
4

INTERNATIONAL

dr Rigs
SC EE Elf

A project to use your
TV as test gear

An
ETI first!
Digital kitchen
scales project
Easy -to -build:
LCD display: Accurate

Keep an eye on the revs
with our robot controller

Down to video basics with the
first - ever circuit level description

ISSN. 0142 7229

Ay 1982

THIN(

.. AUDIO.... COMPUTING.... MUSIC.... RADIO.... ROBOTICS.



by POWERTRI''
Powertran's black boxes are packed with punch. Not only are they superb kits to buy and
build they really do the job! Imaginative and ingenious design goes hand in hand with top
quality materials and outstanding performance capability. With their smart black styling the
kits harmonise visually as well as musically.
Your can built each unit independently for its set task and then gradually increase your array
until you have a complete bank of formidable controllable power.
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Complete Kit - f49.90+ VAT
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Complete Kit - £49.50 + VAT

ETI VOCODERr et se cts set
"SS St t

-173

Complete Kit - E175.00 VAT

Complete Kit - £64.90 VAT

M PA 200 is a low price, high power
100W amplifier. Its smart styling, profes-
sional appearance and performance,
make it one of our most popular
designs. With adaptable inputs the mix-
er accepts a variety of sources yet
straightforward construction makes it
ideal for the first-time builder.

CHROMATHEQUE 5000 - a
5 -channel lighting system powerful
enough for professional discos yet con-
trollable for home -effects. Sound to
light, strobe to music level, random or
sequential effects - each channel can
handle up to 500W yet minimal wiring is
needed with our unique single -board
design.

ETI VOCODER - 14 channels, each
with independent level control, for max-
imum versatility and intelligibility; Two
input amplifiers - for speech/excitation
- each with level control and tone con-
trol. The Vocoder is a powerful yet flexi-
ble machine that is interesting to build
and thanks to our easy to follow con-
struction manual, is within the capability
of most enthusiasts.

SP2 200 twice the power with two of the
reliable, durable and economic amps
from the MPA200; fed by separate
power supplies from a common toroidal
transformer. Superb finish and quality
components throughout - up to (even
over!) the standard of high priced
factory -built units.

DJ90 Stereo Mixer - this is a really versatile
new mixer that enables the constructor DJ to
produce a professional performance every
time. There are two stereo inputs for magnetic
cartridges, a stereo auxiliary input and mike in-
put. Other 'plus' features are auto -panning for
fast or slow, slider controls, multi -mixing,
ducking, interrupt, input modulation, in short
everything ...the whole works - AND -
under £100 complete) (We have illustrated the
DJ90 teamed in our own console with the
Chromatheque and an SP2 200 and speakers.

Complete Kit - E97.50+ VAT
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Digital Delay Line - our latest kit! With its ability to
give delay times from 1.6 mSecs to up to 1.6 secs.
Many powerful effects including phasing, flanging,
A.D.T., chorus, echo & vibrato are obtained. The
basic kit is extended in 400 mS steps up to 1.6 secs.
Simply by adding more parts to the PCB. Compare
with units costing over f1,000! Complete kit (400 mS
delay) £130 + VAT. Parts for extra 400 mS delay
£9.50p.

WORLD LEADERS IN ELECTRONIC KITS
 Money Back Guarantee - If you are not completely satisfied with your
Powertran Kit return it in original condition within 10 days for full refund.
 Free Soldering Practice Kit - To assist the beginner we will supply, on
request with your first kit order, a free soldering practice kit with useful tips and
illustrations.
 Component Pecks - Most kits are available as separate pecks (e.g. PCB
component sets, hardware sets etc I, Prices in our FREE catalogue.

 Ordering - Full ordering details, delivery service, end sales counter
opening - inside beak of this issue.

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3NM. (0264) 64455.
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FEATURES

DIGEST 10 AUDIOPHILE 44
Scopes, synths, sounds, Sinclair, shorts and Its almost been too much for the editor
one or two sillies; check out the news this this month - a Carver cube and the new
month. Shure V15 Type V

COMPETITION RESULTS 14
Our competitions in the 10th Birthday
issue brought a bumper response from our
readers. Here are the answers - and the
winners.

TECH TIPS 26
Design ideas submitted by you lot out
there. Two pages of ingenuity in print

READIWRITE 35 DESIGNER'S NOTEBOOK 67
Praise, protests and problems selected Nine of the best - this month we're giving
from our mailbag. See what our readers you a collection of out -of -the -ordinary
have to say. design ideas.
CROSSWORD 37 VIDEO SYSTEMS 77
Have a go at our two monthly brain teaser Tapes and discs and all the formats; this
and you could win yourself some cash. massive feature explains the lot.

PROJECTS

TV BARGRAPH 50
Sixty-four channels on your TV? No pro-
blem - this project lets you display up to
64 inputs as a bar onanalogue graph any
domestic set

MIKE SWITCHING UNIT 20
SPEED CONTROL 59Now

that your robot's got get-up-and-go,
Harassed operators of mixers with several
mike inputs will be glad of this project; it's we discuss ways of keeping it under Ion-atrol.voice -operated unit for automatic
fading OSCILLOSCOPE PART 3 63

The final part gives the calibration pro -
KITCHEN SCALES 30 cedures that complete the scope.
Drag your kitchen out of the Dark Ages; do POLYSTYRENE CUTTER 73
yourself a favour and replace the pointer Take out your frustrations on a slab of
on your scales with this digital display polystyrene, sculpt, or create giant letter -
module. ing for signs; its all possible with the ETI
LOGIC LOCK PART 2 39 Hotwire.
Make your home, office or garden shed SERIES 5000 BRIDGING ADAPTOR ..85
really secure; this month we give the con- If the Series 5000 MOSFET amp wasn't
structional details for this superb security loud enough for you, this small module
device will bridge two amps to double the power

INFORMATION

NEXT MONTH'S ETI . 16 SUBSCRIPTIONS 57
ZX COMPUTING . . . . . . . . . 25 BINDERS 57
BOOK SERVICE 29 PCB SERVICE 71
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ABS case Plug-in power SuPOTY Included C100

 TEX EPROM ERASER Erases up to 32 IC. in 15 30 nurses. 133
 SPARE 'UV' Lan* bulb
 51/15A Pones SuPOlv NNEY-121481 b te*INI OS
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Sinclair 1X81 Personal Comp
the heart of a system
that grows with you.
1980 saw a genuine breakthrough -
the Sinclair ZX80, world's first com-
plete personal computer for under
£100 Not surpnsingly, 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 RAM pack. 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 ZX81, 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
dnve the new ZX Printer

Every ZXEll canes wee a Compreheneve specially en pe
manual - a Complete course n BASIC proyarnmong it ors
fest pencoses to Complex programs

Kit:
149."
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
ZX81 reduces the 21 to 4!

The secret lies in a totally new
master chip. Designed by Sinclair
and custom-built in Britain, this
unique chip replaces 18 chips from
the ZX80!

New, improved specification
 Z80A micro -processor - new
faster version of the famous Z80
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.
 Full range 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.

169.95
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 - 700 mA at 9 V DC
nominal unregulated (supplied with
built version).

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

a ETI JULY 19E



uter-

16K- byte RAM
pack for massive
add-on memory.
Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16!

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

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

ZX8I
6 Kings Parade, Cambridge. Cambs.. CB2 1SN
Tel: (0276) 66104 & 21282.

- 2s
0

0
_Pr Jo

R, - - e
ro-

Available now-
the ZX Printer
for only 159."
Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the pnnter offers full alpha -
numerics and highly sophisticated
graphics.

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

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

How to order your ZX81
BY PHONE - Access, Barclaycard or
Trustcard holders can call
01-200 0200 for personal attention
24 hours a day, every day.
BY FREEPOST - use the no -stamp -
needed coupon below. You can pay

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 vertical inch.

The ZX Printer connects to the rear
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 -
and we have no doubt that you will be.

I To: Sinclair Research Ltd, FREEPOST . Camberley, Surrey, GU1 5 3BR

Oty Item Code Item price

S!nciair ZX81 Personal Computer Irit(s) Price Includes
ZX81 BASIC manual. excludes mains adaptor 12 49,95

Ready -assembled Sinclair ZX81 Personal COmputensl
Price includes ZX81BASIC manual and mains adaptor. 11 69.95.. .

_ Mains Actaptons) (700 mA at 9 V DC nominal unregulated) 10 8.95

16K -BYTE RAM pack 18 29.95

,Sinclair ZX Pnnter 27 59.95

8K BASIC ROM to ht ZX80

Post and Packing__- -
Please tick if you require a VAT receipt

17 f 19.95

TOTAL f
'I enclose a cheque/postal order payable to Sinclair Research Ltd. for £
'Please charge to my Access/Be rclaycard/Trustcard account no.

Piesse omeretcomoieie as apollcat.e

Name Mr/Mrs/Miss

Address

Ordtirl
Total
£

2.95

LFREEPOST -no stamp needed. Otter applies to UK only. ETI071
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GAMES
ATARI GAME MA 0,,` INTELLIVISION

THE GAME WITH 50 CARTRIDGES
R 29 95 Inc VAT

THERRP :O"M E

OUR PRICE g: OUR PRICE

£156.48£78.22 - VAT
fag gb inn VAT.- tut* eil.tviv  pa... noir oor 6 NEW CARTRIDGES JUST RELEASE

ASTROSAAASEI  SNAFU  BOWLINC,
SPACE ARMADA BOKIAG

TRIPLE ACTION
All 19 current certreggeS  Ihe sin nee
one &bare now Fetid St (1995 - 61110.1

00681 TAW ow LITAS Inc VAT
roe 1.411e1 Intellirlyeri the most advanced T V Wine in th world wen I fang* of over /5
chile/YOU [Dredge{ Oil or our two& oMer price of (1795 Thrs game wee  16.5,
microprocessor giving 16 colours and deo@ part Inermony sauna Trio pitha pueliey d .nchnoitor
*el 30 erects and realistic ammeter.. Anaddon keyboard will bean -wise% at the 5P.^11 1902 I.
convert the Mattel into a full twee compute, with 16K RAM which will las rue, emandatle

ugrairornable in Micwsolt Ileac OM*, accessories will be WW1 late, 51 the year The notoa
once of the treelloni0On  free sotto* camodge is (229 95 but Our SpeciI oriel Otoe.s (179 ft
.r.5 VAT save% you (5000

MATTEL OWNERS CLEF Why not loin our Model Owners Club and reeve au -
regular newsletters cootarning delarls of aft the latest cartridge releases Telephone
with your rad% and addresses and we will add yOur name to our Computer malting ES!
FRU it PAGE CARTRIDGE CATALOGUE - If you are inlerealltd in owning
Mattel we now have available a 16 woe catalogue describe% the latest Six ceriridg et.
to be released as well as a new Mattel colour leaflet wan brief deScrtptions of all 75
cartridges Telephone us fa further (leads

£16.95 inc. VAT

ATARI CARTRIDGES
20% OFF R.R.P

Ala.. Soccer £2995
NOW £23.95
Actnas.on Dragster f 1895
NOW £14.95
Aclivnion Boning (1895
NOW £14.95

ATARI OWNERS CLUB Why not tom our FREE Silica Atari Owner. Club
and receive our tar monthly newsletter with special offers end details of the
!aloft new cartnag releases Telephone us with you. name and address end
we will add your name to out computer mailing list

1(11995.0c VA!.

VAT

T.V. GAME CARTRIDGES
speciews in the who* rang. ut f V tamer, arid sell Cartridges tor the 10110.6.4 games

. 4/41  NA TM( * ACf /ROW  MVPS  OATASASE  ROVITROII a INTERIOR  MENG
lit in tau)** it yOu 05.n eery el their own,* eiol *oil Oil you hew derails of the range of

eiViroodoes available
' lento...INTERIOR A ACFTROMC , Ogre over IS assorted used melt ideas w stocker.

oath I rear ourontot SPECIAL OFFER IS 9S MSS

We else hay  number of roorodhend sews and cam'

0

---
- IR -- - 11111
W

ELECTRONIC CHESS
51)V. tb 121i

far r . .

SALE PRICE

bow I £19.95
GRADUATE CHESS

NOW

£29.95
INC VAT

FIDELITY MINI -SENSORY CHESS COMPUTER

1962 I... ari,one pml ronn ..ya

COMPUTER W c INC
STANDARDMINI-SENSORYCHESS MODULEITHWAS f54.60 NOW £49.95 VAT

HANDHELD GAMES

EARTH INVADERS
el  m 

RRP 1'2695 NOW £18.95

PAC MAN 2

RRP 95 NOW £24.95

,° ^0, ' we.rp 1.14.Oors CiiioLo5 new erou  Omer*
,,,,, rhadiSPAQ. I 10  Soo.,  ma Sauer Von. Owleour

e.5,55 Coot Coarnoren .05Eno^. Sot., .U*4 V

SPACE INVADERS

. I

tale "'4 L NOW £16.95 rtc VAT

Or

COLOUR
CARTRIDGE
T V GAME

MOW 143 SO .04 

G.1 P1111 LT9 SO

+1.C,
e'r

BACKGAMMON
COMPUTER.'-S

NOW £48.lS lie VAT

- THE AFFORDABLE ANSWER

44.4'0
.+$

0
e

CAL
The Post OTTie Ceffilded telephone wevefrong machine

Sorrydamyg l mil below hone - Low Jori
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Explore the Excellence
ofyourZXfil

faith PIEPIOTECH Add-Ons
voyHigh Resolution Graphics

Unique
3 month
trade-in offer!
For your future needs we ll

allow you£10 against your
Purchase of our 64K model if

you return your 16K pack within 3
months of receipt.

you supply evidence of purcnase
you, 16K model is received by us

undamaged and unopened 

wtsc,,,...a.«;

£52.00  Fully programmable high
pirexse011suition (192 , 248

plus VAT
 Video page is both memory

and bit mapped.
 Video page can be located

anywhere in the RAM
 The number of video pages

s emoted only by your RAM
size (each page occupies
about 6.5K RAM' and

pages can overlap
 ^slant inverse video.

 Switching inverse video on and
off gives flashing Characters'numerals etc

 Video pages can be  Access to video page is
superimposed by
software switching

similar to plot and unolot
commands on BASIC.

The pack comes in an elegant aluminium case anodised black and
styled to fit Onto the back of the 7X61, allowing more add-ons IMemopak

RAM. Strcla.r onnter. etc) to be connected without a further power supply
It COMA''' -I ..r'K EPROM monitor r- '1. rri - '  , r 1.-..".. ,-: 1: S Subroutines which
ca^ ! . , the BASIC USF '

FIEMOTECH
ROD-Oel

Memopak 16K Memory Extension £26.00 plus VAT
is a fact !net the ZX81 has revolution sea home computing and couplea with the new

Memopak 16K it gives you a massive 16K of Directly Addressable RAM. which is neither
switched nor paged With the addition of the Memopak 16K your 2X81 s enlarged
memory Capacity will enable it to execute longer and more sophisticated programs and to
hold an extended database
The 16K and 64K Memopaks come in attractive custom -designed and engineered cases

-,'it snugly on lo back of the ZX81 giving conrier

VIEMOTECII
EMX1-001

Memopak 64K Memory Extension £68.70 plus VAT
The u4K Memopak is a daLrk vide, it r mcmcv., d' Z X6 Z.4 a 'Jr? L1 56K did
together with the ZX81 gives a lull 64K. which is neither switched nor pageo and is
direcliy addressable The unit is user transparent and accepts BASIC commands such as
10 DIM A(9000)

BREAKDOWN OF MEMORY AREAS
0-8K Sinclair ROM 8-16K This section of memory switches in or out in 4K blocks
to leave space for memory mapping. holds its contents during cassette loads aiirws
communication between programmes, and can be used to run assembly langu
routines 16-32K . This area can be used tOr BASIC programmes and assu,T
language routines 32-64K 32K of RAM memory for BASIC variables and large array...
With the Memopak 64K extension the ZX81 is transformed into a powerful computer
suitable for busmess leisure and educational use. at a fraction of the cost ol comparable

v sterns

Coming Soon...

va11111.11111
A z.omplete rarge cr ZX81 plug-in peripherals

Centronics Interface 8 Software Drivers
Digitising Tablet RS232 Interface

1111010Alt RAM
WENS GRAMM

CENTRONICS W

We regret we are as yet unable to accept
orders or enquiries concerning tne above
products. but we II let you know as soon

as May become avai lab e

( Please make
cheques payable to

IMEMOTECH Ltd

Frease Debit my
Access Barclaycard*
account number

Please send me Price No Total

16K RAM rri £26 00 '- £3 90 VAT £29.90

64K RAM 'Cr £68 69 * £10 31 VAT £79.00 i

HRG ,« £5200 - £7.80 VAT £59.80
I

Packaging 8 Postage err £2 00 per uni
1

L.riL

TOTAL ENC
-Atase aiwee vo- I.C ,

DAM

ADDRESS

FPNChr

PI Branton& G  .7. 600 10112
? 7

We want to be sure you are satisfied with your Memopak - so we offer a 14 -day money back Guarantee on all our products.
Memotech Limited, 3 Collins Street, Oxford 0X4 1XL, England Tel: Oxford 10865) 722102 Telex: 837220 Orchid G
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DIGE
Precisely Stereo

flHer all the nasty things we've
uid about TV sound, it seems

the industry has finally got the
message. Regular stereo TV
transmissions have begun suc-
cessfully in West Germany, and
Grundig has launched its first
stereo TV in Britain. The sets will
give genuine stereo from stereo

video recorders and video disc
players, and processes mono
broadcasts to give a 'spatial'
sound. Despite the four speakers
(two forward -facing tweeters, two
side -facing woofers), the sets are
slightly narrower than conven-
tional mono televisions, and a
plug-in board will give stereo
broadcast sound when this
becomes available. Are you listen-
ing, BBC and ITV?

Plugging
Telecom

n case you were wondering. this is
what British Telecom's new four

and silt way modular plugs kook like.
Manufactured by Pressac of Not-
tingham, the cable connections
follow the current trend of being
ID(, the blade contacts giving high
pressure gas tight connections.

Scopex Scoop
Scopes are feeling rather pleased
with themselves - they've

developed the world's first tubeless,
dual trace, digital storage, batters
portable scope. The Scopes Voyager
uses a 128 a 256 LCD matrix display
to replace the normal cathode ray
tube: this makes the device only 330
a 260 a 98 aim! Compare tn.it with
your normal digital storage scope.
The 60 s 102 min display does not

OM
L '

L t

V.

use the conventional twisted
nematic LCD material, but dye -
phase -change material which gives a
very wide viewing angle. high con-
trast and excellent visibility in a

range of lighting conditions. Input
waveforms can be stored with an
equivalent bandwidth of 150 kHz
and it's possible to keep the
waveform in memory, even with
Voyager switched off, for at least 100
days. Thus a waveform may he
stored in the lab and compared with
one 'on -site' miles away. The 'vamp
sensitivity is 10 mVtcm to Vlcm,

tiwith a sweep speed from 20 Slcm to
50 Stem. The weight of the Voyager
is 2.5 kg, and the price - well, that's
E2,500 plus VAT, slightly out of reach
of the hobbyist but likely to take in-
dustry by storm. %ice to see a British
company leaving the Americans and

A. Japanese standing. For more corn-
prehensive details on the Voyager

t..) facilities, contact Scopes at Pismore
House. Pixmore Avenue, Letch-
worth, Herts 5G6 1112.

Osborne On
Offer
I

f there's anyone left who hasn't
heard about the Osborne I por-

table microcomputer (we've seen it
on two magazine covers already this
month), here's your chance to get
hold of one at a special Launch price,
valid until July 31st this year. For
£1250 plus VAT, Adda Computers
will supply the total package in-
cluding tree delivery in London and
the Home Counties, 10 tree diskettes
and a one year parts and labour war-
ranty. The Osborne 1 weighs only
24 lbs and can fit under an airline
seat. It includes 64K of memory, a
business keyboard with graphics and
10 -key numeric pad, a monitor
screen, outputs for separate printers
and other peripherals, two disc

drives, connections for battery pack
Mailmerge, SuperCalc, CPIM
operating system and two BASIC
languages. Comparable packages
cost two to three times as much. Ad.
da Computers live at Mercury
House, Hanger Green, Ealing, Lon-
don W5 IBA.

Musical Boxes
L.

& B Electronics, designers and
manufacturers of modular

lighting control and amplifier
systems, have been made distrib-
utors for the Paia range of kits which
are being introduced into the UK.
The Pa is range is extensive. to say the

Sharp Practice
oc ket computer freaks will be in-
terestedd to know that the Sharp

PC1500 can now be purchased from
Tempos. "Suddenly a pocket com-
puter approaches the personal cons
puler in ability" says the brochure,
and it's certainly a powerful tool for
use in business. management,
engineering and hobbies_ Its small
size makes it ideal for portable use
(only 195 s 25.5 x 86 mm), and it's
packed full of goodies. The memory
contains 16K of ROM and 3.5K of
RAM, expandable to 7.5K of RAM
with an optional memory module;
programs and data are retained
when the computer is switched off.

Almost any symbol can be
displayed on the 7 a 156 dot display
area (would you believe circuit
diagram symbols!), or a 26 -character
line when using alphanumerics. For
the first lime ever in a pocket com-
puter there is a QWER TY keyboard
layout; with the add-on colour
graphic printericassette interface
(l!ll, the PC -1500 can be used as a
small personal typewriter. Si. user -
definable keys are provided, plus a
MODE lock key so you can only
RUN the program, avoiding inadver-
tent erasure. The BASIC features
variables, two-dimensional arrays,
variable strings and many other ad-
vanced features.

Combining the built-in clock
and 'beep' functions allows the
PC -1500 to act as an alarm clock -
with on -screen messages! - to re
mind you of your schedule, Forth
coming extras include an RS -232C in-
terface. At the moment we don't
even have a reproduceable photo-
graph of this wonder device, but
hopefully we'll be able to get one for
review before too long. Meanwhile,
the PC -1500 is available for £169.95
including VAT, from Tempos, 38
Burleigh Street, Cambridge CI31
1 DG.

least - the catalogue has 16 pages
crammed with synthesisers 'from the
tiny to the huge), organs, sequencers,
drum synths, string synths, all the
special effects you've heard of and
some you haven't, plus a selection of
books. One of the sequencers is

called the 'Orgasmatronic' and
there's a kit for an 'Encephalo-
Gratification Generator, but I'm
sure the designer has seen his
psychiatrist and is OK now. The
catalogue contains endorsements by
Larry Fast and Peter Gabriel, which
can't be bad, and for more informa-
tion contact L & B Electronics, 45
Wortley Road, West Croydon, Sur-
rey C R011 B [telephone 01-689 4138).

A Birth In The
Family

O(-sut beloved publishers, Argus
Specialist Publications ttugs

forelock obsequiously), have added
another magazine to the newstands;
Friday, 30th April saw the launch of
'IX Computing', which is aimed
specifically at the 400,000 owners of
the Sinclair LX81, The magazine will
be published quarterly at a price of
E1.75 and is available from leading
newsagents everywhere, as the say-
ing goes. Editor Tim Hartnett has
stuffed the first, 132 -page issue full of
programs, games, ideas and informa-
tion to reflect the wide-ranging in-
terests of 7X81 owners, and we
recommend you sprint down to the
corner shop r.-())., before they sell out.

Over 100 pages Ofunormatian and programsfor the Zdat and Zee° userIncluding a flt Chess routine.
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Bosom Buddies

1a

ust when we were wonderingg
where all the photos of lowly
dies had disappeared to, this drop-

ped through the letterbox. At 3'1" x
11/2", this Standard Telephone and
Cables radiopager is probably the
smallest in the world. It has four
separate tone patterns to indicate
messages from different sources and
can be muted during meetings to
record calls silently for playback
later. The picture shows how the unit
can be hidden in your cleavage; peo-
ple with differently -shaped chests
can clip it to their clothing.

TK
Transmissions

Remote control is the forte of TK
Electronics and their latest kit

departs from their usual wares in that
it uses mains control. not IR or ultra-
sonics. Any electronic appliance
which plugs into the mains can be
controlled using a hand-held trans-
mitter, also connected to the mains.
Up to a total of 16 receivers can be
operated anywhere in the house and
switched on and off by more than
one transmitter. The receiver may'he
coded so that you don't interfere
with your neighbours and vice versa.
The transmitter has the advantage
that it can be activated by logic
signals - the computer -controlled
home becomes a reality. The kit con-
tains a transmitter and Iwo receiver
units for L42 plus VAT, although
transmitters and receivers are avail-
able separately. TK Electronics are at
11 Boston Road, London W7 3SJ. En-
quiries on 01.579 9794; tell 'em FTI
sent you.

Credit card customers with
poor memories have been accom-
modated by TK, who've got a new
phone number, 567 8910 (geddit1).
Dialling this number and quoting
sour Access1Barclay card number
will get you same day despatch of
components. A 6" x 9" SAE to the
above address will secure the free
1982 shortform catalogue.

12

Shorts
 Triangle Digital Services of 23

Campus Road, London E17 8PG, are
now supplying a free handbook on
their industrial speech synthesis
system. Various products are
described included the low cost
custom vocabulary service.
 We get some amazing stuff sent
to us. Would you believe that the
Edinburgh District Council is fitting
microprocessor -controlled weighing
systems in their new abattoir. Ob
viously a case of steak and chips -
oh dear, these offal puns
 Two new high-speed analogue
multiplexers from Burr -Brown, the
MPC 800 and MPC 801; they provide
up to 16 single -ended (eight differen-
tial) channels or eight single (four dif-
ferential) channels respectively.
Each chip is self-contained with on-
board address decoding for channel
selection.
 Crow of Reading have introduced
the Barcovision video projector,
which can give a maximum picture
size of 6 metres diagonal on any flat
screen, with viewing angles only
restricted by perspective distortion. I
want one arid a videotape of Deb-
bie Harry.
 Greemyeld have sent us their
latest catalogue, and you can have
one too for the sum of 50p plus 25p
postage. Also included are 60 pence
worth of discount vouchers, bargain
list, wholesale list and a reply paid
envelope.
 Tesas' new CCD image sensing
chips use a patented new technology
to avoid the need for a two-phase
clock. The chips are sensitive to light
across the visible spectrum, and
feature 1728 x 1 and 128 x 1 pixel
resolution.
 Verospeed are adding more than
100 CMOS devices to their
catalogue. Industrial users will now

Wrist Radio
(Nome back Dick Tracey, all is for -
Is,giverss Trafalgar's Radio Watch
'82, believe it or not, is the same size
as an ordinary digital watch with all
the usual functions, but also contains
an AM radio with hi -lo volume con -
trot and high -quality earpiece.
Damned if I can see where you plug
it in, though. Definitely one of the
smallest portable radios, so over to
you, Sony. Trafalgar Watch Co Ltd.,
Trafalgar House, Grenville Place,
Hale Lane, London NW7 3SA.

Amazing Aiwa
New from Aiwa (or I-eee-waaaaah,
as their ads on commercial radio

would have us believe) is the CS -W7
compactimicro stereo radio cassette
recorder. This incredibly versatile
unit incorporates two tape formats,
micro and compact, with a versatile
dubbing facility which works from
either one to the other. For example,
you can record from one tape onto
the other in either direction while
listening to a completely different

programme on the radio. You can
make two simultaneous recordings
from the radio or an external source.
You can combine voice and music
from separate recordings. Wow!

The audio output of the CS -W7
is 5 W per channel: the radio is four -
band with a sleep timer. The micro -
cassette has two playing speeds so
sou can choose between accurate
speech recording or a longer playing
time; both tape units offer metal
tape compatibility and editing func-
tions. The CS -W7 retails at around
E190 from authorised Aiwa dealers.

he able to get sane day' despatch at
competitive prices for semiconduc-
tors they require urgently. Speed in

 Kentec of Sevenoaks have in-
troduced a one -board Z-80 based
computer with 2-4K RAM, 2-8K
ROM, 16 -key keyboard, 110 port and
300 page manual. It's intended to be
a low cost development tool; the
price is L63 including power supply.

Fore!
We knew the Japanese took every-
thing seriously, especially their

golf. but this is ridiculous. Mitsubishi
recently perfected this microcom-
puterised golfing aid so you can
brush up on your strokes at home.
Working with Namio Takasu. a

Japanese professional golfer, Mit-
subishi have designed the GL -500 to
display such data as head speed, face
angle, hitting area, swing arc, ball
direction and other esoteric informa-
tion every time you swing at the ball.
The unit contains four sensors in the
mat base, a built-in microcomputer,
a charger and carrying case, so the
lapanese can practice almost any-
where. Brits, however, will have to

 Lander Microssstems, 32
Clockhouse Lane, Collier Ross, Roar
ford, Essex are selling the LM124
EPROM programmer for use wilts
the TRS-80 Model I level II (16K).
Most single -supply EPROMs can be
blown, without personality modules,
and commands include BURN,
COPY, EXIT, FILL LOAD. MEMORY,
NEW, PAGE, READ, SAVE, TEST and
ZERO.

stick to knocking balls across the of-
fice into the wastepaper basket -
there are no plans as yet to market
the GL -500 in Europe.
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NEW AND FREE FROM GSC.

NEW an exciting range of projects to build or
the EXP300 breadboards.
NOW anybody can build electronic projects
using "Electronics -by -numbers", its as ''Easy
as A, B, C with G.S.C!"

