But splitting a UHF
signal involves, among other bits and .
pieces, the use of a balun coil and win-
ding one of these just isn’t worth the ef-
fort. Do what we did and buy an aerial
splitter from your local accessory shop

— it's cheaper, neater, easier and
quicker. Ours cost £1.53.

A Classic Case

The kit supplied by RTVC (see
Buylines) includes the PCB (which you
will have to drill yourself), all the com-
ponents for this board including the
pre-aligned UHF tuner, a rotary switch
for channel selection and the mains
transformer. If required, the stereo
simulator preamplifiér module (which
is supplied ready-built) can be obtained
for an additional charge. Items which
are not supplied include aerial and
audio sockets, wire, the potentiometer
for the stereo blend, mains switch,
power-on neon and case. The case we
used was from West Hyde
Developments’ Classic Il range —
everything fits in quite neatly.

X
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Assembly of the main board is
straightforward. Take the usual
precautions with the orientation of the
ICs, diodes and electolytic capacitors.
To make life easier the PCB is over-
printed with the component positions.
The tuner module and the coils will on-
fy fit the board one way round, with,
the exception of L6. This coil should be
soldered so that the printing on the can
faces away from the tuner module.

L2 is to be wound by the construc-
tor using the 18 swg wire supplied in
the kit; it consists of 3% turns around a
10 mm former (which is removed
before soldering the coil to the PCB).

The values of C9 and C16 are not
critical and the components supplied
with the kit will depend on availability.

We mounted our PCB on stand-off
spacers so that the varicap multiturn
control pots are positioned level with
holes drilled in the side of the case —
these pots should only need to be set
up once, using a small screwdriver. The

position of the transformer, preamp WaSUPPLY
board and the other hardware can be
seen from the photographs, and the RiowT
wiring diagram shows how to connect COTEEEE S LAY
up all the various bits. \r SIMULATOR /J”
v MONO OUT
B e —
Alignment ”J;, LEFT CHANNEL RIGHT CHANNEL éf;f
TREBLE BOOST BASSBOOST |- — — —T — — = ~—/

As only the sound is to be ex-
tracted, the only equipment required is
a non-metallic tuning tool. While [ nans: |
monitoring the audio output tune L6 to
receive maximum noise (or station if

LEFT RIGHT
you were lucky enough to receive it the 240V AC e o T
first time). Tune the selected multiturn CONTROL
pot to receive a station and adjust Fig. 1 Block diagram of the TV tuner.

L5,L4,L3 and L1 for maximum output.
Note that tuning of L1,L3 and L4 will
appear ‘flat, particularly in high signal

\T{A;RML

strength areas. (R1 may be reduced
should overloading occur).

~N

2
R1
2™

-~y
A4
1 ]

1

1

]

1
-wd
—
|_':;_._

i - i ] gy S LT L.
] ] { 1 T 17 b3
' H { ' : c8
i ! H ¥ | ) 10n
) ! ] 1 {
»> 1 ] d 1
J : I T
[UKHF TUNER ) [ H Jal plls X
ECL 1043 1 1 ' D ] 4 7
[P - ' [ PR SRS, el A R G
%R!
58
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N ke .l.
Tz Tas T Tes
10n 4 W 0n
This is the aerial splitter that we bought — much I -]- T
easier than making one. The aerial plugs into the | ! | l
socket on the right, while those on the left connect ' ) ] .
to the TV set and the tuner, Fig. 2 Circuit diagram of the ETI TV Sound Tuner. The optional 'stereo simulator’ board is supplied ready- built.
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HOW IT WORKS

The ECL1043 is a ready built and aligned varicap-
tuned UHF tuner. Its 38 MHz IF output contains
AM modulated video and FM modulated sound
carrier frequencies. Pin 1is the AGC input which
is not used; R1 and R2 form a potential divider to
preset the gain. The 38 MHz output is connected
to IC1 via input-trapping circuitry. ICT isanIF
amplifierlvideo detector chip tuned by a single
coil LS. As the sound carrier is spaced 6 MHz
from the vision carrier frequency, the output on
pin 12 contains the demodulated video (positive)
and the 6 MHz FM modulated sound carrier fre-
quency. The video is removed by usinga 6 MHz
ceramic filter. The filter also sets the operational
frequency of IC2, which isan FM IF amplifier/
quadrature detector chip. Detection alignment is
obtained by adjustment of a single coil L6, which
provides the quadrature signal to the coin-

; gate detector. Audio output is recovered
at pin 14,

In preference to a multi-secondary
transformer a readily available 7V 5 single secon-
dary transformerisused, at the expense of a few
extra components. The supply voltage to the ICs
and tuner is derived from a fuli wave voltage
doubler, The tuning voltage is further quadrupl
ed, filtered and regulated by IC3.

The stereo simulator is simply a stereo
preamplifier with a bass controlin one channel
and a treble control in the other. A dualpotis
used to control the cut and lift of these tone con-
trols, so as the pot isrotated the high and low
audio frequencies are directed to opposite
speakers and a ‘stereo’ effect is obtained.

BUYLINES

A kit of parts containing those items listed in the
text will be available from RTVC Ltd, 21E High
Street, Acton, London W3 6NG (mail order only).
The TV tuner costs £11.45 plus £1.50 p&p; the
transformer is £1.50 plus £1.50 p&p (p&p free on
transformer if ordered with kits and the LP1183
preamp costs £1.95 plus 75p p&p. The case is
available from West Hyde Developments
order as CL2 AEL

PROJECT : TV Sound Tuner

COAXIAL
AERIAL
SOCKET

EARTH

g1

I

ANSFOI

:} 200V AC

Fig. 3 Wiring diagram for the tuner project. Make sure you use shielded cable for the audio connections
and UHF coax for the aerial connection, as shown, and dos't forget to make the earth connection to the

case of the tuner module,
T 10 AR
L ]
4!
PR1 PA2
3 100k Y00k
PR3 PR4
mn 2 100k 0 S

NOTE-
IC1 IS TDA44D
IC2 I§ TAASGIS ©3
R8 ICY IS TAA 5808
470R D1-8 ARE YN4OO1
c1o L L
10n
200V AC
l Tew v
+
- on +
cn $i0 4
100
c18 c21
100 2200u
: | d —O¢
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PROJECT : TV Sound Tuner

SwW1
SWI(1)  Swil2h sw1{3) SW1l4l COM

fe " 1
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c23 jS||ol1®
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acmiaL \ PARTS LIST

INPUT *Ve = =
Fig. 4 Component overlay of the tunet board. IC2 comes in a quad-in-line ;?,,f,{i’}fﬁ, :gs;stors 5 Agff%}
package, so you'll have to solder it directly rather than use a socket. Do this R2 5ké
quickly and carefully! Alo make sure that L6 goes in the right way round —~ with R3 150R
the printing away from the tuner module. CF1 can be fitted either way round. R4 100R
R5 47k
R6,7 680R
R8 470R
R10,11 2k2
Potentiometers
PR14 100k varicap multitum con-
trols
RV1 220k dual linear pot
by Capacitors
Assistant for YD Ve sy
Hobby 10,11,1415  10n polystyrene
. 23 47u 16 V PCB electrolytic
Electronics €588 10u 25 V PCB electrolytic
c9 33-39p polystyrene (see text)
® 28 We are looking for a bright, keen person c12 220u 16 V PCB electrolytic
' 9, o join the HE editorial team. Basically, by do7 DEPTENE Be cot
> the job involves turning bright s e m‘;hr' =
ideas into intelligible print. No special €20,21 22000 16 V PCB electrolytic
qualifications are required but a sound €22,24.25 47u 25 V axial electrolytic
understanding of electronics and the ability 26 400 40 V PCB electrolytic
to write clearly and simply will be c27 470n polyester
necessary
Essentially, we are looking for someone fg?"m"d"do'?mAm
with an interest in turning their knowledge IC2 TAA661B
of electronics into a career in.magazine iIc3 TAA550B
publishing. You supply the enthusiasm and D16 IN4001
we'll turn you into a journalist)
The ideal person will probably be young f;"'s D1 (Toko}
{though we're prepared for anything), only 12 see text
slightly crazy, with a warped sense of L3 D3 (Toko)
humour and able 10 cope with situations 14 D89 (Toko)
that would send a professional journalist L5 D10 (Toko)
into fits of hysteria Lo 34721 (Toko)
Apply in writing enclosing CV, 1o Miscellaneous )
’ } sSw1 1-pole 4way rotary switch
Managing Editor, | sw2 miniature DPDT mains switch
Argus Specialist Publications Ltd, CH 6 MHz ceramic filter
146 Charing Cross Rd, London WC2H OEE UKF tuner ECL 1043 (Mullard), transfarmer (7V5
secondary @ 100 mA minimum} 1P1183
preamp (if required); mains neon; UMF aerial
| socket; 5 pin DIN socket; PCB; case.
ETI
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Get a great NEW deal from

Marshall’s

RECHARGEABLE NICKEL CADMIUM BATTERIES & CHARGERS

TYPE

$101 {HP7)

Sub C (HP11)

Sub D {HP2|

Penlight 4 Charger tor 1-4 HPT

AV. CAP.

0.5AH
12AH
1.2AH

Combibox FW61 Charger for HPZ?, MP11. HP2

in addition to items specified
in this advertisement, we carry
a large range of Thandar (Sin-
clair) and Leader Test Equip-
ment including Oscilloscopes,
Multimeters, Frequency Coun-
ters, Signsl Generators etc.
Send large SAE for details|
quoting Ref. ETI 11,

We also stock a comprehensive
range of I.L.P. Toroids and Hi
Fi Modules, Veroboards, Mini-
ature Mains Transformers
Bahco Tools, Antex Soldering
lrons, Solder, Dil Sockets,
Qmax cutters, etc.

All  your electronic needs
catered for. Send 75p for our
latest catalogue post paid.

A MARSHALL (LONDONI LTD.
KINGSG AtE HOUSE
NiNGSOATR PLACK
LONDON WS 4TA.

A\30 AFTAIL $HOPS at
324 (OGWARE RTAD, LONDON W2 ) 773 4242
ISWEST APCENT STREET, QLASGOW, 41 3374120

MANL ORDEN Ot 625 1982 JAMA SERVICE

WOLETRIAL $A(E801 279 1000

WE TAKE ACCASE — AMENICAN [ XPAEES « NARCLAYCARD CARD  DiNERS

PRICE

£1.13
£2.28
£258
£6.50
£16.50

VISIT OUR
STAND

AT

BREAD-—
BOARD

81

11th-15th
NOVEMBER

SPECIAL THIS MONTH
SIEMENS ELECTROLYTIC CAPACITORS

841010 AXIAL
220/83v

220/ 100v

&0/ 25v

£70/ 40~
4N0/63v
4720/100v
1000/ 25c
200/ 25v

Ta4LS74
740575
TALS85
T4L586
74L890
74LS81
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53
741596
1LS109
7415133
748151
7418157
1

B41070 RADIAL
000/ 83v

7430AN
7491AN
7492N
7493N

74LS165
7415168
75LS170
JALS174
TllSIil

DISCOUNTS

CAN BE
ARRANGED
FOR
QUANTITY

PURCHASES

69
145
60

S19
1LS745
7415257
1L8273

120 Just A

PLEASE ADODO POSTAGE/PACKING 60p UNLESS STATED
ALSO 15% VAT ON TOTAL

U3 Kw (O
7 7. ace

35
213 10 W

MANY OTHER RANGES CAPACITORS INCLUOE MULLARD C280
MULLARO, SIEMENS CERAMIC SIEMENS B41070 RADIAL
HIGH VOLTAGE DISC CERAMIC. ETC.

New ““Chip Shop’ Electronics Con-
struction Kits, make ideal presents for
the younger enthusiast beginner

also
More Advanced ‘’Electronics Con-
struction’’ Kits

See them at our Stand at
"“Breadboard’’ 81

or our shop at
325 Edgware Road,
London NW2

THYRISTORS
TIC1064 447100V
TIC1060 44/ 200V
TAC106H AA 600V
TUIBA 837100V

BRIOGE RECTIFIERS TMACS

1A/50v T1C2060 4A/400V
11C2250 6A/ 400V 64
T1C2260 84’400V a6
TIC2360 12474067 B4

Sa

160
T1C2630 22)\1400\1 1.85

ANGE OF
DIO{)ES (ENOR DtODES

TAC126A 12A/100V
T1C1263 324/200
19C126C 124300
17C12GD17NADO

BRERIERLNY

551’0743~ FAITO0V

SIEMENS LED
5.8mm red, yeliow, green LD5 Series .16
3.2mm red. yellow, yreen LDJI Series .14
Flashing diodes LO5S99 (3H: 70
LD80A Rect & red

LD86/B7A Rect & yellow/green

TIL 209
TiL 228
TIL78
8PW34
LD 21
4N2s

t4
20

SEE

CLOCK MODULES

MA 1002H Alarm 24 hr. {require transtormegr)
MA 1012 Alarm 12/24 hr. (5.2V & 16V Sacs)
MA 1003 12V Car Clock

MA 1026 Alarm/Thermometer

Case for MA 1003

LED DISPLAYS

NSN 3814, 3915, 3916. Bar Graph
NSN 581/582 Two Diyit Segmnnt
NSN 5881/5882 Four Digit/Segment

82238

[XINY'N
Dow
oS o

Please note that ali *Mail Orders”
should be addressed to:

Kingsgate House,
Kingsgate Place,
London NW6 4TA
quoting Ref: ET12

LS373
74LS37?
LS4

35 SELECTION

ALL PRICES EXCLUSIVE OF VAT
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ASIO FX-702P

Don't they ever sleep at Casio? No sooner do we review the FX 602P
than its big brother the FX 702P drop through our letterbox. Peter
Freebrey has been probing at the push-buttons to make this report.

irst the Casio FX 502P, more recently the FX 602P and

now we have the FX 702P. If my memory (unfortunately

somewhat intermittently volatile!) serves me correctly
the FX 502P was hailed as ‘better than sliced bread’; sounds a bit
crusty now but it helped persuade me to buy one of those little
beauties back in 1980! The FX 602P was also rated highly and
‘recommended to anyone seeking a powerful portable
machine, which has comprehensive control over memory and
data space’.

The FX 702P (RRP £134.95) follows in this fine Casio
tradition, offering a lot more than its predecessors in that it has
moved away from being an uprated programmable calculator
(such as the FX 602P) to what is Casio’s answer to the Sharp
PC1211 — a fully fledged pocket computer. The FX 702P offers
full alphanumeric capabilities and according to the instruction
manual ‘uses BASIC program lanugage’. Although this may
appear to be true at first sight, Casio’s BASIC does vary more
heavily from the norm on this score. It is generally perfectly
understandable to anyone with a knowledge of another dialect
~ of BASIC and would be mastered just a quickly as any other
form of BASIC by the newcomer. A number of instruction words
are used in a shortened form, for example: PRINT becomes PRT,
INPUT is INP, GOSUB is GSB, RETURN becomes RET, and so
on. This minor variation was presumably brought about by a
desire on Casio’s part to save on display space (not to mention
keeping the small keyboard clutter down to a minimum), and to
follow the successful pattern of their previous programmable
calculators. Reasonably logical on such a machine (machine?!)
but is it still BASIC? | suppose one must concede thatitis butdo
we look to a future generation of pocket computers sporting
such commands as PT, GB, RT, IN? There are also one or two
small anomalies; on the FX 702P RND( is an instruction to round

2

off a number whereas in some other BASICs RND(is a call for a
random number. Also, GET on the FX 702P is a tape handling
command only ... not an instruction to‘get’ a character from the
keyboard, a function which is performed on the FX 702P by
Casio’s KEY command (not uplike other dialects’ INKEY).

All in all slightly different from other BASICs, but perfectly
workable once you have handled it for a relatively short time.
Having struggled for a long time to familiarise myself with the
standard (ugh!) QWERTY keyboard layout, | now have to
relearn the positions of the letters of the alphabet!

From the above the FX 702P clearly shows its program-
mable calculator anticedents; it also has some fairly heavy guns
on the statistical analysis front. The obvious question must be
how it will compare with the Sharp PC1211. It offers more
facilities than the Sharp and is in some ways more versatile. The
comprehensive program library supplied with the FX 702P con-
tains mainly scientific applications, many of them rewritten for
use on the FX702P from the previous FX 502 and FX 602 libraries.
It will undoubtedly find many supporters from existing Casio
programmable owners and [ think its popularity will grow as its
full capabilities are realised. The review model performed
perfectly without a hitch and appears to do all that is claimed of
it.

The instruction manual supplied, like many other manuals,
is not all that one might expect. In this instance it suffers on two
counts; the slightly stilted and occasionally unnecessarily in-
volved English is probably due to inadequate translation
facilities, and although all functions are explained somewhere
there is no comprehensive index of list of them — so, if | have
got it right, treasure the table of functions/commands that |'ve
provided.!

The FX 702P, like the FX 602P, offers the user the option of
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FEATURE

defining the available memories at the expense of program
steps. You can choose from 26 memories and 1680 program
steps to 226 memories and 80 program steps. As an indication of
steps required for a program:

10 PRT,10 GSBand1000 PRT .......... .usefour steps
WO HRUZ® 580 000 3908 adok e uses six steps
10 PRT"HOWMANYSTEPS” . ............. uses 22 steps

So itwould seem to be something like two stepsfor line number,
two steps for BASIC command words and one step for each
character.

The LCD display is very clear and a control for the contrast
of the display is provided. 62 characters may be written on one
line, 20 of them being displayed at any one time. The display
scrolls to the left to enable long strings of text to be read. The
characters are made up of a 7 x 5 dot matrix and no confusion
arises between any two characters.

Also following previous practise, the FX 702P has a MODE
key which defines the current status or mode that the machine
is executing, thus: i

MODE 0 ... RUN, manual and program calculation mode
MODE 1 ... WRT, program writing, checking and editing

mode

Mn?o?ie 2... TRACE, program RUN line by line in debugging
e

MODE 3 ... TRACE off
MODE 4 ... DEG, unit of angular measure will be degrees
MODE 5 ... RAD, unit of angular measure will be radians
MODE 6 ... GRA, unit of angular measure will be grads
MODE 7 ... PRT, print output mode if printer connected
MODE 8 PRT off

In MODE 0 the FX 702P can be used either in the direct mode as
a calculator or will RUN any currently stored programs from
any one of the 10 ‘program areas’ designated PO-P9. |n direct
mode and using the minimum number of memories each
memory is assigned a label A-Z. You may therefore assign these
memories by keying A = 2, B = 5,C = 1.234 etc. Should you
use these characters as variables in a program they will either
have the value already entered (A = 2, B = 5 etc), or if reassign-
ed within the program the original value stored will be lost.
Quite straightforward but you must make a note of what
variable names and memory locations you have used. Which is
normal practise, is it not ......!

All the normal operators (+ ~ /*1= < = #< >)and
punctuation (., ;: ? 1) that you would expect to find on a BASIC
language computer are available, together with a large number
of predefined functions/command words. These are selected
either by keying one of the two function select keys F1 and F2
followed by one other key, or by keying in the appropriate
keyword using the alpha keys. So the PRINT command may be
obtained either by pressing F1 and ; or by pressing PRT. Both
result in PRT displayed. .

Not only but also — there are some commands available
only by keying in the appropriate keyword, for example CLR,
CLR ALL, CNT, MX, MY and so on — wow!

Find The Function

With all computers there are usually a few functions/com-- [}

mands that are either missing or behave in a manner that is not
what the user wants or expects. With computers above a certain
complexity it is normally possible to persuade them to do what
you want even though the specifications would have you

believe that a particular facility is not available. The FX702P has ¢

a few such grey areas so perhaps the following hints will help.

To utilise MID( the string to be operated upon can only be
assigned one name/label — $. This rnay be up to 30 characters
long but must be called $. String variables A$, B$ C$ etc may on-
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ly be up to seven characters long so you cannot directly extract
a string of over seven characters from the possible input of 30.
Should you wish to do so try this: check for the length of the
string using LENY, if it is over seven characters long use MID( to
extract a portion of this string and assign this to A$. Take the
next portion of this string and assign to B$, the next C$ and soon.
When you need to display or use the overlength string for fur-
ther string handling call up A$+B$+C$ either as PRT
A$+B$+C$ or $ = A$+B$+ C$. This is called string con-
catenation.

Missing from your BASIC vocabulary is VAL, the BASIC
command that returns the numeric representation of a string; if
the string is not numeric a zero is returned. This means that if
you use the command KEY to enter a character from the
keyboard that character can only be string variable and
although it may be a numeral 09 you may not perform
arithmetic on it directly. One way to overcome this is to use a
series of IF commands so: p

10 A$ = KEY:IF A$ = “” THEN 10
20 IFAS = "1";X =1
30 IFAS = “2;X = 2

and so on. You now have X assigned to the numerical value ob-
tained by using the KEY command.

Other common functions missing from Casio’s BASIC are
REM, READ, DATA and ON..GOTO. At first sight the missing
REM is a nuisance and it means you cannot include any non-
operative program information within the program. Fear not,
where there is a will there is a way (sometimes!). How about a
program line like this:

20 GOTO 30: THISISA HIDDENREM

On executing the GOTO the computer ignores the text after the
colon — so who needs a REM command! VIl let you think of
ways around any other missing statements!

Tape Measures

A cassette tape recorder in conjunction.with an FA-2 adap-
tor may be used to store programs or data on tape. The
paragraph concerning this in the manual is a wonderful exam-
ple of a(presumably) Japanese/E nglish translation inferring that
a magnetic tape recorder may be used to store important pro-
grams and data but that another type of recorder can also be
used for recording (alto, bass, tenor?)

One could go on for some time praising and explaining the
functions and capabilities of the FX 702P, which like all com-
puters has characteristics unique to itself. The proof of the pud-
ding is in the eating; | certainly enjoyed my feast with this latest
offering from Casio. Look at the table of Functions/Commands
and judge for yourself...




COMMAND

EXE
MODE

F1

F2

€

CLR
CLRALL
AC

STOP
CONT
ANS
STAT
ASTAT
SAC
INS
DEL
HOME

COMMAND

FOR
TO
STEP

NEXT
PRT

IF
THEN
COTO

GsB
RET

INP
WAIT
SET
VAC
STOP
END
SAVE
LOAD
PUT

GET
VER

KEYING
SEQUENCE

EXE

MODE

AC

STOP
CONT
ANS
STAT

F1 ANS
F1,

F1 Clclear)
F1 STAT
Fla—

e ol
e

KEYING
SEQUENCE

F2"
F2 ¥
F2%

F2:
F2;

F2A
F28B
F2C

F2D
F2E

F2F

F2G

F2K

F2L
F2M
F2N
F20

F2P

F2Q
F2R
F25

EXAMPLE

FORK=nTOm

FORK = nTOm STEP p
NEXT K

PRT A

PRT AS

PRT “TEXT"

IFX =Y THEN ...

IF ... THEN 200

COTO #
GOTO 200
GSB 500
RET

INP X
INPX$

- WAIT 100

SET En
SET E.n

SETN

VAC

STOP

END

SAVE [ #n“filename]

LOAD [ #n“filename”]
PUT [“filename” 1A Z

GET [“filename” 1A, Z
GET [“filename”]

RESULT

EXEcute, instructs computer to action current
instruction, enters program line.

Selects operating MODE — RUN, WRT, debug
TRACE, unit of angular measure and printer operation

1st Function key (coded red)

2nd Function key (coded blue)
Deletes character to left of cursor
Deletes current program area
Deletes all program areas

Clears display, terminates RUNing of program, will
switch computer back on after auto shutdown

STOPs execution of program

CONTinues execution of STOPped program
Displays result of previous calculation

Input mode for performing statistical calculations
Displays results of statistical calculations

Clears statistical summation memory

Inserts space at cursor position

Deletes incorrect statistical data

Positions cursor to left of display area

Cursor movement left
Cursor movement right

RESULT

Increments from K = n TO K = m during which time
program lines up to NEXT K are repeated

See FOR

Optional increment in FOR..NEXT loop

Used in conjunction with FOR...

Displays value of A

Displays string A$

Displays string enclosed within
Decision/comparative instruction

In conjunction with IF, in example if comparison true
jump to line 200

Jump to execute program area P5

Jump to line 200

Jump to subroutine at line 500

End of subroutine RETURNS to program line following
associated GSB

Assigns value of keyboard INPUT to

variable, numeric or string

Determines display time when using PRT command,
WAIT 100 = approx. 5 seconds

Defines number (n) of digits displayed
Defines.number (n) decimal places displayed
Cancels SET command

Clears data use memory

Suspends execution of program

Terminates execution of program

Command to SAVE program area n on tape under
specified filename

Command to LOAD from tape sepcified program to
program area n

Command to save data variables to tape

Command to read data variables from tape

Verifies program or data written to tape

rast
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FEATURE : Casio FX-702P

DEFM F2T DEFM n
PASS F2U PASS "password”
RUN F2v RUN {F1nl
LIST F2wW LISTn
KEY FIN A% = KEY
FUNCTION KEYING EXAMPLE
SEQUENCE
RPC F2H A = RPCxy
PRC F21 A = PRCxy
DMS F2) A= DMSA
RAN # F1. A = RAN #
SIN s A = SIN x
COS Fl: A = COS x
TAN F; A = TANX
LOG F1A A = LOGx
LN B A= LNx
EXP FC A = EXPx
SQR F1D A = SQRx
SCN F1E A = SGN x
INT F1F A = INTx
FRAC MG A = FRACx
ABS F1H A = ABSx
RND( F11 A = RND(x,y)
DEG ( F1} A = DEG(n,m,0)
LEN( F1K A = LEN(BS)
CSR FL PRT CSR n; X
MID { FiM A$ = MID(n,m)

Functions used in performing statistical analysis

FUNCTION KEYING

SEQUENCE
SDX F10
SDY F1p
SDXN F1Q
SDYN F1R
LRA F1S
LRB FT
COR FlU
EOX F1V
EOY F1W

Increase number of memories available by

10 times n

Designation of password to protect program
Executes program in specified program area

In WRT MODE displays specified program line and
subsequent lines on keying EXE

Reads one character from keyboard and assigns it to
A$

RESULT

Converts rectangular to polar coordinates

Converts polar to rectangular coordinates

Converts decimal to sexagesimal

Cenerates random number where 1>A >0

A = Sine of angle x

A = Cosine of angle x

A = Tangent of angle x

A = Common logarithm of x

A = Natural logarithm of x

Exponential function, A = e raised to the power of x
A = Square root of x

A = Signof x(1, —1 or0Q)

A = Integer part of x

A = Fractional part of x

A = Absolute value of x

Rounding to significent number of digits (x displayed to
yth significant place)

Sexagesimal to decimal conversion

A = Number of characters in string 8%

Designates location of display, PRINTs X, n spaces
from left of display

Extracts n characters from string $ starting with mth
character

RESULT

Standard deviation of x(xg —1)
Standard deviation of y(yo, —1)
Standard deviation of x {xg }
Standard deviation of y (yg )
Constant term (A)

Regression coefficient (B)
Correlation coefficient (r)
Estimated value of x (%)
Estimated value of y (§)

Statistical functions not having shortened keying sequence (ie have to be entered in full).

FUNCTION

CNT
SX
SY
SX2
Sy2
SXY
MX
MY

ETI DECEMBER 1981

RESULT

Number of data (n)

Sum of x(Zx)

Sum of y(Zy)

Sum of squares of x (Z x2)
Sum of squares of y (Zy2)
Sum of products of data (Zxy)
Mean of x (X)

Mean of v (y)

ETI



CAMBRIDGE LEARNING

SELF-INSTRUCTION COURSES

It's faster and more thorough than classroom learning: you pace yourself and answer questions on each new aspect as

yougo. This gives rare satisfaction- you know that vou are really learning and without mindless drudgery. With a good
self-instruction course you become your own best teacher.

. . .
Understand Digital Electronics
in the years ahead digital electronics will play an increasing part in
your life. Calculators and digital watches mushsoomed in the 1970's
-soon we will have digital car instrumentation, cash cards, TV
messages from friends and electronic mail.
After completing these books you wilk have broadened your career
prospects and increased your knowledge of the fast-changing world
around you.

DIGITAL COMPUTER LOGIC AND
ELECTRONICS £8.50 Dine, Yo,

This course is designed as an
introduction 1o digital electronics and
is written at a pace that suits the raw
beginner No mathematical
knowledge is assumed other than the
use of simple arithmetic and decimals
and no electronic knowiedge is
expected at all. The course moves
painstakingly through all the basic
concepts of digital electronics in a
simple and concise fashion: questions
and answers on every page make sure
that the points are understocd.

Everyone can ‘earn from it - students, engineers,

housewives, scientists. Its four A4 volumes conssst of:
Book 1 Bingry, octal and dacimal number Systéms, CONVErsON hHelwesn nuimbet sysiems
converson of Tracticns, oclal-dacimal convers.on fables
Book 2 ANO, OR gates. nverters, NOR and NAND geles truth 1abkes introgucinn |
Boolean aigebra
Book I Positve ECL. De Morgans Laws, desigrung logi cncuits using NOR gufes dual input
gates
Book 4 Introduchon 10 pulse drven crucwts, A-S and J K fip tiops binary Lountets shilt
rogrstecs, hatl.adders

oy

hobbyists,

DESIGN OF DIGITAL SYSTEMS £

This course takes the reader to real A
proficiency. Written in a similar
question and answer style to Digital
Computer Logic and Electronics, this
course moves at a much fasler pace
and goes into the subject in greater
depth. Ideally suited for scientists or
engineers wantinrg to know more
about digital electronics, its six A4
volumes fead step by step through
number systems and Boolean algebra
to memories, counters and anthmetic
circuits and finally to an
understanding of calculator and
computer design.

Book 1 Octal, hexsdecmal and Dinary number systems, Converson between number
systems, representaton ol negative numbers, complementury Systems, binary Multiphcation
and divepon

Book 2 OR and ANO lunctions, logse gates. NOT. exclusve OR, NAND, NOR snd saciusive
NOR funcuons: multiple nput gales. truth tables, De Morgans Laws. canomcal torms, logx.
conventions, karndugh mepping, three state and wrad 0gC

Book 3 Matt adders and full adders, subiraciors senal and puraliel adders, processwes and
arthmetc ogec urits IALUSI, multpiicabon and division sysiems

Book 4 Fhp tiops; shift reguters, asynchronous and Synchronous counters, ning, Johnson
ond suchusve ~ OR 1e0dDICK Counters, random access memones (ARAMs) and read naly
memories {AOMs)

Book § Structure of calculalors, keybodrd encoding, recoding display dets, regrter
systems; conuol umt, program ROM, address decoding. wisiruchion sets nstructe
decodhng: control programma struCture

Book 6 Centrat processing unit (CPU), memory mgdnuation, charactar reptesentehon,
progeam siorage, address modes, Input/Outpul Sysiems, proyram ntefrypls. ntersugil
vvmt::; Programnung. assambiers, COMpulers uxeculive Programs, upeiating systems and
ime shatng

Flow Charts and Algorithms

are the essential logical procedures used in all computer programming
and mastering them is the key to success here as well as being 3
priceless tool in all administrative areas -presenting safety regutations,
government legislation, office procedures etc.

THE ALGORITHM WRITER'S GUIDE £4.00

explains how to define questions, put them in the best order and draw
the flow chart, with numerous examples.

GUARANTEE No risk to you.

if you are not completely sausfied, your money will be refunded upon
return of the books 1n good condition.

CAMBRIDGE LEARNING LIMITED, UNIT 19

RIVERMILL S!TE. FREEPOST. ST. IVES. HUNTINGDON.

CAMBS.. PE17 4BR. ENGLAND.

TELEPHONE: ST. IVES {0480) 67446

All pnices include worldwide postage (airmail 1s extra -
prepayment invoice|
Please allow 2B days for delivery in U.K.
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please ask for

Microcomputers are coming - ride
the wave! Learn to program,

Millions of jobs are threatened but
millions more will be created. Learn
BASIC - the language of the small
computer and the most easy-to-learn
computer language In widespread
use. Teach yourself with a course
which takes you from complete

ignorance step-by-step to regal T Mo ol o 1 |/
proficiency with a unique style of { sy =9 f
graded hints. In 60 straighttorward —— f
lessons you will learn the five U =y
essentials of programming: problem f?.h__.!, /
definition, flowcharting, coding the > Sy 1
program, debugging, clear L= =
documentation. Harder problems are T = J

provided with a series of hints s0 you L
never sit glassy-eyed with your mind a blank. You soon lgarn to tackle
really tough tasks such as programs for graphs, cost estimates,
compound interest and computer games.

COMPUTER PROGRAMMING IN BASIC
£10.50

Book1 Compurers 3nd what they do wel READ DATA PRINT powers brackats vanable
names, LET wirots COdwiy simiple programs

Baok 2 High and low leve! languages Howcharing, functions REM and dOCumMUNIITOn
INPUT IF THEN. GO TO kmutstions ot cOmpulars problem detiniton

Book 3 Cumpiers and interpreless loops FOR  NEXT AESTORE dcbugyng afravs
bubbi sortung TAB

Book 4 Advanced BASIC subfoutwies Stnng vanshies hies complex programming
exampies glossary

THE BASIC HANDBOOK {2ND EDITION)
£14.50

This best-selling American title usefully supplements our BASIC
course with an alphabetical guide to the many varations that occur In
BASIC terminology. The dozens ot BASIC "dialects’ in use today
mean programmers often need to transliate instructions so that they
can be RUN on their system. The BASIC Handbook is clear. easy to
use and should save hours of your time and computer time. A must
for all users of BASIC throughout the world

A.N.S.COBOL £5.90

The indispensable guide to the world's No. 1 business language. After
25 hours with this course, one beginner took a consulting job,
documenting oif company programs and did invaluable work from the
tirst day. Need we say more?

ORDER FORM

Please send me the following books:

......Digital Computer Logic & Electronics & £8.50
...Design of Digital Systems (v £14.00

...Algorithm Writer's Guide @ £4.00
...Computer Pragramming in BASIC @ £10.50

.....BASIC Handbook ¢t £14.50

s ...ANS COBOL @ £5.90

reeecrnsneeneseenn BOOKIiSE (Free)

1| enclose a *cheque/P.0. payable to Cambridge Learning Ltd. _

Vorf. ... {* delete where applicable)

§ Please charge my:

1+ Access/American Express/Barclaycard/Diners’ Club/Visa/
:Masiercharge/T rustcard

1Exp. date.. .Cradit Card No....

:Si (L et pone ooy OO DR O OO OO DO
) Telephone orders from credit card holders accepted on 0480 87446 {Ansa-
1ions}).

1 Overseas customers {incl. Eire) should send a bank draft in sterling drawn
:on a London bank, or quote credit card number.

I Name

:Addrassh

I Cambridge Leaming Limited, Unit 19, Rivermill Site
1 £REEPOST, St. lves, Huntingdon, Cambs., PE17 4BR, England
1 {Registered in England, No. 1328762}
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LINSLEY HOOD 75 W AMP

KlT One of the best sounding amplifiers available at any price!
Kit designed for easy construction!

Complete kit - comes with all hardware and wooden sleeve!

Thinking about an amplifier? Then ET| has the
answer! Practically every hi-fi enthusiast will
have heard of the legendary Linsley Hood 75
design, for many years THE best sounding kit
around.

Take a look at the spec below and then take a
second look at the price — it’s not a mistake!
Only ETI could bring you an offer like this;

25% off the list price of this top grade kit, which
comes complete down to the last nut, bolt and
knob!

The power rating is conservative -~ some builders
have reported an RMS output in excess of 90 W
— and the toroidal transformer ensures that good

i i ilable.
SPECIFICATION peak d.elwery is available . : - .
3 e You will not get a chance like this again - a high
Input impedance: s ?‘Ek“"z‘;}ok quality 75 W RMS stereo amplifier kit with excell-
O ent construction notes and a design which makes it
auxiliary 470 k ch.ild’s play to build at under £1 per watt! Don’t
miss out — order now!
Input sensitivities: adjustablc B P R i T
| ET1 AMPLIFIER OFFER |
Treble control: +15-15at 15kHz I ARGUS SPECIALIST PUBLICATIONS LTD |
Sl 16173050 He | 145 CHARING CROSS ROAD |
z’ower osug:)ut Czlgi;wiag level 1 channel = {
1 kHz : 7 MS
Clipping level 2 channels | | wish to order. . .... amplifier kits and enclose i
74 W RMS I cheque/POfor..... (Add £2.50 per order for |
o | Securicor delivery anywhere in the UK). |
Harmeonic dlstqnlpn atall  0.01% maximum | |
levels below clipping: | 1 wish to pay by Access/Barclaycard, please |
} debit my account. :
Stability: unconditional and | 4 ‘QH?Q-[ , ;_ T { l =3 |
unaffected by load | ‘ i : 3 T': P, |
{
Power amp input impedance: 220 k : L'.5 2 ZJ&—[ ——l ! —I—I—L > !
Output impedance: 022 R I SigRed .. [ : W L RS TITITIT U |
g Name. ... ..conviirienenreocreerarsnsnans l
Bandwidth (3 dB): 3 Hz — 40 kHz = P N e — S O i
Rise time: 10 microseconds : ...................................... :
Voltge ain: 33 (31 ¢B) e e T
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“THE COMPLETE MICROPROCESSOR DEVELOPMENT SYSTEM®

Plug SOFTY 2into the EPROM socket of your
favourite micro {280, 6800, 8036, etc.)
prototype system_ which will slso contain
input/output lines, RAM, keyboard, displays,
atc. SOFTY 2 will opersate as the ROM in your
system1 but enable you 1o write dats into any
location, observe the memory contents on any
black & white TV ardi store the programme on
2 cassetta recorder if required. Various editing
facilities are also available to permit bytes or
blocks of code to be changed. inserted,

deleted, shifted, etc. enabling the programme to be developed and run on the host computer.
When the programme has been “debugged”, SOFTY 2 may be used to burn ht into an
EPAOM (2716 or 2732. Plug the Eprom into its socket and you have a dedicated

MICroprocesser system

system.
You can also usa it 3 an EPROM progeammaer and to copy EPROMS from 8 master or ta/from

tape.
The SOFTY 2 is housed in a black ABS case and comes compiste with mains supply, cable
with 24-pin d 1.} plug for connecting to your prototypa system. and television lead. Fuily built

and tested.

IOEAL PROJECT FOR BEGINNERS
7, ) 2 VAT

NOT JUST ANOTHER CLOCK

but a PROGRAMMABLE TIMER KiT which can
fun your central heating, burgiar alarm, lighting,
tape-recorder/radio and {ots more. Designed to
control four mains outputs independently,
switching these on an off on selected days and
times in sevan-day cycle.

Features include:

% 0.5in. LED 12-hour display

* Day of week, a.m./p.m. and
output status indicators

% 2Zero Voltage Switching Outputs

* B0/60Hz mains oparation

* Battery back-up saves stored programmes and continues time
keeping during power failures {battary not supplied)

% Display blanking during power failure to conserve battery power

% 18 programme time sets

* Powarful “Everyday™ function enabling output to switch every day
but use only one time set

% Useful “’slaep’’ function -~ turns on output for one hour

% Direct switch control ensbling output to be turned on immaediately
or after a specified time interval

% 20-function keypad for programme entry

£169+ VAT, Send SAE for further detalls
1

Also avaiiable is the oaw 280 AS SEMBLER/MICRO CONTRQ

Based on the iCL71

laqu crvstal daolay, 1hrs b1
adaitona

1A low power version of the ICLY106 chy

DISCO LIGHTING KITS

£ach unmt has 4 channels (rated 31 1 KW a1 240V pes
hINNel) whach gwiich 18MpPs 10 Provide sequencing
eMecty controlled menuay or by an optronsl opto
wola1nd Sudho input

oL 1000K

Tiwg Wit lastures 8 Di-dwections)
WENCE 100ed of Mquence end
trequency of direction change
being vesable by mesns of
potsr...omeiars Incorposeies
meswr Qrmming control £14.80

OLZ 1000K

A lowt ¢ conl versson of 1he sbove
festunng undrectiongl channet
MCUANCe Wb 1Deed varadle by
mesny of 3 preset pot. Outputs
switched only a1 ma s o Crot
$0Y DO 1O reduoe 8di0 inter-
ference 10 meawmum €3 00

Optionel Op1o Input
80p

Jai% d
1 {orm the Laws of 3 kgtal multimeter lonly & §

| repstors Bnd Samiiches 3re requirsd — Oolade supohcdl, Of § sentit

Giplal thormometer

sentvity o1 200mV 10t @ hl scale oadwng, AUIOMBIC DOIBATY i

50°C to + 150°C} reacing 10 0 1°C. The bascc kit has

ton and

itra low powel requrement = gwing 8 2 year typecal battery e Irom i stendaed 9
PP whet used 8 hours 8 Say, 7 davs & week

£45.50 - VAT

to be quite compiex, tequiring many
LNy difficult to get components and a well
s equipped lsb to set them up. If this has
put you off making your own system we
have just the kits for you
using infra-red, these KITS range from simple on/off controliers to coded transmitter/
recesvers with 18 on/off outputs ot three analogue outputs for controtling TV o hifi
systems, the kits are easy to bund and simple t0 set up — and they are extremetly
vorsatile 50 you can use them for controlling anything from garage doors to room lighting
just by adding the required output circuits, i.e. relays, triacs, etc. o 3
If you can design your own system, we stock a wide range of remote control
components at very competitive prices.
To help you decids, we have compiled a bookiet on remate control, containing circuits,
hits, data sheets and details of our remote control kits and components.
So DON‘T controt yourself — send us 30p and an S.A.E. for your copy TODAY.

% Programme verification at the touch of a buttan

To _control your central heating, for example {inciuding diffsrant
switching times at weekends), just connact it t0 your system, pro-
gramme it, set it and forget it. The clock wiil do the rest. There has
never been a clock capable of so much at this price.

/- THE KEY T0 YOUR SECURITY
| )

5600 |/ ISINOURLOCK C 1175
QOO [ 1yay have srctisms wnt vecole mperng win vour oo

£45-00 ‘h'bi‘ of fargetting your door keys, we have just the kit for

CTS5000K Timer Kit {includes all components, assembly and program- i
ming instructions, and an attractive black case)

you

Our ELECTRONIC LOCK KIT includes 8 10-way keyboard and s special IC which provides 8 750maA
output to drive » 30/encid or relay (not suppliedi when four keys arp depressed n the correct
saquence Thig gives over 5,000 passible combinations! The sequance 1t pre wired and mey be
aagily changed by means of 8 small plug a;\d socket. A hSA:E" 'u’twh " lhn’avalhqlg unablgg

consl the open cade 1o be 310red {sapacislly useful n & car when it is le & garege fOr servicing ss the
N FT":"‘:T:':"-»(::::‘;:'& Pyt o open code need net be disclosed), Size: 7 X 6 X 3 cms. Power consumption 18 40uA a1 §V. to 18V.

Vand duabled |1 works &e & convensonal dc
BN chmmer, enabling You o switch the lighrs on At only 218.50 + VAT, it will make & smalier hole in yous pocket than o bunch of keyst
of off, or 10 dun to whatever baghtncss you LOCK 1.C.
.C.a

157220 with SAVE memory
LS7225 wath L3t hed and momen -y Sutputs and 3 B3Mmper output
lock mechansm

YOU MUST HAVE BETTER THINGS T0 DO

than getting up 10 switch kghts On when it
gets derk Cur Lamp Ownmer Kit wih
INFRA-RED AEMOTE CONTROL wikk anabia

esbmaied that the savings in shoe keathar agsembied, 1t fizs 1010  plaster deoth box to
and corpel woar 8lone wouild pay for this
unt it appromimataly 1 3807 years of mose!| [:]

TRIACS

roplace YOur COMwantionat pwitch or dimmer
,  With no rewining and wil control up 10 300w
of TOA300K Dimwaer Kt £14 30,
2and MKS Tranumatiec K €4.20 A
We also still sl dur heghly-popytar TOI00K
Touch Dimmer Kit at £7.00 and the LOI0OK
rotary-controllod Dimmer Kit at only £3 50
'Lp.‘u:‘v.A.‘l’,m-bM prices)

1ty CONlyn ali necesmiry componen . .

ond ful ascembly nstructions. You onfy CT1000K Basic Kit
need & solderng Ton, cutters end @ tew CT1000K B with white box {58/ 13t X 71mm}
gt £17.40

Ready Buyilt £22 50

Swichas any spplnce up 10 KW

on and oft #1 preset tames onca

por dey. Kit contsing AY-51230 iC.
LED

400\ Plasiwc Case {Teaas)

L)

BA TIC226D
12A TIC236D
1BA TIC2460D
2%A TIC2630

6A with trigget Q40061
€4 solated tab TXAL2288

Oisc
Opto Iscisted Triac
MOC3020 0.8A.400V

Prices do not include VAT. Add 50p P&P + 15% VAT to total.
Overseas customers add £1.50 (Europe) £4 {elsewhere) for P&P.
ACCESS and BARCLAYCARD welcome.
Send s.a.e. for price list and with ali enquiries.
Shop Open: 9 a.m. t0 5 p.m. (Mon-Fri) 10 a.m. to 4 p.m. (Sat.}
{ET1) 11 BOSTON ROAD, LONDON, W7 38J
TEL: 01-579 9794/2842

— Gy, Moven Cormier Mapd -

UXBAIOGE ACAD
f e |
“Manwell LY Corogn

_—I SUSED 207. O ot L1

ik
I g: g f\.r" Shop now open

“ol
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NEWS

AUDIOPHILE

Source time again. Audiophile this month goes back to disc playing
machinery, giving Ron Harris a chance to assess the complete
Mayware pickup system and a new cartridge range from

Audio Technica.

Il {(née Formula 4, but renamed under an inter-
national agreement). However, they also market a
small range of cartridges and a step-up transformer, the T-24.

| took a look at Mayware’s low~cost high-output moving
coil some months ago (ETI May ‘81), and found it a worthy pro-
duct. Shortly afterwards | was tempted by an offer from
Mayware to see what 1 could glean from a complete pickup of
theirs — the Mark Il arm, MC-2V cartridge and T-24 Il
transformer. {Overcoming temptation has never been a strong
point of mine — 1’m a pushover, in fact. One little exercise of
the feminine wiles and logic flees the empty plains of my mind,
taking any remaining vestige of willpower with it)

Thus the Mayware pickup is duly considered herein. As an
appropriate complement we have two units from a new range
of cartridges from Audio Technica, the AT-3100XE and the more
upmarket AT-31E. The now superseded AT-30 set a high stan-
dard for its price and I was interested to see what the AT-31E
could do in its wake.

M ayware are best known for the pickup arm, the Mark

7—;' -
Mayware Wares

The MC-2V is a low output (around 0.25 mV) moving coil
cartridge with a conical stylus tip — unusual even for these days
of the ever<hanging shape. Record wear is lower, for a given
tracking force, with a conical stylus than with an ellipticai tip, so
the recommended 2 g downforce of the MC-2V should cause no
tremors of uncertainty even in the fainthearted

The T-24 is matched to the MC-2V, or vice versa if you
prefer it, such that the two constitute one working unit. The T-24
has briefly raised its head before in Audiophile, competing man-
fully with the incomparable Ortofon T-30transformer, and gave
a good account of itself. Matched up to the MC-2V it did
nothing but add to an already favourable impression

In various forms the Mark 11l has been around hii em-
poriums for a while now, but it continues to offer excellent
engineering at a good price and deserves more publicity than it
receives. Maybe now that Thorens and Mayware share a

¥ distributor itwill rise into the sight of more enthusiasts, receiving

due defence in the process.

Left: The Mayware T7-24 11 transformer; at £69 it is good value for
money,

Below: The response curve for the MC-2V pickup.
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Above: The Mayware Mk il pickup arm. Note the graduations down the arm, used in conjunction with the rider weight to apply tracking

force. Why not dispense with the lot and graduate the counterweight side of the pivot, thereby reducing the effective mass? The arm gave a
good account nf itself with most cartridges, and whilst not as universal as, say, the SME 111, in my opinion it's excelient value for money and
well-engineered.

Arms And The Man

The Mark Ill is a unipivot design, with provision of adamp-
ing well around the bearing. Silicone fluid is employed to give a
variable facility, primarily to control subsonic resonances.

An earlier headshell, which had been rightly criticised for
its lack of rigidity, has been replaced here with a strong casting
of greater substance. Downforce is applied, curiously, by stiding
a rider-weight along the arm tube toward the pickup. Bias com-
pensation is provided by a falling weight and thread arrange-
ment, retained from earlier models.

The counterweight is eccentrically mounted on the arm
tube, to provide some lateral balance — a necessity for
unipivots, as they lack the stability of designs with “twin’ bear-
ings in this plane. If incorrectly set-up they are liable to a strange
rocking mode of oscillation

The Mark Ill is well presented to the new purchaser and
adequate setting-up instructions are provided by the sheet ac-
companying the arm. Alignment and mounting protractors are
also thoughtfully present and installation is very straightfor-
ward. Instructions are clear and concise, if not up to SME stan-
dards. As the arm has no sliding base, adjustments for tracking
error are made by the positioning of the cartridge in the head-
shell itself.

Sound Sense

Before fitting the MC-2V, | put the Mark Il through its
paces individually, to assess its strengths and weaknesses. Arm
tube resonance is relatively minor, set at about 650 Hz, and
there is a counterweight resonance at around 60 Hz. Pivot fric-
tion is commendably low, at <20 mg in both planes.

Using a reference cartridge of known quality, the Mayware
I1l arm was shown to give a good basic performance with good,
well-controlled bass and a clean, well-imaged, sound stage. It
had a tendency towards a forward or bright presentation but not
unduly so. For the price, an excellent result.

I would comment, though, that even with the low effective
mass of 7.5 g that rider weight is a strange way of adding
downforce. Much better to keep it as far back towards the pivot
as it will go, thus minimising its addition to effective mass, and
applying tracking force by moving the counterweight forward.

Also, with low compliance moving coils, some addition to
headshell mass would be beneficial, as it was to prove with the
MC-2V (compliance = 8 cu). High compliance units give very
good performances, and | tried both the Shure V15 IV and Em-
pire 600 LAC cartridges in the Mark 1! with textbook results.

50

Transforming Levels

The T-24 Il is a well-made little unit with no frills at all, save
the gold-plated phono sockets provided for /O purposes.
Finished in matt black, it is small enough to sit unobtrusively in
all but the most miniscule hi-fi set-up.

On the test bench it gave an exemplary performance, prov-
ing to be flat across 20-20 kHz + 2 dB and with few phase pro-
blems. It will match cartridges of between 340 R impedance,
although it appeared to operate best with those of low im-
pedance characteristics, such as the MC2V. Hum pick-up is par-
ticularly low and will give no trouble in use, | feel.

All Together Now. . .

And so, at last, to consideration of the pickup system as a
whole. Setting up was simple and the MC-2V reached its best
tracking levels at around 2.1 g. It is by no means an excellent
tracker, but is more than a match for most MC units in this price
class. Listening tests were conducted with the system setupon a
Thorens TD 1605, feeding KEF 105 |] loudspeakers via a Lec-
son/Monogram amplifier combination.

The overall impression was one of a well-balanced sound,
but one which was not controlled tightly enough, and was a lit-
tle bright overall, with a slight midrange hardness. Adding a
back-plate between the MC-2V and headshell to increase the
mass damping effect greatly ‘tightened-up’ the presentation
and gave improved detail all around. The brightness persisted,
however, as the only blot on an otherwise impressive perfor-
mance.

Going through the components, one by one, and fitting
them into other systems (as with the arm) showed that, when
mounted in an SME series l{l the MC2V is a fine cartridge with
excellent bass and mid-range, good treble register — but a
slightly forward presentation.

Put simply then, both the arm and cartridge are excellent
value for money and will perform better than their respective
price tags would promise.

Match Of The Day

As a general recommendation, the MC-2V will match any
of the higher mass rigid arms perfectly, and is usable in the more
versatile low-mass designs, epitomised by the SME 111, with the
addition of headshell weight. Take care with loudspeaker mat-
ching to obtain the best from this high-quality unit, however.

The Mark Il arm is ideal for all high-compliance cartridges
as it stands, and has the flexibility to support the lower com-
pliance moving-coil designs perfectly adequately. It does have
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Audio-Technica‘’s new duo of mobile coils. On the {eft the up-market
AT-31E and on the right the budget AT-3100XE. Both proved to be interesting designs.

Tooered Cantdever Cods 5 Wire this slight tendency towards brightness, though this is not
| serious and should not deter an intending purchaser, merely
‘ engender the requisite care over matching.

The T-24 1l transformer can be unreservedly endorsed as
providing value for money and a good alltound performance,
distinguished by faultless bass response and outstanding tran-
sient performance. At £69 including RRP it can be said to be
value for money, too.

Mught Channel  Lett Channel Sty

Above: The alignment of the motor system of the new AT cartridges.
The whole system is replaced with the stylus.

Technical Audio

Audio Technica have produced a new line in moving coils
recently, and the AT-3100XE is a fine example of a budget unit
(at under £30) with user replaceable stylus. (Surely one day all
cartridges will be made this way?)

The AT-31E-is an up-market elliptical unit, designed for the
more demanding — and pecunious — enthusiast. Both are low
output types, and will need step-up devices. Since the Mayware
T-24 |1 was to hand, | used this to assess the Audio Technica
units. Seemed sensible; besides which, AT hadn't sent me one of
their AT 650 transformers, so serve ‘em right if | don’t use it!

AT make great play of their ingenious operating system,
employed in this new range, in which the channel coils are
wound onto separate formers and mounted in a V configura-
tion, similar to that found in record cutting equipment.

TEST RESULTS

Audio Technica AT-31E

Changing the stylus on the AT-31E means pulling hali the body ofi!

Below: A ‘potted-down’ version of the test results for this month’s three
cartridges. As you can see, there is little to choose, on paper, between
the MC-2V and the AT-31E. Personally § preferred the AT-31E for its
better midrange. An opinion only, and you should listen to both for
yourself, if in that field you search for perfection’s touch.

Audio Technica AT-3100XE

Mayware MC-2V

Frequency response (see graphs): 20-20kHz = 2dB 2020 kHz + 2dB 20-20 kHz + 3.5dB
Output voltage (at 5 cms ~ % 02 mV 04 mV 04 mV
Channel separation (at 1 kHz) 23 dB 32dB 29dB
Channel balance: within 1 dB within 1 dB within 1.5 dB
Tracking force (optimum}: 21g 16g 18¢g
Vertical tracking angle: 20° 20° 20°
Weight: 69g 5g 43g
Typical price: £56 (or less) £29 (or less)
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Claimed benefits are improved separation, better imaging
and improved tracking due to reduced weight. Compliance is
fairly high for moving coils and this allows a wider choice of
arms than is usual. High energy (per weight) samarium-cobalt
magnets are used and a spring-terminal set-up allows for user-
replaceable styli.

This in itself is achieved in a novel and advantageous man-
ner, where the generator elements are left undistributed — they
are simply exchanged wholesale. Normally the stylus is
changed, leaving one half of the motor, either coils or magnets,
intact. Not so here, and the difference should make for more
repeatable results and higher quality control standards.

Book Covers And Judges

It appearances dictated height of fidelity, these units
would be well up on the scale. The AT-31E is a striking blue and
silver and the 3100 a very prominent black/white/silver. Both ar-
rive neatly packaged on a perspex headshell, with good instruc-
tion manuals and the usual hardware (nuts, bolts, cleaning
brush and so on).

The AT-30, predecessor to the AT-31E, had some problems
with response in the early days which were ironed out in later
samples. The AT-31E has no such troubles! As the graph shows
the trace is rulersstraight except for a very slight bass rise.

Removing the cartridge from the superb packaging proved
entertaining, to put it mildly. To get the unit off that nice shining
headshell,you’ve got to pull the stylus assembly off first, else the
mounting screw won’t come out. Damn sneaky if you ask me,
and should be explained clearly ON THE BOX somewhere. Bet-
teryet, be sensible, AT, and set it up so youdon't need tobe able
to solve Rubik’s Cube in six seconds flat to play records. Silly
people

Once enthroned in a real headshell, however, the AT-31E
made me inclined to forgive AT for the packaging. The imaging
is excellent and the channel separation the best |'ve heard from
amoving coil. Foronce, the publicity blurb is true! Trackingwas
above average, but not yet in the V15 IV class.

The sound quality was such that it reminded me of the Cor-
al MC81 — only more refined! | set up a Coral for comparison
and the analogy proved a good one. The AT-31E has all the Cor-
al’s strengths, in terms of mid-range detail and clarity, but none
of the vices, ie slight roughness and bass extension worries.

As | was extremely fond of the MC81 (and still am, come to
that) | couldn’t be less than enamoured with the AT-31E. It is a
tine unit and will be serious competition for the myriad other
cartridges in the price bracket. Give it a listen.

e~
Above: Safely mated with an SME headshell, the AT-31E prepares to
make light of tracking and imaging problems. It matched the arm well
and did itself proud in both test and living room.

AT-3100XE

This too is a low-output design, although a higher output
version — the AT-3200XE ~ is available, A step-up is thus re-
quired which will, to some extent, negate the advantage of low
cost. We managed to try out the 3100 in a few decks costing bet-
ween £70 and £150 and in the inevitable SME Series |11 lateron.
Time had gotten very short by now, but sufficient listening
hours were clocked to facilitate sensible comment.

This unit too is characterised by attention to detail,
especially in the midrange. it handles complex material well,
although with some roughness, be it said, in the lower registers.
There is a slight rise in the hf end which is not serious, but could
accentuate surface noise if the cartridge is not set up PRECISE-
LY.

One should judge against price and competitors, and on
that score the AT-3100XE comes out very well. For £30 you
would be hard pressed to buy a better sound anywhere.

Man Of Letters

Dear Mr. Harris,

Thank you for producing such a great magazine which | read
regularly and with pleasure. Your recent review of the
Monogram Amplifier prompts me to tilt at windmills and ask
some questions. | refer to the current obsession of
manufacturers for more and more watts of output! 400 watts is
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Above: Response traces for the AT-31E and the AT-3100XE. The h.f. rise on the later is almost certainly due to an impedance matching problem
with my test rig. It was one of those days when the gremlins ruled OK and there was nought to be done! Still, it was a repeatable result so. . .
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powerful stuff, useful perhaps for discos and Hyde Park
corner, but hardly conducive to neighbourliness in domestic
hifi

it is recognised that Class A amps are superior in range
and tonal qualities to the AB, but all that heat and metalwork,
as well as PSUs needing gun-carriages to move the ot around.
Is it worth it all when we consider the notorious inefficiency of
the standard design loudspeaker. You rarely get out of a
speaker what you put into it.

My own set-up is very modest; a pair of mongrel speakers
which satisfy me if no-one else. They have a power rating of 15
watts apiece. The amplifier is also a hybrid — Capricorn
preamp construted from your friendly rival, HE (sorry about
that} and two ILP power amps, rated output 15 watts each. |
did not build the HE power arnps as [ did not have £125 and
could not think of a reason for needing 300 watts. | doubt |
am using more than 20% of my output power in domestic
use. The signal source is either radio or stereo tape deck.
Which brings me to my questions.

Is the advantage of these larger output amps to be found
in their class A quality rather than lots and lots of watts?

With my present speakers would it even be feasible to use
power amps with such large outputs?

Thank you for reading this and please could you
enlighten me. If the improvement in tonal quality were to be
considerable, then | will go for Class A, hot though it may be,
but at a more modest price.

Fr. K. Callaghan, Clapham, London.

Oh ye of little faith! Watts the point of me extolling the virtues of good
PSUs, high powers and increased dynamic range if you’re gonna ignore
me totally? | give up. | despair. | resign from the human race (assuming
I was ever in it).

High power amps are not a luxury, they are a necessity if you are
to employ anything like the same range in your music as you would
experience in the concert hall. Most domestic users probably run their
systems under 1 W most of the time, but once a crescendo trots down
the wires, or someone hits a bass drum, something like 100 W is needed
to maintain the same fidelity levels on the signal.

If your amp is underpowered, the attempt to reach such heights
simply boots the output into clipping — which sounds rough and harsh
compared to that which has gone before. Even with your modest
speakers, higher power would make itself audibly apparent, with a
sense of ease and clarity. Start saving the pennies!

Dear Sir,

Having read your column on and off for some time now |
have come to the conclusion, reluctantly, that you are biased
against Linn products for some reason of your own. Answer
me straight, is this true? If not, why don’t you review one of
their new arms, for example?

D. G. Chesterton, Tovil, Kent.

No it is not true. | consider the LP12 greatly overpriced for the
performance it offers and refuse to concede that a Linn source is the
only viable one. The Linn has its own sound, which is pleasant enough,
but hardly totally uncoloured. Straight enough?

(P.S. 1'd be only too happy to review the Basik (or any other product of
theirs...} should Linn feel able to loan me one!)

Stop Press

If you like the idea of owning a pair of Voit V3 speakers (see
October ‘81 ETI), but don’t like the idea of chopping up the
chipboard, then take heart. Wilmslow Audio are now offering a
complete precut woodwork kit for this project. This news
arrived so late we don’t know the price yet, so for more
information get in touch with Wilmslow, Cheshire {telephone
0625 529599). ETI
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BODYWORK
CHECKER

Don’t go out and buy a second-hand car
without building this handy little gadget. It'll
point out any problems under the paintwork.
Design by Rory Holmes. Development by

Tony Alston.

he purpose of this project is to

help the selective second-hand car

buyer detect the amount of body-
filler used under well-disguised repair
jobs. The unit gives a two-state
indication of metal or plastic, (OK’ or
*BAD’ respectively).

Our metal detector uses a
capacitive sensing principle, which will
detect the presence of any conductive
object. Because of this the circuitry is
much simpler and more reliable than
metal detectors working on an
inductive principle. it is also more
suitable in this type of application
where large areas of metal must be
checked.

In use the device is switched on
and lightly run over the car panels; if it
runs over an area of body-filler the
‘BADY light will come on, otherwise it
should read *OK".

Construction

The case is the most important
part of this project as it is also part of

the electronic sensing circuit. Take a
careful ook at the photographs of the
finished project and you can clearly
see the sensor area at the bottom rear
of the case. First cut a rectangular hole
(30 x 35 mm) about 8 mm from the
bottom edge of the case and 14 mm
from either side — make sure to clean
off any burrs from the hole. A piece of
single sided copper clad board (24 x 30
mm) is used for the sensor plate — this
is centrally glued (copper side out) to a
piece of plain paxolin or similar
material (35 x 45 mm). This assembly is
then glued to the case from the inside,
so that the copper clad board will then
be flush with case surface.

A small hole is drilled through to
the copper side of the sensor plate and
a short length of insulated wire, long
enough to reach the main PCB, is
soldered to the copper surface 'of the

sensor plate

The components can now be
assembled and soldered to the main
PCB as shown on the overlay diagram,

CONNECTING WIRE ~ SOLDERED
TO FACE SIDE OF PCB

RECTANGULAR HOLE IN
CASE 30 x 35mm

SOLDER

SINGLE SIDED PCB

{COPPER SIDE OUTI
GLUED TO PLAIN
PCB/PAXOLIN

DIECAST CASE SECTION

PAXOLIN OR BARE PCB
GLUED TO CASE

R L L E
\\\\“\\\\“\\“‘

fig. 1 This cutaway diagram shows the
constructional details for the sensor plate.
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With the protective felt peeled back to reveal
the sensor, you can see how the fixing screws

should be countersunk so they lie flush. In the mtemal L

making sure to correctly orientate
D1,D2, ICt and {C2 and the LEDs
Make sure to fit the link adjacent to
IC1

A short length of insulated wire is
connected from the PCB to a solder tag
fixed to the case — make sure this is a
good connection as it forms part of the
detecting circuit. The connecting lead
from the sensor plate is soldered to the
main PCB as indicated. A further
inst.iated lead is taken from this same
point on the PCB and held against the
side of the case by a piece of insulating
tape to form a capacitive trimming
circuit (see photograph and refer to the
setting up procedure). The LEDs are

.

shot (right), note how the trimming wire is taped to one side of the case.
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directly mounted on the PCB and
appropriate holes are drilled in the
front case panel to allow these to pass
through.

Finally, a piece of felt cut to size is

then glued to the rear of the case,
covering the sensor plate; this prevents
the case from scratching the car body-
work and upsetting your friendly
second-hand car dealer!

Settmg Up
Setting up the circuit is
straightforward; PR1 controls the
detecting sensitivity and PR2 the
metal/plastic switching threshold.
When altering the presets bear in mind
that replacing the case lid will slightly
offset the adjustments, so replace the
lid after.each adjustment to check the
effect.

Start with maximum sensitivity, ie
set PR1 to its full resistance (anti-
clockwise). Then place the case, sensor

side down, onto a nonconductive
object. With the lid off, PR2 can now
be adjusted until the switching
threshold is found. When the ‘OK’ LED
is on, back off preset PR2 until it just
extinguishes and the ‘BAD’ LED comes
on (indicating no metal). The unit can
now be placed against a metal surface
and the 'OK'’ LED should redight.