FREE project
MUSICAL DOORBELL OF THE 3RD KIND
You've seen the film, now haunt your visitors
with the tune!
Each time the doorbell is pushed the eerie
tune plays out, then switches off to conserve
battery power.

HOW DO YOU MAKE IT.
Our FREE project gives you clear "step-by-
step" instructions. For example "take
Resistor No.1 and plug it into hole numbers
B45 and 847".
"Take IC No.1 and plug it into hole numbers
E35 to E42 and F35 to F42, Ipin 1 on the
IC goes into F35)"
"Take.. ."Welll why not "clip -the -coupon"
and get your FREE step-by-step instruction
sheet and your FREE 12 projects with each
EXP300 bought and your FREE catalogue
and

EXPERIMENTOR BREADBOARDS
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

COMPETITION
RESULTS
The response to the competions in our 3. March 72. A bit sneaky, this one;
April '10th Birthday' issue was, quite the cover date was April 72 but
simply, overwhelming! As each day each issue appears a month in
passed the mounting pile of envelopes advance.
had to be transferred to larger and larger 4. The stage dimmer project.
cardboard boxes, and the job of sorting 5. May 77.
out all the winners was no easy matter. 6. There were three; the LM387, the
Here are the results. AY -5.8100 and the SN72560.

7. January 77.
CRIMSON COMPETITION 8. Rick Maybury.

We had a huge variety of answers. 9. John Miller -Kirkpatrick started the
Some people didn't read the question series back in August 73.
carefully enough - we asked for 10. February 73.
parameters that would contribute to a 11. March 76.
good quality sound so, for example, 12. 1978 (July, August and September)
short circuit protection is irrelevant. 13. A model train controller.
It's nice to have but doesn't affect the 14. 44 parts. Part 11 was published in
sound one iota. After much brain- two parts.
cudgelling our panel of judges came up 15. Four editors - Paul Godden,
with the following list which they Shaun Kannan, Halvor Moorshead
consider to be the most important and Ron Harris.
parameters: 16. Trick question. No-one was
H,F,S,E,C,B,A,R,J,N. Assistant Editor, but Les Bell and
The entry which most closely matched Ron Harris were Editorial
this list came from Assistants.
Dr. D.B. Smith, Tyne and Wear. 17. Tim Orr.
He receives a Crimson Elektrik 100 W 18. February 80.
hi-fi comprising the CK1010 preamp 19. January 74.
and CK1100 power amplifier. 20. July 79, with the Arak controller;

one month before the DPX.
IGNITION COMPETITION The lucky winner of the 10 -year
This was probably the easiest subscription is
competition and consequently the one Mr. E. Somerville, Ayrshire.
that had the most entries. It was also We hope you enjoy reading your
the one with the most correct answers. ETIs over the next decade.
The first one, who designed the
standard ignition circuit, shouldn't have VERO COMPETITION
posed much of a problem because he Another very popular one. We had a
gets a mention every time we publish few readers who thought the pile of
an article or project on electronic boxes was incorrectly drawn, so we've
ignition systems. It is, of course, Charles reproduced the diagram here with
Kettering. There arc several correct shading added to show the true
answers to the second question about perspective. We told you there were no
cylinder firing order, though most concealed box tops, so you know there
people settled on 1-3-4-2. The winner, are no hidden columns at the back; so
picked at random from our box, was the pile consists of three columns one
Stewart Robertson, Cheshire. block high, three three blocks high, two
He wins an electronic ignition kit from four blocks high, one five blocks high
Electronize Design. and one six blocks high. Total number:

31 boxes. Two of the April projects
BIRTHDAY COMPETITION were housed in Verocases, the Solid
We never realised so many of you kept State Reverb Unit and the Digital
your issues for ever! Kind of gets you Capacitance Meter, while the Vero 'G'
right here... Unfortunately we can't range case is metal, as you can see from
reward everybody for being so loyal, the photos of the reverb,unit. The
but the winning set of answers is as winner of this competition was
follows: Mr. C. Castel!, Berkshire.
1. July 72. He'll be receiving the Vcroboxes worth
2. Halvor Moorshead. £50.

CASIO COMPETITION
Judging by the answers we got, this was
the question you all found the most
difficult - although there was a catch
which we hinted at. Working through
the question bit by bit, we have:
7K is 7 x 1024 = 7168. The standard
audio bandwidth was mentioned on
page 45 and is 20,000 - 20 = 19,980.
The product of these is 143,216,640.
Now comes the catch. The BASIC used
by the microcomputers we tested in the
office inserts a space at the beginning of
the string when the STRS function is
used, to take the place of the sign bit.
Hence AS has 10 characters including
this leading space, so the BASIC
expression we gave evaluates to
6640 - 216/10 = 6640 - 21.6 = 6618.4
exactly. The UK mains frequency is
50 Hz, yellow/violet/red is the resistor
colour code for 4,700 and our modular
synthesiser was Project 80. So the next
part of the question works out to
4,750/80 = 59.375. Dividing this into
the previous result gives 111.4677894.
The difference between our street
number (145) and the TTL prefix (74)
is 71, so the new sum becomes
182.4677894. The CMOS quad EXNOR
IC is the 4077, digit sum 18, while a
555 has eight pins. One divided by the
other is 2.25 and the log of this is
0.352182518. Multiplying our previous
result by this gives 64.26196554, and
adding 23 (10111 binary) gives a
final result of 87.26196554. To
six decimal places this is 87.261966 and
only three people got it exactly right.
The one who got picked out at random
was
Mr. P. Sipos, Surrey.
He gets the Casio FX-702P pocket
BASIC calculator.

Congratulations to all our winners,
then, and commiscrations to everyone
else; but stick around for another 10
years 'cos our 20th Birthday
Competitions will be bigger and better! Ell
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NICADS: UK's LOWEST PRICES
AMBIT'S NEW CONCISE COMPONENT CATALOGUE IS OUT NOW

Ambit's new style catalogue continues to lead the
market with low prices, new items, info, 3 £1 discount
vouchers. In a recent supplier survey, we were one of
only two suppliers listed in all categories'

There's a few examples of some super low prices.

78XX lA 37p
BC237/8/9 8p

3SK51 54p
10MHz xtals £2

8 Pole 10.7MHz
xtal filters
2GHz coax
relay 150W £10.95

CMOS
4000 0.11
4001 0.11
4002 012
400/ 0.13
4008 050
400840 0.60
4009 0.26
4010 0.30
401141 0.24
4011 011
4013 0.25
4010 050
4014 0.22
4017 0.40
4019 0 36
4020 0.55
4021 0 55
4072 0.55
4023 0.15
4024 0.33
4025 015
4024 t 05
4021 0.28
4078 0.60
40/9 065
4030 0.35
4035 0.67
4040 0.50
4042 050
4043 050
404341 0.93
4044 0.60
4046 06047

40 068
4049 0.24
4000 0.24
4061 0.55
4052 0.55
4053 0.55
4054 130
4055 1 30
40541 130
4009 5 75
4060 0.75
4063 1 IS
4006 0.70
4007 4 30
4051 0 le
40694E 0.14
4070 016
4071 0 18
4072 016
4073 0.18
4075 014
4074 066
4077 016
4079 018
4081 0 12
4=7 018
4093 030
40119 080
4176 80
4107 060
4503 050
4006 0 70
4507 63708451 50
4510 016
4011 0.441

1',I2 066

4614
4515
4518
4518
4020
4021
4622
4627
4528
4529
4531
4632
4534
4536
4538
4639
4643
4549
4553
4554
4655
4566
4557
4058
4559
4540
4161
4562
4566
4544
4569
4677
040
4581
4562
4563
4694
4565
4702
4703
47044706

4701
4770
4723
4774
4725
40914
40096
40096
40106
40160
40161
40182
40163
40174
40175
40192
40193
40794
40196

TTL
740054
74016
7407N
740314
740414
74054

1 25
1 25
060
0 35
0 60
1 30
0.89
034
0.55
0.70
0 es
D80
4.00
2.50
085
080
0.80
350
2 70
1.20
0.35
040
2.20
0.80
3.50
250
1 00
750
1.20
1.40
I 70
0.22
326
1.40
0.70
0.80
0.21
045
4.50
4.48
4.24
4.24
4.60
4.00
O.=
096
224
064
099
054
0.69
1.06

011

1 06
1 06
105
7.05
7.08
108
10S

08

N
0 10
0 10
070
0 11
017
012

740614
740714
740814
740974
741054
741114
74124
74134
741414
74164
7417N
742014
7421N
74234
742S14
747814
742714
74304
743714
74374
74384
744044
74414
7642N
74434
746414
744514
74404
74471
744614
7450
745114
745314
74544
744104
74704
747214
74734
747454

47754
74764
74904
74814
74924
7611654
741184
7489N
749014
744114
74924
741314
749451
7411654
7491154
7611/54
74100
74104
7410S
74107
741004
741104
7411114
7411751
741144
7411651
741194
741204
741214
7112714
741234

0.22
022
0 16
0.15
0.12
0 18
0.19
0.27
0 61
0 77
0.77
0.13
0.28
0.72
0.22
0 22
0 72
0.13
0.23
0.22
0 22
0.14
054
0.42
0.62
0.82
0 62
o 62
0.62
0.56
0.14
0 14
0 14
0.14
0 14
0.28
0 77
0 28
0.28
03
0.30
0 28
0.20
0.75
035
0.24
1.05
030
0.55
0.35
0 30
0.70
060
045
1 40

10
0.62
0.62
0.28
035
0.54
0.641
1.70
1.98

All the "usual" stuff at rock
hottom prices + Toko coils,
crystal and ceramic filters, micro
metals toroids, Fairite lerrites,
Alps switches, OKI LSI, Piezo
sounders, RF, IF Modules 7 Kits

£14.50 etc.

Price on the page

\111111
5 M111.1141,0 11.0

WORLD
ADIO

LECTRONICS
« 1'I1 1..1 r +1 02)63 1.

1``"

ID

70p

.71

a1' 'WIZ*
42.41,

*4

4... Me  I AvailattIP at your !newsagent or1 d trect, for 70p inc.;........
_

BUPA,
44

3/4;48 .4
14.Aiks. 400 1

P4s.
(AZ,L.,

CAPACITY TYPE 1-9 1049
500 mAh AA 80 74
2200 mAh C 2.35 1.99
1200 mAh 0 2.14 2.06
4000 mAh 0 3.05 2.85
110 mAh PP3 3.70 3.50

Prices shown EXCLUDE VAT.
Access/Barclaycard may be used
with written or telephone orders,
official MA details on application.

E6.
POSTA( IF. MO PACK I NiC

Op INT orilet

741254 0.40 7415314 055 74170N 126
7412614 0.40 7416414 OAS 7417314 1.10
741284 0.60 7418114 0.66 7417414 075
7413714 0.50 741664 0.66 7417514 073
7413614 0.65 7415 714 0.55 7417614 0.75
7411114 040 741694 1.80 7417714 076
74142N 1.55 7416014 0.66 7417114 090
741434 260 74111114 0.65 741714 136

0.05 741014 250 741824 0.55 7411014 0.76
1.10 7474534 0 75 74111354 0 SS 741814 1.22
0.80 741474 1.50 7416414 0.16 741814 0.70
0.34 741804 109 741854 0.60 741661 120
0.34 7415014 0 79 7413414 0 70 741964 1.30
0 40 741514 0 55 7418714 125 741841 3 00

AMBIT internationa

7419014 0.56
7419114 O.=
7419714 055
7419314 0.55
7419414 0.55
7419614 0 SS
7419674 0.66

7419914
7419914
742214
7424614
742474
74248N
742404
741614
7426614
742734
742784
7427914
7478314
7428414
7428514
7429051
74711314

086
100
1.00
I 50
I51
I 89
011
1 06
0 66
2.67

40
089
I 30
3 50
360

00
1 OS

742974 7.36
7429814 1B5
7436514 085
742664 0 86
7434714 085
743884 085
7419034 1.66
74111314 1 66
7449014 1 85

74LSN
7415004 0.10
7440011 0.10
74450214 0.11
14150314 0.11
74400410 0.11
7445061 0.13
741508N 0 12
7415096 0.12
7415101 0.12
14151110 0.12
741.5121 0.12
74=1314 0.20
74191471 0.30
74151114 0.12
7410201 0.12
74102114 0.12
7413221. 0.12
74 LS261 0.14
7415771. 0.12
7410281 0.15
74103014 0 12
74153214 0.12
74153314 0.1S
74L53714 0.15
7440361 0 14
7440406 013
74554214 D.30
74191714 0.35
74154814 0.45
7440491 055
7410614 D.I3
7410644 0.14
74406.54 0.14
1445734 0.21

74157414 0 16
74157514 0.22
74157614 020
7445794 019
741693N 040
7410154 0.60
7415864 0.14
7445904 0.32
7415914 0 28
7415924 0 31
7445934 031
74109551 040
741.0964 120

744510714 0 25
74451094 0.20
74151174 0.00
740111314 010
74/51144 019
741.012714 035
741912314 035
741012474 180
7111912614 0.24
741.012614 0 24
74151324 012
741913314 014
741513651 0.20
74191334 0.30
741513914 0.30
741514514 110
741516114 030
74151034 0.27
74151544 0.99
7411.516614 010
74101564 0.37
741515714 0.30
741515814 0.30
7415160N 0.37
741516114 0.37
14151624 0.37
141.516374 0.37
741516457 0.40
141016611 0.60
141516674 090
744516831 0 70
741918914 0.10
741.017051 0.90
74101734 0.60
74151744 OAP
741517051 0.40
741011114 1.05
741.0111364 1 76
741018014 1.26
7440190N 0.46
74/519114 0.45
741519214 0.45
741519314 0.42
74101944 0.30
741519614 0.66
74151974 0.60
74152004 3 40
7440202N 3.45
741022114 0.50
741024014 0.10
74452414 010
741024214 070
74 L52431 0.70
74152444 0.60
741524014 0.60
741824714 1 96

741074111
74152494
741126114
1455253N
74553074
74152SBN
741.5209N
74492604
74152664
741527314
74152154
741527914
741529014
741529314
741529014
74192934
741.029514
741529134
74153664
741106614
741036714
741938874
741037314
741537414
741537514
741537714
74153789
741537914
741.536414
741036614
741=9614
741539074
74163934
741539514
741.539414
741039101
741536114
741544514
741544714
74194904
741.566814
741.54616
7419670N

RAM
2102
2112
211412
4027
411612
4113/3
411043
41183-3
611634
11244

74CXX
74020
74002
74004
74028
74C10
74C14
74C10
74C30
74C37
74C42
74C48
74C73

1 35
I 35
036
035
040
0 37
060
050
0.22
070
3.20
035
7.50
042
050
0 40
1 SO
0 76
0 32
0 34
0 32
0.35
0 70
0 70
040
085
0 65
060
2 00
7 06
0 29
0 68
061
2 10
I 99
2 75
230

40
96
ID
05
06
70

1 70
3 40
1 49
578
1 59
1.49

17 50
9.00

11_25
17 50

0 35
0 35
035
0 30
0.35
0 76
0.35
036
0.36
1.06
1 50
0 75

14074
71C78
74=3
74085
74C86
74059
74010
76:93
741C95
74c107
74C151
74C104
74[107
74[180
140161
74C162
740163
740164
74C165
740773
740174
74CI75
74C192
74C193
74C195
74C200
74C72 I
74C90 I
74C903
74C904
740905
740906
740907
740808
740909
74=10
74C914
740916
74C920
740926
740977

0 75
1.05
1 05
1.25
060
2 10
1 05
105
1 25
060
2 10
305
2.10
106
106
105
1 05
105
1 10
I OS
100
1 05
1.08
1.08
I 08
650
1 55
055
0.60
065
3 50
0 55
055

1 10
2 10
0.00
1 10
1.30
6.00
600
600

Processors
8080 Serlet
808041012 7 30
8217 230
6/14 350
8216 1 95
8224 3 50
=51 6 21
6256 5 40

Z80 Series
7001. 3 75
78040111 750
ZBOAPIO 350
2804510/1 11 00
28040102 11 00
78045101 995
ZSOCTC 400
280C7C 450
76007 65 00

PROM
2708 200
2716 300
2632 OA
2732 400

041 .1114 1111141.-.141 AMH:1 I. POSICOM LAM 4SG

2U0 north Seruice Rend, Brentwood, Essen
1 litiliCNIIELD NO40 AC 1111N ws SIM lel 01992 /148
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INTERNATIONAII

CONFIGURATIONS
You lucky people - not one but two new series on circuit
design begin next month. The first one, Configurations, will
provide you with the basic design data for many of the
commonly -used circuit blocks; often ones which haven't
received a great deal of attention in the past. The articles are
written by Ian Sinclair, well-known man -about -electronics,
and he kicks off next month with the biasing arrangements
for the single -stage common -emitter amplifier.

DESIGNING MICRO -SYSTEMS
The second series will delve into things digital - specifically,
the inner workings of microcomputer chips. Words like
microprocessor, RAM, ROM and the like have been bandies'
about at great length with only scant information as to how
they work and how they operate in a system; but we aim to
put that right. Starting next month with the CPU, Owen
Bishop will take you on a guided tour of the microcomputer
and give you the real inside story. The English language
cannot do justice to this series, you'll have to buy next
month's ETI to find out just how good it is

MICROTUTOR
Since we're telling you all about the workings of a micro, we
may as well give you a project to play with. The Microtutor is
a one -board machine code training tool, containing 19 -key
keypad, cassette interface, 1K of RAM, extensive 10 and a
UHF modulator for connection to any domestic TV set. All
You need to be up and running is a 9 V supply. The project is
professionally designed (by our friends at Tangerine) and the
monitor program is similar to TANBUG (used in the Microtan
system), so you can move up to greater things as you become
more proficient You won't be able to find a cheaper, easier
or better -engineered method of getting into machine code
programming, so camp outside your newsagent now and
make sure of your August ETI.

Articles described here are in an advanced state of preparation.
linssesee circumstances mas dictate changes to the final contents.

16

THE PLAYMATE
A goody for the musicians among you. It's a practice amp;
it's an effects box; it's versatile. Not only that, it's small and
light enough to be easily portable. The amplifier has a power
output of a couple of watts, while the built-in effects are fuzz
and wah-wah. There's a socket to allow a foot pedal to be
connected, and another for the guitar; if you plug in a signal
generator instead you can generate all sorts of weird and
wonderful noises (we know - we've been doing it for the
past week).

RUGBY CLOCK
We all know that Rugby is the name of a blood sport, but
were you also aware that it's a precision timekeeping system?
Digitally -coded time data is broadcast 24 hours a day on
60 kHz - by picking up the radio signals and decoding them
you get a digital clock with split-second accuracy that you
never have to put right. Our unit features a Z80 based design
with alarm outputs and if the manufacturers ever start
making smaller chips we'll do a wrist -sized version.

AUTO VOLUME CONTROL
Let us be clear about one thing; this is not a compressor! The
auto volume control doesn't reduce the dynamic range but
varies the overall level, affecting both loud and quiet sounds
equally. The operation is therefore exactly the same as an
ordinary manual control except that you don't have to touch
anything. The circuit is amazingly simple (only four
transistors) and very small, so you'll be able to fit it into
almost any piece of equipment.

DATA SHEET
It's back! By popular request (our postman has had to retire
early due to back trouble) we resume the publication of Data

Sheet next month. Find out the
facts on new ICs direct from
the manufacturer's mouth.
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PROFESSIONAL 100 K OHM /VOLT
MULTIMETER
30 ranges 150 AC/DC
1 5 KV. 200 meg Mims.

Features mirror scale,
polarity reverse. electronic
overload protection. taut band
suspension.

As advertised by us at £6750
+ case i.e. £84.00

is* £ 4 Inc VAT

e

IUK c/p £1.501wilh leather case. e
Exclusive to Audio Electronics
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SWEEP SCOPE
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DC to 20 MHZ:
19 Sweep Rows
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£43.00.
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QUANTITY
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MICROPHONE
SWITCHING UNIT
Muddled by multiple mike inputs on your mixer? Don't let your brain
take the strain; our Voice -Switch unit will do all the work for you.
Design by Vivian Capel. Development by Peter Green.

This unit was specifically designed
as an addition to public-address
microphone mixers, although

other applications are possible. With
many public-address systems there is a
need to operate a number of
microphones at the same time, such as
when covering debates, multiple
interviews, and similar items. If all the
microphone channels are left open and
faded up, extraneous noises such as
foot shuffling, note rustling and even
whispered asides can be caught and
relayed to the audience, as well as the
possibility of acoustic feedback being
increased.

To avoid this the operator keeps
open only the channel actually in use,
and fades up each in turn as required.
The snag is that when the debate gets
lively, someone often starts speaking
before the operator can fade up his
microphone and the first few words are
lost to the audience.

An additional difficulty can be to
identify the microphones if they are
passed from one participant to another
or there are unexpected changes in
seating positions. Thus it sometimes
happens that the wrong microphone is
faded up and a minor panic ensues
until the correct control is found and
turned on. Operating the mixing
console in such situations can be a
harrowing experience!

Vox Popular
Much if not all of this hassle can

be avoided by the use of voice -
switched microphone channels. Some
expensive professional mixers have this
facility, and there is also an American -
made add-on unit of which one is
required for each channel controlled.
This makes the set-up rather bulky as
well as costly.

With the module here described,
although one is required for each
channel, it is small enough to be easily
accommodated inside most mixers
alongside the appropriate input socket

or fader. A switch and sensitivity
control must be fitted to the control
panel, but connection to the mixer
circuitry is simple and needs little
disturbance to the existing wiring.

So what exactly does it do? It
mutes the channel to which it is
connected, opening it only when the
microphone picks up sound of a
predetermined level. Thus all the
channels can be faded up but none will
be live until the particular microphone
is actually used. Switching is fast,
during the first cycle of received sound,
so there is no audible loss of starting
sound when the sensitivity control is
correctly set.

Open Channel
The channel remains open as long

as the microphone is being used and
for five seconds afterward, after which
it mutes. Thus it stays on during pauses
in speech or when the voice is dropped
providing the break is no longer than
five seconds. If the pause is longer, the
microphone will come on again as
soon as speech is resumed, but in
practice five seconds has been found
to be about right. Longer or shorter

times can be obtained by changing the
value of a capacitor.

In addition, a very useful extra
facility is the provision of an LED
indicator mounted on the control panel
near each fader control. This is
switched on when the channel is open
and so informs the operator
immediately which microphone is
being used. Hence he can make instant
adjustments to the volume as required,
even if his view is blocked and he
would otherwise be unsure of which
control to operate. This does away with
the need for colour -coded cables and
other devices previously used to
identify microphones on stage.

The supply voltage can be from
9-12 V, and so can be taken from the
mixer supply; current required is not
large and well within the ability of
most mixer mains supply circuits. For
battery operated mixers certain steps
can be taken to reduce the current
needed even further, and these will be
described later.

Mounting And Wiring In
The small size will enable the

module to be fitted without much
trouble. One is needed for each

TO OTHER
MODULES

C6 =t
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INPUT
FROM
MIKE

SOCKET

470n

R1
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R2
150k
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100k
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47k CONTROL
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Fig. 1 Circuit digram for the Voice -Switch unit.
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TO MODULES'
MUTE

ROSTRUM
FADER

NORMAL

**Is, swig 0 VE

TO
MIXER

AMP

Fig. 2 A double -pole double -throw switch
with centre off position can be used to
include manual muting of all but the main
channel. This is how to conned it up.

channel to be controlled. Generally, it
has been found best to fit them to all
microphone channels except the one
used for the chairman or main rostrum,
as this one is usually in continual use.

The best point for connecting the
muting circuit is to the top end of the
channel fader. With battery operated
mixers it is not necessary to use
screened wire for this, but it should be
used for mains powered units. Earth
the screen at one end only to avoid
hum loops. The input terminal on the
PCB is wired to the live terminal of the
microphone input socket; existing
wiring to the socket is not disturbed. In
the case of a balanced input, it can be
taken to either of the two signal
terminals.

Positive supply wires should be
taken individually (not looped) to the
Voice -Switch control switch. This can
be an ordinary miniature on/off toggle
switch, the other terminal of which is
taken to the positive supply. When in
the 'off' position, there is no muting
action by the 555, and the mixer works
normally. An additional refinement
which has been found useful, though
not essential, is to include manual
muting of all channels (except the main
rostrum channel) in this switch.

Doubling Up
In this case, a double -pole double -

throw switch with a centre 'off' position
is required. One pole is wired to switch
on the supply to the modules in the
down position as with the simple on/off
switch. The other pole is made to break
the circuit between the isolating
resistors that go to the wipers of the
faders, and the input to the mixer
amplifier, when in the centre 'off'

position. It should be easy to locate the
position on the mixer PCB where the
resistors from the fader wipers are
connected together. The track is cut
here and a wire taken from each of the
two sides to the switch. The resistor
from the main channel will have to be
taken to the other side of the cut so
that it will not be switched with the
others.

One of the two wires coming from
the modified PCB is taken to the
moving contact of the switch, while the
other is connected to both the fixed
contacts. Thus the circuit is broken
only in the centre 'off' position. The
action of the switch is therefore: UP,
mixer operating normally; CENTRE, all
channels except rostrum muted;
DOWN, all channels except rostrum
controlled by Voice -Switch. The
purpose of this facility is that when
microphones are being handled and
passed around, handling noise can
switch on the Voice -Switch. It is
therefore useful to be able to manually
mute them until the participants are
settled, when the Voice -Switch can
take over. It can be seen now why the
main rostrum or chairman's channel
needs to be separate and on all the

time, as he will undoubtedly be
introducing the programme or
participants while they are coming on
and taking their places.

Wiring from the positive supply to
the switch should be fairly substantial,
13/02 or 16/02, as it is necessary to
avoid common -impedance coupling
between the units. Likewise the earth
wires should be taken individually to
an earth point and not connected from
one to the other.

Sensitivity Control
Individual sensitivity controls

could be fitted if required, but where
all microphones are of the same type
or the same sensitivity, as will generally
be the case, it is sufficient to have a
single control for all channels. This
means only one control has to be fitted
to the control panel in addition to the
switch. If desired, the control could be
a preset mounted inside the mixer and
set up by trial and error. This may be
preferable with a permanent
installation that is to be operated by
unskilled persons. For temporary set-
ups though an external control is best
as the acoustics of the hall play a part
when establishing the correct setting.

HOW IT WORKS
The heart of the module is a 555 timer (IC1)
which performs the switching when trig-
gered by the input signal. Coupling to Q1 is
via C1; capacitance of this component must
be kept low (820nF is a maximum). The first
transistor is a BC109C or BC108C. It must
have the suffix C as this denotes the highest
gain obtainable for the type. Considerably
amplified, the signal is applied to Q2 which
is also a high -gain C -type transistor. Compo-
nent values here are chosen to deliberately
overload the transistor and produce a
squared -off wave of high amplitude at its
collector.

IC1 needs a negative -going square
wave which takes the voltage at the trigger
pin from half to less than one-third of the
supply rail. As the voltage is held at the half
level by R5 and R6, the first negative -going
excursion triggers the device.

Normally the output of a 555 is taken
from pin 3, but this is of no use for our pur-
pose because the output alternates bet-
ween positive rail and earth. To mute the
channel we need to short the audio signal to
earth at some suitable point, then release
the short when the voice switch operates.
Having the full rail voltage applied in one
position of the switch is inconvenient and
could cause problems in the mixer circuits.

Instead, the output is taken from pin 7.
This is normally used to discharge the tim-
ing capacitor after the timing cycle is com-
plete in readiness for the next cycle. It
therefore floats during timing, but shorts to
negative or earth outside of the timing cy-
cle. It thus can be used for audio muting.

Discharge of the timing capacitor is
now carried out by pin 3 when it goes to
negative at the end of timing, and diode D1
prevents the capacitor charging from pin 3

when it is positive during timing. In addi-
tion the LED indicator is supplied from pin 3
via R8.

The timing network is R7 and C4,
which gives the five second delay. It is not
necessary for timing to be exact so these
need not be close tolerance components. If
a longer time is desired, the value of the
capacitor should be increased or the
resistor decreased, and vice -versa for a
shorter time.

If the device timed out every five
seconds, although it would switch on again
almost immediately there could be per-
ceptible breaks, especially if the event oc-
curred in the middle of a word. So it is
necessary to prevent the completion of the
timing cycle as long as sound is being
picked up by the microphone. This is done
by Q3 which is connected across the timing
capacitor. Pulses from Q2 are applied to its
base via C5 and rectified by D2. The
resulting positive -going signal turns Q3 on
and thereby keeps discharging the
capacitor. It is only when the signals cease
that the capacitor is allowed to charge fully
and so time out.

Q3 must be of a low -gain variety, that
is having the suffix A, otherwise it will turn
on with low-level sounds and remain con-
ductive due to ambient noise; hence the
unit would fail to switch off. If only higher
gain transistors are available, a 33k resistor
(shown dotted) should be included to reduce
the input, but this is not required for low -
gain transistors.

It is also necessary for CS, the input
coupling capacitor, to be of low leakage
such as a polycarbonate or mylar type. Any
leakage will result in a permanent positive
voltage on Q3 base and a failure to switch
off.
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TO OTHER
MODULES

RV1 WIPER

RV1

The design allows for either
individual controls or a single one. The
control varies the potential applied to
the first stage and hence its gain.
Wiring from the modules to the control
can be looped if this is more
convenient. If this is done the
decoupling capacitor should be
mounted on the first module so that
the run from the control is decoupled.