The trimming wire capacitively
couples a small degree of HF voltage
into the detector, effectively aitering
the switching threshold. Its effect can
be varied by trimming the length. By
experimenting with this if necessary,
together with PR1 and PR2, a suitable
switching action can easily be found.

Note that the human body is a
fairly good conductor — you can prove
this by holding your hand against the
sensor, when the ‘OK’ LED should
come on. This resulted in one member
of staff wandering round the office,
checking out the female employees
and reassuring them that all was well!

BUYLINES

All ICs and other components for this project
are readily available. Most mailorder who
advertise within these pages, eg Bi-Pak, will be
able to supply all thatis necessary. The PCB is
available from our PCB Service as advertised
on page 9.

HOW IT WORKS ——

CMOS inverter gates 1C2a and IC2b form a
high frequency oscillator of about 150 kHz.
This signal is connected directly to the case,
which in turn is capacitively coupled via the
sensor to the high-impedance detector cir-
cuitry based around IC1. This unusual way of
screening the circuit prevents the user’s hand
from affecting the capacitance between the
detector input and the 0 V ground rail.

D1, D2, C1, and PR1 rectify the signal
from the sensor and pass this voltage to the
positive input of the op-amp, which is con
figured as a simple comparator. PR1is used to
set the input impedance and hence the sen-
sitivity of the sensor. PR2 sets the switching
threshold voltage on the non-inverting input
to the comparator. When the coupling
capacitance is increased, due to a conductive
object lying across the case and sensor, the
high frequency signal strength arriving at the
detector will increase, raising the voltage on
pin 3 of the comparator above the threshold,
and switching the output from pin 6 fully
positive.

1C2¢,d are connected as a Schmitt trigger
with R4 supplying positive feedback. This
sharpens up the switching action coming from
the comparator and further provides suitable
drive signals for the two LEDs. These drive
signals are buffered and current-limited by
iC2e, which power the LEDs. When metal is
detected LED2 is lit and LED1 is off; the con-
verse is true if metal is absent.

NOTE:

101 1§ CA3140
1C2 1S 40698
D1 & 2 ARE I1N4142 \\ \\‘
LED1 & 2 ARE Swwn RED LEDs e e
Fig. 2 Circuit diagram. PA RTS I.lST
Resistors (all 4 W, 5%)
R1 22k
TO SENSOR TO CASE . Ly
R4 8M2
a=ANODE .
= Potentiometers
R k= CATHODE PR1 4M7 miniature horizontal
e preset
WIRE TAPED n2 PR2 47k miniature horizontal
TO CASE preset
{SEE TEXT) 5 anden
aj 0
b - c1 4n7 disc ceramic
T0 Cc2 470p polystyrene
swi Semiconductors
IC1 CA3140
1C2 4069B
D1,2 1N4148
LED1,2 5 mm red LEDs

LEO2

LED1

Fig. 3 Component overlay of the ETI Bodywork Checker.
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Miscellaneous

SW1 miniature rocker switch
Battery and clip (PP3); diecast case,
approximate size 114 x 64 x 30 mm (RS 509-939

or similar — see Buylines).




ENGITING OFFERS!

DIGITAL VOLTMETER MODULE

S ottigh overall sccuracy £ 0.1% + 1 digit.

Fully built & tested

ePositive and negetive voltages with an FSD
of 898mV which is easily extended
eRequires only single supply 7 - 12V

olarge bright 0.43” (11mm)} LEOD displays.
oSupplied with full dats and epplications

ULTRASONIC
ALARM
MODULE

Fully built

sq, Range adjustable
e from 5’ - 25°

A really

aftective fully built

module which contans
both ultrasonic transmitter
and receiver, together with the

necessary circuntry for providing the
asppropriate delayy and false alerm supp-
ression, Using this sodule with & suitable

12V power supply and relay unit such as that

shown_ e resily effective though inexpensive intruder

slarm may be constructed, The module, which 13 supp-

lied with a comprehensive data sheet, is easily mounted in

a wide range of enciosures. A ready drilled came, together with
all the necessary hardware, is svailable below

Power Supply & Relay Unit _
£3.95 war

Incorporating & stabilised 12V supply and a
5.p.c.0. relsy with 3A contacts, this unit
it designed to operate In conjunction with
the sbove ultrasonic unit. Fully bullt and
tested, its compact size makes «t ideal for
constructing the smaliest of urts

Using this fully built and calibrated module a5 a bans now means thet you can
sasity bulid 8 wide range of accurate squipment such as multimaters, thermometers,
battery indicators, stc. etc. ut a fraction of the cost of ready-mede squipmant. Full
details are supplied with sach module showing how to easily extend the voltage range
and measure cement, resistence and temperatura, Fully gusranteed, the unit has been
supplied to electricity suthorities. Government departments, universities, the P.O
and many companies

Temperature Measurement £2.15war

An easily constructed kit using an |.C. prabe providing a linear output of 10mV/PC
over the temperature range from-10°C to +100°C. The unit is ides! for use n
conjunction with the abova OVM maduie provid Ing an sccurste digital thermometer
suitadle for a wide range of spplications

Power swply £4.95 .var

This tully built mains power supply provides two stabilised nolated outputs of BV
providing current levels of up 1 250mA each. The unit is ideally suited for power
ing the OVM pnd the Temperature Measurement module

Hardware Klt £3.95.var

A witable ready drilisd case together with
the various mounting pillars, nuts and bolts,
and including 8 mains switch and 2mm
sockets designed to howvse the uRrasonic
slarm module, together with its sssociated
power supply. This hardware kit provides an
ideal solution for assembling the ecanomical
alarm system, Size 153mm x 120mm x 45mm

RiSCOMP LIMIiTED

Dept. E.T.I. 3.
21 Duke Street,

Princes Risborough, Bucks.
Tel: Princes Risborough (084 44) 6326

In addition to the above a wide range of competitively priced glectronic
components is stocked. Please telephone your specific requirements,

eV.AT @ Shop hours 9 - 5.30 (Weds. 9 - 1)

@ ex-stock delivery on all tems. @ Units on demonstration, callers welcome,

o Post and packing charge 50p per order. @ S.A.E. with all enquiries please.

must be added on all items

|

3 s

o
g
=
®

S300QPLowesnn
PVIVIUDVeDeSDD
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miclojajajelc) ] 1-1-

20 digit scroliing display. Up to
1680 programme steps and 226
memories

FX702P £1156.96
FA 2 interface £19.96
FP 10 printer SOON

#8800 10 digit (8 + 2) hquid
crystal display. 50 scientfic
functions. Standard deviation.
Fractions. True algebraic logic

FX 3600P 10 digit (10+2) 38
step programmable calculator
with liquid crystal display
Regression analysis. 44 scientific

FX-802P 10 dgit (10 + 2}
programmable with alpha-numenc
liquid crystal display. Up to 512
programme steps and 83 memory
registers. 33 parentheses nestable

L e e T e FX 550 £18.% functions. 7 memories, 18 sets up to 1 javels. Up to 9
of parentheses. True algebraic ?‘;fg;;’:%’;wam SR
togic. 6 functions =
TEXAS T161-111 32 step FX 601P £51.96
FX 3600P £21.96 FA 1 interface £19.96
TEXAS T1 6750 Step/ 150
keystrokes £26.96 EL 6101
TEXAS T 68 480 steps or l Saind 4 -
Y. 3l 60 memories £67.96 D =S G- =
L llalalidll TEXAS Ti88C as 58 with W BDOEE (@ e
TS constant memory £68.96 SN apoon R =
g TEXAS TI 59 960 steps or S mmE@BE@D® o« .8
m 100 memories £121.96 oaowoa :
. TEXAS PC100C printer for
58/68C/59 £148.95 SHARP PC 1211 computer £91.95
SHARP EL5101 t6digit £41.98 SHARP CE 121 interface £18.96
s SHARP EL 510024 dign £51.96 SHARPCE122prnter  £71.96

CASIO FX 502P last few at £49.96, CASIO FX 100 £15.95, CASIO FX 330 £15.96, CASIO FX 8100 £23.96, CASIO FX 68 £18.96

ORDER SalcuAonsaiss
DETAILS

FREEPOST {(no stamp
- EN DECEMBER 1381

required) REDDITCH

WRITE OR PHONE FOR DETAILS

ALL PRICES INCLUDE VAT AND P8P, SEND CASH, POSTAL ORDERS, OR YOUR
CHEQUE PAYABLE TO C.8.8. — OR HAVE ANY GOODS UP TO £250 SENT C.0.D. for
oxtra £1.50. ACCES8S ON ORDERS OVER £30 ONLY. SAE WITH ENQUIRIES PLEASE
All goods new, boxed with full gusrantee.

WORCS. B9 0BR
telephone {0627) 43169 2
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COMPUTER KIT
DIVISION

TANGERINE

LONDON & HOME COUNTIES STOCKISTS

COMPUTER
SYSTEMS

404 EDGWARE RD. LONDON, W2 1ED TEL: 01-402 6822

TANGERINE+ TANGERINE - TANGERINE *TANGERINE - TANGERINE

MIGROTAN 65

Microtan 69 s the most advanced,
powerlul. expandable micco
camputes available - 1

al1o happens to be the

1n0sT cost eHective!

Eletsronic Today
International held &
mammath sutvey of kax,
The result Micretan 6%
WikS COMPUTER CL ASS!

MICAOTAN 65 conrurs\/
High quahty. piated theu hale printed eircuit hoad 1oicer (8915t and 1k
screened comaanent identdrzation 6502 micraprocessor 1K manior
TANBUG Now with ¥ Bug 1K RAM 12 user programme. stack and
drsplay memory VOU aiphanumenic drsplay at 16 rows by 32 characters
MICAQTAN 65 system hle tinder 136 pege. baund, users hardware
SoHwarp mangal with construchronal derails snd s8mple programmes
Logic and disceete components 1o hully expand MICROTAN 65

The MCROTAN 65 kit has wan wriesprcad accham for 11s superd
presentp:cn We pay attention to dets

«rroam £69.00 + 11035 va T 1012 €23 35

MICROTAN 85 assembled pnc tested

Speod carom 35 aboee bt assemnled and fully dench tesied by purselves
£79.00+1185vAT tom 9085

TANBUG V2.3 XIT {Sepacataly) £21.85 mai.

-
R0 screened component ident ficatian (G 10ckets for maxsmum expansion

TESTED,

and housed
SYSTEM RACK
MICRON

nc VAT P&P

L
6502 baset mictocomputer VOU algha nument display Powerdul
monitor TANBUG 8K AAM 32 parallel 170 lines 2 TTU seriat 170 hnas
Fou 18 Bt caunter timers Cessetie interface Qatgbus buflerng
Hgmory mapping contal 79 key ASCII Keyboard ciuding numeric
keypdd Includes cower supphy Also inetudes the hirst *10K MICRO
SOFT BASIC " avadable in the K Al the v3ual BASIC gommands

TANEX £43.00

CONTENTS +VAT £ 45 1002 £43 45
High quality ptated thru hole pnnted cicust bowd, 1o1des resist and sk

63 Way 0 I N edge connecior 1K RAM, cassetre nletiaes, 16 pardiiel
170 nes. aTTL senai /0 port. two 16 bit taunter hmers, data bus

butfering memory mapmng. lagic and dsceate components o 3
UMY \

mansmum grpansion TANEX ysers maaup
£53.00 +vav (795 0016095 | |

FULL MAKUALS:
WMRCROTAN - TAREX - BASIC-X BUE

TANRAM

AvAitable now tanram - 40K Bytes on
one board. Singla board of bulk memory
ofering 7K S1atic RAM 121141 and 32X
Dynamic RAM (£116) Ondoacd relresh s

MICROTAN 65 OPTIONS

LOWER CASE PACK MINI MOTHER BOARO
Tao integrated cucuils which connect  Lised 1o connect Microtan 1 Tanes

nio locanons an MICADT AN g
sliowng 128 dispiayatie char icters 80 £10.00 - var

£9.48 + 1142102 £1090

GRAPHICS PACK

Five integrated citcunts vaich conngct it lozdions on MICROTAN
alowing the display of chunky graphies (84 ¢ 54 pieels) What w2
chuasy g aphes? Well. mmagine & piecs of oraoh papsr wth 64 squares
vertcally and 64 squares honzontatly, a rarsl of 4096 Esch square can
be made disck anwh.1a

£6.52 +vat s9p 1012 (750

20 WAY KEYPAD

lnexpensove means of qattng up and running Uses Schoelier key
swirches and connects ta MICRGTAN through 3 16 pin G (L plugon
ntbon cable Black anodsed ascuicheon, with TANGERINE legends
finishes off what must be 1he est value for money keypad v alabla
Avaabie assembled and tested

£10.00 +vav £150 00 £1150

*Space Invaders game {lor yse with keynad anky)
{1522 #V AT [22800l {17 50

totally transparent to CPY operation and &
wnattected by aormP DMA's TANRAM fulyy
expands the avadable address space ot the
6502 mecrapeocessor MICROTAN, TAKEX and TANRAM yogethet
provide 16K RAM 48K RAM_ ang K (170 - that's g lat of memary
and 301 0! 1 0 Builr and Tesied TANRAM ASSEMBLED

40K AAM CARD with 16K 0YNAMIC RAM £76 -VAT
CONTENTS Migh qualtty platad thru hala prnted icurt hoard, soldae
resist and si'k scr8ened camppnent identifcation Full complement ol
1€ socke1s for maz mum gxpansion 64 way O1 N edge connectar
1K RAN {2 14) 0812 bus buHering TANP AM users manual

EXTRA AAM
1K STATIC (2114

£2.95 each 16K DYNAMIC (4116} £ 50 each

TANEX {Mimimam canhguratan) Assembied
Expanded. TANEX olters 7K RAM.
locations lor 4K EPROM {2716)
locanions lor 10X extended
MICROSGFT BASIC. 32 pwatied 170
lnes. two TTLsenal 170 ports, 3
thed 1enial 170 port with
R$232/20mA loop lull modem
control and 16 progeammable baud
eates four 16 dit caunter umaess, /
tassete mierface databus
buttermy. and memary magping

EXPANDED TANEX KIT |E ctiudes ROM. XBUG 2nd BASIC:
£89.70 +v AT (1346 toral £103 16

EXPANDED TANEX ASSEMSLED

£99.70 +vat 1149 toul £11456

OPTIONS TO FULLY EXPANOED TANEX

10K Estended MICROSOFT BASIC 1n EPRGM twith manuall
{4300 # VAT £7 35,101 £56.35

ExvaRAM 1K{2x 2114 £620 4 VAT TRp tora £5 98
SERIAL tO XIT €12.25 INCL .

6522ViA EROD4VAT £1 20, tar £9 20

ERI%H{” 1#{AT £260. raral £19 95
AS YOU CAN SEE THE PRICES OF OUR EXPANSION

COMPONENTS ARE VERY, VERY COMPETITIVE!

MEMORIES ExPan0 YouRSYSTEM WITh OUR TANGERINE
Duscounts 0% for & 15% for 8. 20% tox 16 APPROVED CHIPS
2102 1Xx ] Stanc RAM  80p iM 6402 UART  £4.50

28 £350 214K 1451 c RAM £2395
2Nne {650

MK A6 16K x 1 D\Mlm-( RAM

£150 Abinchdog a7 4118 1K1 8 Statie AAM £2.50

TANGERINE DISC SYSTEM

MONITORS (PROFESSIONAL)
RECONDITIONED AND NEW - FROM £35 00 10 2129 a5

POWER SUPPLIES

MPS | input 120 or 220¥ AC Output § Valrs at 3 Amps Regulated
MPS § wifl power both MICROT AN and TANEX fufly eapanded Built on
the same size primed orcint boaid as MICADTAN eic Avadable asa
fuly il and tesied umt

£23.00:vAT £345 w0l 12685
K4PSZ -5V 6A. +12V. -5 end - 12V smich mode system PSQ

£69.13 +vary

CENTRONICS ideai for Tangerine
PRINTERS

SHEXOSHA £ 199 « yay
Modet 730 £35S0 +vat
Mogel 231 £395 +var

MINI-SYSTEM RACK

¥/a hava produced 8 mei sysiem rack which sccepit MICAOTAN 65
TANEX and aue . olhet 20ard 1T has an inlegral pawer supply, |ust
phug t :io tha mams and awdy you 9o’ Fireshed n TANGERINE /BLACK.
1 Qives your sysiem (e professional hash Front panel access tor 170
cahles AVAILASLE AS AN ASSEMBLED UNIT.

£56.35

20 CONTROLLER CARD £160.00 + var \‘
DOUBLE SIDED DOUBLE DENSITY DRIVE
£215.00 -var |
CP/M DISK OPERATING SYSTEM ECH
AVAILABLE JANUARY £80 + VAT
71 KEY ASCI| KEYBOARO £56.34+vA7
ND EXTRAS NEEOEQ

Uses gold crosspoit heys Includes numenk keypad and ribbon ¢ abie
Availahte as tully assembiad and tested

SUPER METAL CABINET t TANGERINE /8LACK
£20.00 +var. £300. toul £23 00

NEW MICROTANTEL
POST OFFICE APPROVED ,ﬁ\‘
PRESTEL - VIEWOATA ‘ '

o s o e S5 140

FULL SYSTEM RACK

Faot thg man that has everything! 19 inch wade

system rack whuch accepts MICROTAN 85, TANEX. TAXRAM, SEVEN
FURTHER EXPANSION BOARDS TANDOS and THE SYSTEM POWER

SUPPLY Avadabre in maay formate, @ g Indivdual from panels full

wicth hinged (1ont panel, back pant! with of without connectors

£49.00 +varv €735 101a £56 35

@ CAN BE USED AS AN EDITING TERMENAL +Var
@ CAN BE INTERFACED WITH PET, APPLE aie.

Just connect 10 Ihe aenal zocket of 3y Colowr or black and while
domestic TV recenver and toycor Post Offce mst alled jack sochel and
¥au are o the exgting world of PRESTEL Via simple push butran use
you are abie 10 view 1 70,000 pages of up to the menute inlgimatson on
many senvices arder goods wom companis  all s wathaul leaveng
yaw wmchact

PROFESSIONAL ASCII KEYBOAHDS
Ideal for
Tangerine

£29.95 ..

+ §2key 7 bwt ASCH coded
= Positre strobe «5V.12V
« ASCIY characiers
* Patallel gutput wiih sitobe
» Powet hght on comteol
+ Chip by General Instrument
164) TTL ouiput

* Superbly made
*Sue 13155 x) Suns
* Black heys with wivie ledgens
* Escapa shitt cetutn &

raset keys
+ Control vepedt & bell keys
« Complete with DATA

NEW PRODUCTS ST imemaioeouirns v

STSTEM MITROOARD ) COMECTON

(AL VAT INCL) STSTEM AADL FRONT PANEL T
SEMAL 110 BOAND NI 2 PORTS mn
SERAL 13 BOARD MAX B PORTS! nxm

PARMLEL 8 BOARO MW G LAES  5AG)  CONTROLLER CAAD AL
mmsnmm(mm S0 CONTAOLLER CAD
mmm 7 COUG, COMBINED TANBUG & XBUG
m 11609 7 PONT SEA 1 KIT
mmnmaum 7% RESOLUTION
N R Ap A IV INTERFACE

Stockist Enquiries on headed notepaper to:

elex 262284 Ref 1400 TRANSONICS

COMPUTER KIT LY D.{Principal Distributors U K )
11/12 Paddington Green, London, W2 Teile: 01-723 50385

TANGERINE <TANGERINE «TANGERINE TANGERINE -TANGERINE TANGERINE «TANGERINE TANGERIN
All orders pre-paid and official advertised here to be forwardod

DIRECTLY to

COMPUTER DEPT., 11/12 PADDINGTON GREEN,LONDON W2,

ADD-ON

Acompact 12 button keypad
Suiable for use with above
keyboard tg extend its tunctions
plus four extra keys Supplied
brand new with with data A

KEYPAD
4x4 non-gncodad single mode

@ keyboard,

PLUS MANY NEW EXCITING PRODUCTS IN OEVELOPMENT
AUTOMATICALLY FROM US WHEN AELEASED BY

TANGERINE LTD.

ANl products are gveiebie

FULLY GUARANTEED 8UY WiTH CONFICENCE

BRITISH DESIGN & MANUFACTURE AND ON DEMONSTRATION
tN QUR COMPUTER DEPT

SEND Fo )
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WHY CLASS A?

The System A has aroused a lot of interest among our readers — and a
few questions too. In this article Stan Curtis explains ‘Why Class A?'.

devices operate on the linear portions of their

transfer characteristics all the time, the mean current
drawn from the supply being constant irrespective of the signal.
Class B is a mode in which the output devices split the positive
and negative portions of the waveform between them, each
device operating from an initially cut off condition (or a low
standing current in the case of Class AB). No matter how well
engineered, this transition from positive to negative (and vice
versa) will cause an irregularity or nondinearity in the transfer
characteristic which in the worst case, causes a crossover distor-
tion made up of high order harmonics at high peak amplitudes
— harmmonics which are very offensive to the ear.

The use of a small standing (quiescent) current through the
output stage together with the application of large amounts of
overall negative feedback minimises these effects but it must
be remembered that at the actual transition point the amplifier
becomes effectively open loop (ie no overall negative feedback
because the output is zero) and has a very low overall gain
{(which is dependent upon the current through the output
devices), hence the intermodulationdistortion of a good Class A
amplifier is virtually nil at low powers and then rises gradually
with increased level (see Fig. 1).

Improper Conduct

The second major problem of Class B amplifiers is their
operation at high signal frequencies. Figure 2 shows a typical
Class B transistor output stage. As the voltage across the base-
emitter junction of Q1 changes from a negative (forward)bias to
a positive (reverse) bias, the base current of Q2 will decrease.
Because of emitter-base junction capacitance the base current
of Q2 will lag the base-emitter voltage of Q1. Thus when the
base-emitter voltage of Q1 is zero, there will still be some
charge remaining on the base-emitter capacitance of Q2. This
charge only leaks away slowly since Q1 is cut off. Thus Q2 re-
mains conducting after Q1 has been cut off and so the conduc-
tion angle of each output transistor can be much greater than
1800. This results in the familiar’notch’ distortion, higher current
drain from the power supply, lower efficiency and hence in-
creased dissipation by the output transistors.

Class A is a mode of operation in which all the output

o1,

o)

vttt %%

POWRA IWATTS

O e

Fig. 1 Comparitive distortion versus power curves for two typical
amplifiers. The vertical scale shows THD in %.

These problems do not occur in the Class A amplifier
because the transistors are always on and so never have to be
switched. Thus a Class A amplifier can be designed to have an
extended bandwidth with a consequent reduction of high fre-
quency distortion and increased slew~ate.

With all the output transistors conducting in the linear col-
lector region, the distribution of the distortion harmonics is
more desirable than the equivalent Class B (or Class AB)
amplifier because the nondinearities in the transfer curve are
smoother and less abrupt. These low order harmonics (primarily
second and third) are far less audibly offensive than those of
higher orders. The pushpull output stage of the System A power
amp results in a cancellation of the even order harmonics leav-
ing a small amount of the third harmonic which can be reduced
to insignificance by the application of a moderate amount of
negative feedback.

Heat Treatment

Another advantage of the Class A design is that of thermal
equilibrium. The standing dissipation of the amplifier is bet-
ween two and four times the rated output power. The output
stage dissipation is lowest at full output; thus, in the case of a
music signal, the amplifier will be operating near its normal run-
ning temperature (which is also its maximum temperature). This
thermal stability will tend to minimise the temperature depen-
dent variations of gain, Vg, and reverse leakage current, as well
as avoiding the danger of thermal shock when the signal level
changes suddenly. Conventional Class AB amplifiers have their
output stage biasing set by a transistor which is thermally coupl-
ed to the heatsinks; but there is a thermal lag between increase
in the temperature of the output transistor junction and a pro-
portional increase in the temperature of the heatsink. Thus
following a large amplitude signal (and the consequent heating
up of the junctions) the bias voltage will be tracking the wrong
temperature and so, for a short time, the crossover nondinearity
may be far worse than the designer intended
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e FEATURE

Driving It Home

Loudspeakers are not the simple resistive loads that
engineers desire them to be. This is not the time or the place to
go intomuch detail but suffice it to say, that some amplifiers are
completely incapable of driving a real loudspeaker with
anything like the fidelity they demonstrate on the test bench.

‘ For one thing loudspeakers store energy particularly in their
resonant conditions, and this same energy can be dissipated in
. the form of electrical current pushed back into the amplifier,
] Thus the perfect amplifier needs the ability to sink a lot of cur-
g rent as well as source it; and it should also have a very low out-

put impedance (the theoretncal ideal would be zero),

Most amplifiers achieve a low output impedance (ie high
damping factor) by applying a large amount of negative feed-
back. For example the open loop output impedance could be
5R but apply 40 dB of negative feedback and it drops to a
respectable 0.05R. But the mathematics show that the impor-
tant thing is the open loop impedance so efforts must be made
to keep this very low. Typical figures that | have measured on
commercial amplifiers range mostly from 1R to 5R with a few
much higher still and one or two lower at nearly 0.5R. The
System A design has the advantage of effectively having three
output stages in parallel and so the output impedance of one
stage is effectively divided by a factor of three. In fact(skipping
the mathematics again) the open loop output impedance of this
amplifier is less than 0.1R. As a result the measured ‘Interface In-
termodulation Distortion’ is very low indeed

*Ve

O
~Ve

Fig. 2 Typical Class B output stage.

44
.

—

3
A

Fig. 3 Simplified diagram of the System A output stage; effectively it is
theee stages in parallel. ETI
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ELECTROLYTIC TOL 10% -5C% IN MFOS 4
TUBULAR B3v PLUG IN LEADS (7]
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ENGINEER'S GUIDE
TO BASIC

In the final part of this series, Stewart Fleming looks at
arrays, techniques of structured programming, and some simple
example programs.

duced together with the DIM statement which is a-pre-

liminary statement usually required by BASIC before an ar-
ray can be used. This is followed by a review of the naming con-
ventions employed by different BASICs for all four types of
variable. This section is concluded by a description of some pro-
blems that can occur with BASICs offering strings and floating-
point numbers and how they can be easily and neatly over-
come.(This will complement last month’s issue where we {ook-
ed at a limitation of BASICs which offer only strings and in-
tegers). Finally we introduce the concept of structured program-
ming.

» .
Hip Hip Array
In last month’s issue, the variable was introduced as a box
containing a value — string, integer or real. An array simply ex-
tends this idea to several boxes, side by side, but all having the
same name.

I n this article a fourth type of variable item, the array, is intro-

A
26 | 728 | 40 ) -3.1| O (13 0.
A{0} A{1) A(2} etc

Fig. 1 Real array containing seven elements.

Fig. 1shows an array, A, seven elements fong, witheach ele-
ment containing a single real number. This is known as a real ar-
ray. It is also possible to have integer arrays, with each element
containing an integer, and string arrays, where each element
contains a string; the types of array available to the BASIC user
will depend on his version of the language. Figures 2 and 3 show
two more arrays, B$ and C.

B%

null

FRED| JOE | BOB

B3(0) BR(1} etc.

Fig. 2 String array containing four elements.

Cc
-3 | 26 7 (] 1

!

cio) Cc1}

etc.

Fig. 3 Integer array containing five elements.

Each element in an array behaves like a single variable, and
is identified by its position relative to the leftmost box using an
integer value known as the subscript. The subscript appears in
brackets after the variable name. Thus in the first example, the
value of A(2)is 4.0. Arrays are used to store data items which are
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similar in some way or when we wish to carry out a particular
operation on several items of data. An example is given in the
section on structured programming,

Sizing It Up

The size or length of an array is the number of elements it
contains. Before an array is used in BASIC it should be dimen-
sioned using the dimension statement DIM. Thus to create an
array A of seven elements we would put the statement DIM
Al6)(remember the numbering starts at zero) — preceded by a
linenumber — in the program, If the DIM statement is omitted,
an error is produced when an attempt is made to reference the
array. A possible exception may occur as most BASICs (of which
Research Machines’ extended BASIC, PET and APPLE BASICs
are examples)will create an 11 element array automatically on
encountering a reference to an undimensioned array name. A
dimension error is then only produced if the subscript is too big
or too small.

Long, thin arrays as above are know as one-dimensional ar-
rays or vectors. Most integer BASICs allow only one-
dimensional arrays but, as we shall see later, arrays may also be
two, three or multi<dimensional (a two-dimensional array is call-
ed a matrix). There is a theoretical maximum number of allowed
dimensions (eg 88 for Applesoft BASIC) but if you think your
program needs that many you can be sure your array is awry!

A final point on arrays also concerns Integer BASICs. As a
general rule, BASICs which offer floatingpoint numbers tend
also to offer string arrays — each element of the array being
capable of holding a complete string of up to 255 characters. By
contrast, integer BASICs (eg the ZX80 4K BASIC and Apple I
BASIC) do not allow string arrays, and in addition some(such as
Apple ll BASIC) require ordinary string variables to be previous-
ly DIMensioned for the number of characters the variable is

COMPLETE REWRITE BASED A
ON ALGORITHMIC STRUCTURE
REWRITING SECTIONS BECAUSE
OF DIFFERENCES IN AVAILABLE

COMMANDS, 10 DEVICES etc PR
COMPLEXITY
AND
DIF FERENCE
SETWEEN T! €

TWD
CHANGE OF STATEMENTS, VERSIDNS
VARIABLE NAMES, OPERATORS,

GRAPHIC SYMBOLS

B8ASIC

BASIC
VERSION
8

VERSION
A

Fig. 4 The complexity of rewriting a structured program depends on the
differences between the BASICs.
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likely to contain. Acorn Atom BASIC is an interesting exception
since it not only aflows individual strings to be stored one
character at a time in previously DiMensioned variables, but
also allows lots of strings to be stored — one per element — in
an array, each element of the array requiring to be separately
Dlrv:ensioned for the number of characters it is likely to con-
tain!

The Name Game

The naming conventions for all four types of variables, in-
tegers, reals, strings and arrays, varies considerably between
BASICs.

Numeric (floating-point) variable names in Research
Machines’ Extended BASIC(Version 5)and Nascom |18K BASIC
begin with a letter and may be optionally followed by an
alphanumeric (A to Z, 0 to 9) To improve readability, longer
variable names such as SUM and AVERAGE may be used, but
only the first two characters are significant — hence COMET
and COEFF are equivalent. String variables are subject to the
above restrictions but in addition the name has a dollar sign, $,
appended Real arrays have the same naming conventions as
real variables; string arrays have the same naming conventions
as string variables. Thus A$, X7 and XY are ali valid but 7X is not.
Note that A and A$ are separate variables and both may be used
within the same program.

Applesoft BASIC and Commodore PET BASIC (Version4.0)
are similar to the above except that in addition, integer variable
names have a percent, %, appended. HenceC% specifies anin-
teger variable (or array).

Naming conventions for TRS-80/Video Genie BASICs are
similar to those for the PET except, in addition, ordinary (single-
precision) floating-point variable names may be optionally
followed by an exclamation mark (eg D41)and double-precision
variable names must be followed by a hash symbol, #(eg A#.

With Apple Il integer BASIC and Sinclair ZX80 4K integer
BASIC, integer variable names start with a letter and may be
followed by a number of alphanumerics (up to about 100 in Ap-
ple 1) al} of which are significant. The same applies to string
variable names and array names in Apple | BASIC (string
variables must also have a $ appended) with the ZX80,
however, string variable names are restricted to a single letter
followed by a$ and integer array namesto a single letter. Thus
FRED, JOE$ and ATILLA(1) could all occur in Apple 11 program
but only FRED in a ZX80 4K BASIC program.

Acorn Atom BASIC allows 26 variables which may be used
to store integers or strings. These are the letters A to Z. if a
variable is to represent astring, it will be preceded by a$. Thus A
is an integer variable; $B is a string variable. (There is also a
variable denoted by @ and called the ‘print field size”). Unlike
most BASICs, the same letter cannotbe used to simultaneously
represent both types. Thus A and $A cannot both be used at the
same time to represent a number and string respectively. Atom
BASIC has 27 integer arrays AA..ZZ and @@ The floating-
point extension additionally allows the user 27 real variables,
%A, %B...%Z and %@, and 27 real arrays %AA,
%BB....%Z7Z and % @@ :

A final note concerning variable names: no variable name
must be the same as, or contain, a BASIC reserved word. Thus,
FOR and ON will be illegal variable names as also will PONY
(since it contains ON).

BASIC numeric values are initially set to zero, and string
variables to the null string. Note that BASIC numeric arrays may
not always be initially setto zeroand so itis a good practice to
set them to zero prior to use.

A Real Dilemma

Last month, we considered the limitations that can arise in
a BASIC which only offers integers and strings. We shall com-
plete this section by considering two situations that can arise
when using a BASIC which offers real (floating-point) numbers.
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itis not to be supposed from this that a BASIC whichonly offers
floating-point numbers is necessarily inferior to a BASIC offer-
ing integers as well; some BASICs offering both still convert in-
tegers to reals before performing any calculations (though ones
which can also perform integer arithmetic offer advantages of
speed and accuracy in some instances), and the two situations
described here can arise with any floating-point BASIC

Surprise Number 1 Consider the following program;

10 LETT = 1/10
20 LETS =0

30 FOR| = 1TO 1000
40 LETS =S+ T
650 NEXTI

60 PRINT S

70 END

Those with some knowledge of BASIC will recognise this as a
program to add up 0.1 a thousand times. What is surprising is
that the computer may print 99.9991 or similar, rather than 100,
at line 60. The reason is that the value of T, 0.1, can only be
represented approximately in floating-point form. However, the
small error is accumulated 1000 times as line 40 is repeated|ly ex-
ecuted, hence the final error. If you suspect that something like
this is happening in a program, and you know that the answer
should be an integer, add 0.5 to the value and take the integral
part:

85 LET S = INT(S +0.5)

will do the job.

This formula can always be used to force rounding to the
nearest whole number. A general formula for rounding off a
value X to D decimal places is:

X = INT(X* 10iD + 0.5)/iNT(10ID +0.5)

where X 21 and X < 999999999

Actually, the PRINT instruction carries out stight rounding
on your behalf, so the problem described here would not have
occurred if the 1000 of line 30 had been replaced by, say, 30.

Surprise Number 2 In the following program,

10 LETT = 1/10
20 LETS =0

30 FORI=1TO30
40 LETS = S+ T
650 NEXT I

60 PRINT S

70 DIM A(3}

80 LET A(2) = 2
90 LETA(3) = 3
100 PRINT A(S}
110 END

the number 3 will be printed out at line 60, but 2 at line 100! The
reason that this occurs is that real numbers are always truncated
to the highest whole number in the evaluation of array
subscripts. The value of S was very slightly less than 3, so it was
truncated to 2 in line 100 and the value of A(2)was printed. This
problem can always be remedied by adding a small number
such as 0.1 to the array subscript; ie changing line 100 to
100 PRINT A(S +0.1}
prints 3 as required.

Structured Programs

As promised, we now briefly consider structured program-
ming. This is a language-independent approach to program-
writing in which all the tasks to be performed by the program
are broken down into three types of item. Once the complete
task has been specified as combinations cf these three types of
item in an algorithm, it may be readily programmed in a suitable’
Janguage, in our case BASIC.



The three types of item are: s
® Processing statements — these ara straightforward actions,
eg add1to X.
® Decision structures — these are of two types. The first has the
following form:

if logical expression then processing statement A
The logical expression is a statement that may be evaluated as
either true or false. For example,-a decision structure might be

if X = 3 then add Y to X

The logical expression here is X = 3. If the current value of the
variable X is actually 3 the expression is trug, otherwise it is false.
if a logical expression is true, we carry out processing state-
ment A and then go to the next part of the algorithm; if it is faise,
we go directly to the next part of the algorithm.
The second type of decision structure is

if logical expression then processing statement A
else proressing statement B

In this case either processing statement A or processing state-
ment B is executed (but not both), depending on the truth or
otherwise of the logical expression, eg

if the river is >6ft wide then [walk to nearest bridgel
ebe {jump across]

The deviousness of structured programmihg begins to become
apparent when we realise that the processing statements A and
B may themselves be lists of processing statements or even
another decision or looping structurel Note the use of position-
ing and brackets to make the algorithm clearer.

® Looping structures — these are also of two types. When we
want to perform a processing statement a predetermined
number of times, say 50, we use

loop fori = 1to 50 do processing statement C, eg
loop fori = 1to50do [add ithelement of array Ato T1

When the number of times the statement is to be performed
depends on some factor which changes as processing state-
ment C is repeatedly obeyed, we can-use the second type;

loop while logical expression do processing statement
C eg

loop while there is still food orr the plate do continue
eating

Sorting It Out

An algorithm, then, is a list consisting of these three types of
item. As each item in the list is obeyed, control passes to the next
item in the list unti! it is exhausted.

Here is an algorithm to read 10 values into an array A, sort
them into ascending order and print out the sorted array. The
algorithm works by repeatedly comparing adjacent elements in
the array and swapping them if they are out of sequence.

dimension the artay A to size 10
put the 10 values into array A
loop fori = 1to9 do [pass through the array)
print out array A
where [pass through the array] equals
loop forj = 1to9do Lifjthelement >j + 1thelement
then [swap jth and j + 1th elements])

Note that the processing statement corresponding to loop for i
=1t09...isitself a‘loop for structure whose processing state-
ment is actually a decision structurel

64

‘i

Attention To Detail

Another feature of structured programming is that, at the
lowest level, the instructions will be able to be carried out on the
computer in the language chosen (it is no good asking the com-
puter to choose its favourite colour, but quite reasonable to get
the computer to pick a random number between 1 and 10). The
algorithm will hopefully be ‘language-independent, however
— that is, understandable without reference to any particular
programming language or version of a language. The

100 HGR

110 HCOLOR = 3

120 € = 140:F = 60:N = 16:X = 0:Y = 10

‘29 REM ..DRAWHEADANDBODY...l...-o'til't..t'ttlul...loo
130 FOR{ = 1TON

140 X1 = 10°COS{{6.283°1)/N}

150 Y1 = 10° SIN({6.283°1)/N)

160 HPLOT X+E, Y+FTOX1+E Y1 +F

170 X = X1:¥Y = Y

180 NEXT I

190 X = 0:Y = 10

200 HPLOTE, F+YTOE, F+Y +40

210 G = F+Y+10:H = F+Y+40

213 REM ‘*DRAW ARMS ANDLEGS® " e®e”
20 Y =0

230 FORK = 1TO 2

240 W = 2°(K - 1.5}

250 HPLOTE, G TOE-20°W, G

260 HPLOTE, HTOE-20°W, H+ 20

270 HPLOTE+20°W, H+ 20 TOE+200W+7, H -20-7"W
280 NEXT K

20Y=3-Y

300 HCOLOR = Y

310 FORK = 1TO2

320 W = 2*/K-1.5)

330 HPLOTE,GTOE+20°W, G+20
340 HPLOTE, HTOE+10°W, H+ 26
350 HPLOTE+ 10°W . H+25 TOE+ 10°W =10, H+ 25
360 NEXT K

370 FORM = 1 TO 100:NEXT M

380 GOTO 230

3%0 END

Program 1. An Applesoft cartoon.

100 CLS

110 DIM A(58), B(53)

120 FOR| = 1 TO 58

130 READ All)

140 NEXT |

180 FORI = 1 TO598

160 READ BIi)

170 NEXT |

180 FOR I = 1 TO 19

190 SET (Afl), BN

200 NEXT |

210 FOR | = 20 TO 38

220 SET (A1), BN

230 RESET (Afl+20}, 8{i+ 200}
240 NEXT I

250 FORM = 1 TOS0:NEXT M
260 FOR| = 20 TO 39

270- RESET (Al1}, B(H)

280 SET {A{1+20), B()+ 201

290 NEXT |

300 FOR M = 1 TO 50:NEXT M

310 GOTO 180

320 DATA 64,68,70,72,70,68,64,60,57
330 DATA66,57,60,64,64,84,64,64 64
340 DATA 64,66,69,75,81,62,69,53,47
350 DATA 67,71,75,80,81,82,61,57,53
360 DATA 48,49,50,66,68,70.72,62,60
370 DATA 68,56,66,68,70,72,74,76,62
380 DATA 60,58,56,68,60

390 DATA 18,18,17,16,13,12,11,12,13
400 DATA 15,17,18,21,25,25,27,29,31
410 DATA 33,22,22,22,22,22.22,22,22
420 DATA 33,34.35,37.36,35,33,34,35
430 DATA 37,38,39,24,26,28,30,24,26
440 DATA 28,30,34,36,38,40,40,40,34
450 DATA 36.38,40,40,

460 END

Program 2. A similar program to Program 1, but written for the TRS-
80/Video Genie.
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algorithmic structure of a program may be its ‘lowest common
denominator, and hence may be the only basis for the conver-
sion of BASIC programs from one version to another. If the pro-
gram has been wellstructured, this task can be carried out one
module or section at a time, and the new module tested before
the new modules are reassembled to give a program which
should work first time.

A Graphic llustration

A particular case to consider is graphics programs or
graphics modules within a program. Graphics facilities vary
tremendously from one BASIC to another, as illustrated by Pro-
grams1 and 2which produce cartoons of amanwalking. One is
written for the Apple |1 (using Applesoft BASIC) and the other
for the TRS-80/Video Genie. Were it not for the underlying
algorithm — draw man in position 1, pause, erase man in posi-
tion 1, draw man in position 2 and so on — one would be hard
put to know it was the same language, let alone the same task
being carried out!

Float On

We conclude this month’s article with an algorithm for one
of the subroutines used in last month’s program to perform
floating-point addition. (The subroutines make10 floating-point
variables available to the user. In the main program last month
we read in two numbers and stored them in the fifth and eighth
of the 10 available locations {fines 110 to 140), added them up,
and stored the result in the fourth available location {line 150)
Then we printed out the contents of the fourth location (line
160). However, we could have performed any number of addi-
tions on any of the 10 locations, or we could have incorporated

Algorithm for converting strings to floating-polnt numbers (subroutine i in last
month’s program).
[Read in the string]
[ Work out the sign for the floating-point number]
[Put ASCil code for sign in second location of floatingpoint
number]
[ Work out exponent for floatingpoint number]
[ Put exponent in first location of floatingpoint number]
[ Put mantissa in locations 310 of floating-point number]
where:
[ Work out sign for floatingpoint number] equals
[if leftmost character of string is “+* or “ —*
then [sign = ASCII equivalent of left-
most character of sting. Drop leftmost
character else [sign = 43 (positive)l]
[ Work out exponent of floating-point number] equals
[if string contains a”
then [exponent = (character position
of “.” within the string) — 1
Remove ".” from string]
else [exponent = length of string] ]
loopwhile leftmost character of string
do [subtract 1 from exponent. Drop left-
most character of string] ]
[Put mantissa in locations 310 of floatingoint number]
equals
[loop fori = 3t0 10
do [put (ASCI! equivalent of leftmost character of string) — 48
in location i of floating-point number. Drop leftmost
character*]]

* Note that dropping the leftmost character of an empty string

the subroutines for use in any other program.)

is considered to still leave an empty string.
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SUPERSALE ‘31 |
Al tull spec, brand new dewvices |
2114 36450ns) £1.00. 4116 (200ns) E
£1.15, 2708 £1.85. 2516 {single rail}
£3.25. NEC 2732 £8.50. P/P 35p an
above devices.
Brand new and boxed, L
Detector. Made tor the Open
Unwersity., size: 150mm - {lengih)
100mm  {widtht x 90mm
{herght). Complete with 100
MCrO3mMp Motor movement 30mm
x 75mm. Supplied completa with
leads and pads, loss batteries {2 x
ASvI €750 « £2p/p

MK 1002P |dual 128 bit Shik

ch]) 35¢.
UA7100C 14 dil 22p. 6 tor 1.
p&p 30p.(All Fult Spect
2526 Character Generator (64 x
9x9)€2.95 + data & p&p 3I5p
MMS5240 AA/J Character Gener-
ator £3 50 + data. p/p 35p. |
LEAR SIEGLER dar matrix print.
head. 7 needle. £19.50 p/p 50p.
ZETTLER jow profile PCB relay
30mm x 3I6mm 4.8/6.9v dc
géz.s amps a.c. contacts, 85p p/g
0.

D TYPE CONNECTORS

9 Way Socken (solder) 78p
15 Way wirewrap plug £1 00
37 Way Plug Isolder| £1,80
37 Way Socket (solder} £1.80
25 Way Plug Isoider| £1.85
25 Way Socket (solder) £1 86
50 Way Piug {soldes) £2 00
P/P on above 350

COVERS
37 Way (Plastct €1.00, 50 Way
(Plastic] £1.20, 25 Way (Plastic) |
Bp. 25 Way (Metal} £1.26, 25 Way |
(Mersl} (TT open £1.00, 15 Way
{Piastic) 60p, 15 Way (Metal} 35p |
P/P on above 35p |

DISPLAYS

P 5082/7414 4 digit DIL display

ull spec £1.50 “éh' p&p 35p.
» ities POA

HAR B0

HP5092/7650 .4''cc. left and
right decimal point, high bright-
ness, only 65p, 12 for £6 60, pbp

FBp.
SUPERSAVER 1
Ribbon Cabfe Headers 16 DIL
Jermyn, gold-plated, with cover
45p. p&ip 250
Ansiey Header plugs. 14 Way
75p. 16 Way 95p, 24 Way
£1 80. linsulation piercing typel
p:p 35p.
Aonsley |0 Header plugs PCB
Mounting .Tin 26 Way 65p. 40
Way €1 pip 35p. SUPERSAVE 2
£1pp35p. SUPERSAVER2
Tantalym Capacitors 26 volt. 4.7
uF. 14 for £1, p&ip 35p.
SUPERSAVER 3
PRICE SMASH FNOS500 .Sin
LED displays, full spec S50p
eech, p&p 35p. large quantities
POA. SUPERSAVERS
Battery eliminator 6VOC
200MA 240V AC input ideat for
calculstors, radio, etc., give
swiy price 95p each. Large
quantities P.0.A. p&p 35p
SUPERSAVER 6
EAO KEY SWITCH oblong fas-
cia, 25mm x 18mm (approx
18mm hole). fixing supplied.
brand new with 2 keys. £2 95
p&p 35p.
SUPERSAVER 7

‘ Thynstors Type 16 Ria 100 Vesm

1000 Volts at 22 amps £1.85 each
Liméed stock, p/p 350

Stud mounted rectefiers, type 40
HF 100 1250 volts, 450 amp, 4 for
£2.50 p/p 350

SUPERSAVERS
ITT 4¢x 250b brand new full
spec £7.50 each p&p 35p.
SUPERSAVER 9
5 digh 7 segment DIL LED .11
dispiays 5for £150 p/p 35p
SUPERSAVER 10
Tangerine Microtan 65 Blank PCB
Brand new plus circult didgram
€450, p/p 50p (6502 based, 1K on
board}

CMOS 8 Channe! MUX plus over-
voltage protection. Full spec. €4
each, p/p 35p. Trade enquines
welcome

SUPERSAVER 12
25 power plug and 2 metres of
cable. Only £1.00 for 10 p/p 25p.
Trede enquiries weicome

SUPERSAVER 14 “
BOX FANS 115V 50/60M2. |
120mmx120mm. New. £4.50 “
P/PE1.0C |

SUPERSAVER 15
5K ¥4 muhiture tdimpots, PCB
mounting, per box of 14 £2.50,
As above IK and 50K, p&ip 35p

SUPERSAVER 18
OPTRON OPTO SLOTTEO
SWITCH (Type OPB-814) £1,
p&p I5p.

SUPERSAVER 17 |
VU METER 48mm x 50mm ap
prox. overal! size. Face size |
50mm x 28mm approx. Brand |
new. £1.15 p&p 30p (Scot at
puschaser’s risk). |

SUPERSAVER 18 |
PCB AMP (LM380). Unused. |
65mm x 95mm approx. 9-12v
DC. £1.35 p&p 35p, |

SUPERSAVER 19 |
10 DIGIT (Red). LED display. |
(-122in. digit size). With built-in |
drrver ¢hip and built-ln fens
magmvfier. Oata sheet supphied
Brand new, £1.50 p&p 36p

SUPERSAVER 20
4%xn. JUMPER LEAO, 18 DIL
header 1o 16 DIL header 95p
p&p 30p

SUPERSAVER 21
2% JUMPER LEAO. 14 DIL
header 10 14 DIL header 65p |
p&p 30p

SUPERSAVER 22
b reel of sotder 18 SWG 64/36
alloy £6.50 p&p S0p
A SUMMER GIVEAWAY, 280
PIO. Only £3.75 p&p 3Sp

Marry Christmas to all our
customers and EYI staff.

TMS 4030, 4096 x 1 dynamic
RAM 200 ns removed from
PCBs. 65p each. 18 for €8, p&p

35p

GPO LINE MATCHING TRANS.
FORMER. With 12V reed relay
etc. rgmoved from equipment
£1 + 40p p&p.

CMOS SCOOP

CD4012 10 for £1.50. CO4013 10
tor €225, CO401B 80p each.
CD4019 10 for £3.85, CD4022 10
for €400, CD4023 10 for £1.30.
CD4027 10 for £300, CO4035 10
for €600, CD4049 10 for £2 25,
CD4050 10 for £2.80, P/P 35p per
o

GIVEAWAY 18 pin low profile

| ditsocket 13p EACH or B for £1

AUGAT IC SOCKETS
(The best available)

60il 20p 2401 50p
18Dl 25p 40D S5
200 30p pEP IS |

WE STOCK a vast range of TTL,
CMOS, some 74LS. MINIATURE
TOGGLES, et¢.
PSUs, We have a large stock of
power supplies at very realistic
prices {callers).

NEW LINES

GUEST 1gold plated) IC test clip
40 way. 28 way £4.50 per pal
P/P 50p

REG PCB (less components), 5V
t amp, 12V 1 amp and heatsink
(60mm x90mm). Brand new,
£€1.00. Heatsink only, 55p. P/P

35
NE‘:: FIP4aB13 4 dlgit glass

MC1488 Brand new 46p sach. dispiay igreen with centre
| Large quaniites P.O p&p colons and plus and minus
30p sign}, goly £3.36. P/P 30p
—— -

PL258 SOCKET CHASSIS
MOUNT, 50p p&p 30p.
TRANSFORMERS 012, 024 1
amp £2.50, P&P 50p. 0125 0.92
amp £2.50. P&P 50p.

TTL SALE 7410 9p, 7413 18p,
7416 18p. 7490 280, 74155 4aSp.
74174 §0p, 74181 74285 £2.28.
PEP 35p

WHY PAY POUNDS? - Just ar.
rived Ampheno! 36-way plug
and socket {used) to fit all your
printer. Only £2.75 per pair. PP
3sp.

Terms cash with order {oflicial
orders welcomed from col
leges, etc), All enqulries s.a.e
please. Ail prices Inclusive of
VAT, unless othorwise stated
Postage as shown per item

STOP PRESS
MK4027 lor squivalent] 250NS
€1 eech. 8 for £6 p/p 35p

PLEASE DO NOT ORDER
GOODS FROM OLD ADVERTS
PHONE BEFORE ORDER'NG

suam&tés s;ggxs
PURCHA S
FOR CASH Vi
——

LB ELECTRONICS
11 HERCIES ROAD
HILLINGDON, MIODLESEX
UB109LS, ENGLANO
All enquiries s.8.0. plesss
Telaphone angwering machine
service out of business hours
New retad premises, now open
Mon, Tues, Thurs, Fri, and Sar,
9.30.6.00 Lunch 1-2.15
weekdays. Closed all day Wed.
nesday. We are situated just off
the A40 opposite Masier
Brawer
ALL PRICES INCLUSIVE OF VAT

EXBRIDGE 25399
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CHORDGATE LTD

75 FARINGDON RD

SWINDON, WILTS. Tel. (0793) 33877
RETAIL SHOP AT ABOVE ADDRESS

SPECIAL OFFERS
1000 Resistors Carbon, Metal Film etc.
£3.95 (At least 50 different values)

1000 Mixed Components Resistors,
Semiconductors, Capacitors, Hardware
etc. £3.95

15 Asstd PCBs with loads of
components |C’s transistors, diodes,
resistors, capacitors, etc. £2.95

Microwave Intruder Alarm ({(Doppler)
12V DC supply relay O/P Range approx
30ft. Supplied ex installation untested. J
Circuit diagram supplied.

£12.50 Swivel bracket £2.00

COMPONENTS

SUB-MIN TDGGLE SWITCHES
SP. DT 69p ea. 10 for £5
DP. DT 70p ea. 10 for £8

SLIOER POTS 60mm TRACK 80mm FIXING CENTRES
5K. 10K, 26K, 50K, 100K, 250K UIN OR LOG.
ALL 75p ee. Any 10 tor £6.75

3.56mm JACK PLUGS STEREO 30p sa. SOCKET TO SUIT 18p ea
3.5mm JACK PLUGS MONO 15p ea. SOCKET (SW) TO SUIT 12p
5 PIN DIN 180° PLUG 18p ea. 10 for £1.86. SOCKET TO SUIT 14p. 10 for £1.25

BLACK PLASTIC PANEL WITH 2 x PHONO SOCKET 1 x 5 PIN DIN SKT + EARTH
TERMINAL 30p ea. 2 for 50p. S for £1.00

CAR CIGAR LIGHTER ADAPTOR PLUG FUSES 3 AMP 80p ea.
BATTERY HOLDERS 2 HP7/4 HP7 - 26p saif x HPT/4 x U11-30p ea.
COILED MAINS LEAD 3 CORE 1 AMP 1.8m EXTENOED 96p

8 ROLLS PVC AOHESIVE TAPE OIFFERENT COLOURS 70p

‘*

£ o J
PRESS TO BREAK MINI PUSH
SPEAKERS SWITCH 26p !
1%" 8OHM ALL PRESS TO MAKE MIN PUSH
oo %P SWITCH 20p
2%-BoHM  ocH B.g,.(cxo MIN PUSH SWITCH
SIL. NPM 16 AMP, GAIN 1000, 160
___ WATTS£1.00
CMOSIC’s 6 AMP 100V BRIDGE RECTIFIER
11 20p 4041 60p VH148 85p
Pl 1 s A 25 AMP 50V BRIDGE RECIFIER £1.60
4015  60p 40162  80p + ve 12VOLT 1 AMP REG T0220
A A Bt
etk LU — ve 12VOLT 1 AMP REG T0220
4029  65p 50p ea.
_——

MIGHTY NINETY PACKS

SUPER VALUE PACKS ALL AT 90p EACH

BUY SIX PACKS AND GET A SEVENTH

FREEI
PLEASE ADD 15p PER PACK POSTAGE

MN1. 300 %-watt Resistors pre-
tormed for P&C Mtg

MN2. 200 % & Y%-watt Resistors
MN3. 100 1 & 2-watt Resistors
MN4. 50 Wirewound Resistors
MNS. 100 metal oxide Resistors.
19, 2% and 5%.

MNG. 12 asstd potentiomaters
MN7. 25 asstd skeleton pre-set
Resi

MNB. 50 asstd Electrolytic Capaci-

tors

MNS. 100 asstd Ceramic Capacitors
Pite. disc. tub and monolythic etc.
MN10. 100 mixed capacitors.
Polyester, Polystyrena, Metallised,
Radial and Axial types

MN11. 20 asstd Sliver Mica Capaci-

tors

MN12. 8 Tantalum Bead Capacitors
{useful values}

MN13. 20 asstd Transistors. BC, 2N
Series + Powergtc

MN14. 40 IN4148 Diodes

MN16. 5 Light Sensitive Devices
MN16. 20 min. wire-ended Neons
MN17. 2 12-voit Relays. Ex nearly
new equip

MN18. 3 Encapsulated Reed Relays
9-12v coil, d-pole and t-pole

MN19. 2 24-volt Relays. Ex nearly
new equip

MN20. 1 240-110 10 12-voit. 100ma
Transformer

MN21.1 240-110 to 24-vott 100ma
Transformer

MN22. 8 2" Led's with clips,
4 red, 2 yellow, 2 green

MN23. 300 asstd screws, nuts,
washers, self-tappers atc.

MN24. 100 asstd. small springs
MN25. 50 asstd pop rivers

MN26, 50 asstd insulated crimps
MN27. 200 items, grommets,
spacers, cable markers, plastic
screws, sleeving, tie wraps etc
MN28. 20 asstd fuses, 1%~ 20mm
etc

MN29. 7Smts equipment, wire,
asstd colours and sizes

MN30. 3 x 2m length, 3 core,
mains cable

MN31. 12 asstd. trimmer capacitors,
compvression film. Air-spaced etc
MN32. 15 30pF Beehive trimmers
MN33. 20 coll formers, ceramic,
plastic, reed ralay etc.

A —

MN34, 25 min. glass reed swilch
MN35. 10 asstd switches, togole,
slide, micro etc.

MN36. 10 sub-min SP. C/D slkide
switch

MN37. 10 asstd sudio connectors.
Din phono etc.

MN38. 1 PCB with triac control 1C
daa inc.

MN39. | oscillstor PCB loads of
components. (no data)

MN40. 50 Polystyrene capacitors
MN41. 12 BC549C (plastic BC108C}
trangistors

MN42. 10 BC107 Transistors
MN43. 10 BC108 Transistors
MN44, 10 Screwfix S.P.C.0. nun.
slide switches

MN4S5, 35 asstd diodes Zenet, rect,
signal, switching

MN48. 15 gsstd Zener diodes
MN47. 3 x 68 mfd 16v tantalum
bead capacitors.

MN48. 200 items 4BA asstd length
screws, nuts & washers

MIN49. 200 items BBA asstd length
screws nuts & washers

MNS0. 3 pieces of wveioboard
useful sizes, min total 35 sq inch
MNS51. 10 x 0.2" red LED

MNB2. 10 x 0.125" red LED
MNB3. 20 x 0.1 mid 25v ceramic
disc caps

MNS4. 20 x 0.01 mfd 25v ceramic
disc caps

MNBS5. 10 watt sudio amp board
with circuit

MN56. 10 14 pin low profile IC skt
MNS57. 10 16 pin low profile IC skt
MNS8. 2 x CA723 Voltage Regu-
lator

MNGB9. 1 x LM380 2 watt audio
amp IC + 555 timer IC

MN®60. 10 asstd TTL IC's

MN61. 3 x TIP 32 Transistor
MNB2.3 x tip 31 Transistor
MNB3. 30 mixed polyester caps
C280, Seimens etc.

MNG4. 5 Press to make min.
switches

MNGE5. 3 BF245 FETS.

MNGS8S. Bank of 11 push switches
4 interlocked, 4 latch

MNE7. 11 3 momentary chrome
plastic knobs to suit MNGE

MNB8. 200 ssstg veropins, turret
tags, PCB pins etc.

MNB83. 4 min push to break switch
MN70. PCB with 3 x 280v AC
4 amp push SW with attractive
chrome plastic knobs 1 x BD241,
1 x BC300, 2 x BC237, 1 x BC204,
4 x 1N4002, 2 x CMOS 4025,
200mm fuse holder + 22 resistors,
capacitors, diodes etc.

PLEASE ADD 50p POSTAGE TO ORDERS UNDER £3.00 ON ITEMS

CATALOGUE/SPECIAL OFFERS LIST SENO 60p

T

IN COMPONENT SECTION. INCLUGES VERQ CAT WORTH 40p
SPECIAL OFFERS POSTAGE INCLUDED IN PRICE. PLUS
MIGHTY NINETY PACKS 16p POSTAGE PER PACK ALL ORDERS.
OVERSEAS INCLUDING EIRE PAYMENT IN STERLING + EXTRA A FREE GIFT WORTH 30p
POSTAGE. OFFICIAL ORDERS SCHOOLS, CDLLEGES etc.
WELCOME.
- == - e
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Elisott Electronics Lid.
Le:cester 0533-553293

F. Blakiey & Sans Lid F.P. Taols Ltd Horizan Electronics Ltd.,
Heywood 070665087 Motherwell 06965672 Glastonbury 045833400
Ibis Electronics Lid
Wokinghom 0734-791171
Botvale Morketing Lid.,
. Ely 0353-778320
Quality Two Part DIN 41612 SO e Wrap ID Eliminate Errors Ely 0353-778756
& Min D Connectors. T e for instant locking-numbering (24 hous)
L5380 & identifying DIP Sockels
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cecens i O 1 e TIN and Goid, low profile 3

seesssesseniirirenss soider OF wirewrap in sizes 2
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NEI"OI’IiCL'd,, —— SN R AR D ARIL PR NARRARALKE XA N 8 to 4OWOY »
Dublin 510845 : el __1____[_‘_.*'“ ot y

“obbues Lid., > ransam,

ondon. 01-699-2282 : E 3 London. 01 405 5240

Microdigitol Lid., A. Morshall (London) Ltd_,

werpool. 051-227-2535 London. 01-624-0805
Electronica CG Lid., DUTTON LANE EASTLEIGH SO5 4AA TEL{0703)610944/5 Interfoce Components Lid.

Manchester. 061 -788-0656 AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS Amershom_ 02403-22307

spectron Electronics (Manchester) Ltd.,  Jee Distribution®Bid., - %  Waotford Electronics Ltd. Technomatic Ltd ., New Beor Computing Store. Ltd.,
olford. 041 -834-4583 Middlesex. 01-897-3429 ¥ Wotford. 0923-37774 London. 01-452-1500 Newbuyry. 0635-30505
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0 N E s 'r P SH o PPI N G ENGINEERS STETHOSCOPE Mar81.. ... 1909 1492 1110
SOUND PRESSURE LEVEL METER Feb 81, ... 46.75
PULSE GENERATOR Feb 81. ... .. L . 62.82 35.?3 16.18
No need to waste your time and money searching for components. INFRA REQ ALARM Feb 81 ... coeeeo. 5498 4612 3538
No need for unfinished projects becsuse YOu are unable to obtain that last nztﬁ'lgm;%: g';:%‘ JanBl...... fg?; f;g:: ;?g
::f:‘):“gggfzgmplete sets of parts for FT) projects — leaving you to concentrate BENCH AMPLIFIER Dec 80 ... 2.% .
on the electronics and construction. xggI%:?é Sql’ogsnglle.t}gg?Nov 80 };g; 10;61 9_39
‘RIAA PRE-AMP (stereo) Nov 80, .. .. .. 6.83 - -
3 WAYS To BUY. 2W POWER AMP Nov 80 . 6.09 - -
= METRONOME Nov80........... 5.98 — -
LIGHT SWITCHNov80 .. ... .64 - - H
TOUCHBUZZERNovS0... .. .. 8.1 -
FULL KITS — include printed Circuit board, all components, hargware, IC gxg;@%’:}’gE%‘g:gébﬁm ‘S I . ¢ 24_‘_99 f:g‘;’ '8;72
sockess, case etc. (Not batteries) ULTRASONIC BURGLARALARM Aug 80 . . -2682 2298 17.62
LESS CASE — as above but less the case. CAPACITANCE METER Aug 80 2026 1646 821
PCB + PCB MOUNTEO COMPONENTS — PCB plus all the parts which CMOS LOGIC TESTER Age 30 e L b ;
are mounted on the board — plus leds, potentiometers + off board semi- SIGNAL TRACER Mar 80 S, 2 i 11.98 Ty
o TUNING FORK Feb 80...... .. ... .. et 13748 s =
F'l(ﬁl léissi PPL%BS AC((::ENTUATEO BEAT METRONOME Jun79.. 17.90 - -
CLICK ELIMINATOR April 79. .. . ... .. . 81.56 4857 -
MUSIC PROCESSOR Nov 81 --.. 4988 3698 3184 GUITAREFFECTS UNITAprit79....... ... 1478 1097 641
PHONE BELL SHIFTER Nov 81 . 1935 1361 832 COMPLEX SOUNO GENERATOROct 78 . . 21.97
VOICE OVER UNIT Nov 81 2762 21.22 15.32 TELEPHONE BELL EXTENOER Oct 78
CARALARM Nov 81 . .. 5 1988 1645 1480 Lessspeaker................ - 14.98 an 4
EgLARGER TIMER Oct 81 .. y 2659 2185 998 . ]
SOUNO BENOER Oct 81 y . 2078 1676 1177
MlC:OPOWER TH:gMALALARM Oct 81 = - 988 a THIS MONTHS PROJEC;:I::VERS”E {SAE OR PHONE FOR
MICROPOWER PENOULUM Qct 81 > 5.50 .
LAB PSU Sept 81 ’ 3798 2240 it you do not have the issue of E.T.I. which includes the project
WATCHOOQG SECURITY ALARM Aug 81 ., 4333 3583 1998 you will need to order the instruction reprint as an extra — 45p
SECHAREGAEABLENBATTERY él Db e 19.98 —85 - sach.
EARTBEAT MONITOR Aug 2626 21, 13.80 - .
HANOCLAP SYNTHESISER Aug 81 2953 2358 18.44 Reprints available separtely 45p each + pép 40p
FLASH SEQUENCER Aug 81. Less flash sockets. 3565 2925 21.2%
SMART BATTERY CHARGER Juy 81 N Zmw o MAGENTA ELECTRONI(siTS L1[')I:1); =
R e Eln g gl - Ly iy ET7, 135 HUNTER STREET, BURTON-ON-TRENT, STAFFS, OE
LEO JEWELLERY June 81 .. c = 2478 A= 9 % .
R soral — 720 = 028365435, 8-5 MON-FRI, MAIL OROER ONLY
Star  — 9.41 -
ALIEN ATTACK Jan 81 19.78 1647 1283 =
ANTENNA EXTENOER June 81. o 2168 1645 — ALL PRICES INCLUDE VAT K. N
MINI ORILL SPEEO CONTROLLER June 81 2513 2113 1260 ADD 40p P&P TO ALL ORDERS N
DIGITAL CLOCK May 81 fround leds) ........... 4397 -~ "= S.A.E. WITH ALL ENQUIRIES PLEASE (%]
CARAVAN LIGHTS ( Cﬂscn?sn Epril 3“1m 10.:5 57 il
GUITAR NOTE EXPANOER—ET! Apri 16.47 25 g Irish Republic & B.E.P.0. Eutope de- tolaycatd (Viss) ord
ORUM MACHINE Aprit81 .. ... 69.98 4694 3538 duct l().%ufvofn prices shown. Pavme:! :c(c(s?luda:yanba;ne of post e
MUSICAL BOX April B1. . .. S 12.54 - - must be in aterding
e — L ———— h
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HOW TO SUCCEED IN THE ELECTRONICS BUSINESS:

INVEST 60p AND MAKE
BT T £2.40 net profit

direct for

60p p&p

inc

Buy Ambit’s new concise component catalogue and get £1
vouchers. Use them for a £1 discount per £10 spent. But even
without this, you will still find WR&E offers the low prices,
fast service and technical support facility second to none.