The modules will operate with gain
to spare using 200 ohm ribbon
microphones which have a low signal -
voltage output, so should have plenty
of gain for most other available
microphones.

To set the sensitivity control, turn
it to an advanced position, whereupon
the channels will be randomly switched
on by sound coming back from the
loudspeakers. Turn it down, a little at a
time, until each channel only switches
on immediately the microphone is
used. If the first syllable of speech is
lost, the control has been turned down
too far.

With a good PA system the
loudspeakers are of such a type and
angled in such a way as to reduce
sound coming back to the platform to
a minimum. If poorly installed,
returning sound will be excessive and
this will not only predispose the system
to acoustic feedback, but may make
the setting of the Voice -Switch
sensitivity control very critical.

LEDs and Battery Operation
The LEDs can be mounted above

or below each fader so that a clear
indication is given as to which channel
is in use. This has been found to be a
valuable feature.

For battery mixers the current
requirement can be reduced. First a
higher value resistor can be placed in
series with the LED (R8); say 1k0
instead of 470R. Light output is

ov

LED 1 CATHODE
OUTPUT TO FADER
LED 1 ANODE
+9 12V VIA SW1

*WIRE LINK OR 33k RESISTOR: SEE TEXT
INPUT

reduced but not too much; a 1k2 or
even 1k5 can be used but at further
and noticeable sacrifice of
illumination. This is assuming a 9 V
battery is fitted. A red LED gives more
light per milliamp than the other
colours, so one should be used here.

Another current saver is to use a
CMOS 555 instead of the bipolar
variety. These are more expensive but
well worth it in terms of battery saving.
The complete module (including
with R8 equal to 1k0) takes 10 mA on
and 5 mA off with a bipolar 555. Using
a CMOS 555, these figures are reduced
to 5 mA on and 0.3 mA off; this is a
total saving of some 50%. The CMOS
version has the same packaging and
pin connections and can be plugged
into this circuit as a direct substitute.
(This does not apply to all circuits.)

Operation
When first switched on, all

channels come on and the LEDs light
up, thus giving a visual check that all
are working. To avoid random noise at
this stage, the faders should be down.
After five seconds the LEDs will go out
whereupon the faders can be advanced
to the normal operating level. Then,
each will come on only when the
microphone is used, and a fine
adjustment of the fader can be made.
There is no need for visual
identification of the microphone in use
as the LED indicates this.

Should there be spurious
triggering, ease the sensitivity control
back a shade. If the manual muting
facility has been included, the faders
can be left up when there are
microphone movements or changes of
participants, and the channels
manually muted by switch. Any such
operations will not affect the main
microphone.

Fig. 3 Component overlay for the Voice -
Switch. If the modules are all using a
common sensitivity control, then the
decoupling capacitor (C6) is only needed on
the first module.

PARTS LIST
Resistors (all YAW, 5%)
R1 330k
R2 150k
R3,5-7
R4
R8
R9
R10

47k
4M7
470R
1M8
68k

Potentiometers
RV1 100k linear

Capacitors
C1
C2-4
C5
C6

470n polycarbonate
2u2 16 V axial electrolytic
22n polycarbonate
220u 16 V axial electrolytic

Semiconductors
IC1 555
Q1,2
Q3
D1,2
LED1

BC108C or BC109C
BC108A
1N4148
red LED

Miscellaneous
SW1 SPST or DPDT with centre

off (see text)
PCB (see Buylines)

BUYLINES
We refuse to believe that you'll have any
difficulty in obtaining the parts for this pro-
ject - everything is so common you'll pro-
bably be able to pick them up in
Woolworth's! Bi-Pak, Rapid Electronics and
Cricklewood are among the mail order
companies you may care to try. The ad-
dresses are given elsewhere in the issue.
People unable to etch their own PCB can
obtain one using the order form on page 71.

ET!
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BRANDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM
SX1 000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position Changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg earth vehicles

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

Capacitive Discharge
 Contact breaker driven
 Three position changeover switch
 Over 130 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v nag earth vehicles

tiles AT -80

1E

0

Ens .=-_;sm
.

**1 ' 1 : t;

L'\

r I  
I

AT -80
Electronic Car Security System

 Arms doors boot. bonnet and has secur.ty loop to protect
fogy spot lamps, radio/ tape. CIS equipment

 Programmable personal code entry system
 Armed and disarmed from outside vehicle using a specie!

magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen  Fits all 12V neg earth vehicles

 Over 250 components to assemble

MAGIDICE
Electronic Dice

 Not an auto item but great fun
for the family

 Total random selection
 Triggered by waving of hand

over dice
 Bleeps and flashes during a 4 second

tumble sequence
 Throw displayed for 10 seconds
 Auto display of last throw 1 second in 5
 Muting and Off switch on base
 Hours of continuous use from PP7 battery
 Over t00 components to assemble
 Supplied in superb presentation gift box

fa, 4

00 14. ;11f ii .1:11
:4_110

"t
ANI  i

TX2002
Electronic ignition

 The ultimate system  Switchable
contactless  Three position switch %nth

Auxiliary back-up inductive cirCult
 Reactive Discharge Combined capacitive

and inductive  Extended coil energy storage
circuit  Magnetic contactless distributor trigger -
head  Distributor triggerhead adaptors included

 Can also be triggered by existing contact breakers
 Die cast waterproof case with clip -to -coil fitting  Fits

majority of 4 and 6 cylinder 12v neg earth vehicles
 Over 150 components to assemble

VOYAGER Car Drive Computer
 A most sophisticated accessory  Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd  Affords 12 functions centred
on Fuel Speed Distance and Time  Visual and Audible alarms
warning of Excess Speed. Frost! Ice. Lights -left -on  Facility to
operate LOG and TRIP functions independently or synchronously
 Large 10mm high 400ft-L fluorescent display with auto
intensity  Unique speed and fuel transducers giving a
programmed accuracy of + or -1%  Large LOG & TRIP
memories. 2.000 miles 180 gallons 100 hours  Full Imperial
and Metric calibrations  Over 300 components to assemble
A real challenge for the electronics enthusiast,

An FDA SPARKPIII prothAts and designs are Folly covered by one or rato,a Work! Patents

IN Ell MI ON Ell IM IM INN NMI

r

82 Bath Street. Walsall, West Midlands. WS 1 3DE England Tel (0922) 614791

SELF
ASSEMBLY

KIT

READY
BUILT
UNITS

SX 1000 £12.95 £25.90

SX 2000 £19.95 £39.90

TX 2002 £29.95 £59.90
AT. 80 £29.95 £59.90

VOYAGER £59.95 £119.90
MAGIDICE £9.95 £19.90

NAME
ADDRESS

I ENCLOSE CHEOUEISWROSTAL ORDERS FOR

KIT REF
CHEQUE NO
24 hr. Answriihone
PHONEYOURORDERWITHACCESS,IBARCLAYCARD

INC. VAT. POSTAGE & PACKING.48o SENO ONLY SAE IF BROCHURE IS REQUIRED
days lot dfahvel

IIIII MI Ell In IM Mil IIIII IM = = -4,1.q111MOI Ell IN

FTI.1.82

CUT OUT THE COUPON NOW!
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vc.00i&vsvtos LB ELECTRONICS 9' 5 0 TELEPHONETO,' 0,04, typo01
ov5.7

UXBRIDGE 55399
SUPERSALE 11

NI EUR WK. brand new devices
2114 1460051 C1.00, 4116 1200rt1l
161.15. 27015 0.60. 2516 (single mill
E2.50. NEC 2732 CIAO. 2532
11.00 6116.3 15.90 p&p 359 on
above devices.
Brand new and boxed. Lie
Detector. Made for the Open
Utwers/M. we 1501nin 'length,

100nan leidth/ Slues,,
IMiph O. Complime with 100
mai:lamp mow Oh0V1h.Shrif 90mm

76iren. Suppled comp** watt
MOE and pads, less batteries 12 r
4.Sv117.10

SELF CONTAINED battery
Powered digital recorders.
Complete with data entry key.
mad *eh ID Mao LED disolior
plus modern interface end charger.
SOrnit data C25 per system. Sorry,
callers on,...

ZETTLER low profile PCB /EMT
30non 31Intrn A 8.'6 9, d c.
2'2.5 rumps ac Mpprp
35p.

TYPE CONNECTORS
9Wau S1,16.1:1 ,,..1.1,Fr! 75p

'I' [1 CC
37 Way Plug i solder i (1 90
37 Way Socket it/N.14,i CL 60

Way Plug !solder) El 86
25 Way Senna Isolden C1.56
25 Way Plug Onautatior
wrung/ £2.16
25 Way Socket (Insulation
perongl (2.96
50 Way Mug tkdo.rl (2.00
Pi Pun above No

COVERS
37 Way IPMshel E1.00. 50 Way'
IMashcl £1.20. 25 Way Ithasoct.
115p. 25 Wry IMaW I C1.26 25 Way
I00100 ITT open (1.00. 15 Way
'Plastic 1110p, 15 Way (Mind 96p
PP on above 360

DISPLAYS
HP 506217414 4 digit OIL display
full spec E1.50 each. P&P 350
Large quantities POA.
LED 3 Dian O'L 66p, p&p 350.
HP5032,17650 .4 -CA left end right

decimal pont, high brightness.
onlY116P. 12 for 16.50. PEEP 3615.

SUPERSAVER 1
DIL header Plugs INo covers'
14 way 15p. 16 way 215p, 24 vary
95p (all gold plated) pp 35p
Ansley Header plugs. 14 Way
75p 16 Way 95p. 74 Way (1 50
lInsulabon piercing typel pip 36p.
Ansley I O Header plugs PCB
Mounting tin 76 Way striughi
116p 40 Wan iEIPP 369

SUPERSAVER 2
BUZZ PLUG

13 amp plug fitted with bum" to
incicate power rut. Brand rosy,
lean battery. 12.60 T5p

SUPERSAVER 3
PRICE SMASH END500 Sin
LEO displays full spec frip
each. p&p 35o. Mao. ovantitos
POA

SUPERSAVERS
131sT 26 way tresuet.on ',wrung

'Dards 61.40 P' P 25P

SUPERSAVER 6
VIDEO LEAD

I st moo.. r.. PL7S9 plug (TOO
0.'036o

SUPERSAVER 7

Stud mounted rectifiers. type 40
HE 103 1250 volts. 40 amp 4 for
050P'935o

SUPERSAVERS
ONE ONLY TEXAS SILENT
700 TERMINAL. RS232 110 baud.
A. new - (236, Carriage at cost

SUPERSAVERS
VELLEMAN EPROM Programmer
IA C200 Bun ODD - VAT. S.A.E.
lot lull dat.i.replivE

SUPERSAVER IS
Trilateral Mcsoten 66 Blank PCB.
Brand new plus circuit diagram
N.19. p.'p 60p 16602 timed. 1 on
board!

SUPERSAVER II
PAPIST MINI -FAN 35/i" s 315" i
1 5" deep. 220v 03141. Brent new
and Weed (9.50o/to1l 00.

SUPERSAVER 12
12.!ewn power dug end 2 metres
Of cable. Suitebe for Acorn Atom,
Oral NC Only E1.00 per 10 pip
25p. Trade enquiries welcome.

SUPERSAVER 14
90X FANS 115V 50I661(1
1211rnm 120rnin New E4.60.
250V MAO. PER (I OP.

SUPERSAVER III
5K TV multiturn irimpots. PCB
mounting. per 004 of 14 12.SO.
As above 1K and SOK. p&p 350

SUPERSAVER 16
OPTRON OPTO SLOTTED
SWITCH [Type OPB814) E1,
P&P 35p

SUPERSAVER 17
VU METER 48rfon x SOITImi Ka.
pros overall pre. Face sire
SOrnrn e 213etur approx. Brand
new II 15 p&p 30p (Sent at
Purchaser's risk'

SUPERSAVER 16 SALE
PCB AMP &MVO/. Unused
Notes ' 96hirn aPpros. 912v
DC. 116p p&p 3Ep

SUPERSAVER 19
10 DIGIT .Reds LEO deptay.
1.1221n. dolt Biel. With budt-in
diver chip and tnnit-in lens
rrignifier. Data sheet supplied.
Brand new, CI SO p&p 36p.

SUPERSAVER 20
416in. JUMPER LEAD 16 OiL
header to 16 DL head., 95p
P&P 30o

SUPERSAVER 21
5251 ORO ea. 8253 (6.00 ea. 6224
CLOO es., AY:5.1013 0.25 PIP
35p

SUPERSAVER 22
1lb reel of solder 18 SWG 64/36
alloy OLIO 22 SWG 60'4001.60
PRP 900
A TERRIFIC GIVEAWAY MC
1419 RK232 RECEIVER Brow] nes..
lip MOW 10 Is. OAR. Large
lloantales p o a PEN 300

SUPERSAVER 23
64 Way DIN 41612 edge correctors
to fit Microtan ctu. plug or socket
QC.. .tcpa.

SUPERSAVER 24
Sanger En pr RAM Antiwar.
model TE 960 RS 232. 9600 Baud.
Brand new ENO pErp at omit

MICRO REVOLUTION
The New ZS Processor. Com-
plete PC8 end perm to prodoce 
die new CELL built in tiny
B alk and 4K Rem. RS232C
o ulput plus Ulan Pons Only

s CI" (86 VAT
Further detells SAE P'P C2.00
Motherboard Plug EProrn
SIOWDMItler to follow shortly

AUGAT IC SOCKETS
ITse best aye tlabl

16 Cal 20P 24 De 60p
18 DO 259 40 DE 510

WE STOCK a vast range of TTL.
CMOS, sorne 74LS. MIN 'ATURE
TOGGLES. etc
PSUs. We have a large stock of
power supplies at very realtstic
prices (callers I

SUPERSAVER 25
KEYBOARD Touch senior.*
Icapacnantl Alpha numeric 61'
 r [wend new. Wowed to be
ASC coded No data E7.95 ette
65p

NEW ONES
UECL Edge connector .1" 76 Way
poll plated twee wrap) f1.135 eat[
pp 36P.

REG POI thess components!, 5V
1 amp, 12V t amp and heetsink
16Cimmi90rriml. Brand new.
11.012 Hestsink only, 66p. Pt('

NEC FIP41113 4 digit glass
display (green with centre
Colons and plus and minus
sign'. only MS. PI' 30p.

PL259 SOCKET CHASSIS
MOUNT. Slip p&p 30p.
TRANSFORMERS 012, 024 1

amp U.60, P&P 50P
TTL SALE 7410 Sp. 7413 18p,
7418 1So 7490 210. 74155 4640,
74174 60p, 74181 74286 E226.
PRP 350
WHY PAY POUNDS? Just an
PUNS Amphersol 36way plug
and socket lined) to In all your

Cter. Only C2 76 per pair. PP

order cash With order hplf
order, welcomed from C
loges, etc). All enquiries s.aS
plane All prices Inclusive of
VAT. unless otherwise stated
Postage as shown per item.

During the 11.11PRIER period w.
MI not be edvenising, but
please mesa any orders from
Previous ads by telephone or

by mail

PLEASE 00 NOT ORDER
GOODS FROM 030 ADVERTS.
PHONE BEFORE ORDERING.

SURPLUS STOCKS
ElPURCHASED

FOR CASH Sven

LB ELECTRONICS
11 MERCIES ROAD

HILUNGDON MIDDLESEX
UE110 IES. ENGLAND

All enquiries s a a pleas.
Telephone answering machine

service out of business hours.
New Tenn, premises, now cps
MOM. Tues. Thurs, Fn, and Sat.
9.30-6.00 Lunch 1 2 .1 5
weekdays. Closed III day Wgo
nesday. We are situated lust 011
the A40 opposite Master
Brewer
ALL PRICES INCLUSIVE OF VAT

UXBRIDGE 55399
A romonnenta I wit -

CLEF ELECTRONIC MUSIC
)1v

CO MAO

4

(3530

eon

\..........COMPL111 ill 1)45

ELECTRONIC
PIANOS

SPECIALISTS SINCE 1972

71 OCTAVE
DOMESTIC MODEL

COMPONENT KIT (244
COMPLETE KIT [399.90

VARuIAZILrEf o (111

1......1. II k

re..y- Ilene,
din

SIX OCTAVE
DOMESTIC MODEL

COMPONENT KIT 1217
rilAIMFACIPAI CI MI

',W.., .Ii.it10./
P.m, nr. do

SIX OCTAVE
STAGE MODEL

COMPONENT KIT 1217
PAARLI{AETURE II (5)4

MICROSYNTH
THE COMPACT MUSIC SYNTHESIZER

COMPIFTE ell
WITH CABINET

STRING

ENSEMBLE
....rya* lox.

15 rhsCh..r/ I 6,1eyee,
1 Kriih.ard

nirn...itoi K,,. fie Cond. or
it...iv int ...di ./ Awe .51.1,t,

00.4 %Of hnnaini

CONMONNT mT
(17900

.. OCTAVES
-WO OSCILLATORS

SUB OCTAVES
SWITCH ROUTING
THUMBWELL

£118.50
ROTOR CHORUS

C611111111191 art

KETIOMIDS
Our ',/,.0.0,re

111111111TE 111 (Sill
) NOTE 0111f4141)

FIVE OCTAVE f IS er
fOua OCTAVE (TO 15

I lepglois 451.4.4
i I Inori/mo4., mAny ill .44:h bait

uuttu.1,1 in nsbn....0 msge/okr, Walt muteral gloldji
v.. ic,"iiiyun Any has.. csAsed and me

.IN has hlCes incorp3ralp0 inn, propos
,,,reeened M Li.snierectoe ate a *de

ranp . 1,:hin. el :apatite/ Rick up TELEPHONE +Mon 4
ahle 1.

PRICES INCELDE 551. UN CARRIAGE & INSURANCE
IC ARRIAGE EXTRA ON MED NANOSE Neese wed SAL IAA
tour complelir At., err one ear Plepboat VIA/ACCESS Senior.
( °open... tocraOna. eve be when for I- SPORT aides -
Sumaha pletast comas, I AYE AR  Stew/.

CLEF PRODUCTS IE LECTRONICSI
LIMITED

'Dept ETIL 44A Bramholl Lane South. Brasnhall.
Stockport. Ckesttsee ENT 'Air del 439 329r

"THE COMPUTER BAND -BOX"
M. Po',

COMPLETE
KIT

£289

£399
MANED

PRICES INCLUDE MASTER RHYTHM
Rrailvbro o it APE 0 Crook, Mee swarm&
AllSKLIAS ).1S1R1-t11. Al 101I

501.IIINTS Stli)GMIN R F(0101511 PR 4C 11(
III I' ILRIORU4 AC/ Otlfe)S111111
The BAND SON prot.d., I, 1.M:irnic Heiress Trio COMMON 
fleyea. Bs.. and s ['Aiwa! InwiDneni mere Of II.
Wanfivni Encicket LiornNnacrohl. ion Its capes' to wire in..-
!AXI I'ver Pr...r.nnipabk CAW Clump. on non thou 0 -
&Nom Chydi Ounr ids *mot MArierocesior
PM. hick ra Ni 1110 fyi.iev can Es. ettoacol tre am Kel and at ,  --
Tempo Compkic Mee Pad i...liestronnaii, IndetnI and
.4osId.yry haler. Yu./ un rarer. tour. I... .r( Imo
Rept^ (rye,. anJ ye.I.U, u.diru 51.1141. Same s:
Imes, SOC40. An: re, :u r and p...
.ePrale
isconwrairs At,

THE Programona hie DRUM MACHINE

IICRT TIMM
IIIMICEAMMING
TRINITY /OW
PATRONS
TMEDI
INSTRUMENTS
mamma
01111AMe
COMPUTE an
fllee
NANO (11100

The (10 Naar NI.

clehor i'e.4'"f 7 -es 1 #,eR
round. for menher onwurncy a. aitahl: i.e... group.]

a haw% .knees one 14" n !' a
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Britain's Biggest Magazine For The Sinclair User

Over 100 pages of information and programs for the ZX81 and ZX80
user including a 1K Chess routine!

ZX Computing is a quarterly magazine with over 1(X) pages of programs, ar-
ticles, hints and tips for the ZX81 and ZX80. We've put the magazine together
with just one aim in mind - to make sure you get the most use and enjoyment
out of your Sinclair computer.

In the first issue, as well as a host of 1K and 16K programs (the majority
dumped directly onto the printer), we've got two articles to help dispel the
mysteries of machine code, a chess routine which takes up just 1K, an ex-
planation of PEEK and POKE, an entire section on business uses of the ZX81
(complete with a program to handle the accounts of up to 100 customers) and
a construction article which will show you - even if you've never used a
soldering iron before - how to cheaply double the memory on your ZX81.

If you're serious about exploring the full potential of your Sinclair com-
puter, and you want an easy -to -understand series of articles to improve and
develop your programming skills, then ZX Computing is for you. Issue one is
on sale now.

 Software Reviews - which programs are the best buy?
 Business Routines - put your ZX to work!
 Expansion Systems - how good and how much?
 Machine Code for ZX81- secrets revealed at last!
 DIY Memory Upgrade - cheap way of adding bytes

i1 SUBSCRIPTION ORDER FORM
tit out and SEND TO :

Please use BLOCK CAPITALS and include post codes

Nome (Mr Mrs Mess)
dalole accutd,ngly

Address

Signature

Dote

ETI JUNE 82

L

513. LONDON ROAD,
THORNTON HEATH,
SURREY,
CR4 6AR.

Please commence my subscription to ZX Computing with
the issue

SUBSCRIPTION inc. it as
RATE'S oppmpnete

E7.00 for 4 issues
U.K.

£1.75 for a single
copy of the issue

I am enclosing my (delete as necessary)
Cheque Postal Order International Money

Order for
(made payable to ASP Ltd)

OR
Debit my Access Barclaycard '

(*delete as necessary)
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TECH TIPS
Mains Failure
Emergency Light
J. P. Macaulay, Crawley

This simple circuit has been found very
useful in situations where a coin -slot
electricity meter is used. It also would be
useful no doubt in the event of another
power strike.

The mains is half -wave rectified by
D1 and smoothed by C1. The resultant
DC is fed through a current limiting
resistor R1 to produce a reference
voltage of 12 V across ZD1. R3 and C2
form a simple leakage and smoothing
circuit.

01

200V AC

NOTE:
01 IS BC159
02 IS TIP42A
Dl 15 1N4004
02 15 1N4001
201 IS 12V ZENER

R1

821,

CI
100n
500V

If B1 is of the voltage specified the
Darlington pair Q1, Q2 are biased hard
off. If mains failure occurs the base of Q1
is pulled to ground; the base current
flows through R2 and R3. The bias is
sufficient to take the Darlington pair into
saturation, providing current to the lamp
which then lights up. Since the circuit is
not isolated from the mains, care must
be taken to earth the box in which it is
mounted. Connection to the mains can
be via a normal mains plug.

If required the alternative load, a
relay, can be driven instead of the lamp.
This can then be used to switch in an
auxiliary power supply. When the mains
is reapplied the circuit returns to its
original state. Current consumption is
zero when the mains is present.

Penalty Kicks
G. Durant and D. Hall, Selby

We designed this following hand held
game to be simple for construction,
cheap and most of all fun for the
operator. The idea of the game is to put
yourself in the position of the goal
keeper and to guess which way the
striker is going to kick the ball, by turning
the rotary switch to the marked
positions. The shoot button is then
pressed; a noise will indicate whether the
operator has guessed right.

IC1, a 555, is wired up as a astable
multivibrator running at about 100 Hz
feeding the clock input of the 4017. If the
'shoot' button is not operated, the Q
output of the latch formed by IC5a,b is
low, allowing the 4017 to count. Three
LEDs are driven by the 4017; in the reset
state these are blanked by the latch.

Switch SW1 is turned into the
position the 'goalie' thinks the ball will
come towards the goal. The 'shoot'
button is pressed. IC2 stops counting and
one of the LEDs lights.

If you guessed correctly the 'saved'
LED is lit via IC3a,b or c and a 1 kHz
sound generator built around IC8 is

sounded for just over a second, being
controlled by IC7, a one-shot
monostable.

If you 'let the ball into the goal' a
buzzer is triggered, formed by IC6.

Caravan Water Supply
Monitor
P. A. J. Thomas, Cowes

Being a keen caravanner I found that
knowing how full the water containers
were at any time was a problem, since
they are opaque (being either plastic or
aluminium). I designed the following
circuit to give a visual display over the
sink inside the caravan. The circuit is
duplicated for di inking water and waste
water levels, only the colour sequence of
the LEDs being reversed. For drinking
water, it is; full to half -full, green; half to
one -quarter full, amber; quarter -full to
empty,. red.

The circuit is based on the LM3914
dotibar driver using 1/4" stainless steel
welding rods as probes. Electroplating is
overcome by reversing the polarity
through the probes each time the
containers are filled (or emptied in the
case of the waste container), by using a
two pin plug and socket. The probes are
spaced 1/2" apart but this isn't critical.

The probes are held in a plastic over -

SKI

*5V

1EMPTY))
A A

.=z1 z7

FS1
LM7805

SW1

`al')
18

REF

re> 2
LM3914

SK2

PROBES

WATER
CONTAINER

WATER
CONTAINER

1000

1k2

9

PRI
101,

CALIBRATE

12V

PROBE DETAIL

flow joint connector used for water
tanks, and this is filled with lsopon; the
surface nearest the water is smeared with
Araldite to prevent the fibreglass tainting
the drinking water.

SOCKETS TO SUIT

RUBBER WASHER

PLASTIC OVERFLOW FITTING
FILLED WITH ISOPON

PROBES 1/8" STAINLESS STEEL
WELDING ROD TO REACH BOTTOM
OF CONTAINER BUT NOT TO
TOUCH BOTTOM

OV
0

The display, dot or bar mode, gives a
linear display of the contents very
accurately, thus preventing overflows of
waste water or running out of drinking
water.
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FEATURE
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VE

ICI

22k

2

6

+VE

16 14 13

8

15

7 2
ICU

3

IC2

L D

-71 6

IC3b

4

LED2

711 I9

IC3

0

L D3

WE

C

4M7
'SHOOT'

1

IC5b

7

RESET

4M7

WE

2

P-A.AA/s--0
4M7

ED4

IC5c
0

1CVE

VE

14

IC4a

2142

6

IC6b

5

+VE
13 j14

ICS,,

4

47n

a

11 9

43

WE

O

106c1

IC7

IC8

C 3n3

1u01-

+VE

LS1
8R

QC"

03

ESOR

13

C5d

12

IMO

100

+VE

3308

NOTE:
IC1,7,8 ARE 555
IC2 IS 4017
IC3,4 ARE 4081
IC5,6 ARE 4011
01.3 ARE BC108
ALL LEN ARE 02"; COLOURS TO CHOICE

SUGGESTED FRONT PANEL

'SHOOT

O

CMOS Sustainer for
Electric Guitar
S. P. Giles, Edmonton

I believe this must be one of the
simplest and cheapest sustainers for
electric guitars around. 10 a and IC1 b
are both CMOS inverters, wired to act as
op -amps. Any inverter will do the trick,
such as 4009, 4049, 4069 or 4007.

The gain of IC1a is determined by
the collector -emitter resistance of Q1
plus R2, If the output level is to remain
constant while the guitar note decays
away, the gain of 10 a must be increased
by a corresponding amount. This is

achieved by rectifying the output of 10 a
through IC1b and D1 and passing the
resultant DC voltage, which is smoothed

R3
IMO

INPUT

by C4 and R7, to the base of Q1. This
forces the collector -emitter resistance of
Q1 to increase in proportion to the input
level from the guitar. RV2 can be set to

NOTE
ICI IS 4009,404940694007 elb
01 IS BC109C
DI IS 1N914

OUTPt.,

any desired level and when set high can
easily overdrive the input stage of the
guitar amplifier giving a valve -type of
distortion.

Tech -Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items.
ETl is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid for at a competitive rate.

Drawings should be as clear as possible and the text should be typed. Text and drawings must he on separate sheets.
Circuits must not be subject to copyright. Items for consideration should be sent to ET! TECH -TIPS, Electronics Today international,

145 Charing C/056 Road, London WC2H OEE.
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MULLARD SPEAKER KIT
40 watt R.M.S. Bohm DESIGNED
BY MULLARD SPECIALIST TEAM
IN BELGIUM comprising a Mullard
8" woofer with loam rolled
surround. Mullard 3" high power
dome tweeter and a cleverly
designed B.K. Elect(°noes crossover
combining spring loaded loud
speaker terminals and receSsed
mounting panel. Supplied complete
with assembly and Cabinet details.
Recommended cabinet size 240 x

.'""
216 x 445mm

PRICE £13.90 + £1.50 P&P per kit
STEREO CASSETTE TAPE DECK MODULE.
Comprising of a top panel and tape n't:Cl an
sin coupled to a record play bark printed

board assembly Supped as one complete
unit to. hut itOntal insta 181,0n .to cabinet or
consort Of Own choice Tnese units are brand
new, reedy built and tested
Features: Three digit tape counter. Auto
stop Si* pano type keys, record, rewind.
Iwo forward, play. slop and elect Automatic
record level control Main uvula phis
secondary mewls for stereo microphones
Input Serwitivity 103nW to 2V input Irn-
Went*: 68K Output level 400rnV to both
en and right hand channels. Output kw
pedalos: 10K Signal to noise ratio 4568
Wow sod Rutter' 01. Power Suet". re-
%urrxriatind: 1,11.94/ t,OC,

handet
300 sfrit:.Connripect,,tsioarinet;

outputs Sr. via individual screened leads, all
german/Red with phone plugs (phone. 100.4115
providedl Dimensioas: Top panel StOn
11 'Arm Clearance required under top panel
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BOOK SERVICE
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International Transistor Selector Towers New £10.70
International FET Selector Towers £4.60
International Op -Amp Linear IC Selector Towers £8.00
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KITCHEN
SCALES
We now turn our attention to weighty
matters. Surely Ws time, in these days of digits
with everything, that we got rid of the
analogue scales readout? You bet it is.
Design and development by Rory Holmes.