Here are some examples from the current issue:

SNV DO TSR EUNTE & W TS G AW ATEAr G e R A W e

t,C. SOCKETS OISCRETES BCS56 12p
A range of high quality, low cost, BC237 8p BCS50 12p 25K168 3%p
low profile DL sockets idcally suited BC238 8p BC5680 12p J310 69p
for both the DEM and hobbyist. All 2TX238 8p BC639 22p J178 65p
types f doublas sided phosph BC239 8p BC640 23p 40823 85p
bronze contacts, tin-plsted for low BC307 8p 2SC1775A 22p 35K4S 49p
contact resistance. BC308 8p 2SAB72A 18p  3SKS1 54p
8x0.3 12p 22 x0.3" 20p BC309  8p 250666a 30p  3SKE0 58p
14 x 0.3 13p 22 x 0.4" 20p BC413  10p 2SBB4SA  30p 35K 88 99p
16 x 0.3" 13p 24 x 0.6 22p BC414 11p 2506684 30p MEM680  75p
18x0.3" 18p 28 x 0.8 25p BC41S 10p 2586484  40p BF960 99p
20x 0.3 19 40 x 0.6" 3Sp BC416  11p BF256 38p  BF961 70p
20x 0.4 19p 42 x 0.6 38p BCS46 12p 25KSS 28p  BF963 99p
XTALS
VOLTAGE REGULATORS 1MHz 2.00 /
78XX1A T0-220 por  0.58 3.2768MHz 200 L e
ZOM A T0-220 gagewy " A0 paEiz ;70 B ARCLAVCARD may be used with
78G 1A TD-220 adjpos  1.10 4.194MHz  1.70 : oY 24
78G 1A TO-3 odj pos 3.95 4 43MHz 1.28 written or telsphone ordars . official
78HSA TO-3 Sv pos 4.25 &MHz 200 MA details on epplication, snd 8
78HSA TO-3 12v pos 5.45 6.6536MHz  2.00 special prize for those whg';‘:d our
78HGSA TO-3 »dj pos 7.4 IMHz 200 ads carefully - ’ free 4 or z
79HGSA TO-3 adj neg 7.45 8MHz 2.00 cryste! filtar with evary CPU IC you
LM317.5A adj 1.30 buy - just ciip out the paragraph and
AT : ML 200 achii rder. E&OE
LM337.SA adj neg 176 10MHz2 200 att it 10 your order., 5
78S401.5A adj pos swreg $.20 1IMHz 200
CMOs 0.18 4705 4.4 062 | 74153N 55 | 7436N  0.85 | 74LS109N  0.25 | 74LS248N  1.35 74CXX
0.13 0.18 4706 450 0.5 74154N 0,55 74367N 085 | 7ALSMI2N 028 | 74LS249N  1.35 Processors
0.13 0.18 420 400 0.14 74186N 0 55 74368N  0.85 | 74SLN3N 025 | 74LS25IN  0.46 | 74C00 020 | angn oo riag
0.13 0.18 g3 0% 0.14 74156N .56 74390N 185 | 74LS11aN  0.25 | 741$250N 0.6 | 74C02 0.0
0.15 0.4% a4 09 0.14 7418IN 056 709N 186 | 7aUS12N 040 | 74LS267N 056 | 74C04 020 | BUBOAFC/2 311
0.70 0.93 4725  2.24 0.14 74159N 1,90 74490N 185 | 74LS123N  0.55 | 74LS258N 0.33 § 74C08 020 | @212 1.20
0.80 0.90 40014 0.54 0.14 74160N .55 74LS124N 180 | 74LS269N 0.3 | 74C10 0.2 | 8214 350
0.30 0.79 40085 0.9 028 7416IN 0,55 74LS125N 0.9 | 74LS260N 070 | 74C14 055 | 216 1.41
0.30 0.48 4009  0.54 0.27 T4162N .56 0.1 § 74LS126N 029 | 74L5266N 024 | 74C20 020 | x4 1.85
0.24 0.63 20106 0.69 028 74163N .55 011 | 74LS132N 045 | 7aLS273n 030 | 74C0 020 | B 428
0.15 0.38 40160 0.68 028 74164N 055 012 | 74LS133N  0.30 | 74LS27SN 320 | 74C2 020 | 8256 w
0.32 195 20161 0.68 0.35 T4165N .58 0.12 | 74LS136N 025 | 74LS27SN 035 74042 0.80
0.64 0.66 0162 0.8 030 74166N 0,70 0.14 | 74LS138N 034 | 74LS280N 2.06 | 74C48  1.03 | g200/6809
0.30 0.66 0IE  0.69 0.26 74167N 126 0.14 | 74LS133N 036 | 74L5283N 0.4 | 7 080 | 0P
0.45 0.20 40174 0.68 020 74170N 1,28 0.14 | 74LS145N 120 | 74LS200N 0.88 | 74C74 050 | o 3 g
0.38 1.45 7S 0.69 0.75 74373N 910 0.14 [ 74LSI5IN 035 | 7aS23N 1.0 | 74C76 048 { & 00 ¥
0.58 1.45 0182 0.75 0.75 74174N 0.75 0.13 | 74LS153N 035 | 74LS295N 150 | 74C63 098 eegaw v
0.68 0.75 40183 0.75 0.24 776N 075 0.14 | 74LS154N 099 | 7aLS298N  1.50 | 74C85 0.8 } g B
0.64 0.40 40134 0.8 1.05 74176N 0.75 0.15 | 7aLS1S5N 038 | 74LS365N 035 | 74C86 026 " 2
0.15 0.75 40195 0.68 0.30 7AMM7IN 0,75 028 | 74LS156N 038 | 74LS366N 0.35 | 74C89 268 gA i | g
0.45 1.0 055 | 74178N 090 0.4 | 74LSISTN 033 | 74LS3IN  0.36 | 7400 0.80 | Lo 0 2.04
0.15 0.69 JTIL N 035 | 74179N 135 014 | 7arsieen o33 |7aswen o3 | 74cw om0 | BB 204
1.06 0.69 7400N  0.10 0.35 74190N 0.75 0.13 | 74LS160N 040 [ 74LS373N  0.78 | 74C95 094 | o i
0.50 0.78 7401N  0.10 0.70 7418IN 1.2 0.15 | 74LS1BIN 040 | 74LS374N  0.78 | 74C107  0.48 | Zo0n, by
0.50 0.69 742N 0.20 0.60 TAIRN 0.20 0.15 | 74LS162N 0.40 | 74LS375N  1.15 | 7aC151 1.8 et 23
0.75 085 7403N  0.11 0.45 741BiN 120 0.18 | 74LS16IN 040 | 7aLS377N 199 | 74C154  2.26 ey
0.35 1.20 7404N  0.12 1.40 74185N 3 20 0.4 | 74LSIBAN 046 | 74LS378N  1.40 | 74C157 182 | U, o
0.75 530 7405N 0.12 1.10 74188N 300 0.13 | 74LS165N 120 f 741 S379N 215 | 74C160  0.80 | Sl 475
0.68 3.00 7406N 022 0.62 74190N 0.5 0.13 | 74LS166N 080 | 7aLS384N 250 | 74C161 0& i
058 0.97 7407N 0.2 0.62 74191IN  0.55 014 | 74LS16BN 085 | 74LS38N 4.0 | 74C162 0.80 § 2L, L
4043 085 089 0.15 0.26 0.56 016 | 74LS162N 085 | 74US396N 029 | 74Ci63 080 | B0 &
4043AE 0.5 1.06 0.15 0.35 055 0.15 | 74LS170N 140 [ 74LS300N 0.68 | 74C164  0.80 | FPK, S
w044 084 180 0.12 9.54 055 016 | 7ALSITN 070 [ 74LS30N 061 | 74C166 084 | o0 29
4046  0.69 3220 0.18 0.68 055 0.13 | 74LS174N 056 | 74LS395N 210 | 74C173 072 = e
447 0.69 1.30 0.19 1.2 055 033 | 74LS17SN 056 | 74LS396N 1.99 | 74C174 0.72
4049 030 0.48 0.27 198 055 039 | 74LS18IN 120 | 74LS388N 2.75 | 74C175 072
450  0.30 0.53 0.5% 0.85 085 065 | 74LS1B3N  1.75 | 74LS399N  2.30 | 74C192 0.80 Z80 series
4051 0.65 2.30 0.7 1.20 100 0.59 | 74LStBIN 128 | 74LS445N  1.40 0.80
452 0.8 0.83 027 0.95 1.00 0.14 | 74LS190N 0.5 | 74LS447N 1.9 060 | 2804 4.9
.3 0.6 380 0.13 03 1.50 0.15 § 74LS19IN  0.56 | 74LS490N 1.10 452 | 280ADRT 7.50
0654 130 1.75 028 0.34 1.5 0.15 [ 74LSI2N  0.96 | 7415668N 1.05 1.06 | ZBOAPIO  4.10
4055 1.3 2.8 0.2 0.40 189 0.21 | 74LS193N  0.59 { 74.S663N 1.05 0.38 | ZBOASIO/ 14.00
ase 1.3 0.89 0.2 0.40 on 0.18 | 74LS1%4N 039 | 74.S670N 1.0 0.38 | ZB0ASIO/2 14.00
4083 5.75 3.80 02 0.4 1.06 0.28 | 74LS195N  0.33 0.38 | 280ASIO/9 14.00
4060 088 1.45 0.2 0.65 . ] 0.19 | 74LS196N 055 0.38 | Z80CTC 400
4063 1.5 150 0.12 0.50 2.67 024 | 74LS197N  0.66 | 2102 1.70 S84 | ZBOACTC 450
s 0 1.96 023 0.65 249 0.50 | 74LS200N  3.45 | 2112 3.4 0.38 | Z80o1 65.00
e om 1% ] - % SR T oe| B A% o2
4068 0.18 1. 0.22 1. 1.30 0.18 i 2 s
A069AE 0.18 ‘.?s) 0.14 z% 350 0.32 | 74LS240N 0.99 | 4118/2 159 182 PROM
20 0.8 0.80 0.54 2.50 350 0.70 | 74LS2eIN  0.93 | 411643 1.49 362 | 7708 2.00
4071 018 0.45 0.42 0.75 1.00 0.34 | 74LS242N 1.6 p 12.50 0.8 | 716 3.8
272 0.8 0.45 0.6 1.50 105 0.34 | 74LS243N 1.65 | £116P-3  12.50 0.98 | 2537 850
&wn 0.8 450 0.62 1.08 2.% 0.44 | 74US244N 083 | 6116P4 1125 axR | 7x 8 50
75 3-3 4.48 0.62 0.79 1.85 1.20 1.50 12,50 4~
(176 . 0.62 q g 0 IS

TELEPHONE (STD 0277) 230908 TELEX 9949194 AMBITG  POSTCODE CM1445G
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Check out your semiconductors with this
cunning but simple project. It's brilliant, even

if we do say so ourselves (and we do).
Design by Rory Holmes. Development

by Tony Alston.

hen you’ve completed your
WIatest design, a brilliant project

which not only solves the world
energy crisis but proves that Einstein
made a small mathematical error as
well, it can be very frustrating if you
rush to your junk box and discover that
you can’t breadboard the circuit
because the markings have rubbed off
your transistors. To help with this
problem we’ve come up with our {atest
design, a brilliant project which tells
you which lead is which, whether the
transistor is OK, what polarity it is and
its approximate gain. Diodes and LEDs
may also be tested, and for good
measure we've thrown in an op-amp
checker. The world energy crisis you'll
have to figure out for yourself.

Construction

Assembly is straightforward if the
recommended PCB is used. Make sure
to orientate 1C1, IC2, D1 and D2
correctly, and use sockets for the ICs to
avoid damage by soldering them.
Remember to put the three wire links
on the PCB!

Although there are quite a few off-
board connecting wires, these should
not be a problem if the circuit diagram,
overlay and internal photos are studied
carefully. Only one transistor test
socket is shown on the circuit diagram
but several types can be wired in
parallel (as we did)} to accommodate
various types of transistor. The TO-5
and TO-18 types were epoxied to the
front panel, as was the eight-pin DIL
socket for the op-amp tester. Three
insulated test terminals were also in-
cluded for testing.other types of
transistors, diodes and LED:s.

TX1 and TX2 are crystal mike
inserts, Eagle type MC25 or similar.
Warning! — most inserts have one
terminal connected to their case and as
we’ve used a metal front panel for this
project, TX2 should be insulated from
this panel. Othenvise, TX1 and TX2 will

ET) DECEMBER 13981

be common linked and as the circuit
diagram shows that TX1 is connected
to 0V, TX2’s connection to iC1, IC2
and C2 will be incorrectly taken to

0 V. We got round the problem when
we glued a circular fibre washer to one
insert before fixing it to the front panel.

Testing Times

Transistors are plugged into the
appropriate socket, and any type may
be tested; NPN, PNP, small signal or
power. No selection of NPN or PNP is
necessary as this is done automatically
by the tester. When the push-to-test
button is pressed, an intermittent tone
is produced. The frequency of the tone
is proportional to the gain of the
transistor, giving a rough guide. The
LEDs also flash alternately in time with
the pulsing tone; the LED that is on at
the same time as the tone indicates the
polarity of the transistor. If the
transistor has no gain or is open circuit
there will be no tone, although the
LEDs will still flash. If the transistor has
a large leakage current or is shorted,
there will be a ‘two-tone’ sound. If the

transistor has been inserted the wrong
way there will be either no tone or a
very highpitched tone.

Diodes and LEDs may be tested
across the ‘C’ and 'E’ terminals. If it is
OK, the LED under test will flash,
accompanied by an intermittent high-
pitched tone and flashing indicators.
Ordinary diodes require a series resistor
(any oid value) and should then
produce an intermittent tone and
flashing LEDs as before; the
coincidence of flashing LED and tone
indicates the anode.

Op-amps are plugged into the IC
socket and no pushswitch is required;
power is only applied when the IC is
inserted, and a good IC produces a
continuous tone from the second
insert

BUYLINES

No problems with anything used in this pro-
ject; all components are standard items and
are obtainable from the major mail order
suppliers advertising in this issue. Hf you
don’t want to make your own PCB, you can
obtain one from our PCB Service (see page

94).




PROJECT :

Component Tester
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Fig. 2 Principle of the CCO.
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fig. 1 Circuit diagram of the Component Tester.

HOW IT WORKS

POWEA RAIL 2

PARTS LIST

The op-amp tester and transistor tester are
completely separate circuits; we shall deal
with the transistor tester first. 1C1a, a
Schmitt trigger inverter, forms a low fre-
quency square wave oscillator with a
period (determined by R1 and C1) of about
1second. This square wave is used to switch
the polarity of the ‘power rails’ (labelled 1
and 2 in the diagram) of the test transistor
and its associated oscillator circuitry.

IC1b is used to buffer the square wave,
and its output (oo pin 6) is used to drive
‘power rail 2. This switching signal from
1C1b is also fed to the input of IC1c, which
inverts it and drives ‘power rail 1°, Thus for
half a second in each cycle rail 1 wiil be
positive {(high) and rail 2 (low}; for the other
half second rail 1 goes negative and rail 2
positive. Each power rail drives an LED
{LEDs 1 and 2) via inverter gates 1IC1d and
1C2d, such thatan LED will be illuminated if
its associated power rail is at 0 V. These
LEDs will therefore flash alternately when
the circuit is operating, providing anindica-
tion of the state of the power rails.

The oscillator circuit that is connected
across these power rails is essentially the
simple current-controlled oscillator shown
in Fig. 2, but with some adaptations to
enable it to work with either supply polari-
ty. The oscillator of Fig. 2 works as follows.
Assume C is initlally discharged, so that the
input to the Schmitt inverter is low; the out-
put is thus high and the diode, being reverse
biased, is effectively out of circuit.
Capacitor C will now begin charging up
from the current source and the input
voltage to the Schmitt will be increasing.
When the input passes the Schmitt
threshold the inverter output will switch
low; the diode is now forward biased and
will rapidly discharge the capacitor. The
process then repeats, producing a square
wave output from the inverter with a fre-
quency that is proportional to C and the
current from the source. The bigger the cur-
rent from the source, the faster € will
charge and the higher the frequency will be.

The current source in our actual circuit
is provided by the transistor under test. R2
supplies a small base current to the tran-
sistor, and the current flowing from the
emitter will be proportional to the gain of
the transistor. If the transistor is PNP it will
only supply current to the CCO (current-
controlled oscillator) when power rail 1 is
negative with respect to power rail 2,

Similarly, power rail 1 must be positive for
the oscillator to function if the transistor is
NPN. Thus the CCO will produce an inter-
mittent frequency for either transistor
polarity (assuming the transistor is a good
one) with a frequency roughly proportional
to the gain. lf the frequency is audible when
LED1ison, thetransistorisPNP, andif LED2
and the tone coincide then it is NPN,
Going back to the oscillator of Fig. 2,
we see that if the oscillator is to work when
the supply connections are reversed, then
the diode polarity must also be reversed. In
our circuit this is achieved by using two
diodes, D1 and D2. When power rail 1 s at
0V, the NAND gate 1C2b will be disabled
and its output {pin 11) will be high. This out-
putis inverted by iC2c, thus reverse biasing
D2 which is now effectively out of circuit,
At the same time power rail 2 will be high,
enabling NAND gate 1C2a whose output
(pin 4) will follow the logic level on the out-
put of the Schmitt trigger IC1e via IC1f.
Thus when 1C1e goes low during an oscilla-
tion cycle, the cathode of D1 will also go
low, forward biasing the diode and
discharging C2 for the next cycle.
When the voitage on the two power rails
is reversed a simitar action occurs, but with

D1 switched out of circuitand D2 providing ||

the discharge path. The intermittent square
wave produced at the output of IC1{ is fed
to crystal transducer TX2 which gives an
audible note.

If an LED or diode is connected bet-
ween the C and E terminals of the test
socket, it appears to be a large-value cur-
rentsource in one direction only. Hence the
circuit reacts as if a high-gain transistor
were in circvit, and polarity is indicated as
before.

The op-amp under test is configured as
a simple RC relaxation oscillator. When the
op-ampis pluggedin, assume thatits output
{pin 6) is high (positive saturation). Then C3
will begin charging up to + 9V through R3
with a time constant C3.R3. When the
voltage on €3 reaches one-third of the
positive supply (this fraction is set by R4
and R3§), the op-amp output will switch low,
with R4 and RS providing positive feedback
for Schmitt trigger action. C3 will then
discharge towards — 9 V, until the op-amp
switches back to positive saturation. This
cycle repeats indefinitely, producing a
square wave at the op-amp output which is
fed to transducer TX1, This produces an
audible note if the op-amp is good.

Resistors (all aW, 5%)

R1 470k

R2 1M0

R3 10k

R4 47k

RS 22k

Capacitors

1 1u5 25 V tantalum
C2 10n disc ceramic
C3 330n polyester
Semiconductors

IC1 401068

1C2 40118

D1,2 1N4148

LED1 0.2” red LED

LED2 0.2” green LED
Miscellaneous

PB1 momentary push-button
1,2 crystal mike inserts
2 off PP3 batteries and clips; transistor
sockets; IC sockets; case to suit

IC TEST
SOCKET
A
c 3 2 7 a'
— -9V (B2 ~Vel
”"{—_O“
e
ra
—TX2
=]

pU——
-
x
N

_— 81
‘:49\1131 +Ve}
R (- +Oc1 Pa1

| I - _Ve(B1) oV
+VelB2)

a= ANDOE

k = CATHOODE

3

LED1 Fig. 3 Component overlay. ETI
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BILUWASDE electronics

48 JUNCTION ROAD, ARCHWAY LONDON N195RD — 100 yards from Archway Station & 9 Bus Routes

TELEPHONE: 01-263 9493/01-263 9495

YOUR SOUNDEST CONNECTION IN THE WORLD OF COMPUTERS

.

PET UK101 44

4008 8K RAM UK101 Kit inc 8K memory f£125

h 4016 16K RAM Ready Built inc 8K memory £175

, 4032 32K RAM Complete in case £199

‘ 4040 Dual Drive Disk 4K Expansion 8x2114 £10

- ual Urive Uis Parallel Printer Interface  £24.50

. 4022 80 column Cases for UK101 £19.95

G Ml tracks feed. Chromasonics Sound Kit  £24.50

s 3023 80 column Colour Kit £69.95

PR (iE  friction feed. NEW

C2N Cassette Unit. 32K Dinamic Memory Board

4 only £89.95

Rt clie; Wioe piRen oy (Fre & P10 apd Eprof Progiammekit

2K SYSTEM AVAILABLE FROM £1.499.00 DDann‘fenm ge”;g ?O'F:ielmws

VIDEO GENIE

£279 eG3003

Utilises 280, 12K level Il Basic, In-
tegral Cassette Deck, UMF O/P, 16K
-RAM, all TRSB80 features. Simply
plugs into monitor or UHF TV. With
V.U. Meter. Now with lower case

~,

==

PARALLEL PRINTER INTERFACE INC CABLE £33.00
CHROMASONICS PROGRAMMABLE SOUND KIT £24.50
SOUND KIT {FITTING EXTRA) £7.00
LOWER CASEKIT {FITTING EXTRA) £27.50
COLOURKIT{FITTING EXTRA) £34,
EXPANSION BOX WITH/WITHOUT RS232 £215/£185
16K /32K RAM BOARD £94/€129
NEW GENIEH NOW AVAILABLE. . ....................
APPLE
APPLE Il PLUS

48K Machines £595

Disk Drive with Controller £349

Disk Drive without Controller

Graphic Tablet £425

Colour Card £69

Accessory cards, Software
All available — Phone for Details

PRINTERS

INTERFACES AND CABLES
‘:m--

FOR APPLE 1I, PET, TRS80,
RS232, UK101, SHARP

EPSON MX80 £359

Dot-matrix printer with Pet

SUPERBQARD ALL
AVAILABLE.
EPSON MX80 FT/1£399
graphics interface. Centronics
paralilel and serigl. Pet and
Apple compaltible. True bidirec-

Dual single sheet friction and
tractor feed, 9 wire head, trye
descenders

EPSON-MX FT/2 £440
An FT/1 with high resolution

VIC 20

Colours
24 total. 8 for characters, 8 for border
16 for screen mixed as you'wish. Basic
colours on program keys are black, =
white, red, blue, light blue, green, yellow %
and purple. o T
Sound
3 Tone Generator for music, “*White
Noise'’ Generator for language and
sound effects. Each Generator gives 3
octaves. Reproduction is through TV
speaker

Character/Line Display

22 Characters by 23 lines, 64 ASCII
characters, pet-type graphic character
set
Keyboard

DIN typewriter keyboard with 8
programmable function possibilities via 4
spectal function keys. Colours are directly
addressabie from the keyboard.
Peripherals/Accessories

VIC Datacassette with special interface %=

i TECHNICAL
COMPUTER

1o guarantee high reliability read/write
quahty {(PET/CBM compatible)

Price only £165.00.
Cassette recorder £34.75
With 6 sample
programmes.

tional, 80 cps. graphics
EP80 MX82 £389 SEIKOSHA GP80A£199
As MX80 plus high Resolution Dot matrix 5 x 7, 80 columns, 30
Graphics cps graphics, double width
characters
JUST PHONE FOR FURTHER DETAILS
MONITORS
Green Monitor £99.00 m
MONI9” {illust) B&W £79.95
Hitachi professional monitors
9” Black 8 White £99.95
12" Black & White £149.00

ALLITEMS CARRY A 1 YEAR GUARANTEE

TANTEL

PRESTEL BY TANTEL
COMMUNICATIONS AT YOUR FINGERTIPS
FOR BUSINESS & HOME. UP TO DATE INFO

180,000 pages of information on Travel, News,
investment, Holidays, Hotels Etc., Etc

ONLY £159
TANTEL IS POST OFFICE APPROVED. SENO FOR DETAILS.
DEMONSTRATION AVAILABLE AT DUR SHOWROOM.

Please add VAT 15% to all prices. Postage on computars, printers and cassette decks charged at cost, all A’“

other items P8P 30p. Place your order using your Access or Barclaycard {Min. tal. order £5}. Export
enquirias welcome. Official orders welcome.
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FEATURE

TECH TIPS

Adjustable |
Sensitivity Continuity
Tester

David Wolfe, Cambridge

Continuity testers operate by compar-
ing the resistance between the test
probes with a fixed reference resistance
(if the probe resistance is less than the
reference then the tester indicates this
somehow). This is fine if the tester is to be
used in only one type of application, but
means that the tester is limited to this ap-
plication. For example, when testing con-
tinuity on a circuit board one is generally
testing for very low ‘hookup’ resistances;
when testing long cable runs, however,
such as in house wiring, one tests for
resistances often up to several kilohms.
This design overcomes this problem
by having an adjustable reference. The

TEST
PAOBES

NOTE
IS CAIIN
1C2 IS 8B5S

3 e
162 ol L aarTERy
%0 5
4 Q e

PIEZO
= BUZZER CR
BOR
SPEAKER

o,

tested resistance is configured as half of
the potentiometer which is adjusted to
give the required sensitivity. Obviously
by changing the component values,
especially that of R2, the range over
which the tester can operate can be
altered, but it should be remembered
that for the tester to discriminate very
low resistances the potentiomenter must
bevable to output voltages very close to
0

Continuity can be indicated in

several ways depending largely on user
preference, but also on parameters such
as current consumption and parts
availability eg a mechanical ‘buzzer, an
astable driving a loudspeaker or an LED.
These would all need a suitable driving
circuit as the op-amp could not do this
directly. In the prototype a piezo buzzer
was used for low current consumption. A
CA3140 IC was chosen in this circuit for
its ability to operate with inputs near to
the negative supply rail.

e —— e A S I —— . e A — S—— T sy g e T € e, e R

Micro-power VOX
David lan, Hampton Court

Previously published voice operated
switches seem limited in applicationdue
to their disproportionately high current
requirements relative to the subsequent-
ly switched circuitry, egbattery operated
baby alarms, portable transmitters and
S0 on.

Including a visible indicator this
design has, at 9 V, a quiescent consump-
tion of a meagre 800 uA, rising to a max-
imum of 1.6 mA when triggered, but is
capable of cleanly switching at least 250

mA at up to 30 V.

The 741 is wired as a decoupled,
high-gain preamp, with RV1 controlling
the switching point over a wide range of
audio levels — anything from a whisper
to a shout. The resulting voltage level
triggers (via Q1) the monostable formed
by three gates of a 4011. When the out-
put of the third, inverting, gate goes high
the N-channel VMOS FET, Q2, is en-
abled, thus completing the power supply
of an external device.

The ‘on’ resistance of a VMOS FET is
less than 2R (“off” is tens of megohms)
and quite large currents may be safely

handled before a heatsink becomes
necessary.

To aid setting to a given sound level
the unusual, but currentsaving, arrange-
ment at the output of the remaining 4001
gate provides a single flash from LED1
whenever the monostable is triggered.

C and R were selected for the par-
ticular requirement of an ‘on’ time of 14
seconds; 1u0 and 1MO gives approx-
imately one second delay, depending on
the individual gate’s transition point. Any
medium to high impedance microphone
could be used; the electret type shown
was to hand.
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Four Input Stereo

i Mixer

T

R.D. Pearson, Sheffield

The mixer circuit shown was designed to
allow four or more inputs to be mixed
down, producing a stereo output. Each
input has stereo panning and a level con-
trol. The gain of the input stages can be
boosted according to specific needs by
adding RX, making it possible to use a
direct input from guitars, microphones
and so on. Note that to avoid poor fre-
quency response, the gain of this stage
should be kept below 50 (keep RX above
2k2). The input impedance is 100k and
should be high enough for most applica-
tions.

The two output stages have suffi-
cient gain to compensate for the at-
tenuation of the panning controls. If
more than four inputs are used it will be
necessary to increase the gain of the out-
put stages by decreasing the value of RY
to 6k8 for six inputs or 4k7 for eight in-
puts.

741 op-amps should prove suitable
for most purposes, but if lower noise is
desired then a low noise op-amp such as
the TLO71 may be substituted. The sim-
ple zener regulated power supply shown
should be suitable for general purpose
applications.

Anti-Theft Device
G.J. Phillips B.Sc, Dutham

Many audio retailers employ anti-
theft devices whereby a loop, made
up of lengths of cable joined with
plugs and sockets, is passed through
the handles of radios and cassette

players. If the loop is broken an alarm
sounds.

The circuit diagram shows a
design which has been built in the lab
and functions very well. R1 sets the
quiescent current in the loop. The
loops could include vibration sensors
or any other suitable normally closed
contacts. When the loop is broken,

_

VIBRATION
EENSOR

uv

74

SATTERY
1AVO 8121}

the logic 0 at R1 causes the astable
multivibrator formed by IC2ab to be
enabled via gate IC1d, which acts as
an OR gate for Os at its inputs. The
astable frequency is set at approximately
Y Hz causing the buzzer to sound inter-
mittently.

The logic 0 at R1 also triggers the
monostable formed by IClab,c and
the output of this monostable al-
so enables the astable via pin12 of 1C1d.
Thus, if a quickwitted thief quickly
remakes the broken loop or the vibration
sensor quickly breaks the loop, the
monostable ensures that the alarm con-
tinues to sound for approximately 20
seconds. If the loop is left open then the
alarm will sound all the time. Unused in-
puts of the CMOS chips should be tiedto
V. or0 V whereupon the quiescent bat-
tery drain will be less than a microamp.

R1 can be replaced with an LDR
(ORP12) and a 10M resistor used to
replace the loop. The alarm is then
triggered by light. Place the device in
your components drawer and you'll be
able to nab the guy who's been pinching
your ICs when no-one’s looking.
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» AP 10V Thecircuit was designed toincrease the
1+ b T musical capability and performance of a
G ==AR0 e e single pickup, passive bass guitar. While
o Tov N g having a performance advantage over
wPuT [ [ 77 wom i) many ‘off the shelf’ active basses, this
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NOTE:
ICYI(5 4077

LED1,2 ARE ANY LED

I ‘P8
PU

=) Vppl3-18VI

LED2

For optimum noise and consump-
tion of battery current (650 uA quies-
cent), the TLO64 BIFET quad op-amp was
chosen. As a result, the circuit may be
broken down as follows: [C1ais a voltage
follower and provides a low impedance
0V rail to bias the remaining ampilifiers.
IC1bis also a voltage follower and serves
to isolate the two filters from the pickup.
IC1¢,d are the high and low filters respec-
tively. The response of each filter ex-
hibits a sheiving curve which rolls at
6 dBfoctave. In rough musical terms, the

SmA slope break points are arranged so that
| bass notes are handled by the low filter
| and the higher notes by the high filter
| C3 or C8 may be adjusted for a dif-

= ferent slope position, and the ratio R4:R5

Heads Or Tails

D. Indyk,-London

An ultrasimple heads or tails indicator
can be built using a single 4077 EXNOR
IC. The circuit is normally in a latched
bistable mode; when the switchiis closed
the circuit will oscillate, ie toss the coin.
The astable frequency is approximately

{(high) and R13:R14 (low) for an aiter-
native differential gain ratio. R17 and
R18 may also be adjusted for pickups
with different output levels. SW2 and
Sw3 allow the filters to be ‘in" or ‘out,
and SW1a<d allows the original tone cir-
cuits to be connected to the output jack,
and totally disconnects the electronics.
Battery on/off is via a pair of insulated
switching contacts on the stereo jack
socket. In the instrument modification,

A | 8] c ] D] MODE 510 MHz. if desired a small push-to- the original jack socketis removed and a
o | o © [ T | sistaBLe make switch can be connected in series stereo version fitted in its place.
o 1 B 5012 1 ASTABlE with the battery as an onfoff switch, such Musical use s very much amatter of
A Lo o that the battery will be disconnected experiment, but best results were ob-
. - —Svclersanit from the circuit unless the device is being tained when using a stereo lead with a
held. The LEDs can be any colour. twin channel amplifier ETI
ETI DECEMBER 1981 -
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* SPECIAL OFFER #

1-24
2114L-2 €1.00
2716 2.40
2532 5.25
4116-150nS 0.90

2599
0.95
2.30
5.00
0.80

100+
0.85
2.10
4.50
0.70

state buzzers may be directly connected to the port. Variable tone audio output may
be produced. The port kit includes plugs, sockets, double-sided PCB and all com-

ponents.s Price £11.50. Application notes 40p + SAE.

MEMORY EXPANSION PCB
A low prce versatile system for ACORN ATOM, UK 101 and Superboard. Compact memory
expansion PCB. 8K RAM (2114} plus 4 EPROM sockets for 2716, 2732 or 2532 EPROMS. Altemna-
dvely 1hese sockets can be used for 2K static RAMS giving further BK of RAMS. Plated thru holes
Fully decoded and butfsted lay-out. Protessional finish, Interfacing instructions supplisd. PCB

£11.50.
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TECHNOMATIC LTD.

MAIL ORDERS TO: 177 BURNLEY ROAD, LONDON NW10 1ED
SHOPS AT: 177 BURNLEY ROAD, LONDON NW10
{Tel: 01-452 1500, 01-450 6587, Telox: 922 806)
305, EDGEWARE ROAD, LONDON W2 Tel: 01-723 0233

PLEASE ADD 40p P&P & 15% VAT (Export no VAT)
Government, Colleges, etc. ORDERS WELCOME
BARCLAY & ACCESS CARDS ACCEPTED
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Tel: 0322 863494
A}
“Rapid Filorcr: House
Station Road

'EIeCtron’cs | Eynstord, Kent DA4 OEJ

LAPAGHORS AND RESISTORS

2 pin wp N ler Radiskleads 2%V Q01,0085 0022 DL 6p U U4
24 pin 00 D 1,79,.022,% 0133 Ho Ol?l]p IM)Op 23p
2B pin w Polyester ( amtmvh {ontas 1 oF
40 0 {tutd) 65 caps | 5730 each
Elpctrohie Kudiol e m
047763V, 1 &IV 2 2761\ I’&!“(.;\lp‘}‘x
* 8p. 100/25V . TM"%\ 14p. YOI 25V, 30p
{antetum
1,022 043,042 10 ISV 12p 22 47 (74
22,16V 27p 47 &V.27p &7 WA 709 W 10V 90p
1 Cubvsivrens 5% tnlerance
5o [T i ap DA
4 y Values Aves
40 W75 W% Carbon I E1Z 4,702 = 10M
o B "W N Canon M EI2 470 44 2
MWW 1% Merad lin E24 Wil = 1M &p
Y& 8 AW Redortor bt Contains Y0 ol vuch value trom 4
[total of 650 resi3tory | 480

14p

9% " e
e SPSYSSP SPDIsop DPDTZ5p

p - i Mimature mgnlo’
SPOT bop SPT contre ofl 900
DPDT 90p OPDT (ontrr oft 100p

Standard togxle

SPST 35p DPDY 18p
Micature DPDT slice 13p

Mint push mahe 150 push vg-,,l 2
1P 2PN IR 4PswW

L¥mExs

SEREEE

atiorder - Officiai ordery
* Sameday despah.h * Competm ve prices

The R p'd Guaran tee * Top quality components * In-depth stock

Stop your powerful pooch carving up your

’ ’ carefully collected ETIs with his.canine choppers
lT s A Docs LIFE o and tive in hardback harmony with a profusion of
precious project boeks by armour-piating your
i i int archives.
Mighty mongrel strikes aga Invest in an ET) binder. You know it makes sense.

You can have any colour you like as long as it’s

black. . . UK. £3.95 including postage, packing
and V.A.T., overseas orders add 30p. Why not
place your order now and send the completed
coupon with remjttance to:-
EASIBIND LTD., 4 UXBRIDGE STREET,
LONDON w8 7SZ. Tel: 01-727 0686
Please allow 3/4 weeks for fulfillment of order.

S JEASIBIND

Easihind [4d. 4 Uxbndge St.Landon, W;’ISZ.

Nat. Giro No. 5162552.
P R T S S S G AR e o S

¥ ececTroNiCS ToDAY INTERNATIONAL |
= t encloss p.b./cheque vaiue ............... .. :
' fOr ...ccoviirnnnecbenas.Dindars l
. Yearsrequited . .......ccoeen.en. .
' BLOCK LETTERS PLEASE ]
l NAME o 4 e s i gnts s o - Ly S R l
§ Address .......ccmeeprsaicsnininis :
L oo RN — el Bt
I 3 :

. e 4.0 J N N o 7 e R PO SO SRRSO PRSP TS PP P ERY )

| | Date .. . l
] Rogmrmon No. 307469 i
T s oo o s e iy o e s o e o W e
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THE BODY OF ANY
SYSTEM

Let’s face it - you
can’t produce as crisp
animage on a
domestic TV as you
canon a Crofton

monitor.

$in. Crofton Montitors

Typicaily P4 White.. q .£64.D'I
Pt Green. .. . £78.32

! y L
o Thess morlor enig Shu,m prices ete de-

ISHUGART FLOPPY DiSK DRIVES
0 case. No power supply.
A4005'/.m SISISIDNS. . o

ISA 800 8in. S.S.S.D. .

LOPPY DISKS - BOXES OFTEN
[Single-sided 35/40 Track .. IE————————————— > . {1

rates, PMM va for up-to-date prices

... £149.08
... £283.31

Double-sided 35/40 Track 5 Yiin ... £37.95
[Singte-sided 77 Track................. coeenr £41.40
Double-sided 77 Track §%ain. o £47ALS)
[Single-sided 8in... 3. ... £40.25

CALLING ALL sz1 USEHS
Convert your ZX81 to full size QWERTY Keyboard. Ask for details.
SPECIAL OFFER

%" Miniature CCTV Camera £130

Used Computer Desks £30
{Note: Only personal callers).

ALL THE ABOVE PRICES INCLUDE V.A.T. AND CARRIAGE

ALL MAJOR CRED!T CARDS
ACCEPTED : Small surcharge  FL=0
CROFTON ELECTRONICS LTD.

35 Grosvenor Road, Twickenham, Middx, TW1 4AD
01-891 1923/1513

CI.EF eiecraone MUSIG

COMPONENT KITS_|
SIXOCTAVE  £217

7% OCTAVE 244
Tors Damratae Macieis e vaatn niuuhogy the B s Tl s

YAILOA §ous ruetrmiacre YIrce CMN‘M‘E.'DV".
.«w»umvmm—ﬂ~m
M\?tﬂw Moo 27 W the ety and
press Eitotn e oveind & ae fomn < Tremcmo, Swns
cn-g,n:n.-n'q-
& gowes srcater a%cs v \

ELECTRONIC Ot i st ot Ao of Tows Sev
s (il ciars [y e e ara Vs
PIANOS TRCTOAG TP e Ui
SPECIAUSTS BINCT IV

oot trom e Bave ko rers Temwortara

Comrporent K e Kaytrasd Koy wnith fee dwar o0 3 -~

NG COTOOATEIENE Y 1 PURPIIT M FIW 123001 IR 4D &

g <05t

Complote € harhas Zorenn Cllonttt, mmey; N

o £2an o Gamasie Macen BOTT Puke AroHw e

Sowees

BonTT0n Tk LAN I FAMARR 9T DACES coMPLETL
Lo

“THE eecrronic BAND-BOX™ | | STRNGENSEMSLE |

1AS Pshed # confanction with “Prac hcel Dlectra=gs -
COMPONENT KIT 17400
COMPLETE
L0 KEYBOARDS
o S i

. aand ) 0 30
43 NOTE 20.78, 81 NOTE I3
73 NOTE 747, B8 NOTE (57

e 9 /“‘"l-/

00 o JLEE g
(L e aox

[ X .[
O me -y g
/ MANFO.,

THE Programmahle
DRUM MACHINE

PRICES INCLUDT MASTTR Ry Trad HGHT TRACK The Cied Maste Arymon
PROARAMMING - capate of
TWENTY FOUR wiecek oY
parIAvETWILVE TR ST
A in the Neld of C Music WSTAUMENTS e Operricr 0n % bgre
AMUSKUANS | SONOVSTY . SIVGERS  WICORONG SEQUINCE OF
weraumen? FOR buaCIR( ~ LIVE PLAFOAMANCE — COMPOSTION OKRAM IR PN bt

mmvhmnmmm"wrmmm WMANED nuu
Cormlonatorw

o
SOOuEncal BOcAt M6 (20300 We VO FICN 3N FotTeiCR DL MpIIt
ov

Dun n'n:" INCLUDE VAT, u-unl mo wWilRanct

fowrrdeeder e
A M7NMIK"IIAVH“L}‘I-MWM

CLEF PROOUCTS (ELECTRONICS! LINITEQ coepe €18
438 RAMHALL LANE SOUTH, SRAMHALL

STOCKPORT, CHESHIRT SK7 1aH
TEL: 06T 439 3297

ELECTROVALUE

CATALOGUE
82

Send 70p for your copy
now — 64 pages (Ad).
Moce than 5000 stock
items from nuts and
bolts to  complete

computer systems.

With it we include a
Reclaim Voucher
value 70p for spend-
ing towards orders
value £10 or more.

IN CATALOGUE 82

COMPUTER SYSTEMS

Detaits of the superb new
GEMINI MULTIBOARD SYSTEM,
CENTRONIC, EPSON and OLYMPIA
printers;
Also full range of .
NASCOM computers and accessories.

. 1%

ELECTROVALUE LTD. 0EPT. E7.12 20 St Jies Rowd. Enyhefinld Groon, Eghasm. Sarrey TW2S OHE
Phons: Egham 336803 (STD §784: Landen B7) Telex: 204475

Normheen Beanch (Personal Shappers oyl 500 Bumage Lane. Burmege. Menchester M1S INA. Phone (067} AR2 4345

apPp
Menmrges

Part type 1off 50-93 100 up
4116200ns . ... .......... I o HO5LERRE R 57E
4116 250nsier- Moo .t B N .90 80 .70
2114200ns Lowpower . ............... 125 116 1.05
2114450nsLowpower .. .............. 120 110 100
41181250nS ale - 4. B ok ' e 345 285 275
6116150nsCNOS .. ........... .. ..... 695 645 595
2708 450052 51 -l reko hek e e 19 175 1.65
2716450ns5volt . ................ B 2'25802.06 "RIESS
2716 450ns thregrail ............ ... ... 740 700 6.75
2732450nsinteitype. . ................ 450 415 395
2632450ns Texastype ................ 495 460 4.40
ZB0A-CPU £5.25 ZB0A-P10£4.75 ZBOA-CTC £4.75
Low profile IC sockets:

Pins 8 14 16 18 20 22 24 28 40

Pence91011141518192533
Soft-sectored floppy discs per 10 in plastic library case:
5inch SSOD £17.00 5inch DSDD £21.00
8inch SSSD £21.00 8inch SSDD £26.65 8inch DSDD £31.76
74LS series TTL, large stocks at low prices with DY
discounts starting at a mix of just 25 pieces.
Write or ‘phone for list.
Please add 30p post & packing to orders under £15 and
VAT to totat
Access & Barciaycard welcome.
24hr service on (054 422) 618
Government and Educational orders welcome,
£15 minimum
Trade accounts operataed, ‘phone or write for details
Prices are still tending to drop, ‘phone for a quote before
you buy
Happy Memorias {ETI), Gladeatry Kington,
Hersfordshire HRE 3NY, Tel: {054 422} 618 or 628
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(well, we think so), but it tends to

have unfortunate side effects; too
much of it will cloud your judgement,
slow your reactions, affect your
balance and, worst of all, make you
certain that the exact opposite is true.
Such a state of mind is dangerous if
you intend using that modern offensive
weapon, the motor car. The ETI
Alcohometer is a crystal-locked reaction
timer that is simplicity itself to use
(always an advantage when you've had
a few), and will prove to overconfident
imbibers exactly how much effect the
odd lunchtime pint or five has really
had. Lots of fun at parties, too —
although once you have trouble
hoiding the button down, it's probably
time to leave. [n a taxi.

Button Up

When the Alcohometer is switched
on the display is blank, except for the
decimal point. To play, you hold down
the push-button and wait. After a ran-
dom time period lasting about one and
a half to eight seconds, the display
lights and starts counting up from zero.
Releasing the push-button stops the
count and displays your reaction time
in seconds. To conserve power the
display blanks automatically after a
further eight seconds; if you're in a
hurry to play again, pressing the push-
button blanks the display and starts a
new cycle. If you don’t react within
one second, the display latches at 000
s0 you can’t claim a reaction time of 3
milliseconds just because the counter
clocked round once before you
noticed.

Brave ET! volunteers found that
even one small drink could have a
noticeable effect on reaction time, but
don’t take our word for it — start
building one now and be ready for
Christmas!
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a Icohol may be wonderful stuff

EVER READY

PROJECT

ALCOHOMETER

This remarkable reaction timer contains

Construction

The construction is efegantly sim-
ple since all the parts are mounted on
two PCBs; nevertheless it’s quite in-
tricate, due to the high component
packing density. Solder the com-
ponents into the main board first, not
forgetting the orientation of the ICs,
capacitors and diodes (see overlay).
Use IC sockets, it's always a good
precaution. Veropins should be
soldered into the holes for the push-
button switch, and the switch soldered
in turn to these, so that the height from
the top of the button to the board is
27 mm. Remember to put in all the
board links, including the two
underneath the board, but do not
solder in the vertical links to the
display at this stage

a crystal-controlled counter to
determine drunkenness in

alliterative alcoholics.

Design and development

by Rory Holmes.

After building up the prototype we
discovered an unusual problem. It
appears that some manufacturers
produce longer plastic DIL packs than
others, and if your 4017s are too long
they won't fit the board. The Motorola
chips we used (MC14017BCP) are OK,
but if yours are too long you can
always grind off the ends (carefully!)

If the crystal is a plug mounting
type, don’t worry; its pins can be cut
shorter, and wire links soldered from
the pins through the PCB holes. This
same procedure will be necessary for
the onjoff switch (SW1) which is
mounted sideways on the board (see
photos). A small piece of plain PCB
acts as a spacer between the switch
and board, to align the switch with the
moulded case cutout. it's a good idea
to place the board in position on the
case to check the exact switch placing,
before securing it with superglue.

The display board is mounted
above the main board and is held in

"-'-f?h‘
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s
»oa
] { ]
=
=
:
:

s awmmame -
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With the top off, you can see how everything fits into the case — just?
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O RESET/CLEAR

R2 ()} DISPLAY
a7k w0
! i
, 2
e IC3e
T 3 s
nG R?
NOTE: LOCK
111§ 40118 "
S 1€2 15 40298 1%
1C3 1S 40018 Icac
ICA I$ 40438 of———QGate
5 {16 1C8,6.7 ARE 40178 1
01,03 ARE 1N4148
R Q ~ S
E) 2 14
86
o0k | €4*
S +9v
[ e (o)
18 118
210 10 CLK 40 b~ cloc
P37 e Sl T €7 oUuT[iz CLULR
15 8 |13 |15 g J13 |5
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Fig. 1 Circuit diagram of the main control and oscillator section.

place by the vertical wire links {see
photograph). Solder in all the com-
ponents as per the overlay diagram, in-
cluding the positive rail link, and noting
the polarity of C9 and LED1. Sockets
should be used for the sevensegment
displays, both for protection and to
give the required height. Lengths of
tinned copper wire {about 2} should
now be soldered at ail the vertical lead
out holes — 23 in total. After
completing this carefully check the
track side of the board for bad joints,
solder bridges and other faults. It will
be very difficult to correct mistakes
after the boards are soldered together.
Also check that all the !Cs are plugged
into the main board.

Now comes the tricky bit; all the 23

wires coming down from the display
board must be inserted into the cor-
responding hole, vertically beneath, on
the main board. It helps to trim the
wires to different lengths, starting at
about 1” at one end, and increasing to
2” at the other. They can then be in-
serted one at a time, as the boards are
lowered together. When the boards are
together the separation (between both
parallel component surfaces) should be
adjusted to about 13 mm. The wires
can be bent under the board to hold
this position, and then soldered and

cropped.
80

Vero Intelesting

The case used is a two part
moulded Verocase. This case has a
built in battery compartment, and
ready-made cutouts for the display and
on/off switch. There is a small moulded
stand-off in the centre of the bottom
case half — this should be filed or cut
down in size, until it's shallower than
the three PCB stand-offs. The board
assembly can now be fitted into the

[ (¥4

bottom case half. The PCB edges may
need filing for the good fit against the
bottom of the case {be careful not to
file away the copper tracks at either
edge). An appropriate hole must be
drilled in the case front for the push-
button; a good method is to put a
small blob of ink on the button head
and then bring the case halves together
in the correct position. The ink will
leave a drilling mark. The board can be
secured in the bottom of the case using

This photograph
shows how the
display board is
mounted piggyback
on the main PCB. I
you look carefully
you can see how
sw1 and PB1 are
Jsoldered in place.
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PROJECT : Alcohometer

+ay O L
OVERFLOW (O

RESET/CLEAR (- E

1 1
(
C

L~ ——

DISPLAY () L L L
3 Fs lﬁ‘: 3 r!s ﬁs la 15 {16
CLOCK cLk OIS RsY 10 cLK DIS RST +10/ CLK DIS RST
ourt [5 1 ouv|s 1
GATE EN ics = Ice 1 1Ic10 i -
= -
ofz2]13]s N1]6 |7 o [iz[z[e pile |7 DREQDO
L ¢ d e [ a b g de 9 abecde []
NOTE: P-— -
1C8.9 ARE 40268 =
LEDY 15 0.125* RED LED
DISP1.23 ARE 0.3° SEVEN-SEQMENT b & = P
DE DISPLAYS 2 o151 01892 018P3
LEO1
ovO-
Fig. 2 Circuit diagram of the v O- : v ' BUYLINES
counteridisplay sectlon'(above) I,, l J _L | The case used is one of the Vero range, order
and the supply decoupling - code 202-22275G. The two PCBs available from
capacitors. ‘FA;" —F‘?" €10 Jen a1 our PCB Service on page 94, and none of the
vl n [t0on J100n  ipP3) other components should cause any problems
: P SR (although you shouid note the point made in the
SR text about the 4017s).
ordinary adhesive pads, if they are used HOW IT WORKS

double thickness. The displays should
just come in line under the window
when the two case halves are together.
A suitably sized piece of red filter
plastic or polarising sheet should be cut
and glued underneath the display
cutout. The battery can be held more
securely by sticking a piece of plastic
foam into the battery compartment for
a compress fit.

Time To Test

You are now ready to test the
finished article. With a PP3(9 V)
battery connected to the clip lead, and
the power switch in the ‘on’ position,
only the discrete decimal point LED
should be illuminated. !f you have
access to a frequency meter you can
use the trimmer capacitor to set the
frequency of the crystal oscillator to
exactly 1 MHz. Otherwise, leave it at
about mid position. Now press down
the push-button and keep it pressed;
nothing should happen. . . Suddenly,
the display will illuminate, and start
counting at 1,000 counts per second.
Having reached this stage, the idea is to
let go of the button pretty smartly. The
figure will freeze instantly, and
continue to display your reaction time
in seconds. After about eight seconds
the display will disappear, and you may
try again; alternatively, pressing the
push-button will reset the display
immediately for another attempt.

Note that it is impossible to cheat,
except by precognition.
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At some random time after pushrbutton PB1 is
pressed, the display comes nn and commences
counting. Releasing PB1 stops the count, freez-
ing the display, which then shows the time elaps-
ed between the end of the random period and
the release of SW1. After a short time the display
automatically tums off and resets, ready for the
next reaction test. The random time period,
which will be between 1% to 8 seconds, is set up
by €2, a four bit binary counter wired to count
down repetitively from 15 to 0. It is clocked at
around 2 Hz by the slow oscillator built around
IC1a and b, so that a complete count cycle takes
about 8 seconds. With PB1 open, the output of
1C1d will be high; this holds the output of 1C3b in
a low state and sets the Q output of IC4a, a NOR
latch, to high. Meanwhile IC2 is continuously
counting down from 15 to 0. One or other of C
and D, the two most significant digit outputs, will
be high when the count is above 3, ie for about
6% seconds of the 8 second period. Thus the out-
put of NOR gate IC3a is taken low, enabling
1C3b, whenever the count is within that range.

Now, operating P81 takes ICid output low,
putting a low on the second input {pin 12) of IC3b
and the set input of IC4a. with both inputs low,
IC3b output will go high; a positive oulse is ap-
plied through C4 to the reset input of the latch,
allowing the Q output to go low and sending a
CLEAR pulse to reset the counter section. If the
IC2 count is less than 4 however, |C3a’s output
will be high, holding 1C3b low so that the latch,
with its reset input pulled low by R6, cannot
change state. Thus the random time period,
which ends when 1C2 clocks down {0 zero some
time after PB1 is pushed, cannot be less thana 3
count, ie around 1%2 seconds.

When IC2 reaches 0, the carry out line (pin 7)
goes momentarily low, taking one 1C3c input
low; the other input (on pin 1) is already held low
by the Q output of IC4a. Thus IC3c output goes
high and the positive edge through C5 will reset
latch IC4c¢, so switching the GATE line from the Q
output to its active low state. The positive pulse
through €5 akso triggers the set input of latch
IC4b, taking the Q output high which tums on

the display. This is the end of the random period
and the start of the reaction timing.

The GATE signal starts the counter-timing
section simultaneously with the display illumina-
tion. The user must now release PB1. As de
scribed above the set input of latch IC4a will then
go high, taking the Q output high. This holds the
set input of latch IC4c high and so takes the
GATE line high again, stopping the count and en-
ding the reaction timing. The pin 6 input of IC1c
is now heid high by the Q output of IC4a. Thus,
when the 1C2 CO line goes low again after a fur
ther 8 seconds, IC1c will go high and the positive
pukse through C2 and D2 will reset the latch IC4b,
taking a Q output low and turning off the display
fo conserve power. The latch IC4b can ako be
reset via D1, which steers a positive pulse derived
from €3 and R4 to the reset input. €3 is con-
nected to OVERFLOW, the finai divide-by-10
output of the counter section, thereby blanking
the display when the count reaches 1 second.

The display has three decimal digits follow-
ing the decimal point, which are driven by 1C89,
and 10. These are integral decade counters and
seven segment decoder drivers {4026) which
drive common cathode LED displays. Since the
readout is in seconds it follows that the clock fre-
quency for the least significant digit must be 1
kHz. {C3d forms a CMOS oscillator, with the fre-
quency set at exactly 1 MHz by the crystal. This
output frequency is then divided down to 1 kHz
by 1C5,6 and 7 (4017 decade counters) and sup-
plies the CLOCK for IC8 (pin 2)

Ali the pin 155 on ICs 8,9 and 10 are wired
together and form the RESETICLEAR line {active
high). Likewise all pin 3s form the DISPLAY line, a
low on these turns off the display. The GATE line
goes to pin 2 (the enable) of 1C8; when this is
taken low the clock is enabled and will start
counting. Pin 2 of IC8 and 9 are both wired to
ground 1o permanently enable their clocks. The
circuit is powered by one 9 V PP3 battery with an
onjoff switch SW1 in the negative rail. LED1 in-
dicates when power is on and ako marks the
decimal point. Capacitors €8 through €12 pro-

vide supply decoupling for the iCs. _| ’
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PROJECT : Alcohometer

PARTS LIST

::scstors {all v‘ms%) IC2 40298 o I '!“ Aon n‘\ 1 1 ' 1 1
R24 47k :8 %: c3 g Ic9 - :3
:35’67 %&* IC5,6,7 40178 (see text) N A ‘
e Ly 1€89,10 40268 oV
R9 120k 'fs’é ;ﬂi‘;ﬁed LED
:10 5 820R DIsSP1,23 0.3” sevensegment common t t t t f ' f ’ 1 ' ' t 't f t
c:pacn ors P et . cathode LED displays
C2345 1D ceramic Miscellaneous
6 100p polystyrene XTAL 1 MHz crystal
as 47016 V tantalum  pg miniature push-to-make
9,101 100n ceramic switch
vt 6-60p trimmer SW1 miniature shide switch
Semiconductors PP3 battery and clip; case (see Buylinesy PCBs
1IC1 40118 (see Buylines).
tt vl 2 ol ®
= :
m 44 o
9 g
+ 0 : 1c5 iC6 5 Ic7 _J
R l‘l“ l‘l“ ‘l“l ‘ TCU T U vTUYYUVhrovoovovovu

Fig. 3 Overlay for the display board. Arrows indicate vertical wire links
to the other PCB.

Fig. 4 Overlay for the main PCB. Note the insulated wire links under
the board — 1€4 pin 5 to IC2 pin 9, and IC4 pin 2 to IC1 pin 6. ETI

A MUST FOR THE COMPUTER OR VIDED MAN

INFRA RtD IMAAGE CONVERTOR typc 9606 ICV1441 1K™ dia Requias
ungic low urtent IKV 10 6KV supply Indvdually bozed With vais
€12 50 o 10 off £100

INFRA RED QUARTZ LAMPS 230V 620 Watts Sus 134 » L' dw 1150
a» 10 off €10 740V 1650 Watrs Suc 2% » da {3es. 100N €25
FANS 115V 13 Watl Size3% « 3% « 1 Secondhund £2 50 sa
CENTAUR FANS 115V Sue 4% - 4% New €450 o2
Seconghana £2.50 »a

OFI AY LINFS 50 narosect Groundmouwt Sue 2 « 7/16 » 516"

€2
PUtSE TRANSFORMEHS Sub nen S v 5/16 « % Secondery
cunire topped New Suitabie tor Thyrator tnggenng 20p ew. 10 off €1 B0,
100 off £16
MOIOHS 12V DC with puliey & semeconducior spaed control. New EV oe

nm\mo H CONTROLS ROTARY SWITCH Single polr 10 way Punted
crcut mount New 10p ea 100 off £7. 1000 off £50

stepping motors 200 Steps 20 07/in 1oque 12/24V Input. Sware (12 o
wiepong motors 200 Sreps 20 o2/ torque 120V mput I wes €4 se
STEPPING MOTORS 8§ Vol 33 “mp operaton 2 Wre PPS 0220
RMP 0 260 Used €16 o8

STEPPING MOTORS  8/12 posstion can be used a3 3 techo 12/24V wal
work on 5V €1.50 68, 5 for £5.

MIN KEYBOARD Push contects, marked 0-9 & A-F b J oplonal £1.75 e
10 tor £15.

KEYBOARO PAD Sizo 3 = 2% x 27 hagh witn 12 Alma Reed Switches
Biue keys markad @ greer. 08 b5 2 318c with one hiank £4 «» § off €15
PEP 2.5

UON'T TAKE CHANCES Usa the proper EMT Cabie 10p metra £7.50 100
matres PEP

RAPID DISCHARGE CAPACITORS 8 mid 4KV £5 each PEP £2.

HUNTS CAPACITOR 0.1 mbd 3KV OC Way Suc 1% o » 3. €126 e
10 for 10

E.M.T_CAFACITOR S00 pf 8KV 200 sach

DECOLPLING CAPS 0 Obmid 10V, 0.0%mfo; 0.047 250v: 330pt. 100 off
one tyoe €180

CAPACITORS i at S5p sach. 3300pf; 2200t 26€V: 0.01mid 160V, 0.1 1At 400V
TANTALUM BEAD CAPACITORS 2 2ut 20v 10 off €£1. 100 off £7.50.
300uf 6.3V 150 v

TANTALUM CAPACITORS 22mid 6v. 39m!d 10V, 22mid J8V: tatd 35V
Al 10p. 100 off £7.50

MICAQPHONE/EARPECE INSERTS, Ex Min. Brand New wrapped. 750 88,
10 0# €6,

TRANSFORMERS — Al Brand New.

Auto 240V input $15V 1 Amg output £1.25 ov

240V Inpnt Sec 6V 1.98A Siza2% » 2 + 27, Good quaty €160 se

240V Input Sec 12V 100MA. Siee 60 x 40 x 42mm SOp se

240V Input Sac 12-0-12V SOMA Si2¢ 83 ¥ 35 w 20mm {1 ee

115V Input Sec SV 250MA Sce 111716 « 1% » 1%, 21or 50p

240V Inpst Sec 2 windings 12V and 24V 1 Amp. Sze 2% x 2 x 2.
Sub-Min 0 120 240V Input Sec 12-0-12V mrtce SVA, 75p ea 10 nﬁ €8,
100 off {45

TOROIDAL 0-115 230V Input Outout 13.50 138V rateg BVA. £V 70 e
1008 15,

TORGIDAL 0-120-240V Input. Output 0-12V, YOVA par wanding Encapsulaled
Identicol to R.S. Components at (9 48, OUR PRICE £5 ea

TELEPMONES - PBP €1 50¢a 810 unts £6 Over by smangements.
T:::};’Mw . Grey, Blus. Grasn £5 50 ¢s. 10 off £48 Oncoloured {4 ¢a
o g '3

748 stvle Biack or Grey £7.50 aa. Oider Biack stvie £2.50 sa

SOME EHT TRANSFORMERS & CAPACITORS astways apadabie - please
enqurc

VARIRCS — 2AMD Ex-equpment. Good conduon, £12 e PEP £3

TRANSISTOR INVERTOR. 115V AC 1.7 Amp input. Switching at 20KHZ.
Output wandings from Por Core: Can be ewound ot broken for companants.
Cueut Supphed. £1.25ew PBP E£2 10 oft £10 Carmage (8.

Corvart this unt 10 » SUPER BATTERY CHARGER. Atiractive green
(mewstey Quality Cast — removable top/bottom plates — haavy duty power
IWIChat — RGN DOWEr IALSTION 16 CONIION Cultent — eentrs Mmounted
amg meter wing nyt lecmnats on tront pane! for connecting laads
£180 es PEPED F%UR UNITS £12 Carage £8,

Minature VARIAC 0.8 Amp in Biuc Cose suve 10% x 6% x 8% with 20
coloured sCrew 11yie & socket giving multipie vottape i current outputs
AsNWE {1500 PUP L3

AMPLIFIER BOARO complets with Heat Sk & two outout Teanwstors
tyne 285293 Cucuit wpphed (1.50 sa

CASLE TIES Black 13¢m long of Whints Scm, 50 tor 50p.

TOGGLE SWITCH, Cantrg off. 30p ea. 10 10c £2.70

4 CORE CURLY WIRE astending 10 2 metres. 20p ee. 10 off £1.00: 100 off 11§
Min Poteanuometres Ere. 1K Lip; 33K Lin: 4 7K Lin. Al 1Sp each
100 off £12.