At last, the electronics enthusiast
can make amends for the state of
the kitchen table, sinking beneath

an ever-growing pile of constructional
debris. The ETI Digital Kitchen Scales
offer a means of adding a digital readout
to an ordinary mechanical pointer type
of instrument.

The mechanics of weighing scales
are particularly difficult for the DIY

BANDGAP
REFERENCE

SUPPLY

approach, requiring a frictionless
movement with only one degree of
freedom - vertical displacement. We
decided to use the ready -built
mechanics of a low cost spring
movement scale and concentrated on
the electronic problem of measuring
displacement with high linearity, high
resolution, and zero friction!

The resulting design consists of an
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PROJECT

HOW IT WORKS
The block diagram of Fig. 5 gives an over-
view of the circuit operation. Essentially,
a Linear Variable Differential Transformer
(LVDT) is used as a transducer, providing
a voltage proportional to the displacement
of its moveable core (a spring movement
initially provides the linear displacement
with weight). The circuitry generates the
LVDT drive waveforms and uses a phase -
locked detection technique to recover a
stable voltage related to position (and
thus weight). The voltage measurement
obtained is displayed on a 3% digit LCD
DVM module to give a direct readout in
kilograms.

Figure 3 illustrates the principle of the
LVDT using an AC excitation signal. All
the circuitry on the left of the LVDT
shown in Fig. 1 is involved in supplying a
stable 10 kHz sine wave to drive the pri-
mary coil. To achieve the required ampli-
tude and frequency stability the sine wave
is generated digitally using an even length
walking ring counter based on IC2, the
4018 divide -by -(2 to 10) synchronous
counter. IC2 is configured as a five stage
divide -by -10 counter by feeding back the
Q5 output on pin 13 to the input on pin
1. The Q1 -Q4 outputs are summed with
selected resistors R5-8, thus approximat-
ing the sine wave. The counter is clocked
at pin 14 from a 100 kHz astable oscillator
formed from IC3a,b. Since the counter
divides by 10 the sine wave generated will
always be one -tenth of the clock frequen-
cy, ie 10 kHz. The coil excitation frequen-
cy thus depends only on the C2/R9
astable time constant, and the amplitude
only on the CMOS supply voltage.

The stability of the voltage levels is
ensured by using a precision 5 V supply
based on the bandgap reference diode DI.
The op -amp used to regulate this supply
(IC1a) actually powers itself from the 5 V
output, thus stabilising its own power
rails. A bias current of about 1.5 mA (also
taken from the 5 V rail) is fed to the refer-
ence diode through R2, to produce an ex-
tremely stable voltage of 1V2 at the non -

inverting input of the op -amp. The other
(inverting) input of the op -amp is taken
from the R3 -R12 potential divider, the
ratio of which sets the 5 V output due to
negative feedback around the op -amp and
series pass transistor Q1. ZD1, a 2V7 zener
diode, allows the output of the op -amp to
keep the base of Q1 at 5V6 while operat-
ing well below its own supply rail voltage.

The 5 V rail supplies all the circuitry
but a separate digital ground is used for
the logic ICs. This prevents digital noise
from affecting the analogue signal meas-
urement. CI provides smoothing for the
analogue supply rails, while C3 and C4
provide smoothing and decoupling for the
digital circuitry.

Capacitor C6 filters the digital sine
wave approximation from IC2, which is

then attenuated to about 50 mV by the
R14/C7 low-pass filter network. The res-
ulting signal, a much better sine wave, is
fed to the bandpass filter and coil driver
amplifier based around IC1b. IC1b is con-
figured as a standard 10 kHz active band-
pass filter and gives a very pure sine wave
on its output at pin 7 for driving the
LVDT,

The LVDT primary coil has few turns
and a correspondingly low resistance of
about 4 ohms. Since IC1b (part of an
LM324) can only supply about 25 mA of
output current, the peak sine wave ampli-
tude driving the coil should not be more
than about 100 mV. Also, the output
impedance of the op -amp should be very
low. This is because the excitation voltage
must remain constant as the primary coil
inductance changes due to the core disp-
lacement. DC coupling is thus used be-
tween the coil and the op -amp output.

The sine wave swings +50 mV about a
reference level set at 50 mV above the
analogue ground. This is only possible due
to the ground sensing capability of the
LM324 op -amp. Potential divider R13/R4
directly divides the precision 5 V supply
by 100 to provide this reference level at
the non -inverting input on pin 5.

The voltage output from the differen-
tial secondary of the LVDT (illustrated in
Fig. 3) is amplified by IC1c. This op -amp
is configured as a non -inverting DC ampli-
fier with a high input impedance and a
gain of around 20, the latter being deter-
mined by PR1. The 10 kHz sine wave sig-
nal is directly coupled from the coil and
will be centred around the 2V5 reference
rail provided by the potential divider R17,
R18. The secondary is wired 'series oppos-
ing' such that there will be no signal when
the ferrite core is centred.

The phase -locked detection is per-
formed by multiplying the signal by +1
and -1 on alternate half -cycles of the sine
wave to produce a bipolar signal centred
about the reference level. IC1d, the last
op -amp in the LM324 package, is config-
ured as a straightforward inverter, AC -
coupled to the sine wave signal. Two
CMOS analogue switches, IC4a, 4b, switch
the signal either directly (x 1) or through
the inverter (x -1) on each separate half -
cycle. They are switched alternately, using
logic inverter IC3c, from pin 4 of IC2, a
square wave output of the digital sine
wave generator. This produces the wave-
forms shown in Fig. 4 since the square
wave edges correspond to the zero -cross-
ing points of the sine wave after detection.

The resulting phase -detected signal is

low-pass filtered by R28 and C12 to pro-
duce a +100 mV DC voltage, linearly pro-
portional to the displacement of the
LVDT. A further voltage is provided by
the 10 -turn potentiometer RV1 in con-
junction with the potential dividers R26
and R27. A reference of +300 mV (rela-
tive to the 2V5 rail) is available at the
slider of RV1. The two voltages are fed to
the differential input of the LCD panel
meter. This allows the digital scale to be
returned to zero readout, allowing further
measurements when, say, 1 kg is already
being registered. The diagram of Fig. 2
shows how the LCD voltmeter is wired up
for our application to give a 200 mV full
scale deflection (corresponding to 2 kg).
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Fig. 2 Connection diagram for the DVM
module.

easily wound inductive displacement
transducer and the associated drive
electronics on a small PCB, all supplied
from a 9 V battery. An analogue voltage
proportional to weight is obtained,
which is then displayed on a 31/2 digit
LCD panel meter module. Up to 2 kg
can be displayed on the scales, but a

zero -offset control allows a given weight
to be re -zeroed. This provides the useful
facility of weighing and mixing
ingredients simultaneously - when
preparing cake mixture, for example.

The accuracy and resolution
obviously depends a great deal on the
initial accuracy of the spring and pivot
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PROJECT : Scales
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Fig. 4 The output signals generated by the
Fig. 3 The principle behind the LVDT, using an AC input waveform. circuit.

A view of the rear of the DVM module showing the wiring used in this
application.
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Fig. 5 Block diagram of the Digital Kitchen Scales.

system used in the scales, but 1/4%
(5 grams in 2 kilograms) should be
easily obtainable.

The inductive transformer we are
using is known as a Linear Variable
Differential Transformer, or LVDT for
short. These are used extensively in
industry for just such applications as
this project - weighing machines, load
cells, machine positioning and so on.
The circuit features some novel
techniques for allowing an LVDT of few
turns to be used; specifically, a phase -
lock detection system based on a digital
sine wave generator, and a self -
stabilising bandgap power supply for
precision voltage levels. The block
diagrams and boxed -off text give an
explanation of the circuit operation and
explain how the displacement
measurement works.

Next month we will describe the
construction of the PCB with an
overlay, and give details of the LVDT
coil winding and mounting
arrangements.

CMOS
CHANGEOVER

SWITCH

OFFSET VOLTAGE

VOLTAGE PROPORTIONAL
TO LVDT DISPLACEMENT

3Y, 0I0IT LCD VOLTMETER ETI
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ADVANCED BBC
PROGRAMMING
Having received your BBC Micro, worked
through the Welcome pack and dipped into
the manual, you might be wondering what
to do next. Well, if you get hold of next
month's issue of Computing Today, you'll
find a major feature on advanced
programming techniques you can use with
this versatile system.

The article will be essential reading for
those who are merely thinking of buying the
system too, as it is intended to show up
some of the machine's great strengths over
systems supplied with ordinary or Extended
BASICs. Indeed, if you are at all interested
in producing good, structured pieces of
software then this feature is going to be well
worth waiting for.

ADDING UTILITIES TO
YOUR NASCOM
As weli as being one of the very tirst British
personal micros, the NASCOM has always
been one of our personal favourites. In our
next issue we take a look at how you can
build a powerful set of utilities which, unlike
the commercial 'toolkits', can be configured
to suit your own special needs. Indeed, if
you take the ideas presented here far
enough you could end up with your own
special version of BASIC tailored to your
own requirements.

SOFTWARE GALORE
Our July issue will also -contain a bonus of
some eight pages of Softspot material. These
are reader's own programs submitted to the
magazine and you can be sure that we have

4, % picked out some of the more interesting or
-4, \ s funto-use material from the vast piles sent-v 'o

0 °:$9
in over the last few months.
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NEXT MO
HANDS-ON A HAND-
HELD
I: you :nought that the PC 1211 was a great
little machine, and few didn't, just wait till
you read our report on the amazing
PC -I500. Quite apart from its inbuilt
features, it is backed up with a number :

interesting extras including a four-colour
printer which simply has to be seen to be
believed.

For a look at advanced pocket
programming power, you simply can't af,crci
to miss out on our next issue.

WATCHING TANDY'S
BASIC AT WORK
The single major taxiing of most debugging
aids you can buy for your system is that they
only show you what your program is doing.
This program actually shows you what the
interpreter is doing to your program, with a
real-time screen display of those vital
scratchpad locations.

If you're bugged by bugs you can't track
down, try adding this utility to your library
and see just where they are wrecking your
code.

Articles described here are in an advanced state of
preparation but circumstances may dictate changes to the

final contents.
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THE CASE
FOR

IL IF'
It's the chance

every constructor wants

POWER AMPS

PRE -AMP
MODULES

SEND COUPON
(NO STAMP NECESSARYI

FOR YOUR FREE
I.L.P. CATALOGUE
AND OPEN UP

TO A
NEW WORLD OF
QUALITY & VALUE

Its something you have always wanted.... something to build
your equipment into that's smart, modern. strong, adaptable
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triumph of I.L.P. design policy. It presents totally professional
appearance and finish, ensuring easier and better assembly to
make it equal to the most expensive cased equipment.
The all -metal 'UniCase' is enhanced by precision aluminium
extruded panels engineered for speedy and perfect aligned
assembly within a mere five minutes. Designed in the first case
to accommodate I.L P. power amps with P.S.U's, the range
will shortly be extended to house any other modular projects

WHAT WE DO FOR CONSTRUCTORS
Our product range is now so vast we cannot possibly hope to show it
all in our advertisments without overcrowding or abridging
information to the point of uselessness So we have devised a solution
which we invite you to take advantage Of without delay. ALL YOU NEED
DO IS FILL IN AND FORWARD THE COUPON BELOW TO RECEIVE
OUR NEWEST COMPREHENSIVE I L.P.CATALOGUE POST FREE BY
RETURN It gives full details of all current I L P. products for the
constructor together with prices, full technical and assembly details
wiring and circuit diagrams etc and it's yours, FREE You don't ever
have to stamp the envelope it you address it the way we tell you

ELECTRONICS LTD.
FREEPOST 4
GRAHAM BELL HOUSE. ROPER CLOSE. CANTERBURY cT2 rEP
Telephone Sales (0227154778 Technical Only 10227164723 Teel' 965780

FREEPOST
Mark your envelope clearly FREEPOST 4 and post n WITHOUT a starry tc
I L P at address above We pay postage when your letter reaches us

To: I.L.P. ELECTRONICS LTD.

PLEASE SEND ME I L P CATALOGUE.

POST PAID BY RETURN

I HAVE/HAVE NOT PREVIOUSLY

BUILT WITH I L P. MODULES

Name

Address

IL P groducrs are available adso from Holly's alarstlialta, Tecbncenanc A Wa4fcv0

Did
you
know

I.L.P. are the world's
largest designers and
manufacturers of hi-fi audio
modules?

I.L.P. pioneered encapsulated
power amps and pre -amps for
enhanced thermal stability.
mechanical protection and
durability?

There are TWENTY power
amplifiers from 15 to 240 watts
RMS including the very
latest super -quality Mosfets to
choose from?

TWENTY pre -amp modules
allow you to incorporate
exciting professional
applications to your equipment
never before available to
constructors and
experimenters?

I.L.P. are suppliers to
the B.B.C., I.BA.. N.A.S.A.,
British Aerospace, Marconi,
Racal, Ferranti. G.E.C., Rolls
Royce etc?

Goods are despatched within 7
days of your order reaching us and
covered by our 5 year no -quibble
guarantee'
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READ/WRI
Letters for this page should be addressed to Read!Write at
our Charing Cross Road address.

Dear Mr Harris,
Further to our telephone discussion
about your article 'Engineer's Guide to
Printers, in your May issue,. we would
like to draw you attention to the fact
that you have used a photo of our
Printer twice in this issue. Firstly, in the
features index and again during the
article. Since apparently this photograph
was taken from your Press Release file
and not specifically obtained for the
article we would appreciate some
acknowledgement. We would draw
your attention to the fact that we offer
many other printers and enclose details
on this for the interest of your staff and
readers.

Yours sincerely,
P. Pearce,

Electrographic Peripherals Ltd,
Printinghouse Lane,
Hayes,
Middlesex.

Dear Sir,
Please would you tell me if you know a
company who make PCBs to people's
designs. I need the PCBs to be of high
quality as I am making a 16 -bit
computer.

Yours faithfully,
Matthew Newman,
Amersham.

Indeed we can. You can try Crofton
Electronics, 35 Grosvenor Road,
Twickenham, Middlesex TW1 4AD. It's
also worth having a look through the
Classified ads at the back of the
magazine.

ETI JULY 1982

E
Dear Sir,
I always look forward to 'Designer's
Notebook' each month. For me,
personally, it strikes the right balance
between the pragmatic and the
theoretic.

A case in point is the May 1982
issue of ETI. Here Don Keighley has
expounded upon remote control which
has possibilities via encoded and
demodulated signals that I had not
considered outside the RF spectrum.

May I ask one or two questions?
a) If a receiver, IR or ultrasonic was
mounted upon a slowly moving object
then I assume the transmitter transducer
(IR or ultrasonic) would always have to
have line of sight contact? Is this
correct?
b) Both Plessey and NEC systems
require a demodulating preamp at the
beginning of the receiver. Would the
TBA1205 IC (used for FM limiting and
demodulating) be acceptable as such a
preamp?
c) Finally, would it be possible to have
the address of the Plessey location (they
have so many) and Nippon Electronic
Company concerning data sheets for
these remote control systems. I would
like information concerning purpose-
built preamps and input selectors.

Yours faithfully,
F. Mills,
Dibden Purlieu.

First of all, neither IR nor ultrasonics
reflect terribly well so line -of -sight is
needed for best results. Second, as far
as we can see the IC you mention
should be OK, but you'd have to try it
to be sure. Third, manufacturers aren't
keen on having their addresses
published because they'd be deluged in
requests for data from hobbyists. (In
any case, Plessey are notorious for
clinging to their data sheets with a
death -like grip). Try asking the
companies who actually sell the chips
- most of them are quite helpful
although they will probably make a
small charge.

Dear Sir,
I read with interest Mr. Tilbrook's article
on Pickup Amp Design in January 1982
and Mr Butson's comments in the May
issue of ETI.

Mr Butson states that the bass
turnover frequency prior to 1955 was
between 300 Hz to 450 Hz depending
on the manufacturer. In fact, turnover

frequencies between 250 Hz and 1 kHz
were not uncommon. To accommodate
Decca Ffrr and other equalisation
standards used for 78 RPM discs an
adjustable treble filter would also be
required.

Enclosed copy, taken from Audio
Enthusiasts Handbook by 8.8. Babani
page 8, shows the replay characteristics
required for optimum reproduction of
78 RPM records made to various
standards.

A number of LP recording
standards were in use before the
introduction of the present RIAA curve
(see diagrams) and it would indeed be
very useful if there would be a pickup
amp for equalisation standards for
78 RPM and microgroove records. To
my knowledge such an amplifier is not
commercially available.

Attempts to imitate these standards
by using ordinary treble and bass
controls, although often recommended
as an alternative to a 'specialist' preamp,
can obviously not result in the correct
reproduction of records made to others
than the present RIAA standard.
Furthermore, acoustically recorded
78 RPM discs do not require any
equalisation.

Yours sincerely,
Anthony R. C. Crawford,
London.
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OOPS
We've come across three errors this
month. The first one is a small slip in the
Parts List of the Capacitance Meter, April
'82. The line reading "Q3-7 . . BC212L"
should be deleted. The second error also in-
volves a Parts List (there's a lot of it about!),
this time for the Automatic Contrast Meter.
The capacitor section is completely wrong,
although the correct values are given on the
circuit diagram; ie C1,6,10u 35 V tantalum;
C2, 22u 25 V tantalum; C3, 68n ceramic;
C4,5, 680n polycarbonate; C7, 220u 16 V ax-
ial electrolytic. The third one's a bit more
serious and involves the mains connections
on the Economical Heater Controller from
May '82. The three connections to the
transformer (bottom right of overlay) are
shown in the wrong order; from left to right
they should be neutral, earth, live no, earth,
live, neutral.

ETI
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THE PRINTER SCOOP OF THE YEAR
THE LOMA/II/A MICROPROCESSOR CONTROLLED
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INES AGA1NI
From the past it came, growing daily, striking terror into the hearts of lesser publications, and spreading its influence across
the country in its quest to infiltrate every town, every home, every mind
Not a horror story, but a success story. And it electronics theory strikes terror into you, then yOu need the help ot. Elec-
tronics - It's Easy. Originally a long -running series in Electronics Today International, Electronics - It's Easy vves printed
as a set of three books. They sold out It was reprinted as a single volume. It sold out Now this phenomenally successful
publication is available again, in its third reprint. Electronics - It's Easy is a comprehensive and simply written guide which
explains the theory land the practice) of electronics step by step. Every aspect of the sublect is Covered, starling with the
basic principles and working through to the how and why of today's technology.
You can obtain your copy of Electronics - It's Easy by mail order using the coupon below. Make cheques or postal orders
Payable to ASP Ltd. alternatively you may pay by Access or Barc,aycard

rSend to: Sales Office (Specials),
513 London Road, Thornton Heath
Surrey CR4 6AR

Please send me copies of Electronics -
It's Easy. I have enclosed f
including p&p).

NAME

ADDRESS

Please debit my account
My Access.' Barclaycard No. is

Signature
L

(f4.95 each

FIRST PRIZE: £50
SECOND PRIZE: £10
THIRD PRIZE: £5

CROSSWORD NO.3 WINNERS
FIRST: S.W. MAR LAND, WIGAN
SECOND: TOM BRYANS, CO. DOWN
THIRD: S. A. SELLER, LINLITHGOW

ACROSS

rerlient man has one leg on
transistor. (9)

el/Kenny's show would be no good
yeithout it. (5)

ire" Can this snake perform binary
addition? (5)

unit of low capacitance. (9)
11.fieeded for a change. (7)

.,./17 light Brigade's mount boosts
battery. (7)

14. Dig this! (5)
yel ET connection - for water

dispersalt (5)
18. Power down' Power up! (3,2)

Round and round for hum. (4)
21. State of storage battery across

,even tor. (2.5i
Residue from solder bath. (4)

eS7 Computer says "come in". (SI
24. Clear. to start again. (5)
27. Medium for conducting electrical

energy. (5)
28. Heighten, intensify. (7)
30. Split insulator - needs truss! (7)
33. The medium of transmitting and

receiving graphic material_ (9)
34. Gelatinous electrolyte of dry cell

battery. (5)
35. Titan turns round and becomes

soldering iron. (5)
36. Shiny light rewriter. (9)

DOWN

A fined quantity. (8)
2. Symbol for effective voltage. (4)
3. Aerial element from which radio

ayes emit. (8)
ctual material for the computer

)

retarding force. (4)
I dare blonde to produce
convenient packaging for
-omponents. (11)
No receiver can do without
one. 111)

12. Harmonised vibration. (9,
13. Computer symbol. (9)
15. Centre anchorage point for

tape. (4,3)
17. Abandon! (5)
)flieThe point al which rays

converge. (5)
23. Convey signal from one point to

another. (5)
24. Safety device for overload shut

down. (4,4)
29. The sound 6 Across may give

out. (4)
31. I art! . . (4)
32. Electrically activated (4)

ANSWERS TO PRIZE CROSSWORD No 3
ACROSS: 1 Duple/re.. 4 Armature. 9 Camelot. 11 Contour 13 Image 34 EFT. 15 Gap. 16 Level.
17 ).type. 1$ Tuner 20 Power. 11 Rig 11 (went 27 Erase. DI Arnett. 19 Lumen 30 C RT. 32 Gm.
33 Omega 34 Neulron. 36 Tickler. 3S left deck. 29 Idle time DOWN_ 1 Declbelg 2 Par. 3
Encircle 5 Receiver 6 LEO 7 f urocard. I Quad. 10 Metal detector. 11 Negaltve logic. 1a
Y1ine. 23 Terminal. 24 Harmonic 15 Isolated 160n charge 31 Peal. 35 LAI. 37151.
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PROJECT

LOGIC LOCK PART 2
This month we conclude this devilishly cunning device. Full
constructional details are given for both the main board and our unique
touch keypad. Design and development by Rory Holmes.

The PCB for the combination lock
has been designed to fit into a
general purpose ABS Verobox

(120 x 80 mm); Fig. 1 shows the
component overlay. The board should
be assembled in the normal fashion,
inserting Veropins at the five switch
connection points. The five -way Molex
PCB sockets and the screw ter4minal
output sockets are obviously not
essential items, but they simplify
installation of the lock and we
recommend their use. Orientation of
transistors, diodes, electrolytics, and
ICs should be carefully checked. IC6 is
the opto-isolator; it has six pins,
although the PCB allows for an eight
pin DIL socket. It should be plugged
into the six pins nearest the screw
terminal connector. Figure 3 illustrates
different options for output circuits
that may be used for switching either
AC or DC solenoids. An opto-thyristor is
used for handling mains -operated
solenoids, or lower AC voltages, while
an opto-transistor isolator of either
single or Darlington type is used for
switching DC solenoids. For the DC
arrangement a socket may be used and
a BD139 transistor should be soldered
in as shown on the overlay. If the mains

output is used the opto-isolator should
be soldered directly to the PCB, and a
link is soldered in place of the BD139
across the base and emitter pads.

A PP3 battery connector clip
should now be wired to the power
supply points shown and the slide
switch SW1 connected up to the five
terminal pins using insulated wire.
Before assembling the box, the keypad
should be constructed to allow testing
of the lock.

Keypad Construction
The construction method we

describe here results in a very neat and
attractive little keypad, no more
obtrusive than the standard Yale lock
fitting. The case for the keypad is
nothing other than the familiar volume
control knob! The hollow plastic type
clad in a spun aluminium shell is used,
with an external diameter of 38 mm.
The internal plastic fixing bush is drilled
away to allow mounting of the
indicator bezel through a central hole.
Ideally, the metal bezel should be
mounted with an insulating washer or
plastic bush, both to prevent contact
with the aluminium casing and to
provide the required height of 6 mm.

A look inside the lock. The Molex connectors are neat but not essential.

Figure 2 shows a cross-section of the
keypad assembly. Eight holes of 5/32"
diameter are now drilled evenly around
the centre, for taking the touch
contacts. These contact pins are made
with standard PTFE-insulated lead -
through terminals. The PTFE bush fits
easily into the holes and the pins are
then tapped home with a hammer, to
produce a very firm and waterproof
contact. It's a good idea to number the
holes on the front panel before
mounting the contacts, using Letraset
or similar and a protective lacquer
spray.

Once complete, a 10 -way ribbon
cable may be soldered to the contact
pins on the inside of the knob. Since
the ribbon cable is terminated with two
five -way plugs it's important to observe
the LED connecting wires. They are the
first and last wires in the ribbon, the
LED anode going to the +6 V rail on
SK1. The anode should also be
soldered to the LED bezel to form the
central touch contact. The two plugs
wired on the other end of the cable
should be marked in some way to .

identify which way round they fit the
sockets.

Time To Test It
HaVing assembled the keypad it

can be plugged into the main PCB for
testing. Set the switch SW1 into the
normal 'operate' mode, and put a 6 V
battery on the connector clip (four 1V5
AA cells, in the long flat type of plastic
battery holder). Now, put the switch in
'program' mode and then back to
normal. The LED will illuminate for
about six seconds and then go out,
ensuring that the lock has reset to its
rest state. On connecting new batteries
the memory should be zeroed -
switch to 'program' again and enter 18
zeroes through the keypad, then return
to 'operate' mode.

A combination sequence can now
be entered by switching back to
'program' mode and touching both the
required contact number and the
central bezel with two fingers.
(The skin resistance must bridge the
contact pin to the +6 V rail on the
LED bezel; it can be done with one
finger, but it's easier with two). Any
length of sequence up to 14 digits may
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PARTS LIST
Resistors (all 1/4 W, 5%)
R1-9 10M
R10,11
R12
R14
R15,18,19
R16,20
R17

Capacitors
C1-8,15
C9
C10
C11
C12,13,15
C14
C17

3M3
47k
100k
22k
220R
2M2

10n ceramic
2u2 35 V tantalum
33n ceramic
1u5 35 V tantalum
2u2 ceramic
68n ceramic
220u 16 V axial electrolytic

Semiconductors
C1 4532B
C2 40708
C3 5101
C4
C5
C6

Q1,2
D1-7
LED1

4029B
4093B
H11C4 (mains) or CNY17/1V
(DC) or TL114 (DC)
BC214L
1 N4148
3 mm green LED with bezel

Miscellaneous
SW1 DPDT slide switch
PCB (see Buylines); two off five -way 0.1"
PCB plug and sockets(Molex type KK); PCB -
mounting screw terminals; short length of
10 -way ribbon cable; knob for keypad (16 x
38 mm diameter, aluminium clad); eight off
PTFE-insulated leadthrough terminals; four
off 1V5 AA batteries, flat style holder and
battery clip; case (ABS Verobox ref.
75-2860J, 120 x 80 x 35 mm); solenoid door
bolt.

PTFE LEAD -THROUGH
INSULATORS MOUNTED

IN 5/32" HOLES

INSULATING WASHER

CHROME BEZEL

SILVER-PLATED PIN

PTFE
BUSH

RIBBON CABLE

40

38mm DIAMETER
ALUMINIUM -CLAD

CONTROL KNOB

GREEN LED

EIGHT HOLES
SPACED ROUND
DIAMETER

LED
BEZEL INSULATING

WASHER

qlr-rE

\\

PLASTIC
MOULDING

ALUMINIUM
SHELL/

SWITCH
SW1

PROGRAM

NORMAL

BV +EV

i,lellizatio
Lu , 5SRrl

TO METAL BEZEL
AND LED1 ANODE0

L`iiir, -. lira-
- ! -Era,

cijizt: vill riEt

Cd. 371.1".1.11111.1 I ir

1!!!"41
Li iiiif, -zillid.

F17:5 Ig-/12711st
" if trail'!NA imi si

!P.1111W"l-ftrifti

OPTIONAL
GROUND

SPARE
CONNECTOR

Fig. 1 Component overlay for the Logic Lock PCB.

TO TOUCH
CONTACT PINS

3

2

0

LED1 CATHODE

8D139 OR LINK
ISEE TEXT AND FIG. 5)

SOLENOID
DOOR LATCH

I SEE TEXT)

-VE +VE

SOLENOID SUPPLY

A ribbon cable links the keypad to the
main unit.

Fig. 2 (Left) Constructional details for the
keypad. The LED indicates that an input has
been accepted.

be programmed, with any number of
repeated digits. After entering your last
digit, switch back to 'operate'; the LED
comes on again for six seconds to mark
the end of sequence and reset the
circuitry.

Now comes the moment of truth!
Re-enter your combination sequence
through the touch pins. As the last
number is entered the LED should
illuminate, signifying the solenoid
activation period. For obvious reasons,
errors are not indicated; the lock
simply resets. If an error is made or the
lock doesn't appear to open just tap in
the code again from the start.