\MR[WOUNO“[SISTORS SWATTS - sl a1 0 66: 10 off 8p: 100 off £7

Vaives = 1 4; 750R; 2K - 1A% IR - 1508 R0OR: 5K 1; 15k

MUL‘ﬂCOR[ CABL[ 18 Way. Mult colour TSp per matre, 100 matre dnum
arr

GEC £ Butron UHF TUNER £1.50 ea 10 off £12
GEC & Burton UHF /VHF TUNER. £2 es. 10 off 18,
SOLIO STATE UHF TUNER 38BMKZ £1 o8 10 off £8.
PHOTOMULTIPLIERS — All with iformaetion — PEP s 1ubes £1.50 ¢9.
Britan 2" windaw €2 ee, Amencen 2 £3 ea. RCA 1yps 2020 €4 »a Special
Amarican by RCA €6 se: MULLARD 150AVF Usetu! dw 32rmmm {4 ee.
HONEYWELL STRIP CHART PAPER 122ft rolis Ref no 378528-0100
EVEN 12/88. 50p oot 1o, 10 rotts £4 PEP £3.50.
g”;l'.li THERMAL PAPER 430t roll 8% * wide. £2 per roll P&P £2, 6 rols [10
1]

FOR FULL COMPONENT & TEST EQUIPMENT LIST WRITE OR PHONE

—
MINIMUM ORDER OF GOODS £3. MINIMUM PACKAGING & POSTAGE £1.50. VAT at 15%

CONRAC 14 MONITOR. Soid stats Sync pius video
input sockets Not cased. Used but tested
£35 each. Carriage L6
Othar monitors available mncluding colour. Please engdire

CREED MODDEL 75
Prnter with keyboard. Late model
Only £25 each
Receive Only £18 ench. Corrlage £6

80 characters x 13 nnn 600-1233 baud;
RS$S232; standard 240 volts nput; screen se 9
inches, Very goodcondxnon Tested

GENERAL PURPOSE DSCILLOSCOPE TECH TYPE TD 2
Singie beam. Size 3pprox 6 x 7 x 9% in. Weght 7ibs
Ideal fo: the beginnet or schaol user
ONLY £42.50 nach PEP £3

SINE & SQUARE WAVE AUDID GENERATQR
Typo TE22
20HZ-200KHZ. Portabla. As new
ONLY {55 aach PGP £3

MULTIMETER
Russien rype 4324 AC/DC volts; AC/OC
current; ohms, etc. Brand new, boxed,
£0 wach P&P £2 50

RADAR AERIALS
Rotary, complete with Waveguide Coupless
These sre brand new, Mirustry boxed. Very
wnpressive. Dish diameter 27 inches
£86 uch.Cardla[G

Portable. Battery Operated Swndard PP7 (Battery not i
BT e g T
but good condition £25

COPE STYLE CASE with sttracerve blug covars and strap handie
Bloct crastis with prop up stand & rubber feet conINg two 5~
Fiuorescent 4N hghts, Muminated mans onfofl switch, 2 pots with
krobs, skde switch, 1 % merres 3 cors mans cable smal tuse

holger
| mains transformer and PCE IAI % 8 TACHISTOSCORE! Idaw tor the
>,

MUST be added to

PLEASE ensure sg!fucien! monies is sent to cover PACKAGING and Postage to avoid delays in us dispatching éour order. CALLERS VERY WELCOME STHICTLY

ETWEEN 3am-1om and 2-5pm Monday lo Saturday inc, BARCLAYCARD (VISA) and ACC

SS taken. Official orders welcome.

CHILTMEAD LTD

NORWOOD ROAD, READING

12nd turning left past Reading Techsfcal College in King's Road then first right —

TELEPHONE NO, READING 669656

{ook on right for door with 'Spoked Whee!
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044 MENATURE
ON-OMF

I MONEYWELL PROXHWITY
ETECTO

] L] nlegra!

Gold-plated contacis sphfier, 8y 0 C. 050 en
Sasled base Ideni fgr pre- PHOTO CONDUCTIVE
g §-posmon CELL 15 High.powet

as1 than hai! | COscall, 600MW, for

meaytaciurer s pace
oY
T

Wil #t a0 ldom ol
socket Ton at @p ae par
00 S 08

contied cirguitn
Resistance 00 ohem 1o 4K.
:Atx 20 Szel'ax

RIBBON  MICAOPHONE
with preame on chaims
fL.n

MULLANOMOOAES | ULTRA SONMIC
rnn N mes.
# Stnp AM FW Complata on Ihin
IFrant ang Pon €573 Screerad cotie OB
Camplete wnk Datn ek 20rs 298,
" ums? ULTRA SO0WIC
vanesp Meo & TRANSOXTTER  Compheis
Storg Tuner ‘ rml(unuuo aquired
11 »
| O® 8% | st prwamic | |
CAYSTALECOLOURTY | MICROPHONES 20 ot | |
440618 mes D128 unpedanCe Mowng col

Mhrdture type ssaled

ALL GAMES AND CHESS COMPUTERS
AT DISCOUNT FOR CHRISTMAS GIFTS
Incredible ACTIVISION Cartridges for ATARI, VCS.

[ oer

Complate or chasus £1 19

W1V B

XRPS36 Racord Raplay |
¢ &

108Ch

XESH! Erase taach) {109 |

Had-mcr red common Ce
{ ™ods will capiace 0L70?
4.0 Qi

©x ) x 20

303 tats Only (5 pair.

Fullrangeinstock........................£16.95
Latest GAME & WATCH Gold Series £19.00
LEGALC.B.Radios .................from £69.00
SENSORY ‘8’ Chess Computers...........£109.00
MORPHY ENCORE Chess Computers . . . .. .£149.00

Atari, Mattell, Philips TV Games

1 FRANCISCAN ROAD, TOOTING, LONDON SW17

LOTS MORE IN STOCK — PLEASE PHONE
FOR BEST PRICES IN THE COUNTRY|
ACCESS, BARCLAYCARD, DINERS, AMERICAN EXPRESS

CIRCOLEC

Tel: 01-767 1233

.‘:_":’:‘ ey LMIIEN He-Stew 00 u-? At Sireiess by A1)
-‘;""-_M‘ L) Lows power consumpbon
Smicthe)em LMI23K, Sy 3-ama 8, Onss han 1) watet
[ Sdant nwwng 15w itwo o
.:':- LMI30N Volt Follown | | im senes for Z30v SOPBOHD cHIPS
et Seedh = 4% = 1%
LMITTH High Pert V. Bz 0ne
""'""';‘- CD"WI'I‘?O' 2 ﬂak Ondy £6.50 nc_ vAT D14 N0ng on
052 Do any LM3MN Sowanl Amp £120 BRANO NEW Q80ns O
I o+ K pres MIIN, Dual Com . ~I S lets then | 2M24%na a%
(] 06 Ry ... 7| meulscwenpee |
| 3 |
MONSANTO : sTiRto Wmo‘l‘m] umx.gn-u'c‘um EX-MOTOROLA
:‘fs;‘:':' replacemant tor mos| 5082.7050 - s.;s.w‘nw {
|] rscordes with mewer f
i B olste Rocors Aeoiay 200 HIGR STERED |
ol 3% Naamon g LT AND ERY BRGHT AMPLIFIERS
o D;ﬁ:ﬁ:’.. e Osiy ENST sach | Compiete and tested unds
XAPStE Record Rpolay | 16 for €8 Madum and Long Wave
SNOGE RECTINEA 1nack Setotblor | Subphed a3 two Dusit units

) wiib cwguit

fopen typel 1 = | = !
weh iy

MINIATURE MP C.
POTENTIOMETERS. Maced
M2 High-juslne, S
tolerance, 2-watt, weth Lin
spndlas AN valugs 47
ohms-d7h saly My eech
pav 10, SOp aech Dpr 0D,
My sach

VARTA 36 vous DEAC
AN 225 0%

[ M
DAYFIT B-veR 45 amp
o%

XTAL FHLTER 10mct,
\{ SOB caparation.
12xvAx1 wen 109
T00KC/S + 1 mag 3-pw

an

1 ‘nclydas pre-amp 4
o T | g "CHERRY" ADD.ON KEYPAD

I A compact 12-Button
reypad suaeble for use
wh Ch

diut four 4

¥ngie mode keydoard

Keyboard
ns funcbong
U8 keyy

brand new

non-encoded

EXPORT
enquiries
invited.

QUANTITY DISCOUNTS on ALL ftems {unless stated), 15% per 10, 20% per 50, 25%
per 100. All tems SRAND NEW luntess otherwise stated).
OELIVERY from stock — Add Post 35p per order.

TELEX 2
Transonics

Mono 1400

62204

01.

1723 1008/9@

404 EDGWARE ROAD, LONDON W2 1ED

SPECIFICATIONS

9 Claymill Road,

ETI DECEMBER 1

[ ¢ rimsonllektrik

© Tel0533761920

Lelcester LEQ 7))

981

Crimson modular audio amplifiers feature

« |low values of transient and steadystate
distortions « envelope distortion (below SO0
Hz) less than 0.05% « on board electronic
protection « PCB pin and edge connector
termination « full range of complimentary
components avallabie ie. PSUS, heatsinks, etc.

o/p D/P Slew
Type 8ohms* 4aohms PsSy H/sinks limit
CE 608 38 - CPS 80 HSS0 30Vus
CE1004 a4 70 CPsS150 H5507 100 30vusS
CE1008 65 CPS150 H550/100 30VusS
CE1704 85 121 CPS250 HS$100/ 350/FM1 30vus
CE1708 125 CP5250 HS100/150/FM1 30VusS
CE3004 170 250 CP5250 H$150/FM2 30VuS
CPRIX output 775mv REG 3vus
MC1X output my REGY = 3vus
X02/3 Output 775-2500mvV RECY — 9vus

S/IN sensitivity THOItyp) FR( - 3dB) Size
11008 75mv 00035 1.5H2—350KH2 80—120—25
110a8 775mv 00035% 1.5H2—50KH2Z 80—-120-25
11008 775my 00035 1.5HZ2—50KH2Z 80—120—25
11008 775mv 0 0035 1.5H2—50KHZ 80—120—25
1t008 775mv 0.0035% 1.5Hz2—5S0KHZ BN—120—25
11008 775mv 0.008 % 1.5HZ~50KM2 161--102—-35

7008 2.8mv 0.008 10HZ —50KH42 138— 80—35

65a8 70/150uv 0.008 10HZ —50KM2 80—120-—-35

9008 775mv 0.01 Preset 156— S0—20

ALSO

No. 1 for Teletext Kits
TV Spare Parts and Components T

Callers welcome at Shop Premises

MANOR SUPPLIES

172 WEST END LANE, LONDON NW6 1SD
TELEPHONE: 01-794 8751

Near West Hampstead Jubilee & British Rail Stations

If you are looking for amplification, take advantage of the same superb quality Crimson modules that the BBC, 128, KEf and numerous recording
studios have been using for years! Our expertise in this field of electronic design is internationally renowned, our reputation is based on guality,
reliability and value for money and when it comes to technology, our modules feature possibiy some of the worid's most advanced audio circuitry
yetdevised. The Crimson range of audio amplifier moduies is available to industry and pubilic alike andis backed by fult technical data, free technical
advisory service, fast delivery and a full range of complimentary components avallable such as toroidal power supplies and heatsinks, etc.

*Power Qutput 1S quoted in WRMS and 1S given for two modules of f the same power supply. Higher oowers can be obtained f using our dudi power suppliesor
one module per PSY Or if using a stabilised power supply

NEW: We now have a completely new Hi-Fi Kit package to offer:

CK 1010 contains pre-amp circuit board, all metalwork connectors wire, etc., to make a
complete hi-fi pre-amplifier.

CK 1040 contains 2 power amp modules, all metalwork dual power supply, connectors,
heatsinks, wire, etc., to make a complete 40 w/ channel power amp.

CK 1100 as CK 1040 but at 100 w/ channei

IMOVING COIL ADD-ON

PRICES

Power amp mogules Power supply modules Heatsinks
CE 808 £€21.00 (PS80 £26. HS SO
CE1004 €24 50 CPSBOD £31.77 HS100
CE1008 £€27.50 CPS150 £29.74 MS 50
CE1704 £€3500 CPS150D £36.40 Fms
CE1708 £€35.00 CPS250 £3683 Ffm2
CE3004 £€49.00 CPS250D £€45.34

Pre amp modules
CPRAX £36.00 Active crossovers -COMPLETE KITS
MCIX £3200 X002 PRE-AMP CK1010 ............
REG1 £ 930 X03 POWER AMP CK1040
TRG €330 MUt POWER AMP CK1100

Telex 34964 Chamco G Crimlek

Unlike other module manufacturers CRIMSON have a major share of the esoteric,
specialist Hi-Fi market. Unlike many manufacturers we acknowledge the massive
audible differences that small component/circuit changes can produce. However
our amplifiers are technically outstanding have been subjectively ‘tuned’ to a
stunning level of crisp and detailed reproduction.

Altprices inCiuae VAT, Please add £1.10for ordersup

€ 1.84 10 £2000, £2.50 up to £50 ana £2.65 €50 ana over

£ 299 7o altow for post and packing (UK only}

£ 420 \',"
£36.95 Export—No proolem. Please write for K °¢°
£41.52 quotation Or Quote vour Visa/Master- &

Charge card number

TV SOUND TUNER
ETI SEP 80 PROJECT

All pants available/send for list




. ATOM, UK MORY REV! ON. '

e M nox o on a0, - SINCLAIR PRODUCTS®
" built £58. 32K kit £74. buit £X2. SC110 Osciioscope £139. PFM200 (A8, PDMIS§
OHIQ SCIENTIFIC COMPUTERS £3296 DM23S (53, DM3I%0 L2 OMeS0 116
Superboard 3 Pos. 4K extre tam E10.80. 18K memary  Microvision TV £89

THE r
POWERFET AMPLIFIER

Etegant Sumglicity

Advances i fagh technology shoult mase hfe simpler A
Clultered power ampldier DOAIE May wel putform Suparbly
but 1ts busy ¢iabarAtON is 313 INGCITION 1hat IE Cesign
pushing 1ns meit of its component technoiogy

There ace now maay hrsi CLass Dipoisr DOwss AMPS oA the
enarapt All of therh 81y COMplex and consequently eapensve
Any #uditipngl «mprovements the areas wheea they are
weakie g HF distortion) con only be cbtained wilh yel turiner
compleany and Cost

PFA BO Only 8 new techholdgy can peovide [ha sort af  quaniul

] o0owW plul Jume i Component performance Necessdry 10 teduce the

Into 841} clutter on the POard reauCe the COS) 8N MaLe the Nughest |
- once more attardable

Powsestars

So tar 29 semICONBLCTOr Menuiactyrers have nvested in the new lechnology Clearty powerlets
afu sompthing special

Thadr enormous povwer gaing elminAe Canveniconel dfrve CICUILEY i DOWAF AMDS, Parmilting
dubghtiylly $imple dusigns Thew freedom from secondary breakdawn and thes lendency fo
shutcown when thermally ovesstressed. result i inhgeenlly $13D18 3nd destiruchon peoof oulput
5t3ges. not Neading PFOIECIION Circuitty And perhaps basi ot atl thes lack of charge $1063g¢ Make
thern Las1 A responsive, producing amphtuers of wede banawidrh andd Kea distortion ewesl ) ngh
118quences

PFA 120
{150W plus

Powaet SUPP# o 81}

Components available 300W INTQ 452

The PFA 15 paehyps the periact realisalion of 1he clussic powerisl amp des gn The superb PUB
2llows the use of sithar one or tvwa Psrs 01 SUIPUL deviCas Providing asy ¢apandabihity for thase
s1arting wath ihe smeiier system (The eatre Culput paw of the PFAT 201 esulis in lower dhsiortior
and smproved ethiceency. particutatly iNto Jow 1mpedance oacs|

The Components used in the PFA have becn Chosen with gztigme Care Tha iowest Noise inp-l
Gevices Ond I0Wwarst 4$1011:0N GAIN SLage devices ware seleTiedregardiess of rast 140V powuilers
wete chosen 3gainsi the more usud 120V [0 Give smuroved Satety marging

Speciticatan PFABC PFa2
Bandwith 10N, 100KH, - TaBb
Outpul Powes 8OW (Vs - 50V1 120W Ve - GV
AMS o B2
ThO =0008 <0005
120Mr  20KH;
KMz gt tgted Y O04% tvp
oulpu
SNR 12048
Siew Rate 270V uS
Gain 22
ol IX
Ve mas v
Cost S5
t A5
([0 (aZF g:: P.&P.750

Power Amp PAN 1337

A high quality 20W puwes amp bodtdbasedon tha HAT 397 Easity moddiad for bridge vperaton
provichng hegh powers (fom low supgily voltages
Specicaron
Output powar RMS 20W mio BJL a1+ 72V ‘ﬁ, PAN

20W into 448 i -tV 1 1397

=G 002° a1 1XMr WY ta 12W -
SNR fatl] -
Inout 100mV n
Cost (Bu “‘3 €8.80 . &P 40p}
b &
PSU 101 Power S A 1tw 2 PAN
PSU ;19'{\ Pj v;m)v‘“‘?j?‘v w34 md 27¥wat
101 PAN 13971, (But} 385 P/P 40p

Mains transformer for sbove 17 0 17v SOVA F29% (P.&P.LY)
Pre-amp PAN 20
Thy designis unwjue Equansation s apphied

sheciticauon
Altar A 1181 J@in crage resuIting W yoe of thy BW

best NOSe performgnces Avighie  Superk THO a,%.;‘l)]uz:l L
over 'G3Q hquras are ansiréd by a trom ¢my ateaeU U @ 4

IO FANNG B sDETal gasn Sitenudtor €on SNR Rheh 1101 Sy RIAA
trol fvef cunttel 1o you!) The inpuis gte 1CHa8 fret 100V
uncommiten and can be used wih )y Vs 20V

coMbLInIton of yiyndi sourcas i the TmV to gu put >t ]

1 R A 1o v i ost

OV 1ange RIAA aqualixanon m provided for 2 72 e

mag PUs and »pate ve 1he boant 1s availabie Deectt R
for ditfarent aqualisaions less controin

THE POWERFET SPECIALISTS

J. W. RIMMER

Mail order only to:
Dept ETH11, 148 Quarry Street, Liverpool 1256HQ

Telaphone: 051-428 2651
Technical anquiries:
367 Green Lanes. London N4 1DY. Tel: 01-800 6667

{P. & P. 40p)

Rok2 rows s inC13%  BATTERY ELIMINATORS®

sxpansion kit £74. buitt T82. Power supply kit C11.96.

Moduletor L350 Guerd band kit £10 Came £27.
'3-way type 8/7. 5/8v X0ma £260. 100ms recic
types with press studs 9V €4.95. 3+ 9V (625

Cegmon £22 60. Wemon £19.96. Assembler/Editor
convertor 12V input, output 374, 6/877, B/9v 800ma
(=0 ]

tope 28 Word Processor Program €10 Dueplay
BATTERY ELIMINATOR KITS®

eupanson kN for Superboerd 2 seriss 1 only £14.

Contromca imartace kit £10. 610 expansion board
Mirfloppy diec dove pOS.

+ 100 ma radio types with Press-1tuds 3V €179, 9+ 3V,

2 B-way types 3/4,8/6/7.6/9/12/18/

v.oa,
Colour sdaptor board built £45.

| VIDEO GENIE £279

£15.30. TTL and o ter supphes 5V stabiizect
154 €9, 3A [14, 6A 2. 12V car convert
6/25/V 1A L1082

SHARP COMPUTERS

MZB0X 20K £380. 36K £304, <8K £408. PC121) €52

Expansion box without/with RS2X2 E17§/£208 Ok
| trive £205. 16X/ 32K rarm boerd IXVO12A
| £34.95. Paralel panter interface £32. Wte tor free REXDT il
sottware kst s !

—=&.
BI-PAK AUDIO MODULES®

ALI0A £4.38. PA12 £9.31. PS12 £1.78. 1538
SR ALgu'?uz A100 £19.24 s?m’éo
£5.28 BMTEO0.36. Stereo 30 £21.00. ALBO £8.56

VIC 20 COMPUTER

Buy any of the beiow 8nd get 8 frae interface kit and
word processor program for UK 101 or Superboarg —
Eoson MX70 . Epson MXS0T £359 Epson
MXBOF/T1 £399. Epsom MXBOF/T2 (449 Epeon
Epson MX100 E578. OKI Microkne 80 {295 OKI
Microline 82A £399. OKI Mxrokne B3A (899
Centronics 737 £365. Seikosha GPBOA £199.

TV GAMES*

AY-3-8600 4 kit (1298, AY-3-8550 + kit [9.26.

SWANLEY ELECTRONICS

Dept ETY, 32 Gokisel Rd., Swenley
Kent BR8 BEZ
Tel Swaniay (0322) 84859

£173 with tres cables 10 30 ROrmal casserte
acorders,

Postage £3.50 computers, £4.50 on Printers
ond 45p on othar orders. Listy 27p Post tree.
Please add VAT to all Prices except those
sections marked with 8 * which already
include it. Overseas and official credit orders
welcome.

will bring you the latest Wiimslow Audio

Just

80 page catalogue packed with pictures and specifications
of Hifi and PA Speaker Drive Units, Speaker Kits,

Cabinet Kits .

1000 items for the constructor.
CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS - PLUS MICROPHONES -
AMPLIFIERS — MIXERS — COMBOS — EFFECTS -
SPEAKER STANDS AND BRACKETS - IN-CAR
SPEAKERS AND BOOSTERS ETC. ETC.

* Lowest prices — Largest stocks #
» Expertstaff — Sound advice *
» Choose your DIY HiFi Speakers in the comfort
of our listening lounge. -
(Customer operated demonstration tacilities)
« Ampie parking #
* Access Visa American Express accepted *

e
0625 529599

maﬁus@m J
35/39 Church Street, Wilmisow, Cheshire SK8 1AS

- P
h S
A v

m Lightning seryice on telgphoned cradit cacd orderst
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January 1981 Audiophile FM Tuner
If you're about to start on a new project, you're no April 1981 Drum Synthesiser
doubt looking for the right enclosure. With around May 1981 Temp. Controlled Iron
1,000 different cases and 250,000 case parts currently IR Remote Control
in stock, we must be your number one choice. Why June 1981 Antenna Extender
not send for our catalogue, price £1 including P&P. Drill Speed Controller

e ~July 1981 Super Dice

Spetlfy West “Yde' Septomber 1981 LAB PSU

November 1981 Music Processor

we’ve a good case for it! ke e

December 1981 TV Sound Tuner

WEST HYDE | S, =

Wesi Hyde Developments Limited
Unit 8, Park Stieet Indusirial Estate, Aylesbury, Bucks. written or telephone orders accepted from Access B [ w4
Talaphone: (0296) 20441, Telex: 83570 W HYDE G. and Barclaycard holders. L .

TWO SIDES TO
YOUR SUCCESS FROM VERO

- T Ty
iL

; 171
1777171 ,‘ $4
f LA
11 ;r‘!r;;f T
117
1717 JILd +
‘T.‘7ﬁ :qto' / 'fﬁ,, L ==
] '> i '-“ ‘,U}}‘.zl[i'.‘“'
il H side
: Component

The Low Cost Eurocard Size Microboard === =="=="="~~ _ =&

Fully Compatible with indirect connectorsl ;ll.gseg 3 ORDERCODE |DESCRIPTION| SIZE | PRICE -
: 5 PLY QTY.,
and c.§fd Ffames to the latest international l 200-22271B | MICROBOARD |160 x 100mm | £3.47 each {including
specifications. 200-22270E | MICROBOARD [160 x 233mm | £5.47 each VAT & carriage)
Accepts any Integrated circuit package — g 1261
allows high packing density. I

—

Screen Printed with ‘island’ ) N . - - " — ‘
pattern for ease of use - ideal | Address:.
for solder and wire wrap l
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DESIGNER'S

NOTEBOOK

The XR2206 is a high-quality function generator chip, capable of
producing sine, square, triangle, ramp and pulse waveforms. Ray Marston
shows how to use the device in this month’s edition of Notebook.

he XR2206 integrated circuit is undoubtedly the most
I useful function generator or waveform generator chip

\w

amweu (7] ] ﬁ.‘._t] available. It can generate sine, square, triangle, ramp and
et pulse waveforms at frequencies ranging from a fraction of a
-t P —s] hertz to several hundred kilohertz, using a minimum of external
Dig=" o [j e circuitry. The frequency can be swept over a 20001 range using
£ - Aok '—:‘] a single control voltage or resistance, and sine wave distortion
"asoer can typically be as low as 0.5% The chip incorporates special
e E 1] builtin modulation facilities that enable the generated
; waveforms to be subjected to AM or FM control, or to phase-

] NL——E] v- shift or frequency-=shift keying.
caPaCion | Ib The XR2206 chip is housed in a standard 16-pin DIL package
| (€] W oumror and can be powered from either single or split supplies in the
‘ range 10 to 26 V. The sine wave output of the device has max-
aesvon [ m 10 avoass imum amplitude of about 2V, and output impedance of 600R.
SwiTCHES The frequency stability of the IC is excellent, being about 20
resnton (L E]..S.?m p}?m/°c for thermal changes and .01%/V for supply voltage

changes.

Fig. 1 Block diagram and pin notations of the XR2206 function generator IC.

—0
41270 1BV
l+
& % R1 e
e k6 1 18| T~ 0o
1 I —
10y 7T
—  na
» 2208 »
PRY L ﬁ eR1 |
47k 47k
Level XR 2208 ‘e LeveL
RESET e 05 PRESE
& E = 100 [ -
+ av2 +
A2 any
2 %sne ouTPuT = i At
100 Level 1
. o= LU PN Bl =
+ T +
4
avi %a. . R’V
100« SINE 100x c
FREQUENCY l e FREQUENCY 100
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Fig. 2 Simple singlesupply wide-range sine wave Fig. 3 High-performance split-supply sine wave generator. See Table 1 for values
generator (10 Hz to 100 kHz). See Table 1 for values of C3. of C3.

Basic Waveform Generators

c3 FREQUENCY RANGE The XR2206 is a reasonably easy IC to use in basic

140 10 Hz TO 100 Mz waveform-generator applications. Figure 2 shows how to con-

100n 100 Hz TO 1 kHz nect it for use as a simple widerange sine wave generator thatis
powered from a single supply sourcein therange12to18V. The

10n 1 kHz TO 10 kHz main timing resistance comprises R3-RV1; it is connected bet-

1n0 10 kHz TO 100 kHz ween pins 7 and 12 (ground) and is automatically selected by

leaving pin 9 (FSK input) open circuit. The operating frequency

Table 1. Values of C3 for different frequency ranges. can be varied over a decade range (using RV1) with any given
86 ETI DECEMBER 1331
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value of C3, as indicated in the diagram. The circuit generates a
sine wave output at pin 2, since a 220R resistor is wired between
pins 13 and 14 of the IC; typically, the sine wave distortion is less
than 2.5% with this simple connection.

InFig. 2, the voltage to pin 3 is biased at halfsupply volts by
decoupled divider R1-R2, so the pin 2 sine wave is also biased
near halfsupply volts. PR1 enables the pin 2 sine wave
magnitude to be preset to a value at which distortion (due to
clipping} is minimal. To set PR1, first disconnect R4 (so that a
triangle output is obtained), then adjust PR1 so that no triangle
clipping is visible. Now re-connect R4 and check that a decent
sine wave is available. Sine wave distortion can be reduced
below the typical 2.5% value, if desired, by replacing R4 with a
470R preset and adjusting it for minimum distortion. The final
sine wave output of the Fig. 2 circuit can be fully varied by RV2.

The Fig. 2 sine wave generator can be modified for split-
supply operation by replacing all ground connections with
negativerail ones and by taking level control PR1 to the com-
mon supply {(ground) line as shown in Fig. 3. This circuit also
shows how the total harmonic distortion ( THD) of the sine wave
can be reduced to a typical value of 0.5% with the use of
presets PR2 and PR3, these controls must be adjusted alternate-
ly to give the best possible sine wave output. after first setting

O v

ADIUST

TQPIN]D

QF XA 7208

/o1
4T

LEVEL
PRESET

O v

Fig. 4 Addon modification for applying limited DC offset or nuiling 1o the out-
put of the Fig. 3 dircuit.

FEATURE

The XR2206 can be made to generate linear triangle
waveforms by using the basic circuits of Figs. 2 and 3 without
the sineshaping resistors. Figure 5 shows the circuit of a
variablefrequency splitsupply triangle waveform generator.
When used with a + 9V supply, the circuit can typically pro-
duce ramp signals with maximum peak-+o-peak amplitudes of
12 V before clipping occurs.

® —) IV

- % Av2
&n7

ﬁﬂrli

)

O o

Fig. 6 Simple fixed-amplitude variable-frequency square wave generator. See
Table 1 for values of C3.
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Fig. 7 Add-on variable-amplitude circuit for use with the square wave generator
of Fig. 6.
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Fig. 5 Variable-frequency splitsupply triangle wave generator. See Table 1 for
values of C3.
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Fig. 8 Simple splitsupply sineftriangle/square wave generator. See Table 1 for
values of C3.

PR1 to give a non<lipped triangle waveform as already de-
scribed.

When using the low-distortion sine wave facility iliustrated
in Fig. 3, note that the signal appearing on pin 3 of the IC is
similar to that of pin 2 but has lower distortion and higher out-
put impedance; also, the pin 3 signal is closely centred on the
common or ground line, but the pin 2 signal is offset by a few
hundred mitlivolts. If desired, slight DC offset can be applied to
pin 3, to bring output pin 2 to precisely zero offset value, by us-
ing the add-on modification shown in Fig. 4.

ETI DECEMBER 1981

The XR2206 can be made to produce fixed-amplitude
square wave signals at pin 11, either independently or
simultaneously with sine or triangle waveforms, by wiring 4k7
load resistor between pins 11 and 4, as shown in the splitsupply
circuit of Fig. 6. Therise and fall times of the square wave output
signals are typically 250 ns and 50 ns respectively when pin 11 is
loaded by 10pF. Figure 7 shows how a simple CMOS inverter
stage can be used as a buffer between pin 11 and the final

v

w

square wave output, to give a variable amplitude with improv-‘

ed rise and fall times.
87



Naturally, the basic sine, triangle and square wave
generator circuits of Figs. 2 to 6 can be combined in a variety of
ways to make multi-function waveform generators. Figure 8 for
example, shows how various circuits can be combined to make
a simple splitsupply sine/ftriangle/square generator. Here, the
fixed-amplitude square wave is taken directly from pin11 of the
IC and is produced simultaneously with the variable-amplitude
sine or triangle waveforms, which are selected by SW1.

Pulse And Ramp Generation

All of the circuits that we've looked at so far produce sym-
metrical output waveforms. The XR2206 can be made to pro-
duce nonsymmetrical waveforms, such as ramp, sawtooth and
pulse waveforms, by shorting the pin 9 FSK terminal to the pin
11 terminal, as shown in Fig. 9. Thus the circuit uses R1-RV1 to
time one half of the waveform, and R2-RV2 to time the remain-
ing half of the waveform.

The Fig. 9 circuit produces a variable-amplitude variable-
slope ramp output waveform from the slider of RV3, and a
simultaneous fixed-amplitude pulse or variable mark/space
ratio rectangle waveform from pin 11.The rise and fall (or on
and off) periods of the waveforms can be independently con-
trolled by RV1 and RV2 and can each be varied over a 1001
range, giving a total mark/space ratio range of 100:1 to 1:100.

R
+ k0
L.c2 __L
+
AVl ava
LA "~ 'F:,,

i}
1
e

O
H

Fig. 9 Variable pulse and ramp generator circuit. See Table 1 for vaktes of C3.

AM Generation

The amplitude of the pin 2 output signal of the XR2206 can
be modulated by applying a DC bias and a modulating signal to
pin1 as shown in Fig. 10. The amplitude of the pin 2 signal varies
linearly with the applied voltage on pin 1 when this voltage is
within 4 V of the half-supply value of the circuit; in splitsupply
circuits, of course, the halfsupply value equals 0 V. When the
pin 1 voltage is reduced below the half-supply value the pin 2

MOOULATION
INSUT

Fig. 10 Add-on AM facility for a splitsupply drcuit.
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signal again rises in direct proportion, but the phase of the out-
put signal is reversed. This last-mentioned phenomenon can be
used for phaseshift keyed (PSK) and suppressed carrier AM
generation.