Once you are satisfied that the
lock is working correctly, the main PCB
should be secured in the lid of the
Verobox using adhesive pads. It fits
exactly between the corner pillars as
the internal photograph illustrates. The
switch is also secured on the lid
alongside the PCB using Superglue. It
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SC110 FULLY PORTABLE OSCILLOSCOPE

The new T1SANDAR SC110 repremens a break through it Clecitoecaps
development. The SC110 is only 2' deck and wephs undo' 2 lbs yet it main We
standard MMus* of  bench coodcocope.

FULL -SITED PERFORMANCE
 10MHr band width
 lOrnV par dry. emotivity
 Ful trigger facilroes ere prodded Indud-

mp one and auto, with T.V. line
and from filterog

 RUNS ON ORDINARY HP11 (fowl
Winona* or recharged:4es

 ark pnce - £1111UX Pon tree
Optronal *rift.. -
AC Adaptor C5 M. Rechargeable bettenes
CB 83; X1 Probe 05.06. X10 PrOtsa C9 20.
XI X10 Switched Probe C10.50: Carry Cam
EH 86

PFM200A FREQUENCY
METER
 Pocket sue  IlDign LED display 
Frequency range 2E444200MM:  RescAmon
0 11-1:  Sereltruny typically lOrnV rrns
 Tirnebese accuraCy Napm  Sart4sY
10 hours  Frequency: 2 ranges 4 gene timse
 Price £87.50 UK Post tree
COMM/Wm - AC Adapter (5 IS

LARGE 259 E Elorsgs detels 04: Oscilloscopm. Frequency Meters, Sign
.-rimerators, Funcuon Cyclorama's, Pulse Generstons. Analogue and Digital

Mummeters Diddal TI-mmometer, C.R.T. Tear, LiNee Anatol* VC.

Ar prom include VA'
npoointrnenl Bartta.

Government and L

gene. Mel order only, Or callers by prior
Cash 'chews etc., with order.T. ,4',3, orders welcome

B.K. ELECTRONICS
37 Whitailtwee Meadows, Eastwood, Leiseroollea, Essex ESA STY =

Tel- Southend 127572

POWER DIMMER MODULES
A range of electronic modular dimmers designed to

uit your custom channel and facility requirement
Considerable saving over commercial equipment
A4 the commercial famines and more
Cologetable special effects
Preset 'remote 'ouster
buttly installed are weed

Sundae but Ofective 1000W controller (13 90
Used in Ocniunclean me' RS unfit for £9.90 OKI

Remote desks 1 1000 end 2000W ~soma (23 901210
MC -- Master dimmer Ir SPC 'RS units (7 20
RS - Remote controller for SPU.'SPC Unto
SUP!REF - Supply 'signals for up to 90 modules 28 20
Discounts on above only (order E100 to flN 20'av £200 to E299 254a E300 - 30%

EFFECTS ACCESSORIES
MXSI. Four (-normal sound to lagM
MXLS Four [Now* Sequencer
PSU S 'or

3 CHANNEL SOUNDIUGIff

sec
SPU

CHASER £35.70

L831000SLC

C32 90
(23.70
17 20

A ,ijh 4' .0 11601 pronging bow
,n.:1 led Inert Noveure enplome scene
weirs Autorneet prommo q dew in aH
twice nr  WWleC 11.01 NAM cive,

4 CHANNEL SOUND/
UGHT AUTO CHASER

A NO priennenee laced to IBM makes/
MA grew end NOW orrgdONAg 0010 levot
OWL Atay1 1.64tcf.ng a clmes
&MOW a MOO MOAN 710W ,C.111.

3 CHANNEL SOUND/LIGHT
LB31000SL

£2.70AO2the ottvereeles.
el the SIX *lessee .Me

Controls bnimit1/1100111enaillaf berafiNtly

BLUE FASCIAS (WIN. letters/

Tyre Knobs Leda Svr Price

MULTI 4 9.70

41000SLC 2 9.20

31000SLC 5 8.70

3100051. 4 7.70

Dont Mertona to welts ce phone for immediate Information. AN prkee Include VAT.
Please include 75p pose except power dimmers IC1 50) Cheques POrC.0

Access all welcome
TEL 01 ASS 4133 IMon to Fel.5-91

L b B ELECTRONIC 45 Worsley Road. W. Croydon, Surrey CRO 3E8

MASTER ELECTRONICS NOW!
The PRACTICAL way!

This new style course will enable
anyone to have a reel understanding
of electronics by a modern. practical
and visual method. No previous
knowledge is required, nu maths, and
an absolute minimum of theory.

You learn the practical way in easy
steps mastering all the essentials of
your hobby or to start or further a
career in electronics or as a self-
employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace, A tutor is available to
whom you can write personally at any
time, for advice or help during your
work. A Certificate is given at the end
of every course.

You will do the following:
Build a modern oscilloscope
Recognise and handle current electronic

components
Read,draw and understand circuit diagrams
Carry out 40 experiments on basic

electronic circuits used in modern
equipment

Build and use digital electronic circuits
and current solid state 'chips'

Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi -Ft and microprocessor/computer

NewJob?quipment.NewCareewHobby?Get into Electronics Now!
'FREE!
I

I

Please send your brochure without any ObiiqatiOn to i am interested in.
NAME

t I COURSE IN ELECTRONICS
et deocrible stove
RADIO AMATEUR LICENCE

DIRER
wcRopRoccssoRs

r-1 LOGIC COURSE
CAP`F ,ASF

ADDRESS

ET1 '7 821

ILBritish National RadiD&Electromcs' School Reading,Berks.RG17BR
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PROJECT : Logic Lock Part 2

Fig. 3 (Right) Three possible output circuits
that may be used to control mains or DC -

driven solenoid bolts. Other possibilities are
left to your ingenuity!

should be raised up on a paxolin spacer
in order to clear the rim, with an
appropriate slot cut in the main box for
the toggle. A thin slot for the ribbon
cable is also cut on one side near the
base, allowing the five -way plugs to be
pushed through one at a time. The
specified battery holder fits into the
bottom of the box, on the opposite side
to the screw terminals. The batteries
should be inserted first before securing
with adhesive pads; make sure you
allow room for the connector clip. The
solenoid and power connecting wires
pass through another slot cut out next
to the screw terminals.

BUVUNES
All the hardware for this project (with the
exception of the Molex connectors, which
aren't essential) is available from
Electrovalue. The board can be obtained
from our PCB Service on page 71, while the
solenoid door bolts are sold by BSC
(Security) Ltd., 34/35 Dean Street, London
W1V 5AP. Contact them for details.

ON -BOARD

SINGLE OR DARLINGTON
TRANSISTOR

OPTO-ISOLATOR
ICNY17/1V)

BD139
ON PCBI

e

OFF BOARD

OPTIONAL EARTH LINK

1N4001
PROTECTION
DIODE

VE

VE

SOLENOID
POWER SUPPLY

IUP TO
40V AT 141

THYRISTOR
OPTO-ISOLATOR

11111C41

e
e
0
e

240V
MAINS

SOLENOID
0 LIVE

NEUTRAL

LINK IN
PLACE OF

CIRCUIT BD139
GROUND

NB: MAXIMUM SWITCHING CURRENT
IS AROUND 200mA SUITABLE
FOR SOW SOLENOIDS

0 EARTH J

THYRISTOR
OPTO ISOLATOR
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4 . 154004

r-
56R

SCR
IT IC2630 OR

TIC246D1 a

1

SOLENOID
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0 NEU1RAL

EARTH

240V
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ENFIELD ELECTRONICS
SPECIAL MONTHLY OFFER No. 1
Hand held Micro Cassette Tape
Recorder. Compact and handy, this
memory device records at two
speeds providing up
to one hour of
recording. Comes
complete with
mini cassette.
earphone and
carrying
pouch.

ONLY
£20.70

+ 50p p&p

SPECIAL MONTHLY OFFER No. 2
Illustrated is one of a
wide range of SWR
meters in stock. Other
examples are:-
Model 171. only £16.95
SWRI50A-just £12.95

ONLY
£8.95

+ sop p&p

A.1.141

BELOW IS JUST A SHOREILIST OF OUR TRANSISTORS, 74 SERIES & C MOS 4000 SERIES
TRANSISTORS 74 SERIES C MOS 4000 SERIES

C107 27 C137
C122 27 0138

C2121310 :CY71 15 233 45 7400 zu 7480

C125 27 :C139
C213 10 0Y72 15 :.234 45 7401 20 7481

C126 27 :C140
C213A10 :CX31 17 235 45 7402 20 7482

AC127 27 :C141
0213010 :0106 85 236 45 7403 20 7483

C128 27 :C142
C213C10 :.115 64 237 45 7404 20 7484

C141 28 BC143
0214 10 116 82 238 45 7405 20 7485
C214810 :.121 80 :E239 45 7406 28 ;,:n

C142 28 :C147 1 C214C10 :4123240 240 55 7407 48
C176 28 4C148
C187 28 BC149

C214L 10 131 45 2404 55 7408 20 7490

C188 28 BC153
C237 18 132 45 241 55 7409 20 7491

CY18 70 C154
C2381330 133 45 437 47 7410 28 7492

CY19 70 BC157
C239C30 135 45 438 47 7411 25 7493

CY21 90 80158
C251 12 :.136 45 506 55 7412 22 7494

0130 100 0C160
0301 30 : 138 45 520 55 77441134 804 MC258B30 137 55 0.519 47

CY13290 BC159

0143 95 C161
C303 30 0.139 45 5g11008 7416 3,1 ;1870
0307 30 140 45

0140 95 C1678 0308 30 :.155 55 :711 48 7420 20 7104
0149 105 C168
D161 50 C169

0309 10 175 75 712 48 7425 28 7105

F114 65 C172
F115 50 C173

03273 10
gDIA 80 Till

7426

3054

184

0162 50 0170
C317 10 0.176 52

F106 50 :C171
C318 10 177 87

F116 65 C174
0337 12 BD180 80
C338 12 185 75

20 7111
28 7116

3'3 14

F139 52 C179C440 40 BD187 75
127 60 7437 30
152s 32 7438 30 71211

F126 55 :C177
F127 50 C178

C384L 30

C107 12 0181
0441 32 EC188 75
0461 30 0.189 80 153 32 7441

C1071312 C182L C477 20 190 80 155 50
60

7126
7123

C107C12 C183 0478 20 0D195 90 156 40
C108 12 C183A 0479 20 :196 90

100 7135
157 35 7 74 44443 100 7141

C108Al2 :C1838 :C517 12 0.197 90 158 35 7445 90 7143

C108C12 :C184 :C537 12 199 95 160 35
7444467 90 7144C108812 :C183C C527 12 :.198 90 159 35

C109812 :C184C :C548 12 8 I 71481;D201 85 163 32 7450 2
0109 12 01848 :C547 12 :0200 95 162 32 7448

C113 18 :01867451 25 7150C109012 C184L 0549 12 202 85 165 30

C114 18 C187
0115 18 0204C550

12 : 76 166 60

74707453

50 7151
C556 12 204 90 167 60 7454

:C557 12 :205 85 173 32 7460
25 77115543C116 18 C20525

C117 18 :C207
32 7155C558 12 0.206 85 177 35

2112265 2 220912 CY31120
222200287 499555

77447732

7474
7475

ill 771g9
30 7160

C118 18 :C208 CY30110

:CY32120 0 225 45 181 35 44 7161
0136 32 02128 :CY70 15 0.232 45 182 35 7476 35 7162

WE ARE OPEN 9 AM -6 PM MONDAY TO SATURDAY

60
175

70
68

295
95
28

195
36
75
30
50
75
65
85
80

310
150
150
48
27
25
60

170
95

340
36
46
60
60
50
60

550
250

80
125

85
120
75
65

100
80
80
70
90
90
90

7163
7164
7166
7167
7170
7173
7174
7175
7176
7177
7180
7181
7182
7184
7185
7188
7190
7191
7192
7193
7194
7195
7196
7197
7198
7199
7221
7279
74284
74285
74366
74390
74393
75107
75108
75110
75140
75141
75150
75154
75182
75451
75452
75453
75454
75494
76003

208 Baker Street Enfield Middlesex 01-366 1873

90 4000 22 4069 30
100 4001 20 4070 30
100
400

4002
4006

22
30

4071
4072

27
27

195 4007 26 4075 25
120 4008 38 4076 90

90 4009 36 4077 40
BO 4010 45 4078 30
85 4011 24 4081 28
85 4012 28 4082 30
90 4013 40 4085 92

200 4014 92 4093 52
200 4015 98 4099 155
200 4016 39 4100 140
200 4017 82 4106 140
500 4018 87 4107 115
100 4019 61 40174 95
100 4020 96 4160 83
95 4021 72 4161 83

100 4022 82 4162 83
90
90

4023
4024

25
30

4163
4175

83
83

95 4025 3 4402 83
85 4026 1 2 4412 83

145 4027 0 4419 83
145 4028 1 2 4445 83
200 4029 140 4446 83

4038 117 4449 83
95 4040 7 4501 83
95 4041 115 4502 83
64 4042 0 4503 83

375 4043 0 4510 99
195 4044 5 4511 125
120 4045 90 4512 85
130 4046 12 4514 205
240 4047 112 4515 215
160 4048 7 4516 72
95 4049 0 4518 95

200 4050 7 4526 115
188 4051 80 4528 80
150 4052 5 4538 155
45 4053 5 4539 85
45 4054 150 4541 110
45 4055 1 5 4555 88
95 4056 15 4561

110 4066 0 4568 85
220 4068 30 4569 B
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AUDIOPHILE
Welcome to a geometrically perfect
Audiophile. This month Ron Harris
has been listening to the hyper -elliptical
Shure V15V cartridge and the
'Carver Cube' amplifier. They went
down a treat with his speaker cones.

This was to be the month of the great amp line-up, but the
launch of a new V15 model is of sufficient interest - and
rarity - to warrant immediate attention, is it not? Dis-

senting voices may pass (quietly) across to the Carver write-up
also contained within these pages. See if I care that you choose
to ignore half my erudite words of wisdom. Anyway, putting the
amp comparison off a month gives me four more weeks to play
with some of the best units on the market. .

V15V Or Four And A Half?
Not a few people find the release of the V15V a little sur-

prising - me included. For one thing it comes only a short time
behind the MV3OH - a version of the V151V. Is that to fade
away so soon, never really having had time to shine? For
another, the Five will cost around £130 over the counter and
that is quite a pile of green stuff more than the IV. That price
also puts it firmly into competition with some excellent El 00+
pickups - the Karat Ruby to name but one.

Herein lies the biggest question mark, for the V15V is not a
moving -coil, despite the ever -circulating rumours that Shure
were about to nail down their magnets and begin waving wire
with the best of 'em!

With the hold that moving -coil pickups have on the top -
end hi-fi market at present, it is a brave move to aim your new
flagship straight into battle with them like this.

There are (inevitable?) similarities between the Five and its
predecessor. It carries the stabiliser assembly, for one. Output
level is similar, as is compliance. Once again this is a unit for low

BASIC PROPERTIES OF MATERIALS
MATERIAL MODULUS DENSITY RATIO

(STIFFNESS) (MODULUSIDENSITY)

dynes/cm,

x10',

grams/cm, cm'/sec'

x100

ALUMINUM 0.72 2.70 0.27

BERYLLIUM 2.9 1.85 1.58

BORON 5.5 2.53 2.18

SAPPHIRE 3.3-3.9 3.9-4.1 0.93

DIAMOND 7.4-10.5 3.15-3.5 2.88

44

mass arms and low tracking weights; a combination which may
be interpreted as a defiantly rude gesture in the direction of the
massive arm and everything -must -be -heavy -to -be -rigid doctrine
presently in vogue.

Five, Five, Five
The refinements are legion however. The greatest single ad-

vance lies in the cantilever system. In the V15V this is formed
from a tube of pure beryllium. The tube wall thickness is only
0.005", or about 1/6 that of a human hair, as Shure would point
out. (I love these silly comparisons! Ever tried playing a record
with six hairs twisted together?)

The effective mass of this is reduced to the point where the
resonance rises to beyond 33 kHz as opposed to the usual
19-24 kHz. This flattens top -end response and will tend to im-
prove h.f. separation within the audible range.

Another improvement is the polish used to finish the stylus.
Christened the 'Masar' polish, it is claimed to be orders of
magnitude better than all that has gone before. Better finish
means lower record wear and less surface noise.

As a final mechanical touch, the cantilever itself has been
lengthened, thus allowing the vertical tracking angle to be
altered. After some careful considerations, including a deter-
mination of exactly what cutting angles are used by the major
record producing companies, Shure have gone for a VTA of 23°,
higher than is considered conventionally accurate. They say this
provides a better match to actual playing conditions and thus
lower distortion in practise.

18 mil. 0. 0.
1/2 mil. wall

0
14 mil. 0. D.

I mil. wall

0
12 mil. 0.0
2 mil. wall

10 mil. dia.
rod

RELATIVE LINEAR
DENSITY (PROPOR -
TIONAL TO EFFECTIVE 0'35 0.52 0.80 1.00

MASS)

RELATIVE
STIFFNESS 2.13 1.74 1.64 1.00

STIFFNESS/ DENSITY
RATIO (RELATES TO 6.25 3.44 2.06 1.00
RESONANCE FREQUENCY)

COMPARISON OF SOME POSSIBLE BERYLLIUM GEOMETRIES

Left and above: a comparison of materials and cross -sections used
for stylus production. Having decided to use beryllium, Shure claim
a great advantage for their thin -walled tube approach over that of
the 'solid rod' employed by some competitors.
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NEWS

Above left a conventionally polished stylus tip under extreme
magnification. Above right: the V15V MASAR polish under the
same power magnification. Note how much smoother the contact
area appears. This could lead to lower surface noise and reduced
record wear.

Electrickery
Electrically the new V15 exhibits less load dependence

than previous models. The inductance has been lowered signifi-
cantly such that interaction between the cartridge and capac-
tive elements of the amplifier input is reduced.

This filtering effect is one of the better theories advanced
to explain the superiority of moving -coil cartridges in some
parts of the audio spectrum. They have far less inductance as a
rule, since the coils are kept low in turns to help keep down the
moving mass. With moving -magnet designs there is less
mechanical reason to I im it the output voltage(dependent upon
the coils) in this manner.

The earlier V15's, especially the III, were rather prone to in-
teraction with the input capacitance. The cartridge required a
large amount of capacitance to prevent a high frequency rise
and a subsequent subjective 'hardness' upon which many com-
mented, but few bothered to investigate.

A curious photo from the Shure publicity handouts - a V15V in a
very strange record deck! It does show the alignment protractor in
use though. (No doubt I shall receive irate epistles from said deck's
producers now, berating my comments...)

Packaging Alignment
Part of the 'package' of the V15V is that the box itself forms

an alignment protractor to simplify the fitting of the cartridge in-
to the pickup arm. An "alignment -stylus" is also present, which
greatly simplifies the levelling of the cartridge with respect to
the record.

Shure's protractor is a 'two -point' alignment system which
operates by holding the cartridge body in a precise location,
whilst the arm is set-up for position. The system works well for
arms which have slots in the headshell to allow alignment of the
cartridge, but with such as the SME Series III, where the entire
arm is moved back and forth and the headshell has no adjust-
ment, I found the system a little awkward to use properly.

With the SME especially I found the usual alignment pro-
tractors more accurate and just as easy to use. I suspect,
however, that this is as much due to my having set up an SME so
many times that I could do it behind my back - wearing a
blindfold whilst falling off a log in a storm downstream from a
waterfall in the dead of night.

The Shure system is a great step forward inasmuch as it pro-
vides a universal method of easy alignment which requires no
special tools or knowledge. As it comes free with the cartridge
you've nothing to lose by trying it, anyway!

PIVOT

Using the new gauge
has been designed to
be as straightforward
as possible. The
cartridge body is left
fixed into the packing
it arrives in, and the
headshell is adjusted
until the protractor
indicates alignment at
two points on the
record surface.
Theoretically this will
ensure good
alignment across the
whole record surface.
Users of arms such as
the SME, in which the
whole arm is moved
rather than the
headshell, may find it
a little tricky,
however.

The "alignment -stylus" is simply a plastic straight -edge
which fits into the body in place of the real thing and allows the
user to set the headshell such that it and the cartridge are
parallel to the record surfaces. It works well and is another of
those clever little ideas that someone should have thought of a
long time ago.

In addition V15V owners will receive a copy of the new
Shure test record, upon return of the card packed with the car-
tridge.

ilk \ntillx)\'
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Up In Arms
With all this technology and innovation going for it, the

Five is clearly an expensive move for Shure and one that
deserves serious consideration. As I said earlier, setting up the
Five is straightforward, however you do it.

The compliance is high, around 30 c.u. and I could not
recommend the use of this cartridge with other than a low mass
arm, else the arm/compliance resonance could rise into un-
suitable regions.

I tested the V15V in the inevitable SME Series III, to which it
is perfectly matched. Allowing for the stabiliser the V15V
tracked perfectly at 1 gram. (The stabiliser means that actual
downforce is set at 1g5.)

Shure have invented a thing called "Total Trackability In-
dex", designed to show how much better the V15V is than
anything else on the market. They don't actually say that
themselves, of course, but I can see no other use for it!
Americans do possess this in-built love of irrelevant numbers
and statistics. Give them a subject - any subject - and they'll
surround it with tables, percentages, averages, indices and other
complications which add little to actual understanding. Serve
us right for ever giving them independence, I suppose.

Resulting Results
I reproduce Shure's own test results herein, both to show

how neatly presented they are and because I could not turn up
any significant differences under test between my figures and
these. Unusual that, as test methods will usually produce some
variations, however minor.

As you can see the Shure acquits itself well technically with
little or nothing to criticise. The lower inductance means that
capacitance loading can vary from 100 pF to over 400 pF with
no perceptible change in performance. The much improved
rigidity of the cartridge body allows for better coupling to the
headshell and seems to 'clean-up' results on a sweep test,
measured against a V15IV.

Subjective testing revealed a character quite unlike any
previous Shure cartridge I have heard! At first I had the un-
worthy thought that they were buying cartridges in and stamp-
ing 'Shure' all over them.

I hasten to add that I don't think for one second they are, it
is just that it really is that different! Perhaps the easiest way to
describe the change is to say that the difference between the
V151V and this new Five is very much that to be expected bet-
ween otherwise matched units which are of the moving -magnet
and moving -coil varieties respectively.

SERIAL NUMBER V 1 5
006355 Tygr., V

46

_ol I l_11F-4E

OUTPUT LEVEL IV 1 kHz. 5 cm/sec peak:
LEFT CHANNEL 3.39 mV
RICHT CHANNEL 3.61 mV

CHANNEL BALANCE I 1 kHzi 0.6 dB

SEPARATION I KHz:
LEFT CHANNEL 32.6 dB
RIGHT CHANNEL 30.2 dB

SEPARATION 4 10 kHzt
LEFT CHANNEL
RIGHT CHANNEL

PHASE
400 Hz TRACKABILITY

FREQUENCY RESPONSE

LEFT CHANNEL

I kHz
2 KHz
4 kHz
6 kHz
8 kHz

10 KHz
12 kHz
14 kHz
16 kHz
18 kHz
20 kHz

-00.1.0

-00.5
-.3
-0.5
-0.5

-6
-01..0
-1.1
-1.4

dB
dB
dB
dB

dB
dB
dB
dB
dB
dB

26.7 dB
19.6 dB
CORRECT
)25 cm/sec peak 61 gram

(Relative to I kHz/

RIGHT CHANNEL

I KHz 0.01 dB
2 kHz -0. dB
4 kHz -0.45 4D
6 kHz -0. dB
8 kHz -0.6 dB
10 kHz -0.6 dB
12
14

kHz
kHz -0.6

dB
dB

16
18

kHz
kHz

-1.1
-

dB

dB20 KHz -0.9

QUALITY CONTROL APPROVAL

Above: the V15V test results as supplied. Our lab found little to
disagree with - and these are prettier than ours!

The Five has much of the mid -range quality of the very best
moving -coils and a very good tight bass response. The treble is
wide-open and clear and does seem to be less dogged by sur-
face noise than other cartridges. (A more polished perfor-
mance? . . )

In short the Five is a very good design which should appeal
equally to followers of both types of cartridge. I was able to NB
the V15V against the Dynavector Karat Ruby, which is probably
one of its strongest competitors. Personally, I found the two in-
distinguishable in the mid -range, with the Shure tracking better
and having a more extended and better controlled bass but with
the Ruby showing a greater imaging capability and more ex-
tended treble.

Overall I would take the V15V, but personal preferences
will dictate which performance parameters are more important
to which listener.

Conclusions
Well, what can I really say? The Five is a highly refined

design which offers a lot for its price and which looks as though
it could be a serious challenger to pickups already in the £100
price range! It offers "moving -coil clarity' and "moving
magnet" security!

A welcome addition to the hi-fi scene then, and one which
is a radical improvement over previous models of this famous
line.

Good things come in small packages?

Carver's Cube
At long last I managed to lay hands upon Carver's M-400

amplifier, irreverantly known as the Cube. Many moons ago ETI
ran a feature upon the internal mysteries of the beast, but none
of us has had the chance to listen to a Cube in other than exhibi-
tion conditions, or to put the amp through some tests ourselves.

Finally, as part of the amplifier comparison we're working
on, an M-400 was wrenched from the death -like grip of Carver's
PR Company and rushed off to a test bench where they couldn't
find us for awhile. Furtive this hi-fi game, sometimes.

As you can see from the photos, the Cube is really tiny for
all its 200W per channel RMS abilities. Unusual, too, is the PSU
arrangement, which is configured with the two channels con-
nected in anti -phase to each other internally. Could cause
havoc with some speaker switching arrangements, that could.

As it is it complicates testing a little. Carver have included
some little hints in the manual as to how the M-400 should be
bench tested.

Kind of them, that.
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A Carver de -cased! Note the huge inductor (rear left) and the
cleverly -mounted power meter on the hack of the front panel.

Room For Manoeuvre?
This time there was no way iwas gonna hang around with

the Cube in its box awaiting lab -time. Once it arrived at ETI, it
was photographed hurriedly then whisked off into the mists of
Kent to be listened to. (Would it were I could have taken the
lady in the photos along with it . . )

The system surrounding the M-400 was a pair of KEF 105
II's, a Denon PRA 2000 - rapidly establishing itself as the best
preamp in the Universe - and a Thorens TD 160S/SME I I IN15V
front end. There was no shortage of power -amps against which
to measure the Cube - anything from a Denon 180 W Class A,
to a Hitachi 100 W MOSFET design which can presently be
found undergoing long-term test for our forthcoming amp com-
parisons.

In operation, Carver's miniscule monster proved to have a
few little foibles. Rather like the late unlamented valve amps
the Cube gets better after its been running a while.

At first switch -on it can sound positively hard and rough on
awkward signals, but leave it going 15 minutes or so and the
change is remarkable! The upper mid -range smooths out and
the transfer function becomes wholly more linear.

A decidedly odd little quirk this, one I have never en-
countered before in modem amplifiers and one which is
damned difficult to pin down on the test bench, of which more
later. The Carver does have a distinct personality of its own and
it is perhaps accurate to dub this personality 'enthusiastic'! The
Cube will deliver power into any load in prodigious amounts -
over 520 W on my usual burst -test scales - without ever soun-
ding strained. It projects the music forward as though eager to
have you listen to it and rattles windows with surprising rapidity
the first time any real bass appears on the recording.

Character Reference
Usually hi-fi components with this type of forward presen-

tation are dubbed 'bright', but that implies a frequency balance
tending to favour the top -end of the audio spectrum and that
the Carver does not have. Once it has "warmed up", as it were,
the Cube is as linear a device as you'll find anywhere. No part of
signal sounds to be emphasised over any other - it's just that
all of it gets thrown out of the speaker boxes and laid out before
you, larger than life!

Whilst being initially unsettling, this presentation is very
easy to become accustomed to, and makes other units sound
flat and lifeless and lacking in dynamics thereafter. The M-400
would be an easy amplifier to become partisan about, I suspect

Testing Failures
No, not the Cube, me. I tried in vain to get some meaningful

ETI JULY 1982

From this angle you can see the ranks of output transistors lined up
along the chassis. Ignore the white gunge, it's heatsink compound.

reasons behind this 'warm up syndrome down on my results
sheets, but apart from some non -linearity in the output stage
early on and that at a low level, I failed. The effect goes un-
proven, therefore, and you will have to listen for yourself to see
if you agree as to the magnitude of its existence.

Other tests give the Cube a formidable specification. Burst
power over 520 W, noise below the floor of my instruments with
distortion barely above it, and a protection circuit which was
unfoolable on the bench. It ignored 'music -type' peaks but
rapidly shut-off anything remotely resembling trouble.

I would take Carver's claim of "an intelligent PSU" with a
sizeable pinch of salt, but all the same the protection is ex-
cellent. (It was impossible to clip the M-400 under any real con-
ditions anyway.)

Conclusions
Very entertaining indeed! An approach to hi-fi amplifica-

tion which is both novel and effective. The Carver M-400 is not
the most neutral amp I have ever heard but it is one of the most
enjoyable to listen to. It possesses a clear character of its own
and prior audition is vital to any intending purchaser.

The advantages of the design are enormous, tiny size, high
power and cool running, low distortion and lower noise and a
reasonable price tag. I hear Carver are launching another ver-
sion, the M-1.5, which is rated at 750 W RMS per channel and is
barely larger than the M-400.

Since, as I said earlier, it was well-nigh impossible to clip the
Cube, the advent of this new powerhouse can only mean it's
time to head for the bunkers, ear defenders in hand. ETI
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ACORN ATOM
Built 8K + 2K E135 5K + Coloured Card 0175 12K - 12K [180

(p 8 p f3/unit!
Atom PSU f7 (p & p 70p) 3A 5V Regulated PSU E24 1p & p £1.501
F.P. ROM 120 1K RAM (2 x 2114L1 f2 Tool Box Room £25

NEW COLOUR ENCODER CARD E39.00
ATOM SOUND BOARD: Kit comprises of a PSG, VIA and a 2K
ROM with resident demo program. The board plugs onto ATOM
BUS to parallel and serial output ports and audio output mini
speaker or hi fi amplifier. Complete kit E35.00
ATOM VISION: An ultrasonic transducer is rotated by a software
controlled stepper motor. Data collected by the sensor is processed
es displayed on the screen either as a radar type plot or as distance.
Complete kit E48.00
ATOM DISC Module with: PSU for both drive Et 12K + 12K
ATOM, Controller card, Connector cable, instruction manual

£299 + £6 carr

PRINTERS
SEIKOS HA GP100A dot matrix printer, full graphics double width
characters, up to 10" wide paper, self testing parallel interface

E199 + Carriage £6
EPSON MX00 Friction and Tractor, 9 x 9 matrix 80 CPS

bi-directional with logic seeking, variety of charac.
MX80 F/ T 1 [350 + £6 carr. MX 80 F iT 2 with High Res Graphics

£360 + £6
BMC 12" Green Screen Monitor £100 £6 carr.

BBC COMPUTER UPGRADE
MEMORY

IC61-68 16K RAM 100nS AP3 £25.60
PRINTER Et USER PORTS

IC69, 70, PL9. 10 f8.50 SKIO with 36" Cable 12.20
36" Printer Connector Lead Complete £13.50

SK9 with 36" Cable £3.30
ANALOGUE PORT

IC73, SK6 £6.80 PL6 f1.60 PL6 + Hood with 36" Cable £5.00
F.D. PORT

IC77-87 + PL8 (44 SK8 with 36" Cable £3.50
BUS PORT

IC71-72 + PL11 £3.30 SK11 with 36" Cable £3.50
TUBE PORT

PL12 £3.00 SK12 with 36" Cable £3.90

SOFTY II
The complete microprocessor development system for both
Engineers and Hobbyists. You can develop programs, debug,
verify and commit them to EPROMs. Will accept most -5V
EPROMs. Can also be used as a ROMULATOR. Full review in
September '81 P.E. Built unit complete with PSU and TV lead

£169
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TV BARGRAPH

Iisbeen some time since we did a
really unusual piece of test gear.
This month we are setting out to

provide a solution to the problem of
displaying many variables with
good resolution. This sort of

.requirement can arise with
spectrum analysis, statistical
measurements, multi -point
measurements of temperature,
pressure, humidity, speed, current,
voltage or indeed anything which
can be converted to a proportional
voltage.

It was realised some time ago
by the electronic games and home
computer manufacturers that most
of the households who would be
interested in their products would
own at least one television set. This,
we feel, is probably also truefor
you, our readers. So we have
devised this instrument with that in
mind.

The main problem in using a
television set is that to obtain a high
quality display on it the various
synchronising signals normally
produced by the gentlemen and
ladies of the BBC and IBA must now
be produced by our humble selves.

At this stage, we can go one of
two ways. There are on the market
several specially made integrated
circuits for controlling VDU systems
for home and commercial
computers. However, this time we
decided to steer clear of these and
stay with gates and counters in the
standard CMOS range.

The object of this project is to
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Lots of information to display?
Make better use of the box in the corner;
statistics, vital or otherwise, look good on
the ETI TV Bargraph. Design and
development by Phil Walker.

generate a display on a television
screen consisting of a number of
vertical columns. The height of
each column is proportional to a
specific input voltage. The columns
may be upwards (positive) or
downwards (negative) from a
reference level. This reference may
be changed if only positive -going
signals are to be processed.

In order to generate the sync
pulses we must first have some idea
of their structure. Figure 1 shows
the pattern of synchronising pulses
aimed for in this design.

A normal TV picture consists of
a total of 625 lines. Of these, 3121/2
are scanned each 20 mS such that
each block covers die whole display
screen, but the lines of one block
fall neatly between those of the

next. This reduces the impression of
lines across the screen while also
preventing objectionable flicker

effects.
The apparent complexity of the

sync pulse pattern is designed to
ensure that a normal TV set can
pick out accurately the right
moment for line and frame flyback.
The last thing necessary for a
complete picture is tht the video
signal shall appear at the correct
times between the line sync pulses,
and be blanked during the line
flyback and frame flyback periods.

The Circuit
The basic timing for the whole

circuit is derived from a 2.5 MHz
crystal oscillator. This was found to
be essential as minute changes on
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Fig. 1 Sync pulse structure.

the power supplies caused very
visible display distortions when a
free running oscillator was used.
This 2.5 MHz signal is divided by
160 to give the basic line time of
64 uS. The logic associated with the
line dividers gives two pulses per
line period at IC5b which trigger the
'equalising' and 'broad' pulse
monostables. The 4098/14528 dual
monostable device (IC10) was used
because derivation of these signals
with normal logic would be very
complicated (see Figs. 2 and 3).

The line sync pulse is generated
by the logic (IC4a) and a choice
between this and the other two
pulses is effected in ICs 5c and 9.

The double line rate signal at
IC5b drives a divide -by -5 prescalar
(IC2b) and then a divide -by -125
device, IC3 (see Fig 4). This
produces the 20 mS period for the
frame scan. By virtue of the fact
that the input frequency to these
dividers is twice the line frequency
and the total division ratio is 625,
the number of lines scanned is
3121/2 in each vertical scan. This
means that successive scans will be
offset by half a line pitch vertically.
The generation of the frame sync
signal is accomplished by IC1b, IC7
and ICB.

When IC3's count reaches zero
its output goes low for one input
clock period. This causes IC1b to be
reset to zeros and then to start -

counting and select the
components of the frame sync at
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Fig. 2 Expanded section of part of Fig. 3.
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Fig. 3 Sync pulse generation.
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the appropriate times. When IC1 b
reaches its all 1s state, further
counting is inhibited (Fig. 5).

The video generation is
performed mainly on the channel
cards. These consist of eight
comparators and an eight -bit shift
register on each card. The cards are
controlled from the main board by

a clock signal which determines the
number of bars to be displayed. The
load signal is the same as the line
blank signal. This effectively causes
all the channels to be sampled (in
the line flyback period) and then
displayed.

The other necessary signals
provided are the reference and a
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ramp signal to which the inputs are
compared (see Fig. 5).

Construction
In order to keep costs down the

PCBs for this project are single -
sided. However, this has meant a
number of links on the boards. Most
of these are used to complete the
power supply lines to the devices.
The actual construction of the
boards is not difficult but we
suggest that IC sockets would be a
good idea. Most of the links on the
board can be put in place before
any other components although the
one near IC11 and C1 should be left
a little longer to allow C1 to be
inserted. Insulated wire is
recommended for all the links. The
link from CLK to 8, 16, 32 or 64
should be made when the number
of channels is known. It is easier in
fact to put thick wire posts or PCB
pins through these holes and link up
afterwards.

The eight channel position is
useful for setting up the complete
system initially and making sure
that it works.

It is most desirable that a fine -
tipped soldering iron is used during
construction and that a check is
made for solder bridges, especially
where tracks lie between IC pins. It
is also most important that all
polarised components are fitted the
right way round. Especially note
that the TL084's and the 4014 on the
channel cards are not the same
orientation.

F4-16°uS. 2% LINE PERIODS

O3 11111111111111111111111111111ffil
Plry t3

IC3
PIN 15

IC1b

IC2b

IC5b
PIN 10

01
PIN 11

IS LINE PERIOD
32.S

02 7
PIN 12

Q3

PIN 13

ICE4
PIN 4

rIr

11

160uS = 211 LINE PERIODS

Fig. 4 The divide -by -5 effect of IC2b.

'A' IN FIG. 5

The completed boards in our
prototype were fitted into a metal
case made by Newrad; a small
aluminium bracket was needed to
support the rear of the main board
as this overhangs the integral
chassis member by about 1 cm.
Support for the channel cards is by
two pieces of PCB material with
suitable holes drilled in them. One
end of these members is bolted to
the main board while the other is
supported on pillars. When fitting
the boards it is essential that no
part of the 0 V supply line gets
linked to the metalwork as this will
short-circuit the reference supply.

On the channel cards, it is
helpful if the channel inputs are
fitted with PCB pins or similar to
facilitate connection from the top

126 COUNTS
125 x 160uS= 20mS= 1 FRAME PERIOD

01
PIN 11

PIN212

03
PIN 13

04-1PIN 14

IC70
PIN 1
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PIN e

IC122
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L
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Fig. 5 Frame sync generation.
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UHF COUPLING
TO TV

TO MODULATOR

Fig. 6 The UHF coupling coil.

of the board. The 2.5 mm jacks on
the front panel used in our model
could well be replaced with nine -
way 'D' range connectors or
anything else of that type, if
desired.

The output from the UHF
modulator should be DC -isolated
from the panel and our method,
shown in Fig. 6, was to take about
20 cm of thin twin flexible wire and
coil it about itself to a diameter of
1.5 mm (this makes a simple 1:1
transformer). Connect the ends of
one wire to the coax socket pin and
skirt, and the ends of the other wire
to a phono plug pin and skirt. A
possible improvement here would
be to use a special two -hole ferrite
core with two windings of four or
five turns through the holes.
Capacitance coupling of the UHF
signal can cause stability problems
in the voltage reference amplifier.
Oscillation here may appear as
broken or strange -shaped bars or
possibly break-up of the picture.

Connection between the main
board and channel cards and card
to card is by 10 -way jumper wire (or
just link them direct). This is
probably easiest done with the
cards mounted on the support bars.
Each channel card adds eight
channels to the units' capability.
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PROJECT : TV Bargraph
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INPUT 4

INPUT 3

INPUT 2

INPUT 1'

C

0.1

VE

+VE

+VE

C LK

VIDEO
GND
LOAD
GND

r RAMP
GND
REF

r GND

Fig. 7 Component
overlay of the main
board.

Fig. 8 Overlay for
one of the channel
cards.

PARTS LIST
MAIN BOARD

Resistors (all 1/4 W 5%)
R1

R2 22k
R3,4,5
R6,7,8
R9,10,12
R11
R13

10k
2k2
10k
100k
Omit or select for reference
voltage required

Potentiometer
PR1 10k miniature horizontal

preset

Capacitors
C1
C2
C3
C4
C5,6
C7

C8

CV1

10p ceramic
4n7 ceramic
220p ceramic
100n ceramic
10u 35 V tantalum bead
10u 25 V PCB aluminium
electrolytic
220u 25 V axial aluminium
electrolytic
2-22p miniature trimmer

Semiconductors
C1 4520B
C2 451813
C3 401038
C4 4002B
C5 40018
C6 4011B
C7 4012B
C8 4025B
C9 402313
C10 MC14528 or CD4098
C11 4070B
C12 TL084

131-04 1N4148
7D1 4V7 400 mW zener

Miscellaneous
UM1233 UHF Modulator (Aztec), 8 MHz
bandwidth; 2.5000 MHz crystal.

CHANNEL CARD

Resistors (all '' W, 5%)
R101 56k
R102-117 27k

IC101 4014B
IC102,3 11084

Miscellaneous
PCBs (see Buylines); 2.5mm jack sockets
(eight per channel card); coaxial panel
socket; miniature onloff toggle switch; PP9
battery and battery clips; phono plug; two
off coaxial plugs and suitable length df
coaxial cable; nuts, bolts, pillars, 12 x
12 mm aluminium angle or similar bracket;
two off 12 x 100 mm (approx.) pieces of PCB
laminate or similar (channel card support);
wire, IC sockets etc; case (Newrad NP1426).

BUYLINES
Since we elected to use standard com-
ponents rather than fancy chips for this pro-
ject, there should be absolutely no supply
problems. The modulator is from
Technomatic or Watford, but make sure
you get the wide -band (8 MHz) version. The
case we used came from Watford. The PCB
Service order form is on page 71.
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The maximum number of channels
sensibly usable is, we feel, 64,
although 128 is possible on a good
television set with the modulator
specified.

When constructing the case for
this project, it was found that the
application of a drop of cycle oil to
the self -tapping screws holding the
extruded front pieces made it very
much easier to screw them in. As we
assembled and disassembled this
part several times during
construction, this was most helpful.
Also, when assembling the chassis
member to the side panels of the
case, put the piece with the side
flanges upwards and bolt it on
underneath the lugs on the side
panels. This is necessary to allow
sufficient room for the battery
inside the case.

Setting Up
There is very little in the way of

setting up to be done. The basic
unit should give some sort of
display when powered up although
no bars (or very few) will be present.

4

7

XTAL1

2.5MHz

4-9v

16

2

10

1-0

R2
221,

CV1

IMO
91 .2-22p

+9V
16

8

C

/7777

1 2 5MHz OSCILLATOR) 1

7

8

1.16)

CHANNEL CLOCK SELECT

3 64 CLK

4 32 /
5 16 /
6

/13

IC2a

12

To see anything more, it is
necessary to feed some voltage into
the channel inputs. As specified,
full-scale should be about 6 V. This
sensitivity can be altered by
changing the input resistors as
required. The reference voltage can
be adjusted slightly using R13 or
overridden by driving IC12 pin 10.
The ramp rate is controlled by PR1
and should provide a fair control
range for many purposes enabling
the reference voltage crossing to be
positioned near mid -screen.

When first trying the board, set
CV1 to about half -capacitance
(plates half -meshed) and adjust it
only if the picture is unstable or
cannot be pulled in by the
television line and frame hold

controls. (Don't forget to tune it in
as accurately as possible).

Use
When fully operational the

device should give the required
number of bars along the screen,
with a vertical height proportional
to the input voltage for each one.
The vertical resolution is about 270
steps, corresponding to a pair of
interlaced lines. In the display mode
built into the board, bars are not
visible until the input is greater or
less than 0 V. They then appear
above or below the centre line; if
the input sensitivity is too low then
extra conditioning amplifiers will be
required.

To change the display mode,

IC5a
+9V

244.71

/7777 10)

NOTE: 10
CI IS 45206
C2 IS 451813
C3 IS 4010313
C415400213
C5 IS 40018
C6 15401113
Cl IS 401213
C9 IS 40258
C9 IS 402313
C10 IS 14528 OR 4098
CII IS 413708
C12 IS TL084
D1-4 ARE IN4149
ZD I IS 4V7 400mW ZENER

15

1C213

1

13

9

Tje,)a

9V

12

9 IC44

IFRAME SYNC CONTROL)

LSB 00-- CLK0 0--
10
10 7

MSB 0

10

11

SPE --4-15

CO 7al
IC3

(.1251

SWI
+9V

7 PP9
9V

117C CB
10u 1220u

54
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.9V

IC7a

13

9

CLK II

2_44
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ZDI
4V7

R8 (RAMP GENERATOR)
2k2

DI 100n

PR1
10k

139
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3

IC12

+9V

1216
(TO CHANNEL CARD)

D5
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95
10k

R6
2k2

CLOCK

0 -9V
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MOD

R7
MIXED SYNC I 2 2

10u
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3
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V 13
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Fig. 9 Circuit diagram for the main board of the TV Bargraph.

9 IC126
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REFERENCE

R13
SEE TEXT

(TO/FROM CHANNEL CARD)
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PROJECT . TV Bargraph

break the track linking points V and
B on the overlay. Linking V to A
gives bars which start at the top of
the screen and move downIor
decreasing input, while linking V to
C gives bars which start at the
bottom and move up with
increasing input. Leaving out D5
will give double -width bars which
merge with those on either side.

It is possible when using large
numbers of channels that some will
be off the edges of the display
screen; this can only be cured by
using a higher quality TV or monitor
as the line flyback time in cheaper
sets is often longer than that
specified (12.8 uS). A way round this
is to miss out the channels on the
first card and start with the next.
The device is ideal where a semi -
graphical display of multiple inputs
is required and has the advantages
of easy expansion and no
requirement for computing
facilities.

Fig. 10 Circuit diagram for one channel
card; this provides eight input channels.

INPUT 1 0

INPUT 2 0

INPUT 3 0

INPUT 4 0

INPUT 5 0

INPUT 6 0

!NM' 7 0

INPUT 0

REFERENCE

R109

R106

R107

R1

R105

R104

R103

R102

R110

8111

R112

R11

R114

R116

R116

R117

ALL 27'k

NOTE:
IC101 IS 40146

ARE TL051

PIPPIC1034

HOW IT WORKS

S11IC1024

+9V

R101
56k

11

15

14

4

5

6

IC101

A A

10

9

VIDEO CLOCK

SYNC GENERATOR AND TIMING

IC11a is connected as an inverter and with
%TALI and associated components forms a
crystal -controlled oscillator working at
2.5 MHz. This is divided by 16 in IC1 a and
10 in IC2a to give the 15,625 Hz for the line
sync generator. The outputs from IC2a are
decoded by IC6a, 4a and 4b to give two out-
puts. One is during count 1000 for the line
sync, the other is at count 0011. The outputs
from IC4a and 4b are disabled for about 1.6
uS after the active clock edge by ICS. This
allow the counters and logic to settle and
prevents glitches due to propogation
delays. It also starts the line sync pulses at
the right time relative to the line flyback
blanking pulse taken from IC2a pin 6.

As IC2 is a dual decade counter, counts
1000 and 0011 occur at equal time intervals
after each other. These outputs from IC4a
and 4b are combined in IC5b to form a pulse
chain at exactly double the frequency of
the line sync pulses (Fig. 3). The regularity of
this signal is important to get correct in-
terlacing of the final picture. This signal
triggers the two sections of IC10 and also
IC2b. IC2b, IC6c and IC6d divide the input
by 5 before driving the clock inputs of IC3
and IC1b. IC3 is a presettable eight -bit
down counter which is configured to divide
by 125, giving an output equal to the input
clock period each 125 input cycles. Thus we
get a low pulse 21/2 line periods long (five
double frequency pulses) every 3121/2 line
periods (5 x 125 = 625 double frequency
pulses). The low pulse from IC3 is inverted
by IC7a and resets IC1b to all zeroes; it then
holds it there for 21/2 line periods. At this
point IC1b will be incremented by the out-
put from IC2b (ie every 21/2 line periods) un-
til it reaches the all 1s state. IC7b detects
this condition and its output inhibits fur-
ther counting. The output from IC7b is also
used to blank the video signal during the
frame flyback period. The actual frame

sync signal is generated during counts 0001,
0010 and 0011 of IC1b. The logic for this is
provided by IC8a and 8b. The output from
IC8b determines whether normal line sync
or frame sync is required and IC1b pin 11
decides which type of frame sync signal is to
be sent. The signals are actually switched
and combined in IC9, IC11c, IC5c, d.

IC10a and 10b are monostables trig-
gered by the double line frequency pulse
chain and provide the 2.3 uS 'equalising'
pulses and 27.6 uS 'broad' pulses reqired for
proper synchronisation in the 625 line
system.

VIDEO AND CHANNEL SAMPLING
Having generated all the sync pulses to
stabilize the display format, the video infor-
mation must be generated. IC12 generates a
negative -going ramp signal, synchronised
with the frame blanking signal via D2. The
frame blanking signal forces the non -
inverting input of IC12 high, so the output
of IC12 goes high to try and reduce the dif-
ferential voltage between its inputs.
However, the inverting input cannot go
more than about OV7 more positive than
the cathode of ZD1. This means that C4 will
charge very rapidly. When the frame blank-
ing period is over, D2 is effectively out of
circuit and the voltage on the non -inverting
input to IC12 will be about 10111 of VBEF. By
normal op -amp operation the inverting in-
put to IC12 will also be at this voltage, caus-
ing a current of 1111 VREF I (R10 + PR1) to
flow through C4. The result of this is that the
output voltage from IC12 will now fall
linearly until it approaches the 0 V rail or
another frame blanking pulse occurs.

Another section of IC12 provide a buf-
fered reference voltage while a third acts as
the comparator - switching as the ramp
voltage passes the reference.

The ramp and reference voltages pass
to the channel cards where the video signal

is generated. Each input signal is compared
with the ramp voltage in a section of IC102
or IC103. The more positive the input
signal, the sooner its comparator will switch
and the higher up the screen its bar will
start.

The outputs of all the eight com-
parators on each card are fed to the parallel
inputs of a 4014 eight -bit shift register
(IC101). During the line flyback blanking
pulse the data is loaded into the 4014; dur-
ing the rest of the line time it is clocked out
under the control of the channel clock. If
more than one channel card is in use the
output from each additional card is fed to
the serial input of the next card along. This
effectively extends the length of the shift
register. For best results 8,16, 32 or 64 chan-
nels should be used. Four or 128 channels
are possible with modifications while 24,
40, 48, 56 etc will give poor display formats.

The video signal from the channel
card(s) returns to the main board and, via
IC11b, is mixed with the sync and blanking
signals in D3,4,5 and R5,6,7 before going to
the UHF modulator.

The line blank signal mentioned above
is derived from IC2a pin 6 (Q4) while the
frame blank signal comes from IC7b. The
output of this last device is high for a total
of 40 lines in each half frame (16 x 21/2) leav-
ing 2721/2 lines for the actual display. This is
still probably more than a normal portable
TV will display vertically.

The feeding of the channel clock
signal via D5 into the video mixer causes the
bars to be separated and half width. Omit-
ting D5 allows the bars to broaden and
merge with each other. The jumper points
V, A, B, C are pre -linked to give a video in-
version at VitAmp = VRY Alternative ef-
fects can be obtained by linking V to one of
the other points, when bars starting from
the top or bottom of the screen will be ob-
tained instead of starting from the centre
line.
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VL-5
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musician!
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Series H3020

RESISTOR KITS
PA/ 1OR to 82K (FL12 RANGR) 10 FLACK VALUR - 600 Resil £5 + VAT
3W 2R2 to 2M2 (FL12 RANGR) 10 FLACK VALUR - 730 Resil £5.50 + VAT

FAST RESPONSE STRIP CHART RECORDERS
Made in USSR

SPECIAL OFFER

Basic error: 2.5%
Sensitivity: 8mA F.S.D.
Response: 0.2 sec.
Width of each channel:
Single and three -pen
recorders: 130mir
Five -pen recorders: 50rnm

Chart speeds. selected by push buttons: 0.1 0.2 0.51.04.5.5.0-12.525
mm,'sec.
Chart drive: 200-250V 50Hz
Recording: Syphon pen directly attached to moving coil frames.
Curylinear co-ordinates.
Equipment: Marker pen, terrier pen, paper footage indicator. 5 rolls of
paper, connectors, ink etc.
H3020-3 (Tlum) pen): 475mm wide x 384mm deep 165mm high

inc VAT . PRICE £59
H3020-5 Inv, pen): 475mm wide x 384mm deep 185mm high inc

VAT PRICE 1106
Al recorders supplied complete in a sturdy custom built wooden
carrying case. Carriage_ (10.00 per recorder

FDD.C. Current: 0.06-0.6-60-600mA-3A
A.G. Current: 0.3-3-30-300mA-3A

. D.C. Voltage: 0.6-1.2-3 -12-30-60 -120 -600-1200V
A.G. Voltage: 3-6-15-60.150300-600-900V
Resistance: 5000.5-50-500k0
Accuracy d.C. 2.5%: A.G. 4% 101 F.S.D.)

MULTIMETER - TYPE U4324 - 20,000 O.P.V.

PRICE complete with test leads and fit:natio-mid storage case
E10.50inc of VAT Packing and postage £2.00

MULTI -RANGE UNIVERSAL PORTABLE
AC/DC RECORDING VOLTAMMETER H390

(SUPPLIED WITH 5 CHART ROLLSI

Measurements
ranges, ACTC:

Accuracy.
Chart width:
Chart drive:
Chart Speed:

PRICE: £70.00

5 15 150-250-
500mA, 1.5-5 Amps
5.15-150-250-500V

1.5% DC, 2.5% AC
100mm
220-250V AC r.

20-60-180-600-
1800-5400 mm: hour
Carriage £6.00
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PROJECT

MOTOR SPEED
CONTROL FOR
ROBOTS
With our Mobile Robot moving towards completion, reader C. Fisher of Bristol sends
us this discrete circuit, derived from a Motorola design, which offers followers of our
Robot a 'cheap and cheerful' alternative method of getting things moving in the
living room.

In most DC motor speed control
circuits, a voltage proportional to
actual motor speed is compared with

a voltage proportional to the desired
speed and an error, or correction,
signal is obtained. The error signal is
amplified and used to adjust the speed
of the motor in such a way as to reduce
the error signal to a near -zero value.
Provided that the circuit has been
properly designed, the motor will
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run at a speed close to that desired.
The voltage supplied to the motor

will determine the output power or
torque, as well as the speed, so that at
low speeds very little torque is pro-
duced. The normal method of over-
coming this problem is to supply
the motor with constant voltage pulses
with a duty cycle proportional to the
error voltage so that the full torque
is produced at low speeds.

Light Work?
There are a number of ways that can

be used to derive a voltage proportional
to motor speed. One method which has
been favoured in the past, involves
measuring the back EMF of the motor.
This can lead to problems, as both the
input and the output are obtained
from the same point, namely the motor.

It is possible to obtain a voltage
proportional to motor speed using an
opto-electronic tachometer system.
A circuit employing this technique is
shown in Fig. 1.

The motor armature, or output shaft,
is painted with twenty stripes, ten
black and ten white. A fibre optics
Y -guide is focused on to the pattern
and one branch is used to provide
illumination from a small DC -driven
lamp. The other branch of the Y -guide
feeds light reflected from the pattern to
a photo -transistor, Qt. The output
of Q1 will be a signal with a frequency
proportional to motor speed as ten
pulses will be produced for each com-
plete rotation of the armature.

The transistor Q2 is a pulse shaper
which feeds a tachometer circuit giving
an output directly proportional to input
frequency and therefore motor speed.

Comparative Difference
The FET, Q4, acts as a buffer to

minimise the loading on the tachometer
circuit and provide a fairly low output
impedance, which is appropriate to the
differential comparator which follows
it. In addition, Q4 acts as a level shifter
to ensure that there is sufficient output
to bias the comparator when the tacho-
meter output is zero. The diode, D3,
provides a measure of temperature
compensation.
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The comparator compares the tacho-
meter output with the voltage at the
wiper of the speed adjustment potentio-
meter R13 and produces an error
signal if a d ifference exists. The capa-
citor, C3, prevents motor speed over-
shoot if the setting of R13 is changed
rapidly.

The network R15, R16, C4 and D4
forms a voltage -stabilising supply
circuit for these circuits.

Errors Eliminated
If an error signal exists because the

potential at the wiper of R13 is higher
than the output of the tachometer,
it means that the motor is rotating too
slowly. The pulse width modulator
formed by a Schmitt trigger circuit
will trip and full power will be supplied
to the motor. As the motor speed
increases the error signal will fall until
it is almost zero. At this point the
Schmitt trigger will remove power from
the motor. The process is continuous
and the motor is supplied with a train
of pulses, the width of which will be
proportional to the error in the motor
speed, or the load on the motor.

Feedback for the circuit is obtained
by directly measuring the motor speed,
and results in accurate speed control
over a wide range of output powers,
as can be seen in Fig. 2. This drawing
also shows the effect of power supply
voltage variations. Figure 3 indicates
the effect of temperature variations.

Temperature compensation may be
improved by removing diode D2 and
connecting one or more diodes in series
with R9.

Just to prove that robotics is alive and
well and living in the Southern Hemisphere,
we've included a couple of photographs
of the 'Tasman Turtle', a project
currently under development by
our down -under brethren on the
Australian ETI. An obvious
proof of Darwin's theory of
natural selection, the Turtle
bears a resemblance to the
Hebot (Hobby Electronics
November '79) despite
having evolved on a
different continent.

A Small Step?
The above method uses a photo -tacho-

meter to obtain its reference for posi-
tional control, In our Mobile Robot,
we decided to employ an infra -red
system.

There are several reasons behind this
choice, not least of which is the fact
that our Robot employs a combination
of on -board and distributed intelligence.

The arm carried by our Mobile is
controlled in an entirely different
fashion...

But then if you want full details of
the ETI Mobile Robot, you'll have to
buy our August issue, wherein all will
be revealed!
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PROJECT: Robot Module
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Fig. 2 How motor speed varies with changes in load
and supply voltage for the circuit described.

ETI JULY 1982

1,800

"800

1400

1200

1,000

800

600

400

200

0

+65°C
+25°C
-25°C

+65°C
+ 25°C

20 C

+ 65°C
+ 25°C
-20°C

+12V supp!),

{--

5 10 15 20 25

TOROUE (In.oz)
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Kit includes tape transport mechanism,
ready punched and back printed
quality circuit board and all electron
is parts i.e. semiconductors, resistors,
capacitors, hardware, top cover,
printed scale and mains
transformer. You only
supply solder & larmobtaoronv
hook-up wire.
Self assembly
simulated
wood cabinet.
£4.50 + £1.50 p+p.
Featured m Amu issu Puirmexi
Fkistionos iep,, go, free

P.E. STEREO
CASSETTE

RECORDER KIT
 NOISE REDl, ON SYSTEM

 AUTO STOP TAPE COUNTER
 SWITCHABLE E.O.