The pin 1 terminal of the IC can also be used to facilitate
gatekeying or pulsing of the pin 2 output signal. This can be
achieved by biasing pin 1 to near halfsupply volts to give zero
output at pin 2, and then imposing the gate or pulse signai on pin
1 to raise the pin 2 signal to the desired tum-on amplitude. The
total dynamic range of amplitude modulation is 55 dB

FM And Frequency-Sweeping

The frequency of oscillation of the XR2206 is proportional
to the total timing current () drawn from pin 7 or 8 and is given
by

f=320)(|I Hz
©

where [, is in milliamps and C is in microfarads,

The timing terminals (pin 7 and 8) are low-mpedance points
and are internally biased at 3 V with respect to pin 12. The fre-
quency varies linearly with |, over the current range 1 uA to 3
mA. Consequently, the frequency can be voltagecontrolled by
applying a voltage in the range 0 to + 3 V between pin 12 and
the timing terminal via a suita%le resistor, so that the timing cur-
rent is determined by the resistor value and the difference bet-
ween the internal (+3 V) and external {0 to 3 V) voltages. This
simple technique can be used to either frequencysweep the
generated signals using an externally applied sawtooth
waveform, or to frequency-modulate the waveforms with an ex-
ternal signal.

- ﬁ 12
E, -1 v

-Ve

Fig. 11 Frequency-sweep drcuit giving a 61 frequency range.

Figure 11 shows the basic connections of a simple
frequency-sweep circuit with a 6:1 range of frequency
coverage. The extemal sawtooth has a peak amplitude of 2V5:
when the amplitude is zero, 3 V is developed across R and the
frequency is 1/RC, as in the case of a normal resistance-
controlled XR2206 circuit. When the sawtooth is at its peak
amplitude of 2V5, only OV5 is developed across R and the fre-
quency falls to 1/6RC. The frequency is thus determined by the
instantaneous value of the sawtooth voltage. The frequency
can, in theory, be varied over 2000:1 range by using this simple
frequency-sweep technique.

Finally, Fig. 12 shows the basic method of applying FM to
the standard XR2206 circuit. Here, the external modulation
signal is applied to the junction of R1-RV1 via blocking
capacitor C1.

i
H 1
:

AVl
100&
FREQUENCY
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O
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Fig. 12 Simple FM facility for the XR2206.
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A moving coil
cartridge that
breaks the
price by

) ,.'/,

the new MC88E from
ORAL

The new MC8S8E represents a breakthrough in high
output moving coil cartridges. No step-up device
or amp is required and it is available at a sensation-
al price of only £39.95. yet generating high magnet-
The high output voltage of ic flux density; comptiance
2.5mV does away with the of 17 cu’s. The resultis a
need for a head amplifier or cartridge with flat frequency
step-up transformer, which  response over the super wide
add to the expense of using range of 20Hz - 40KHz,
most previous moving coil  removing the distortion
cartridges. caused by certain frequencies,
We can t emphasise enough, which can be found in many
just how advanced the tech- conventional cartridges.
nology that has produced Coral’s considerable exper-
this breakthrough is — a ience in moving coil cart-
miniaturised and specially  ridges has enabled them to
shaped armature; unique offer the ultimate in quality
-coil winding technique; a and performance at this
magnet that is so compact, incredibly low price.

©® We welcome callers to our South London Showroom
for demonstrations.

® Engiries and information phone: 01-690 8511, Ex. 32

® All products are only available direct or from selected
authorised dealers throughout the U.K.

WIDEOTONE 98 CROFTON PARK'-ROCAD

LONDON SE4.

Send for our free brochure and
details of outlets in the U.K.
Post to: Videotone, Crofton Park Road, London SE4. €712
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SAFGAN DT-400 Series
BRITISH MAKE
DUAL TRAQE'SCOPES

—

DT410 10MHz | D

#CH1, CH2: Smv/diy-20v/div
*Time Base: 1 sec/div-100ns/div
# XY Facility: Matched XY inputs
*Trigger: Level control. = slope selec- CRT}

tion oy *Size: H215mm, W165mm. D280mm
wAuto, normal, TV triggering *wgfgm; dkgs.

15MHz tDT-420

*Z-Modulation
*CAL output IV 1KHz
*Graticule blue ruled 8X10 div 14

20MHz

PROBE (XI-REF-X10) £10.50

SAFGAN ELECTRONICS LTD
-9 24 GUILDFORD ROAD, WOKING, SURREY
Tel: Woking (04862) 69560

Carrisge. England & Waies £6.50 + VAT. Scotend £9.50 + VAT
London Stockist: Audio Eiectronics. Tel, 01-724 3564
North West Stockist: Darom Supplies, Warrington, Cheshire. Tel: WaiT. 64764
Avon Stockist: L. F. Hanney, Bath, Tel: Bath 24811
Cardiff Stockist Steve’a Electronics Supply Co., Cardift, Tei: 0222 41905
Chesterflsld Stockist: Kays Electronics, Chesterfield. Tel: 0248 31896
Newcastle Stockist; Aitken Bros. & Co., Newcastie, Tel: 0632 26729
Birmingham Stockist: P.A.T.H. Electronic Services, Birminghsm. Tel: 021-327-2339
Derby Stockist: RTS, Daerby. Tel: 0332 412235

B.K. ELECTRONIGS
A SOUND CHOIGE

FACTORY FRESH THANDAR
__ TEST EQUIPMENT BY SINCLAIR
| S The very latest TM352 HAND
LCD DIGITAL MULTIMETER

* %3V digit display

+ DC and AC volts.

» OC current

+ Remistance and diode check

« Audible continuity check

* bfe measurements

« Latest push-buiton controls for ease of operstion
DC voltage 200mV, 2V, 20V. 200V. 1000V

AC vohtage 200V and 1000V

OC current 200, A, 2mA, 20mA. 200mA, 10A
Resistance, diode check and continuity test 2K()
20K0 200K(). 2000K0

hFE moasurement 0-1000

Fower requirament 9V (PP3 battery)

Price £49.95 (including test isads and battery.
Carry case £3.4S.

SC110 FULLY PORTABLE OSCILLOSCOPE

The new Thandar SC110 represents 8 breakthrough m oscilloscope development. The

Full-sized performance SC110 s tess than 2' thick and werghs

+ 10MHz bandwadth under 2Ib . yel it retains the standard

* 10mV per dwv, sensitrvity

* Full tngger 1acilities are provided
including breghtiine and auto.
with TV line and trame filtening

+ Runs on ordinary HP11 (laur)
batieries

Basgic price £139.00. Optionsl

exiras: AC adaptor £5.69. re-

chargeabte baneries £8.63, X1

probe £9.78. X10 probe £11.60,

carrying case £8.86. * Allg Thandar

All prices in¢clude V.AT. Official orders welcame. Mail order only, Or callers by
prior appointment. Berclaycard/Access welcome. Cash/cheque, etc.. with order

Large s.a.0. for complete Thandar list, Government snd Educational Estab-
lishments official orders weicoma.

B.K. ELECTRONICS

3 d. Leigh-on-Ses. Essex, SS9 STY
Tel: Southend 627572

features of a bench oscilloscope

37 Whiteb
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CONTROL UNIT FEATURED IN OCT. 1981
‘ELECTRONICS & MUSIC MAKER MAGAZINE

0283761877

4 Helston Close, Linton, Burton-on-Trent, Staffs. DE2 6PN

o]

HOME SECURITY
KITS

LEMID MIGROWAVE
£44-95

HOME OFFICE
APPROVED

MICROWAVE INTRUDER DETECTOR KIT
BASED ON LATEST 'MULLARD' DESIGN

THE RANGER CB rig has been
designed to fit the new legal Home
Office specification, and starts off as
a hand  held unit complete with
aerial, mic and- rechargeable battenes

(INC. V ATt'ES 90 P.P.)
This d!fer price includes rechargeable
batteries, mic., aerial, mains lead and

2 channels,

Extra channeis £2,25 each + 50p P.P. + VAT
Extra aerials £3.95 each + B0p P.P. + VAT
{Postage free with lut)

ETI DECEMBER 1981

THE PE RANGER

27FM CB PORTABLE

CB BRIT!SH MADE
FOR U.K. MARKET
27/81 (Project describied
Practat Eieciromcs, Seust

Aius ONWards

The unit plugs into the mains, 12V
car outlet, or runs on built-in re
chargeable batteries (built-in charger)
Up to 5 miles range in town to keep |

touch with family and friends

SPEC.

R.F. Power Qutput %-1 Watt
AF {internal speaker) % Watt

~ Modulation: FM: freq. 27.6MHz-2BMH2

{CB Band) {excelient speech quality)
No. of channels {max); 6

Fuily protected against bad aerial
cannection,

Coming saon...

Base/Mobile Add-On
Unit to give 4 Watts
@: 40 Channels

9




MICRO

BUILD THE WORLD FAMOUS
CHROMA-CHIME

Give your friends a warm welcome. Yes, think how
delfighted and amazed they will be to hear the
musical Chroma-Chime play when they press your
button!
The Chroma-Chime uses a microcomputer to play
24 well-known tunes. The kit is simplicity itself for
ease of construction. Absolutely everything needed
is supplied, including:
¥ Resistors, Capacitors,
Diodes, Transistors,
I.C. Socket and all hardware
% Texas Instruments TMS
1000 microcomputer
Y Comprehensive kit
manual with full
circuit details
‘ Ready built version also |
avallable. Special offer price |
| £15.95incl.psp.

Plays 24 well-known tunes including:

Star Spangled Banner, William Tell Overture,

Greensleeves, Rule Britannia,

Colonel Bogey, Oh come all ye laithtul,

plus many other popular tunes.

% No previous microcomputer experience
necessary

Y All programming retained is on chip ROM

% Fuily guaranteed

W ideal present any time

TMS 1000N s

~MPOD2TA Micro o £hip available separately
it required. Full 24 tune spec device fully guaranteed.

Mg urgue CHO $N D Usad NOL ONly 107 SIPTIONC GOOF Chemes
but 107 Other Drosects raquanng Muscaloutput L o,

Carorme  Musical Boses  Alarwns
Amusament Machines  Putkc Addrwee ¢6c .95 .

or 31or£12.50 incl. p&p.
e Al L CHROMATRONICS PRODUCTS SUPPLICD WITH MONEY BACK GUARANTEE
PLEASE ALLOW 7-21 DAYS FOR DFLIVEAY
-——_———_——ﬁzs-1
Please send me: ] e
TO: CHROMATRONICS, RIVER WAY, HARLOW, ESSE X
NAME _ T S T a & e

ADDRESS

L4y

| enclose cheque/POvalvef® . .
or debit my ACCESS/BARCLAYCARD ac_c0unt no

]

CHROMATRONICS

92

Has seven years
of success gone

ROVED

"MINIMAX

With the Minimax 11, Videotone revolutionised the market
by establishing an opening for small, high quality speakers.
Natural evolution has brought about the new Minimax 2,
retaining all the qualities of clarity and sensitivity, This
ideal combination of size and performance is a proven
success, scclaimed by the press and public for seven years.

POPULAR HI-F!

"Switching to the Minimaxs’
from any of the others produc-
ed an open and natural sound
as though something had been
taken away. It had, the colour-
ation had gone.” Comparative
test OCTOBER 1975,

HI-F1 ANSWERS

Their modest appearance and
price disguise their startling
abilities. Never have we heard
such a small speaker sound

so big!” JANUARY 1975,
PRACTICAL HI-F| & Audio
"The depth, clarity and open-
ness of sound produced is
quite astonishing”, JUNE ‘79

WHAT HI-FI
. . the ability of the Mini-

max to take a lot of power and
still sound good could be
decisive”” — Comparative test,
APRIL 1977.

PRACTICAL HI-F!

The little Videotone scored
highly for such a small inexpen-
sive loudspeaker”’

JANUARY 1981.

Specification:

Recommended amplifier power:
10 to 40 watts rms into 8 ohms,
Frequency Response:

80Hz — 20KHz1-5dB,

Finish: naturail teak, veneer
with black frets.

Size: 10 7/8" high, 6 3/4** wide,
71/2" deep.

Weight: 4.1 Kgs (9 Ibs} each

ONLY £69.95 A PAIR

® We welcome callers to our South London Showroom

for demonstrations.

® Engiries and information phone: 01-690 8511, Ex. 32
® All products are only available direct or from selected
authorised dealers throughout the U. K.

VIDEOTONE 98 CROFTON PARK ROAD

h| |4

LONDON SEA4.

Send for our free brochure and
details of outlets in the U.K.

Post to: Videotone, Crofton Park Road, London SE4, ET12

' NAME

I ADDRESS
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-~ . 6809 Single Board Computer
R M IEE S-100 Standard EPROM

1 0 TI Eb sus Nhaiorolon rowe 1t WIC FBOS NB( ERASER
19 Mill St., Bideford, North Devo ectronic Wheel of Fortune 5 100 /EX/16K ROM z: lim;.atlnax %?‘onmumﬁ FAST ERASE TIME
EX% ZIR. linghnd Fun Kit Esw (A)"%ii’ﬂ?ndn aka &8ssl Baud Ryl

4 PRDM BLASTER : W S ASE
Telephone Bideford (023 72) 79798 Ultronic Fly Repeller e 5800 6850 921 :u ot for 180, HOLBS uP T Six

} PROGRAMS MOST 1 % o
NG CMOS AND TTL A must for campers £4.50 IFAMILIES OF EPROMS! e ke, S Farts e o i b
T T — oty eo0 | NTERLE
THYRISTORS

DATA AVAILABLE ON 8809. SAE piesse Data available
m

VOLTAGE
REGULATORS

£

T W, Sm——

RO

all parts sckes. K
Prmmr_“ MEMORIES L VEROBLOC
Det: 3 weeks ] SOLDERLESS
i BREADBOARD
%0 reliable contacts Will sccom-
modate sny sze IC Can be full in-

. ' roched h snothe
IWHEEL OF FORTUNE &5 M WS
RO RONTONE I cMo

: 106 P rds:
JULTRONIC FLY REPELLER £4.50 | : ‘ e LT o
i — ga P Unrvoruldeom £18 40
8090A L u Board for r
5-100 = faas | TR Bonrd for your APPLE

o037

KLU'G CARD : g

A PROTOTYPE BREADBOARD ST ANTEX SOLDERING

WITH EXTRAS! Q8T T IRON

% 4 On-Board Pwr. Supplies upto 3 [f 2 )

of whichcanbe +5,0r =% 212,

ENCODER % Switch Selectable Memory or

TRAN e ; £H2)
* Oni ord Addrass/Device De- Kt SKA. 25W

g B .00 €5.00
% Bi-Oirectional Osts Bus Buffer. J 5350 X q SK3 and SK4 complate with mad.”

ng MLX Rapair Kit
* On-Board \Watt States Ca
% Large Bresdboerd Arge
- Bace Board & Menusl £33.00. -
TH212 yell C omo L148 Do ey 2 wi

! ~ ORDERING
s i S FLOPPY DISC oy INFORM A
TiL220 reg CONTRQ =
nat : i AY-38910
NanA 6 WO1631D GI SOUND COMPUTER

€es Suttable for viden WD2143:01 CHIP

games. slarms. § wSPECIAL# Complete Pig a‘é?“

Largs %;?:50?!791-? SQWOISBID o Full software control of sound

Swt ::;. SvaBabia £3.00](515 SAE lgm.::":c'::nwdh most B-bit and 16- T ;
g"i’,:;':::::‘“"‘,g“ww ammes | P18250 130 15% VAT atier P&P

EPRONS l":.u g: generel purpose 170 § Schools. Univ. OMficisl Orders wak-

2708 450ns LOMme

. £ ] —
2716 Sv 450 4 ~ Single + 5 voft supply R i3 qur policy 1o ofer you brand
2732 intel type i : ”snc»u PRICE D.98 new, full-spac. devicos Pricos
74L8155 Buy B off for i Data £1. Large SAE please subject to change without nouce

$¥3883

18555358

=
-
=3

LOW PROFILE
DIL SOCKETS

sed?

6a3p
:
1

2
&p
2%
i
=
18p
38p
14p
n
2
2
-
T
7op
4p

2383y

YT

-
-
o

8863353

7 HUGHENDEN ROAD, HASTINGS, SUSSEX. TN34 371G
Telephone: HASTINGS {0424) 438004

RDP

WIES
LTo

KS100 MIN! VHF SUPER REGENERATIVE KS272 § CHAN HIGH VU DISPLAY,
RECEIVER WB1DEMHZ 3V 0.C £5.34 Inc VAT 300W PER CHAN, 240V A.C £21.29 ine VAT

ELECTRONIC KITS

— —

POWER........

— hydraulic drive

KS280 Miki F.M. TRANSMITTER 88108 o‘ﬁt’m%r:ﬁ"cw%
: mmw%go_; UCENCEABLE W PER CHAN 240¥ AC 1443 imc VAT
~— professional engineering < VA ﬂ
PROGRAMMABILITY Q s
seessuss TTLOTL-SMOS CIRCUITS, 5V 0.C (.48
— dedicated processor KS240 3 CHAN SOUNG T0 LIGHT, OUTPUT axat

IX TKW 206V £13.70 Ing YAT

PUBLICATION. ....... Q
J Novemw issue Of UKB33 CROSS HATCH GENERATOR

K200 3 CHAN CHASE LIGHT, KW PER RF. DUTPUT, U.H.F. INTERNAL 3¥ 0.C
CHAM, 20V A.C £11.27 ine VAT SUPPLY £22 54 inc VAT

¥ ELECTRONICS’ N s A e s
PRACTICAL | | |

| —
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Up until now PCBs were always the hardest component to obtain for a project. Of course

you could make your own,
Now you can buy your boards straight from th
copyright) PCBs will be available automatically

but why bother anymore?
e designers — us! As of this issue all (non-
from the ET1 PCB service. Each board is pro-

duced from the same master used to build our prototypes, so you can be sureit's accurate,
and will be finished to the high standard you would expect from ETI.
in addition to the PCBs for this month’s projects, we are making available some of the more

popular designs from our recent past. See t
OTHER BOARDS ARE AVAILABLE. If it’s not liste

APRIL79
GuitarEffects Unit
Click Eliminator

JUNE 79
Accentuated Beat Metronome

FEB 80
TuningFork

MARCH 80
Signal Tracer

AUGUST 80

CMOS Logic Tester
Capacitance Meter
Uttrasonic Burglar Alarm

OCTOBER 80
Cassette interface
Fuzz{Sustain Box

NOVEMBER 80
Touch Buzzer

Light Switch
Metronome

2W Power Amp
RIAA Preamplifler
Audio Test Oscillator

DECEMBER 80
Musical Doorbell

punp——————— PR L T Ll e )

£1.98
£4.98

£2.70

£1.98

£1.70

£1.98
£2.20
£2.15

£2.20
£2.45

£1.45
£1.45
£1.45
£1.45
£1.45
£2.35

£2.10

8ench Amplifier
Four Input Mixer

JANUARY 81

LED Tacho
Multi-Option Siren
Universal Timer

FEBRUARY 81
infra-red Alarm (four boards)
Pulse Generator

MARCH 81
Engineer’s Stethoscope

APRIL 81

Musical Box

Drum Machine(two boards)
Guitar Note Expander

JUNE 81
Mini-drill Speed Controlier
Antenna Extender
Alien Attack
LED Jewellery: Cross
Spiral{two boards)
Star(two boards)
Waa-phase

JULY 81
System A A-MMJA-MC
System A A-PR

he list below for details. Please note that NO
d, we don't have it!

£1.90 Smart Battery Charger £1.48
£1.98

AUGUST 81

System A Power Amp(A-PA) £3.58
£3.10 Ffash Sequencer £2.58
£2.40 Hand-clap Synthesiser £2.98
£2.48 Heartbeat Monitor £1.37

Watchdog Home Security

(two boards} £3.98
£4.98
£2.68 SEPTEMBER 81

Mains Audio Link (three boards) £5.51

Laboratory PSU £3.40
£1.99

OCTOBER 81

Enlarger Timer £2.55
£1.gs Sound Bender £1.99
E;- 0 Thermal Alarm £1.97

40 Micropower Pendulum £1.66

NOVEMBER 81
gig Music Processor £5.51
£1.98 Voice-Over Unit £2.98
£‘98 Phone Bell Shifter 2222
£1.99
;i DECEMBER 81

Alcohometer (two boards) £3.99
£1.99 Bodywork Checker £1.48
£3.88 Component Tester £1.12

—-—----—-----—---—--—-_

send to: ETI PCB SERVICE, ARGUS SPECIALIST PUBLICATIONS 17D, 145 CHARING CROSS ROAD, LONDON WC2H OEE

Name

ORDER BY POST WiTH BARCLAYCARD/ACCESS,
CHEQUE OR POSTAL ORDER

BARCLAYCARD Access
VISA

afolefol | T T T 1]

5 22 4l B |

Please debit my account

Signalure:

BOARDS REQUIRED PRICE

ADD 40p p & p |

0.40

TOTALENCLOSED £ Lo

Please allow 14 days for delivery

ETI DECEMBER 1981




PCB Foil Patterns

The foil patterns for the two computer expansion boards are not
included because they're too big, copyright, and not many of our
readers can make plated through holes! The PCBs are available from
Watford Electronics.

PCB FOIL
PATTERNS

o0) 89 OO0

'\-\‘ ooy

d({::- Y‘
raC

ow) j Above: Component Tester PCB.
0 b

CHECKER

Above: Foil pattern for the Bodywork Checker.
Below: The board for the TV Sound Tuner.

. .
E .
. .
. -
.

ETI DECEMBER 1381 ag



PCB Foil Patterns

The two foil patterns for the Alcohometer.

— —

ETI
REACTION

DOSSING DOWN?

This feature could be better described as ‘one man’s fight
against the system’, or even, ‘how not to knuckle under
when your DOS dies!” As you may have already guessed
this is the story, with the software to prove it, of one
individual’s desperate fight to replace his old and dying
DOS. The system is NASCOM, the routines are universal
— you can re-write them into whatever machine code you
wish — and the result is superb. So, if your discs are down
in the mouth as a result of an unusable DOS, cheer them
up with our next issue.

TRIED AND TRUSTED

Many of the original breed of personal computers have
been slowly upgraded or replaced over the years. Not so
the Exidy Sorcerer — despite a rather bleak period it’s still
with us. Continuing our series of rereviews of popular
machines we take a long look at this grand old system
through the eyes of a family of dedicated users.

96

DECEMBER 1981

ISSN0t42.72%0

70p

TECHNOLOGY TAKES OVER

Qver the next 12 months you are going to hear an awful
lot about Information Technology, what IT is, what IT
does and how [T is going to affect your lives. Information
Technology is already here and working. In this issue
we've spoken about the Teletext system, and next month
we’ll be going over the. inner workings of the Prestel
system, Britain’s leading example of |T. Prepare yourself
for the next year — order next month’s issue today

AND THE REST

As if the above were not enough to tempt you, the next
issue will also contain a full digital storage ‘scope
simulator for the classroom, routines to explain how
computers crunch numbers, a simple statistics calcuiator
programs to pack your data tapes more thoroughly and all
the usual features that you expect to see each month A
bumper bundle and all for less than the cost of a couple
of pints!

ETI DECEMBER 1881



MTTDER (MEMOTECH

48K MEMORY EXTENSION FOR

A A pa THE ZX81

BRANDED INTRUDER ALARMS AT
OISCOUNT PRICES FOR LIMITED PERIOD ONLY

Alarm with self-contained siren. Keyed and timed entry. using
minimal power consumption on stand-by. With circuit fault

indicator, 3 reed switches. 1 pressure mat, wire and full i .
- : The MEMOTECH memory extension board will allow
[Eallaich FRtrualans £36.80 the ZX81 to run 48K Basic programs which may include
Siren extension unit to increase range £11.75 up to 16K of assembly code.
Self-powered siren {sounds if separately attacked) £25.00 The ZX81 sits on a custom built case which

) contains the MEMOTECH memory and a power supply
Self-pawered bell (sounds if séparately attacked) £29.00 which not only supplies power to the MEMOTECH
Reed switches (surface) £1.00 memory, but also to the ZX81

I The MEMOTECH memory board has a fully
hes {flush A
fieed swghes Dush) P buffered control-data-address bus with PCB 40 way
Pressure Pad — 27" x 15 £2.20 header plug. All leads are provided
Pressure Pad — 22" " x 6 £1.60 The MEMOTECH memory costs:
All ahove prices inclusive of V A T. and postage. Terms: Cash with order £109.00 + 15% VAT in kitform. £129.00 + 15% VAT
Wiite 1o Yale Security Products. Wood Street. Willenhali, ready assembled. Please make cheques payable to
West Midlands WV13 1LA. Telephone: 0902 66911, Telex 338251 MEMOTECH. Delivery in two weeks from receipt of order.
\ MEMOTECH, 103 Walton Street, Oxford.

Kit yourself
out with our new

To: Heath Electronics (UK) Limited, Dept (ET12),
Bristol Road. Gloucester GI.2 6EE. Plcase send mc a copy of your
new catalogue. I cnclose 28p in stamps

Name

I
i
i

It's full of all sorts of exciting possibilities.including a

| Adresms —e . o S

digital barometer. So. if you don't trust the weather =

forecast. make your own. And get it right. - S ‘ (]
Like all Heathkits. it contains evervthing you need, ‘ NB: {f you are already on the Heathkit mailing list D J

right down to the right kind of solder. Unbeatable you will automatically receive a copy of the latest

comprehensive assembly manual. Diagrams. tlighest Heathkit catalogue without having to use this coupon.

quality parts. Everything to make a first class profes-
sional job. One vou'll be proud of. One that will give you
far more satisfaction thana ready-mademass-produced
shop-hought product can possibly offer.

Because you made it yourself.

You build onour experience

ETi DECEMBER 1981 97



®

WIRING SYSTEM
'SPECIAL OFFERS TO E.T.I.R

EURO IANTROKlT SPECIAL PICE

MORE THAN 25% OFF

ONLY
NORMAL PRICE £18.39

{inciuding P&P and VAT) £1 3.75

ROAD RUNNER IRON SPECIAL PRICE
MORE THAN 15% OFF ONLY

NORMAL PRICE £6.58 £5.55

{including P& Pand VAT)
———-1DEAL FOR

@ WIRING SIMPLE LOGIC CIRCUITS
® WIRING MICROS & MEMORIES

@ WIRING DISCRETE CIRCUITS

@ REPAIRING & MODIFYING PCB’s
® USE AS A TRAINING AID

SPEED UP YOUR WIRING TECHNIQUE AND OBTAIN
A PROFESSIONAL RESULT USING PROBABLY THE
MOST VERSATILE SYSTEM AVAILABLE.

TAKE ADVANTAGE OF THESE
EXCLUSIVE OFFERS AND ORDER NOW!

Kit consists: Single Eurocard, wiring pencil, *4 diff coloured
enamelted wire bobbins, 1 tinned copper-wire bobbin, 10 x 6"
glue strips, 30 x 2" press strips, 100 solder pins. *(400 °Cto
melt insulation). lron: 17W 240V High Temperature iron suitable
for soldering enameiled wire.

VISIT THE ROADRUNNER STAND 38

AT BREADBOARD 81
N e N N T ..
Pleasesendme........... Kit(s) and/or .......... Iron(s})
i enciose cheque/P.O.T0rg ..................
I or debit my Barclay Card/Access No. I

HAEEEAREEEETEEEE

SEtufopr= S TR VL FE . B,
Name (Pleaseprint) . .......cocvverurnenuenennn
AGAIesS "Ll N L e e el e et

...........................................

Orders to:
T.J. BRINE ASSOC., FREEPOST (NO STAMPS)
HASLEMERE SURREY. GU27 3BL. I
I I s N I e

Now is the time
to buy me —

I'm the ideal
Christmas gift
and I'm only £24.50!

It's true! As a special Christmas offer we've actually cut
nearly £5.00 off the price of ‘Speechtime’ — the first ever
easy-to-build speaking clock kit. ‘Speechtime’s’ combina-
tion of electronics and quartz technology plus clear
instruction manual make it fun to build and fun to own —
equally suitable for beginner or expert.

Speechtime also makes a great gift to build for someone
eise. Look at these ‘plus’ features:

® Accurate to a minute a year ® Adjustable voice pitch
® Pocket size — approx. 5in. x 2%in. x 1in.
® Grained stainless-steel case

® Usefulin the home or office o-%n

age m}
Silicon Speech Systems“,. =~
(A Powasrtran Subsidiary)

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS., SP10 3NM
EASY ORDERING BY TELEPHONE

= — RING ANDOVER (0264) 64455 E
o AND GIVE YOUR ACCESS OR e
BARCLAYCARD NUMBER

FOR THE ELECTRONICS
MAN WITH NEARLY |
EVERYTHING!

AN IMMORTALIZED THERMONIC VALVE IN A
TRANSPARENT PAPERWEIGHT. IDEAL PRESENT

BARGAINS

ot

ik L ONLY £2.10
30p OR £2.36 FOR 10 . S——
—— BLATCHING RELAY

%ﬁ'ﬂ& WITH MANUAL
104 2'”‘0;?/02‘0" RESET

gf"o';a% %&‘Eﬂ?&?'&ixs

5 for £3.50 mséo'f,? UNZINC
z;gg:n arommETs %~ 10 [JONLY £1.00
STRAIN RELIEF SLEEVE
0 for 30p JLOW-COST, RUGGED
TosaLes. oror centneoff | TEMPERATURE CONTROL
PEMAIL X BPAGE 10/20p HIGH QUALITY
GAS SOLENOID VALVE £2

TEMP, GAUGE ¥ - 123°C

1/8" Pop Rivets 50/80p A ot

GLASS FUSES
20mm OUICK BLOW 1A 1"
{FITS 1%* CHASSIS MOUNT

08 S e
BLOWS 16A 240V RANCO THERMOSTAT
10/40p 100/£3.00 Wide control renge {low room temp. 10 over boling pase
—————————— ¥ Sensot on 22 capilliary. £2.30, Inchuding cons b
SR%#E;:RM Pl RANCO THERMAL CUT-OUT 100°C
10memn GLASS SLEEVE 3pim 18A 240V. Sensing codl on 4lin. capiiery pamw

BULGIN 3A 3 PIN PLUG ANO QI mounting with reset button €120
SOQCKET 50p - e —
USEFUL HARDWARE €1 BUY ONE EACH OF ABOVE FOR 4SS

ADD S0p P&P
ORDERS OVER
£5 post free

28 RUGBY ROAD
LEAMINGTON SPA CVI2 DY
WARWICKSHIRE
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Don’t miss the December issue — out November 13th
We’ve got lots of projects to interest musicians next month:

Drum Synthesiser

Yes, you know the noise — a sort of cross between a bomb
hurtling down, and a seagull.Well, this machine can make
these and many more sounds to help you keep your thythm.
This one’s a super project; easy-to-build, easier to use and
what’s more, we reckon it won't cost you any more than
about £30 - that's about a fifth the price of commercial
counterparts.

Organ Pedalboard

This project was designed to match the HE Electronic Organ
{see HE May to August 1981). it's a 13-note, free-standing,
foot-operated pedalboard (phew — what a mouthful), which
can be plugged intothe same amplifier as your organ,or it can
be used with its own internal amplifier.

Now, although it’s primarily intended to complement our
organ, you can, of course, use it to accompany yourself while
you play any other instrument. Thus you can have bass
accompaniment to say, a guitar, flute, piano, or even the HE
Drum Synthesiser.

Car Electronics

There's no doubt that, although car manufacturers, overall,
tend to be slow to change their ideas about the equipment
that goes into their cars, they are at last waking up to the fact
that electronics has a large part to play.

Guest writer Bill Mitchell tells you about the possibilities
and probabilities of in-car electronics.

Guitar Graphic Equaliser

For those electric guitarists who enjoy buiiding their own
effects boxes, this project’s a must! How do you fancy a
6-channel graphic equaliser to control the tone of your
electric guitar? All in a small foot pedal!

It's battery operated, easy-to-build and sounds great.

Plus

News and information, circuits, regular features, your own
views — all about the electronics world.

B NGNED
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From the people who invented
the integrated circuit...

The TI Technical Library

Texas Instruments invented the integrated circuit.

the microprocessor and the microcomputer.
Today, Tl is the world's largest manufacturer of
semiconductor devices affering the broadest
range of products from a single source.

This capability is reflected in the

How to order

Simply use the coupon as follows:

1. Select titles and quantities required.

2. Calculate total order value. Add £1.50 for post and
packing.

3. Send the coupon plus your cheque payable to Texas
Instruments Limited, PO Box 50, Market Harborough,
Leicestershire.

If the coupon has been used by someone -
else, simply use a piece of paper. Please
allow 30 days for aelivery. 1

TEXAS INSTRUMENTS
LIMITED

100

comprehensive list of high-quality technical data
books available to our customers. Each oneisan
easy-to-use complete reference.

~

Quantity

ﬁTexas Instruments Limited, PO Box 50.
Market Harborough, Leicestershire

Please send me the following publications:

Reference No. Quantity Reference No.
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Registered office. Texas Instruments Ltd . Manton Lane, Bedford MKt 7PA
Registered number: 574102 England ETolRs
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