 INDEPENDENT LEVEL CONTROLS
 TWIN V.U. METER

 WOW & FLUTTER 0.1%
 RECORD PLAYBACK I.C. WITH

ELECTRONIC SWITCHING
 FULLY VARIABLE RECORDING BIAS FOR

ACCURATE MATCi-W1C; OF ALL TAPES

STEREO AMPLIFIER KIT 125W HIGH POWER AMP MODULE

mg latest SGSLAT ES T DA 2006 10 wan output
IC 's with in built thermal and snort circuit protection.
 Mallard Stereo Preamplifier Module
 Attractive black vinyl finish cobuset. 9'Ipl". 3S"

laPProx).
 10.10 Stereo converts to a 20 watt Disco amplif Or
to compete you lust supply connecting sire endsoidr
features include din Input sockets for ceramic Cartridge.
microphone, tape or tuner. Outputs tee*, %Pesters eno
egegiphones. By It,. press Col  button it transforms into
a 20 watt mono disco amplifies with totn deck mixing.
The kit incorporates a Muilord LP1183 pre -amp modal,
onus Dover amp assembly kit and mains Dower supply
Alto feetureo 4 shop level controls, rotary bass ant
treble controls end 6 push button switches.
aagia With matching

knobs and contrasting
cabinet. Instruction,
walkable. price 50P
Supplied FREE with kit.  12.90 IMIP
SPECIFICATIONS: Suitoble for 4 to 8 ohm sofa.,
koquency response 401le 20KHe
nPut sensitivity P.U. I 5OrnV. Aux. 200mV

Mic. I .5mV.
Tone contras Ben tt 2db @ 6011:

Treble ' 12db 0 10K He
O stort.on 0.116 tymealty  8 welts
%tams supply 220 - 250 volts 50Ha.
8" SPEAKER KIT Two 8" tont% cOne domestic
soeekers. £4.75 per stereo pee piqs E1.700&p. rola-
isvengiad min ampiifier. Available separately 06.75

Topii

£1650

PRACTCARICAL ELECTRONICS

RADIO
KITsEmEs II

2 WAVE BAND, MW - LW 1
 Easy to build  5 push button tuning,  Modern
reopen  6 web output.  Reedy sidled and pundsed
PCB.  Incorporate suppression
Al the electronic coonPOnents to build the radio, yOu
supply only the nine and the Wider. featured in Practical
tlectroncs. Features Pee -set tuning with 5 push
ration options, black illuminated tuning wale. The
P E. Traveller hes e 6 watt output neg. ground and in.
corporates an integrated Cira/it output state, a Mulled
IF Module LP118f car0rnic filter type pre -agreed and
osembled, and a Bird prealigned push button tuning unit.
Sortable sts.nlris stet? fully retrect.
Sole aerie; 1104t191aoul speaker
lb' 4-apo available es a corn

(.pate kit. E260Oeck  E1.50 p&p.  12.00 OAP

BIRD AUDIO
STEREO CAR
RADIO BOOSTER

TO bc...nr sate- ca. %).: caC
cassette to 15W r.mx per channel.

KIT: £10.50 BuiLT:£14125
 f1.15 p&p 4 f1 15 p&p

The power amp het is a moo e tor nigh power appl.cat
ions disco units. guitar amplifiers. public address
systems and even high power dornestic systems. The unit
.s Prenftled against short circuiting o the load and is
sale in an COM circuit condition. A large plety margin
e KIPS by use of genesOusly rated components. result, a
sigh powered ru9pd unit. The PC Wind is back printed.
etched and ready to drill for sew of construction and
the aluminium chaps is preformed end reedy to use.
Supplied yeah all parts, circuit &Worn, and instructions.
ACCESSORIES: &mete* mains Posen supply kit with
irensf or me r 0.50 cam E3.15 PAP.
Suited* LS coupling electrolytic. £1.00 plus 25p P&P.

HI -Fl SPEAKERS
AT BARGAIN
PRICES
GOOCIMANS TWEETERS
8 ohm soft dome radiator tweet.
err 131C'eg.) for taw in up to 40W
systems. with 2 element Crossover.

£3.50 each 15ar, nl pr £5.95 pair tomp £21.

P.E. STEREO TUNER KIT
. .add 3 bend stereo AM:FM tuner kit is rls

i IV.rn  con:unction with Practical Electnarncs (July 81
stun I. For ease of construction and alignment it incorp

O rate, three MUltard modules and en I.C. IF. System,
FEATURES: VHF. MW, LW Bends, ,nterstelion muting
and AFC On VHF. Tuning meter Two bock printed
PCB'.. Reedy made chasys and scale. Aerial AM - ler ote
rod, FM 75 or 300 ohms. Stebalised power supply
oath core MOMS transformer All components sup0-
i.ed we to P.E. strict specification. Front mate site 10?,"
 2`.4- approc Complete with diagram and instructions.

£17.95
Self assembly simulated wood
cabinet sleeve town tuner only.
Finskisise 11'S',13"ira3ta"

air,£3.50 Plus E1.50 pay

TV SOUND
TUNER KIT

1E11.45
 II .50 P&P

As featured in E T I December 81 issue. Kit of Paris
including PCB, UHF tuner and selector switch withal
components excluding case.

 Transformer ELSO  E1.50 P&P (Dad) Inee On trent-
Somber if ordered with kit!  Ready built LP I 183 Mo-
rale for simulated stereo ope rater.El 95  75p p&p

1114

SPECIFICATIONS:
Max. output Power IRMS): 125W
Operating voltage IOC): 50 - 80 max.
Iced.: 4 16 ohms.
Frequency response measured 0100 volts: 25FR  20K1'
Sensi ton tY to 100 wells' 400rnv 047K.
TypiCel T.H.O. @ 50 wags 4 ohms. 0.1%.
Osnenuom: 205 x 90 and 190 x 36 nub

WW1

35 WATT MICRO 2WAY SPEAKER SYSTEM
Una comprises one 50w l4'"amo.1 Auden
soft dome tweeter MD100. And one
5" &idea bessanedrange 35w
driver SPEWS'S.
Complete win 2
element CrOSIOVer.
Total impedance
of system 4 ohms.

£7.95
PER SET r E2 70 pair

SPECIAL OFFER! TUNER KIT PLUS
 Malch.nti i C 10 ....on Or,

c -f! F.:: ' 4 121 95
co,:ou.s!O, bass. hell onn volumes - P6.:

MONO
MIXER AMP

£3945 aaaaa   
 13.70 P.89.

50 WATT Six ,ndiwduatly mixed inputs for two pick um
(Car. or mapl, two mowing coil microohones and two

1.1 ol.ary for terA. rune.. orgen<, ftC Eight slider controls

r ALL MAIL TO:
21E HIGH STREET, ACTON, W3 6NG.
Note. Goods despatched to UK postal addresses
on y. For further information send for instruct-
ions 20p plus stamped addressed envelope. All
items Subject to availsblity. Prices connect at
311/82 and subject to change without notice.
Please allow 7 working days from receipt of
order for despatch_

ALL CALLERS TO 323 Edgware Rd,
London W2. Telephone: 01-723 8432.
Open 9.30 - 5.30pm. Closed all day Thursday
RTVC Limited reserve the right to update their
products wl t' n 01, Ti'

R C
ALL PRICES INCLUDE VAT AT 15%.
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PROJECT

OSCILLOSCOPE PART 3
In the final part of this
project we give the
all-important
procedures for
calibrating the scope
timebase, Y -amplifier
and frequency
response. Once
everything's set up,
you'll have a scope to
rival any other at the
price. Design by K. W.
Dugge.

To calibrate the timebase, apply a
50 Hz AC voltage to the input;
the time selector switch should

be on 5 mSddiv. Adjust PR4 so that one
cycle is exactly four scale divisions
long Apply a 5 kHz signal to the input
(the frequency should if possible be
checked with a counter). The time base
switch should be on 50 6/thy. Again,
one cycle should be four divisions long
If one cycle is longer than four
divisions (sweep too fast) an additional
capacitor must be placed in parallel
with C20 (2n2). A place is provided for
this on the circuit board. If, for
example, the sweep time needs to be
10% longer, then the additional
capacitor should be 10% of C20, ie
220pF

If the length of one cycle is too
short, then an additional capacitor
must be placed in parallel with C44
(220nF). If the period of the 5 kHz
signal (which should be four div x 50 uS
= 200 uS) appears as only 180 uS
( ,n. = -10%) then a value of 10% of
220nF (22nF) should be fitted in parallel
with 09 and the setting of PR4
repeated.

The remaining positions of the
time base selector switch do not
require adjustment, as they should
automatically be correct - apart from
unavoidable tolerances - thanks to
the fixed resistors associated with the
switch. All that is required is that the
calibration be checked in each position
of the time base selector using single.
exactly -known frequencies, in order to
track down possible component
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failures.
After successful calibration of the

time base, the following trimmers
should not be touched, because they
will influence the calibration; PR10
(time base calibration), PR11 (trace
length), PR15 (brightness), PR16 (focus),
PR17 (astigmatism) and PR14 (10 V
supply voltage).

Y -Calibration
Set the sensitivity on 1 V/div and

the input mode switch on 'DC'. Set the
trace, using the Y -shift control, to the
centre of the screen. Apply 3 V DC -
checked with an accurate multimeter
- to the input. With PR8 (Y -output
stage gain) set the trace to the top line
of the scale. Switch the input mode
selector to 'G': check whether the zero
line has shifted. If necessary, reposition
the zero line with the Y -shift control
and re -adjust PR8 to bring the 3 V trace
back to the top line of the scale For
the fixed linearity check, set the input

SPECIFICATION

Bandwidth: 0-7 5 MHz ( -3 dB) for six
divisions (one div = 7 mm); 0-10 MHz
( - 3 dB) for tour divisions
Input BNC connector, switchable
AC,'DC,Iround
Sensitivity: 5 mVIdiv to 20 Vidiv in 12
calibrated 1 .Z 5 steps.
Case Size: approximately 175 x 105
100 mm
Weight: approximately 1 kg.

to 0 V and the trace to the bottom
scale line. Increase the input voltage;
for each successive 1 V increase in the
input voltage, the trace should move
up by one division.

TABLE 1

SW1 on 5 mV. test probe 1.1, adjust CV1.
10 mV, test probe 1 1. adjust CV9.
20 mV, test probe 1.1, adjust CVS.

SW1 on 5 mV, test probe 101, adjust
trimmer in probe This
trimmer must not now be
altered! Also, the other
trimmers, once set, must not
be changed!

SW1 on 10 mV. test probe 10:1. adjust CV8.
20 mV. test probe 10:1, adjust CV4

SW1 on 50 mV, test probe 1 1, adjust CV7
100 mV. test probe 1:1. check that

the adjustment is still
correct.

200 mV, test probe 1.1. check that
the adjustment is still
correct.

500 mV, test probe 1:1, adjust CV3.
1 V, test probe 1:1. check that

adjustment is still correct
2 V, test probe 1 1, check that

adjustment es still correct
SW1 on 50 mV, test probe 10:1, adjust CV6.

100 mV, test probe 10.1, check
200 mV, test probe 10:1, check
500 mV, test probe 101. adjust CV2

1 V-20 V, test probe 10.1. check.
Input square wave 50 kHz approic, SW1 on
5 mVid iv. test probe 1:1. adjust CV10
on the main circuit board) for best
waveform.
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PROJECT : Scope Part 3

Frequency Response
Adjustment
Close the case (screw the cover on

completely, as the additional
capacitance of the cover will affect the
calibration). Connect a 500 I Iz

An internal vie% of the power supply hoard.

(approximately) square wave to the
input using a 1:1 test probe; set the
input mode switch on 'DC'. Adjust the
amplitude of the signal generator
during each of the following steps so
that the picture size is about three or

four divisions. The adjustments in
Table 1 should give the optimum
square wave shape (no rounded
corners, no overshoot on the edges).

This completes the setting up of
the instrument.

BUYLINES
Since we started publishing the Oscillo-
scope project we've been informed by
AEG-Telefunken that they can supply
the cathode ray tubes, type DG7-32, at
the very reasonable price of (28.75,
excluding VAT but Including post and
packing charges. The tubes are normally
available ex -stock. The full address Is:

AEG-Telefunken (UK) Ltd,
Electronic Components Division,
217 Bath Road,
Slough,
Berkshire SL1 4AW.

The telephone number, should you need
it, is Slough 872164. All four hoards
for the scope can be obtained using the
order form on our PCB Service page
(page 71).
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Personal Software is a new quarterly publication from the people who
brIng you Computing Today. To celebrate the launch of the BBC
Microcomputer our first issue will consist of more than 20 programs
covering Domestic, Financial, Educational, Games and Scientific areas.
All the programs are fully tested and documented and the listings have
been produced directly from the BBC Micro to eliminate errors. As an
additional service we are offering copies of the programs on tape through
our CT Software organisation.
As well as featuring the best software from previous issues of Computing
Today converted for the BBC Micro in order to show off its advanced
features, the publication also includes a number of specially commissioned
programs which reveal even more special functions.
If you own or have ordered a BBC Micro, or are just looking for a
collection of Extended BASIC programs to convert to your system, then
you need Personal Software: BBC Programs.
Personal Software will be on sale at your local newsagent from Friday 14th
May at £1.95 or you can order directly from us at £7.80 per annum or
£1.95 per copy. To ensure a single copy or a complete year's supply fill in
the form below - you can even spread the load with your credit card.

SUBSCRIPTION ORDER FORM
Cut out and SEND TO :

00
1 t,t, use BLOCK CAP.7.4.1S and Include post codes

Name (Mr Mrs .

1011....

Address

L '

:.;:.3nr7e

513 LONDON ROAD,
THORNTON HEATH
SURREY,
CR4 6AR.

r.tr.rnfnr I. nr
he ISSUf

SUBSCRIPTION
RATES

80 kr 4
1K

AIL

Insorl Card C

J
3 I 451,4 u ir.qle

I am enclosing my (delete as necessary.
Cheque/Postal Order International Mane,

Order Mr J
(mode payable to ASP Ltd,

OR
Debt, my Access Barclaycard'

'delete as necessary)
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DESIGNERS
NOTEBOOK

This month we're dipping into the Notebook of Phil Walker, one of
ETI's project editors, and showing you some of the unusual techniques

he's collected.
vve depart from the usual style of Notebook this month
to bring you a potpourri of small circuits and tech-
niques that you may not have come across before.

Ever needed a two-bit DAC? An awkward low -current supply
rail? Logic level shifting? Look no further, these are just three of
the nine design ideas presented here.

Uprated Zener Diode
This circuit can be used to simulate a high power zener

diode where the correct component is not available or too ex-
pensive. The configuration increases the allowable dissipation
in the circuit up to the limit of the transistor or the diode rating
times the transistor current gain. The stabilised voltage is about
OV6 to1 V greater than the nominal zener voltage. The variation
of output voltage with load current may not be quite as good as
a normal diode but this may well be offset by convenience or
cost considerations.

6801i

Single Output Pulse From An Input Level Change
When dealing with asynchronous inputs to a digital system

it is often necessary to signal that a change of input has
occurred. This circuit is mainly concerned with producing a
single pulse synchronous with the system clock when the input
changes state. The output is a pulse, one clock period wide,
after the input goes from high to low or vice -versa (depending
upon which output is used).

If only the falling edge of the input is of interest, then the in-
put signal may be taken to the set inputs of the latches. This will
enable the circuit to respond more quickly and reliably to suc-
cessive pulses. In general the clock frequency should be at least
four times the input frequency.

.1-17\71
.1b1

CLOCK

P

TTL to CMOS Logic Interface
When using mixed logic families it is necessary to transfer

the signal from one set of logic levels to another. If all the
devices are operated from the same supply rails this is easy, but
if the rails are different then some form of interface circuit is
needed.

For a TTL to CMOS interface this can be most simply a TTL
gate with an open collector output and pull-up resistor, but if
this is not available then the following circuit may be used. The
circuit operates quite well for low to medium frequencies.

NOTE:
01 IS BC107, BC108, BC109, BC182 ETC

10.47k

*VE
TTL

SUPPLY

MOS LOGIC
DEVICE

EVE
CMOS

SUPPLY

COMMON
OV

Two Bit AID Converter
This is a very simple circuit which gives an approximate

conversion of an input voltage level to a two bit binary code. Its
accuracy is limited by the output circuitry of the op -amps and
for best results CMOS types could be used.

As the input voltage rises from 0 V, at first both the A and B
outputs are low. This makes the voltage at point X about one -
quarter the supply voltage. As the input voltage reaches this
level, output A will go high. Later, when the input voltage
reaches half the supply voltage, output B will go high. This then
makes the voltage at point X go to three-quarters of the supply,
forcing output A to go low. Still later, as the input voltage con-
tinues to rise it will reach this last value and output A will again
go high.

The reference for this circuit is the supply rail. If the op -
amps or comparators used cannot drive to very near the supply
rails then adjustments may be made to the resistor values to
compensate.

INPUT

WE

B

OUTPUTS

A

OV
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FEATURE

Transistor Function Generator
A one transistor circuit in which the output voltage follows

the input up to a threshold set by R1 and R2. The output then
falls at a rate determined by R3 and R4 until it is virtually zero.
By varying the resistance values many different transfer func-
tions can be obtained.

VIN

VOUT

VIN

Secondary Mains Switching
A novel way of switching a mains load without having

mains voltages on the switch itself is to put the switch on the
secondary of a suitable step-down transformer with the primary
connected in series with the load. The transformer primary
presents a high impedance when the switch is open and a low
impedance when it is closed. The main disadvantages of the
arrangement are that the switch must carry a larger current than
normal and the transformer must be rated for about the same
power as the switched load.

LOAD

240V
AC MAINS

Simple Pulse Burst Generator
Using a 4093 CMOS quad NAND gate package it is very

easy to make a circuit which produces bursts of pulses. These
bursts have the property that they are composed of complete
pulses, all of which have the same duration. The circuit shown
here is configured to produce a variable number of pulses in
each burst while the repetition rate of the bursts remains
roughly constant.

The first IC section produces the variable mark/space ratio
burst control signal, the next two sections are the gated
oscillator while the last section acts as a buffer and gives the
output as positive -going pulses.

The frequency of operation for both sections is determined
by the product of the capacitance and the fixed plus variable
resistance. If a 50% fixed duty cycle is desired then the
resistor/diode combination can be replaced by a fixed resistor in
series with a variable resistor.

D5

NOTE:
IC1 IS 40938
D1.5 ARE 1144148

O

Bistable Touch Switch For Analogue Signals
This uses two sections of a 4016 or 4066 CMOS switch IC.

One section of the device is used as a latch, while the others can
be used as a changeover switch or as three make or break
switches.

A similar switch can also be made using a 4053 triple 1 of 2
selector. In this case we get two analogue change -over switches
with a bistable action. Either of these circuits could be used
where audio control or signal selection is required but the hi-est
of fi is not essential.

NOTE.
ICI IS 40168 OR 40668

TOUCH
PLATES

A X

TOUCH
PLATES
B X

TOUCH
PLATES

X HI. A
X' -11.A'

TOUCH
PLATES
X -a B
X' B

4M7

4M7

5

14 4

ICIa

13

10k

10k

!Gib

7 12

9

o VE

0 B

IC1c

X

10

2
ICid

11

OA

NOTE.
ICI IS 40538

0 BV

Extra Supply Rails
A 555 -type timer IC can be used to provide that awkward

low current supply rail when an extra battery would be inconve-
nient. The device is connected as a free -running astable
oscillator and drives a simple charge pump. The polarity of the
diodes and capacitors in the output circuit determines whether
the output is positive or negative. Output impedence of this cir-
cuit is usually quite high, being determined by the capacitor
values. The capacitor values should not be too high as this will
overload the output circuit of the IC.

If the standard type of 555 IC is used the main supply rail
should be decoupled at the IC pins with an electrolytic
capacitor to prevent the well-known switching spike of the
device affecting the rest of the circuitry.

The output voltage from this arrangement will range up to
about equal to the input voltage, superimposed on to the rele-
vant supply rail. ET I

vs
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ELECTRONIC 101111r1011
flakes a good car better

TOTAL ENERGY DISCHARGE electronic
ignition gives all the well known advantages of the best capacitive
discharge systems.

PEAK PERFORMANCE higher output voltage under all
conditions,

IMPROVED ECONOMY
between services.

no loss of ignition performance

FIRES FOULED SPARK PLUGS no other system can better the
capacitive discharge system's ability to fire fouled plugs.

ACCURATE TIMING prevents contact wear and arcing
by reducing load to a few volts and a fraction of en amp.

SMOOTH PERFORMANCE - immune to contact bounce and
similar effects which can cause loss of power and roughness.

PLUS
SUPER POWER SPARK 3`h times the energy of ordinary

capacitive systems - 3'h times the power of inductive systems.

OPTIMUM SPARK DURATION 3 tunes the duration of ordinary
capacitive systems - essential for use on modern cars with weak fuel
mixtures.

BETTER STARTING
battery.

CORRECT SPARK POLARITY unlike most ordinary C.D. systems
the correct output polarity is maintained to avoid increased stress on the
H.T. system and operate all voltage triggered tachometers.

L.E.D. STATIC TIMING LIGHT for accurate setting of the engine's
most important adjustment.

LOW RADIO INTERFERENCE fully suppressed supply and absence
of inverter 'spikes' on the output reduces interference to a minimal level.

DESIGNED IN RELIABILITY an inherently more reliable circuit
combined with top quality components - plus the 'ultimate insurance'
of a changeover switch to revert instantly back to standard ignition.

IN KIT FORM it provides a top performance
electronic ignition system at less than half the price of competing ready -
built systems. The kit includes everything needed, even a length of solder
and a tiny tube of heatsink compound. Detailed easy to follow instructions,
complete with circuit diagram, are provided - all you need is a small
soldering Iron and a few basic tools.

AS REVIEWED IN
ELECTRONICS TODAY INTERNATIONAL June '81 Issue
and EVERYDAY ELECTRONICS December '81 Issue

full spark power even with low

DIMENSIONS: Length 12.5 LIII

Width 8.9 cm
Height 4.3 cm
Lead length 100.0 cm

flumt=
KIT
or

READY
BUILT

TECHNICAL DETAILS
The basic function of a spark ignition system is often lost among claims
for longer 'burn times' and other marketing fantasies. Ito only necessary
to consider that, even in a small engine, the burning fuel releases over
5000 times the energy of the spark, to realise that the spark is only a
trigger for the combustion. Once the fuel is ignited the spark is insignificant
and has no effect on the rate of combustion. The essential function of the
spark is to start that combustion as quickly as possible and that requires
a high power spark.

The traditional capacitive discharge system has this high power spark
but, due to it's very short spark duration and consequential low spark
energy, is incompatible with the weak asr.luel mixtures used in modern
cars. Because of this most manufacturers have abandoned capacitive
discharge in favour of the cheaper inductive system with it's low power
but very long duration spark which guarantees that sooner or later the fuel
will ignite. However. a spark lasting 2000pS at 2000 rervimin. spans 24
degrees and 'later' could mean the actual fuel ignition point is retarded
by this amount.

The solution is a very high power, medium duration, spark generated by
the TOTAL ENERGY DISCHARGE system. This gives ignition of the
weakest mixtures with the minimum of timing delay and variation for a
smooth efficient engine.

SUPER POWER DISCHARGE CIRCUIT A brand new technique
prevents energy being reflected back to the storage capacitor, giving 3'h
tones the spark energy and 3 times the spark duration of ordinary C.D.
systems, generating a spark powerful enough to cause rapid ignition of
even the weakest fuel mixtures without the ignition delay associated with
lower power 'long burn' inductive systems.

HIGH EFFICIENCY INVERTER A high power, regulated inverter
provides a 370 volt energy source - powerful enough to store twice the
energy of other designs and regulated to provide sufficient output oven
with a battery down to 4 volts.

PRECISION SPARK TIMING CIRCUIT This circuit removes all
unwanted signals caused by contact volt drop, contact shuffle, contact
bounce, and external transients which, in many designs, can cause timing
errors or damaging sin timed sparks. Only at the correct and precise
contact opening is a spark produced. Contact wear is almost eliminated

FITS ALL NEGATIVE EARTH VEHICLES.
6 or 12 volt , with or without ballast

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS

by reducing the contact breaker current to a low level 11.1ii sufficient to
keep the contacts clean.

Some older current impulse types (Smiths pre '74) require an adaptor TYPICAL SPECIFICATION TOTAL ORDINARY
PRICE E2.95 ENERGY CAPACITIVE

DISCHARGE DISCHARGE

STANDARD CAR KIT £14.85 PLUS SPARK POWER IPEAKI 140W 90W
Assembled and Tested £24.95 f 1.00 SPARK ENERGY 36 rn.J 10 mJ

U.K. (STORED ENERGY) 135 mJ 65 mJ
P. & P.

TWIN OUTPUT KIT £ 22.95 Pr ices
SPARK DURATION 50014 160,5

Far MOTOR CYCLES and CARS with twin ignition systems Include OUTPUT VOLTAGE (LOAD 500F

Assembled and Tested £34.70 VAT. EQUIVALENT TO CLEAN PLUGS)

OUTPUT VOLTAGE I LOAD 50pF * 500 Kn

38 KV 26 KV

EQUIVALENT TO DIRTY PLUGS/ 26 KV 17 KV

VOLTAGE RISE TIME TO 20 KVELECTRONIZE DESIGN (Lead 50pF) 25 NS 30 FS

Atik
Dept. D, Magnus Road, Wilnecote

Tamworth, B77 5BY
Phone: 10827) 281000

TOTAL ENERGY DISCHARGE should not be confused with low power
inductive systems or hybrid so called reactive systems.



ETI PCB SERVICE
Up until now PCBs were always the hardest component to obtain for a project. Of course you
could make your own, but why bother anymore?
Now you can buy your boards straight from the designers - us! As of this issue all (non -
copyright) PCBs will be available automatically from the ETI PCB Service. Each board is
produced from the same master used to build our prototypes, so you can be .tire it'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 the list below for details. Please note that NO OTHER
BOARDS ARE AVAILABLE. If it's not listed, we don't have it!

NNW
APRIL 79 APRIL 81 FEBRUARY 82

0 Guitar Effects Unit £2.64 C Musical Box £2.64 0 Ripple Monitor E2.08

0 Click Eliminator E6.64 F. Drum Machine( two boards) £5.60 C Pest Monitor E1.85

L: Guitar Note Expander £3.20 El I Ching Computer(two boards) E5.31
JUNE 79  Moving -magnet stage E3.80

0 Accentuated Beat Metronome E3.60 JUNE 81 Moving -coil stage E3.80

FEBRUARY 80
0 Tuning Fork

7.3 Mini -drill Speed Controller
0 Antenna Extender

£2.64 0 Alien Attack

£2.93 MARCH 82
f3.20 0 Infinite Improbability Detector
f2.64  Capacitance Meter (two boards)

£3.37
£14.19

MARCH 80 0 LED Jewellery:Cross E1.47 0 Robot Motor Controller £3.80

0 Signal Tracer £2.27 0 Spiral (two boards) £2.64 0 Light Wand £1.87

AUGUST 80
0 CMOS Logic Tester
0 Capacitance Meter
0 Ultrasonic Burglar Alarm

OCTOBER 80

O Star (two boards)
Waa-phase

£2.64
£2.93 JULY 80
£2.87 0 System A A-MKA-MC

ID System A A -PR
0 Smart Battery Charger

£2.65 APRIL 82
£1.53 0 Contrast Meter

 Sound Effects board
 High Impedance Probe

£2.65 0 Guitar Practice Amp
E5.17 0 Accurate Voltage Monitor
f1.97

£2.83
£2.40
E1.97
£7.57
£2.05

0 Cassette Interface £2.93 MAY 82
0 Fuzz/Sustain Box £3.27 O DV Meg f2.92

NOVEMBER 80
0 Touch Buzzer
0 Light Swrtch
0 Metronome
0 2W Power Amp
0 RIAA Preamplif ier
0 Audio Test Oscillator

AUGUST 81

£1.93 C System A Power A mp(A-PA)

£1.93 0 Flash Sequencer
£1.93 Hand -clap Synthesiser

£1.93 D Heartbeat Monitor
£1.93  Watchdog Home Security
£3.13 (two boards)

0 Analogue PWM
£4.77 O SlotCarController
£3.44 0 Wattmiser

 Sound E ffects Board
E1.83 June 82

£5.31
0 Ion Generator (two boards)
E Ion 'Blinker'

£3.37
£4.96
£4.53
£2.40

£6.22
£2.60

DECEMBER 80 SEPTEMBER 81 0 MOSFET Amp Module £6.99

0 Musical Doorbell E2.80 E Mains Audio Link (three boards) E7.35 0 Logic Lock £3.41

0 Bench Amplif ier E2.S3 E Laboratory PSU E4.53 0 Digital PWM £3.84
`,1 Four Input Mixer E2.64 D Optical Sensor £1.98

JANUARY 81
71 LED Tacho

Multi -Option Siren
E Universal Tinier

OCTOBER 81
0 Enlarger Timer

E4.13 0 Sound Bender
£3.20 0 Thermal Alarm
E3.31 O Micropower Pendulum

0 Stylus Timer
£3.40  Oscilloscope (four boards)
£2.65
E2.63
E2.21

JULY 82

£2.98
£13.19

0 Mike Switching Unit £2.04
FEBRUARY 81

D Infra -red Alarm (four boards)
l=2 Pulse Generator

E6.64 NOVEMBER 81
E3.57 0 Music Processor

TV Bargraph main board)
£7.35 0 TV Bargraph (channel card)

£4.85
£2.44

D Voice -Over Unit E3.97 0 Hotwire £2.99
MARCH 81 Car Alarm £2.81  Bridging Adaptor £2.74

11: Engineers Stethoscope £2.65 C Phone Bell Shifter E2.96

How to order: indicate the boards required
by ticking the boxes and send this page, I wish to pay by Accelaillarclaycard. Piease debit

my account
together with your payment, to: ETI PCB
Service, Argus Specialist Publications Ltd, 5 2 2 4
145 Charing Cross Road, London WC2H
OEE. Make cheques payable to ETI PCB 1419 2 9
Service. Payment in sterling only please.
Prices may be subject to change without
notice.

Signed

Name

Total for boards £

Add 45p p&p 0.45

Total enclosed £

Address
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SECOND GENERATION

POWERFET AMPLIFIERS

NEW DESIGNS
With the introduction of two new boards PANTECHNIC have pushed forward the
performance and reliability of their powertet arnplifeell Pew key tOgrOVOTOOIS
have been incorporated in these second generation modules -

1 I The uSe of N-PAK powerfeti, resulting in improved Memel efficiency and
consequently enhanced power output capabines

2 Low C08 Mum now in power trarseelli paCiaget. rob/mining tee superb HE
Perionnence and improving Myer reFebility.

3. n Separate driver and input supply rots allowing a 10% increase in mist* output
bower by increasing output stage ed1ClanCy

4 Bridge mode input tin alomng instant bridging between any two amplifiers
rotnost tfo nand tor flurfAC ecuiry

PFA100 Specification
11.1j 'MN/ NIB
`SOI 'o I Wit
0 di%

: t% hip
12046

XI V uS
/3

79V

Price £18.45

tintalit
v...

-444re

PFA200 180W into 81!
300W into 41:

PFA100 120W into 8:!

PFA200 Specification
SOKYO:it VMS *KW  AA
Oifful Pew see Ig 11161 IVs 561i

110 gCW 204/01 <UM
SNAP Intic et Inn tip.

Star rate >31 Wd
Goo n
Pr, 3it
Vs eas I XV

Price MI5
ago not igael
ric irel at

POWER SUPPLY COMPONENTS
Toroidal Mains Transformers

Voltage 160VA 226 VA 300 VA 500 VA 675 VA

40 0 40 11.51 13-75 15-59 - -

45 0 45 13-76 15-59 20.46

50 0 50 - - - 20-46 27.53

SISOG41 IOW Nit rondincis Cortege  VAT included

25A 4004inf Bridge receive
10.0000 BOV Elm Irohncs
30.000 0 75V Eke trolytics

1150
4.76

C11 SO

Phone or write for advice on selecting the right componenta for your
pertIcallar application.

All pose. VAT inc Carnage 75p Trade lists towline
Ask about our plionme. protection boards
and lower and higher power amp moduMs

THE POWERFET SPECIALISTS

pantechnic
(incorporating J.W. Rintmer)

Mail order oMy to
Dept ETI 7 148 (Warty Street. Liverpool L256140

Telephone 051 4211114$5
Tiohniewl enquiries

367 Green Laney Lotion N4 10V Tel 015006567

With Heathkit, you're all set for a
great deal. And not just big savings.

Whichever kit you choose, you'll find it easy to build.
Simple, but detailed instructions take you through every
stage. Everything is included. Even the solder you need

Duettal Clock is there.
Follow the steps and

you'll end up with a hand-
crafted, well -designed
piece of equip-
ment. One
you'll be proud

of. Because you built it yourself. 4-
There are 10 great kits to start you off. An #

4interesting choice of a digital clock to a metal
locator, including a short wave listener's t.
receiver, windspeed and direction
indicator, digital readout electronic
scale and five more useful kits.

All at 30% off to first -timers.
Send for your catalogue right now

fora start.

To Heath Electronics
(UK) Limited, Dept (ET7)
Bristol Road, Gloucester G1.2 6EE.

Metal
Locator

Windsperd and Dinytion
Indirakw

ET7
To start me off, please send me

a copy of the Heathkit catalogue.
I enclose 28p in stamps.

Name

Address

rEAW-1 You build on our

'HEATHKI
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PROJECT

POLYSTYRENE
CUTTER
The ETI Hotwire is just the thing to get you going. No, it's not for
stealing cars, it's for modelling. Turn that waste polystyrene packing
into beautiful models with the Hotwire and some imagination. Design
and development by Phil Walker.

This easy -to -construct project is a
controller for a hot-wire
polystyrene cutter. This method

of cutting foam polystyrene is probably
better than most others as it does not
create any rough edges or crumbs; it
actually works by melting the material
as it comes into contact with the hot
wire.

The object of the controller is to
maintain the wire at a fairly constant
temperature sufficient to melt the
polystyrene foam quickly but without
charring. This is accomplished by using
a simple type of phase controller to
regulate the power applied to the wire.
The circuit employs a 747 dual op -amp,
both parts of which are used as
comparators. Speed of operation is not
critical here as the circuit is operating
at mains frequency (50 Hz).

Taking A Pulse
The first part of the circuit

produces a 100 Hz pulse signal which
synchronises the rest of the circuit to
the output from the bridge rectifier.
The second part generates a variable
time delay which is used to regulate

the amount of power developed in the
cutting wire. The longer the time delay,
the less power is developed and vice
versa.

The control element used in this
project is a thyristor as this will
withstand the high peak currents in the
circuit without the necessity for large
drive currents.

Construction
This is fairly simple since most of

the components are mounted on the
PCB. Make sure that the diodes and IC.
are the right way round. Bolt the small
heatsink to the rectifier bridge using
some heatsink compound before
mounting it on the board. Allow it to
stand about 6 mm away from the
board to avoid thermal stress effects.
The thyristor is mounted on top of the
larger heatsink, both being held by the
same screw. Heat conductive paste
should be used here as well. R9 will get
quite hot in operation and should be
stood away from the board if possible
to allow air flow around it.

When mounting the PCB in the
case, it is advisable to do so with the

capacitor C1 at the bottom so that it is
not heated by the other components.

Fairly thick wire should he used for
connecting to the transformer and
output sockets as they will be carrying
several amps. RV1 is wired so that
minimum resistance occurs at
clockwise rotation.

Some Cutting Remarks
In our prototype the cutting head

was made from two short pieces of
slotted aluminium extrusion of the type
sold for shelving systems. These were
screwed to a piece of wood to form a
handle while also insulating them from
each other. The steel wire was clamped
with some large nuts and bolts so that
it was under some tension. The wires to
the control unit were also clamped to
the large bolts and held in place along
the arms of the head with sticky tape.

It is recommended that the
ceramic insulators sold by good
electrical shops be used for the ends of
the cutting wires in order to keep the
metalwork isolated. Plastic connector
block could be used but may melt
under extreme circumstances.

Once everything is working
correctly you can begin to exercise
your creative talents on the nearest
piece of polystyrene. Apart from a
modelling tool, a gadget for 3-D
doodling and something to keep the
kids quiet during the summer holidays,
you could use the Hotwire for cutting
out large letters - ideal for advertising
displays or exhibition stands.

BUYLINES

All of the parts for this project should be
readily available from the usual outlets.
The thyristor, SCR1, can be either a
2N4443 or a 2N4444 - the latter has a
higher voltage rating and a higher price.
The PCB can be obtained using the order
form on page 71.

_11
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PROJECT : Hotwire

HOW IT WORKS
The 15 V AC from the transformer is rec-
tified by BR1 to give a raw 100 Hz pulsating
DC supply. Cl is charged to the peak
voltage of this supply via D1 and provides
the power for the circuitry. The raw DC sup-
ply is taken via R2 to IC1a where it is com-
pared with the voltage across ZD1. The out-
put from ICU consists of a train of negative -
going pulses which occur around the zero
crossings of the AC input. These pulses are
used to synchronise the variable time delay
circuit by discharging C2 at the zero cross-
ing of the AC input. The capacitor then
charges at a rate set by R4 and R V1 until its
voltage reaches the level set by R5 and R6.
At this point the output of IC1b changes
from its low to high state and switches SCR1
into conduction.

Once SCR1 has been switched on it
causes the raw DC supply to be applied
across R9 and the cutting wire until the
voltage falls to zero at the end of the half cy-
cle. At this time the thyristor turns off, the
variable time delay circuit is reset and starts
again. The proportion of the total time for
which the output is on is determined by the
time delay set by RV1; hence this controls
the amount of power dissipated in R9 and
the cutting wire. The main function of R9 is
to reduce the peak surge current which
would flow in the circuit, but it will also give
some protection against inadvertent short
circuit (the wire itself has a resistance of a
couple of ohms). LED1 is incorporated to in-
dicate when the output is operating and
gives a visual indication of the power set-
ting.

PARTS LIST
Resistors (all 1/4W, 5% unless stated other-
wise)
R1 6k8
R2 3k3
R3,7 1k0
R4 5k6
R5 2k2
R6 15k
R8 1k8
R9 1R010 W wirewound
R10 180R 2 W wirewound

Potentiometer
RV1 100k linear

Capacitors
C1 1000u 25 V axial elec-

trolytic
C2 68n ceramic
Semiconductors
IC1 747
D1
D2
BR1

ZD1
SC R1

LED1

1N4002
1N4148
6 A bridge rectifier, square
package, 50 V or greater
3V6 400 mW zener
2N4443 (see Buylines)
5 mm red LED

Miscellaneous
FS1 20 mm 1A6 slow -blow fuse

and holder
SW1 Double pole rectangular

mains rocker switch
LP1 Mains panel -mounting neon

indicator with integral
resistor

T1 15 V 60 VA mains
transformer

Heatsinks (finger -style TV21 for thyristor,
TV4 for rectifier); PCB (see Buylines); case
(Verobox 21039, 180 x 120 x 90 mm); panel
mounting socket for LED1; two off 4 mm
banana sockets, grommet, wire, nuts, bolts,
brackets etc; 0.010" steel wire (guitar top
'E').

NOTE
ICI IS 747
DI IS 1N4002
02 IS 1N4148
BR1 1550V, 6A BRIDGE RECTIFIER
ZD1 IS 3V6 400mW ZENER
SCR1 IS 2N4443
LED1 IS 5rnm RED LED

R9
IRO

DI

R2

111

6kB

Fig. 1 Circuit diagram of the ETI Hotwire.

R10
101800

2W

WIRE

OUTPUT

ED

6

RV1
100k
lin

ZDI R6 C2
15k T 68

The Hotwire PCB. On the left you can see the earth connection to the pot case.

TO RV1

R9

TO WIRE

Cl

__I R41

- -r ql --r

02 F.

-{ RS .1--

TO LED 1
ANODE

TO T1

O

SCR I

Ok a

TTT

TO LED I TO WIRE
CATHODE

Fig. 2 Component overlay
for the polystyrene cutter.

ET!
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TOROIDALS
The toroidal if ansformer is now accepted as
the standard in industry, overtaking the
obsolete laminated type. Industry has been
quick to recognise the advantages toroidals
offer in size, weight, lower radiated field and.
thanks to I L P. PRICE
Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within
7 DAYS together with a short lead time on quantity orders which
can be programmed to your requirements with no price penalty
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FEATURE

VIDEO SYSTEMS
It's probably the most advanced piece of engineering you'll ever have in
your home - but it isn't that difficult to understand. Stan Curtis makes
the hardware look easy.

In a matter of just a few years home video has become big
business; second only to home computers as a means of tak-
ing away our hard earned money in exchange for boxes of

wonder electronics. The pace of development continues with
four video recorder formats now in use, three video disc formats
imminent in the shops, and new camera/recorder/television
technologies just around the corner. This rate of product
change (Grundig released then replaced three recorders in 15
months!) coupled with a puzzling reluctance on the part of the
manufacturers to release anything resembling technical infor-
mation has left the electronics enthusiast a little in the dark.
Many have just thrown in the towel and work on the basis of "an
input socket and an output socket and what's in between is
none of my business". Others have made innocent enough en-
quiries of the so-called technical departments of some of the
importing companies. The standard responses vary from a
shovel -load of pseudo -scientific mumbo -jumbo to downright
suspicion of the "why do you want to know; you're not going to
tamper with one of our machines, are you?" kind.

So the time has obviously come for ETI to present a basic
primer on the state of today's video technology together with
some background on basic video principles. This should,
hopefully, deflect the Editor from any more mutterings about a
do-it-yourself ETI video recorder! (Don't you bloody believe it!
- Ed)

The Basic Principles
Before you can start to understand how video equipment

works it is useful to learn a few of the principles and a few of the
key words. For example, just how do we get a picture on the
television screen? Each complete picture is termed a frame and
lasts for 1/25th of a second; in other words synchronised to the
50 Hz mains supply with 25 frames per second. Each frame con-
sists of 625 horizontal lines (in the UK) which are written across
the screen during the frame time. Unfortunately the picture rate
of 25 per second causes a flickering effect which is most annoy-
ing, so a way had to be found to increase the effective picture
rate to 50 per second without increasing the video bandwidth.
The answer was interlaced scanning, where the picture is scann-
ed at 50 frames per second rate (to avoid flickering) but on each
scan only half the lines are traced out, leaving a gap between
each pair for the missing lines. Each scan is called a field and
during the second field all the missing lines are scanned. The
picture is made up of odd lines, even lines, odd I ines, etc so that
in every second exactly the same amount of data is transferred
(hence the same signal bandwidth) but without the flicker.

That Syncing Feeling
In order that the picture be accurately reconstituted on the

screen it is necessary that there be some sort of synchonisation
between the signal source and the receiver. The synchronisation
is achieved by the use of pulses. There is a sync pulse at the start
of each line and a series of sync pulses at the start of each field.
These field sync pulses are repeated at half line spacings so that
the line sync is not lost and a series of equalising pulses (of op-
posite mark/space ratio) are also added to maintain the average
signal level. This arrangement is probably best understood by

studying the figures given in the TV Bargraph project this
month.

Sync pulses and picture signals are kept separate by keep-
ing the former below and the latter above the black level. Thus
it is quite simple to separate out the sync pulses at a later time.
The combined signal of both picture information and the sync
pulses is usually referred to as composite video.

LEVEL

LUMINANCE

SYNC PULSE

11"PNC

BLACK LEVEL

ICIE0
SIGNAL

VPI

5 FAEOuENCY MM)

Fig. 1 The bandwidth of signals during video FM recording.

A very wide bandwidth is required to handle this signal
which extends down to DC. The DC component must be ac-
curately maintained because any change in its value will affect
the average brightness of the signal. The high frequency band-
width can be calculated by considering the picture resolution.
Each of the 625 lines has a duration of 64 microseconds of
which 13 microseconds is used for a black margin at either side
of the picture. Thus for horizontal resolution of 575 picture
elements there will be a need fora bandwidth of about 5.6 MHz.
Similarly we can see that if a domestic video cassette recorder
has a bandwidth of 3 MHz the horizontal resolution will drop to
below 300 picture elements.

The video picture signal varies in DC level at any instant,
the voltage determining the grey tone of the picture. The highest
DC level represents white while the lowest DC level is black, the
greyness varying linearly between these limits. The brightness
signal is termed the luminance signal to distinguish it from the
colour or chrominance signal.

Hue And Y
Once colour is considered the video theory becomes

steadily more complex. Colour has two characteristics; hue
which describes its colour (red, yellow, etc) and saturation
which describes the percentage depth of the colour. Thus a
10% red will be a faint pink while 100% will be a deep strong
red.

The colour camera converts the colours of the subject into
three outputs, red, green and blue, from which any of the
original hues can be reconstituted. They can also be mixed in
the ratio 30% -59%1 1% to produce the luminance signal (Y):

Y = 0.3R + 0.59G + 0.11B

The percentages are chosen to follow the sensitivity of the eye.
The chrominance signals are then derived by subtracting Y from,
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each to give the three difference signals R -Y, G -Y, and B -Y.
Although it is possible to send each of these signals

separately it is obviously more convenient to combine them as
a single colour signal. The first operational system to do this was
the NTSC developed in the early 1950s in the USA. Later came
the SECAM system in France and the PAL system developed by
Telefunken in Germany. The three systems are incompatible
with each other as many people have learned to their cost when
they have imported NTSC equipment from the USA.

RED
90°

YELLOW
180°

BLUE
0°

PIO°
GREEN

Fig. 2 How colours are determined by the phase angle of
the sub -carrier signal.

The colour signal is encoded using suppressed carrier
quadrature modulation. This means that the R -Y signal is
modulated on the 4.43 MHz subcarrier wHst the B-Y signal is
modulated on the same subcarrier 90° out of phase. When the
two subcarriers are combined the result is a single signal whose
phase angle varies in relation to the two components (see Fig. 2).

Thus the hue of the colour is defined by the phase angle
and the saturation by its amplitude. To do this we have only
used the B-Y and R -Y components since the G -Y compo-
nent can always be derived from the other two.

Suppressing The Truth
Now we come to the suppressed sub -carrier bit. The chosen

frequency of 4.43 MHz sits right inside the 5 MHz luminance
bandwidth and its presence would therefore cause a visible pat-
tern on the screen. The solution is to suppress the carrier fre-
quency leaving just the sidebands.

Again some sort of synchronising signal is needed to enable
the colour signal to be reconstituted accurately. So for colour a
10 cycle burst of 4.43 MHz carrier is inserted ahead of the video
picture signal. This gives an accurate reference frequency to
enable the suppressed sub -carrier to be reformed by a local
oscillator in the TV which is 'kicked' into sync by this colour
burst. The phase of this burst also acts as a reference in
decoding the difference signals.

081TE PICTURE SIGNAL

BLACK -

L rNO SV NC PULSE COLa.:PI 11EFVIENCE BURST

Fig. 3 The composite video signal with line sync pulses.

The foregoing applies to both the NTSC and the PAL
systems but in the latter the phase of the R-Y signal is reversed
on alternate scan -lines and so the reference colour burst
changes phase through 90° on alternate scans. This allows
phase errors to be averaged over adjacent lines, avoiding the
colour shift which has earned NTSC the nickname 'Never The
Same Colour'.

Video Cassette Recorders
The first video cassette recorder appeared in the early 70s

with Sony's 3/4 " tape U-matic being introduced in 1970 and the
Philips NR 1500 system a year or so later. Both systems used the
helical scan technique (see the box) and although both aroused
some interest in the domestic market the great majority were
sold to educational and industrial users. In time the U-matic
recorders became the standard format for industrial users while
Philips went on to the 1700 series and, to all intents and
purposes, had the domestic market entirely to themselves.

However, in late 1975 Sony introduced the first examples
of their Betamax home VCRs, whose technology was broadly
based upon the U-matics although scaled down to use half -inch
tape. Not long afterwards )VC (despite making U-matics under
license from Sony) jumped in with their competing system,
VHS. Initially this system offered longer recording times than
Betamax (two hours) and for a few years a war was waged in the
main market (the USA) with each format trying to offer longer
play times. Indeed half -speed VCRs went on sale in the USA,
and although they offer frugal use of tape the picture quality is
truly awful. The broadcast video bandwidth is about 5 MHz and
the average VHS recorder can manage about 2.8 MHz. Halve
the recording speed and the video bandwidth drops to 1.4 MHz
while the video noise level rises. The result is a fuzzy, grainy
picture which is almost unviewable. Once VHS reached a
playback time of six hours (half -speed) the competition became
pointless - after all how many six hour movies do you want to
watch?

HELICAL SCANNING
A conventional audio tape recorder uses linear scanning - the tape
moves across the recording heads horizontally with the audio signal
being recorded along the length of the tape. This system works well
at the tape widths and speeds used because of the limited audio
bandwidth (only 20 kHz or less). However, a video signal has a much
greater bandwidth, as described in the main text; to record the TV
pictures requires about 200 times as much information per second,
yet the video tape is only four times wider than audio tape and
travels about the same speed. How can the machine pack all the
extra information on?

The trick is to make the recording head move as well; a speed of
approximately 1500 RPM is used. Instead of passing the tape
horizontally across the rotating head drum, the tape guides position
it at an angle as shown in the diagram. Two tiny recording heads are
positioned half -way up the drum and on opposite sides, so that one is
always in contact with the tape. The rotation of the drum means that
the heads sweep across the tape at about 5 metres per second; 200
times faster than an audio recorder. As the first head passes across
the tape it writes a diagonal stripe of information; the slow
movement of the tape across the rapidly spinning drum ensures that
the second head will write its stripe adjacent to the first, and soon.
This technique is called helical scanning and is used by all video
recorders of all formats at present.

VIDEO TRACK AUDIO TRACK
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FEATURE : Video

EEC VCC
Meanwhile back in Europe Philips, working at what

seemed to be a leisurely pace, conceived their 20(X) system
which gradually became known as the VCC (Video Compact
Cassette). The system was launched in partnership with Grundig
and at once a major blunder was revealed. Somewhere along
the line both companies arrived at a different understanding of
the same drawing and positioned their audio heads at different
points. The result was instant incompatibility between the two
compatible models. There were red faces and dark mutterings
all round, after which it would appear that Grundig dug their
heels in and Philips did some quick mods! In its final form the
VCC format offers a turn -over cassette offering four hours
recording -time per side - so on the basis of playing time they
have really socked it to the Japanese. The picture quality is very
good and this is due in part to the clever use of a technique
called Dynamic Track Following(DTF)which is explained in the
second boxed section.

A more recent format intended for portable recorders is the
Funai which also appears under the Technicolour and Grundig
brand names. These recorders use an audio -sized cassette filled
with 1/4 " metal tape. Although the quality is very good the high
writing speed has limited the playing time to 30 minutes. The
tape transport mechanism is very small and light with the result
that the weight of a typical 1/4 " video recorder is now not much
above 3 kg; hence the Japanese are now designing combined
camera/recorders.

DYNAMIC TRACK FOLLOWING
The Philips and Grundig VCC video cassette recorders use an
ingenious control system called Dynamic Track Following (DTF).
Unlike the VHS and Beta recorders the VCC machines do not have a
linear control track recorded on the tape; instead they have an
arrangement based around the use of two video heads whose height
can be adjusted by the means of a piezo-ceramic element.

During the recording process one head is held in a fixed
position and the other is capable of being moved by a special error
correcting signal. When the vertical blanking period occurs (and
hence no visible picture) Head One is switched to playback and it
sweeps the track just recorded by Head Two. One of the recorded
signals is of 233 kHz and the detected signal causes Head Two to be
moved until this signal reaches its maximum amplitude. When this is
achieved the two heads are in their correct relative positions.

During playback the control is maintained by detecting pilot
signals recorded along with the video signal. If the playback head
reads only one signal then it is tracking correctly. If, however, it is
mistracking it will sense two frequencies and an interference (or
beat) frequency will occur. Thus if Head One is too high the error
signal will be 47 kHz, and too low, 15 kHz. For Head Two too high the
error signal will be 15 kHz and too low 47 kHz.

With this system the video heads will always be positioned
correctly even with a still frame playback - in consequence a
feature which VCC recorders excel at producing.

There is, though, a possibility that as the tape speed drops both
heads will be lowered until they run out of their range. This is
corrected by the Automatic Tracking Control (ATC) which, when it
senses both heads mistracking, feeds a signal to the tape servo
system to increase the linear tape speed.

Transports Of Delight
Electronically all these video cassette recorders are

basically the same, their main differences being in the design of
the tape transport; each format has adopted its own tape path
and arguments continue about which is the best arrangement.
For example, on Betamax recorders the tape remains wound

LOW PASS
FILTER

FM LEVEL

DE
EMPHASIS

EQUALISATION

DRCIROPOUT

around the video head drum at all times and the picture can still
be viewed when the tape is being wound or rewound. The
normal VHS deck has to unthread the tape for fast wind, rewind,
and stop operations and this causes a tedious operating delay if
you want to wind, check the picture, wind etc while looking for
a particular portion. The latest generation of VHS machines can
keep the tape against the head drum for cuing back and forth so
the differences between these two formats are gradually
becoming fewer.

The linear tape speeds are lowest on the Betamax (1.87
cm/sec), 2.34 cm/sec for VHS, and 2.44 cm/sec for the Philips
VCC. Similarly there are differences in the writing speed,
Betamax being 6.6 m/sec, VCC 5 m,'sec, and VHS 4.85 m/sec.
The linear speed is important to the fidelity of the soundtrack
because the audio signal is recorded conventionally along a
narrow track at one edge of the tape. As all three of these VCR
formats have a linear speed of about half that of an ordinary
audio cassette deck, the audio quality is for the most part pretty
indifferent. A typical video recorder can have its audio
performance compared to a low-cost cassette deck and still
come out badly. Some video recorders now fit Dolby B, which is
worth a 10 dB improvement on the signal-to-noise ratio, and
Toshiba have a similar noise reduction system.

How Do VCRs Work?
The drawings show the block diagram arrangement of the

video record and playback circuits. First of all it must be
remembered that the recording process can only handle the
wide bandwidth of the video luminance signal (DC to over
3 MHz) by using frequency modulation. The carrier signal
frequency will vary with the amplitude of the video signal. Thus
the peak white level may shift the carrier to 4 MHz, a black level
to 3.3 MHz, and the sync pulses down to 3 MHz. This change in
carrier frequency is referred to as 'deviation' and the total
modulation is called 'modulation index' (M). Then

M= deviation
centre frequency

and for video recording will typically be 0.5. The FM will be
passed through a low-pass filter to remove all components
above the maximum deviation to give a band response as
shown in Fig. 1. The process of frequency modulation is
achieved by letting the luminance signal control the frequency
of an oscillator whose output drives the recording head.

Fig. 4 A typical FM modulator used in a home VCR.
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Fig. 5 Block diagram
of a VCR playback
system.
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The chroma or colour signal doesn't modulate the same
oscillator, even though on television signals it's modulated on a
high -frequency sub -carrier (4.43 MHz). Instead the chroma
signal modulates a low -frequency subcarrier of 750 kHz.

Two Heads Are Better Than One
If we now look at the block diagram we can see that on

replay the output from the two video heads (alternately as they
sweep across the tape) is first fed to a tuned circuit which
resonates at about 5 MHz to peak up the frequency response
which is falling off rapidly above 3 MHz. The output from the
two heads is then balanced and passed through a low-pass filter
to remove out -of -band noise, etc. De -emphasis follows to
equalise the HF boost applied during recording. There then
follow drop -out compensation and noise -reduction circuits
which we will look at separately as they are of some interest.
Then, after limiting to remove any AM components the signal
can be demodulated and the chroma component frequency
shifted to restore it. The chroma and luminance signals can then
be mixed in a video amplifier to give a composite video output.

The recording process is almost the reverse with a slight
variation. The chroma signal is frequency shifted but the
luminance signal must have its maximum and minimum
amplitudes defined by DC clamps before modulation in order
to establish the maximum deviation. The two FM carriers are
mixed at the output and fed to both of the video heads.

FM IN

Fig. 7 A typical record drive amplifier as used in a JVC VCR.

Noise Coring
Video noise is an unavoidable result of .the recording

process, although it can be reduced with the best designs of
video recorder and high-performance video tape. The effect of
the noise is to make the picture grainy and hence lose the
sharpness of lines and edges. To improve the subjective
appearance of a picture, VCR manufacturers use a video -noise
reduction circuit technique which is called noise coring. This
works in the same way as a replay -only noise gate in audio. First,
the high -frequency video signal is separated from the low
freqencies. The HF signal is put through a clipper or limiter

which removes the noise energy located on its average axis. The
HF and LF signals are then recombined.

As with so much video circuitry there is virtually no value in
drawing a circuit diagram of such a system, because it would
consist of just three integrated circuits and a few resistors. For
example, JVC use the 9V107 Filter/Amplifier, the SN7667
Limiter, and the VC2011 Mixing Amplifier/Buffer. The latest
models use even fewer ICs!

If excessive coring is applied the picture will appear sharp
but will also seem very unnatural, because much of the fine
picture detail will be lost along with the noise.

Drop -out Compensator
The term drop -out is almost self-explanatory. When a

segment of the tape has shed its oxide or has an embedded
impurity then the recording will be interrupted and the signal
will drop out. On the television screen these gaps are visible as
random white lines that appear fleetingly on the screen. Get
enough of them and they'll certainly ruin your viewing, so again
the manufacturers have sought ways to minimise their effect.
One technique is to substitute a picture line for the missing one
but without an expensive memory this seems, at first glance,
more than a little difficult.

FM
OUT

Fig. 8 Dropout compensation.

However, as the drawing shows the usual circuit is quite
simple. The FM signal is played back through a limiter (to
maintain constant amplitude) and then fed to a drop -out
detector which senses gaps in the signal. If a gap is found a DC
control pulse is fed to the switch/mixer to disconnect the direct
signal path and to connect instead the output of a 'one line'
delay I ine. Thus the previous signal is substituted for the missing
one. In this way the worst drop -outs remain unseen although a
long term drop -out cannot be accommodated.

The Video Disc
Quite staggering sums have been spent by the electronics

industry in developing and launching three competing video
disc systems. It is seen as the Great White Hope for making
billions of dollars of profits in the coming decade, although
many industry observers feel there will be strong consumer
resistance to a playback -only system. My favourite quote was
from an RCA spokesman; "What's £200 million to a company
like RCA"! The RCA system is called Selectavision and is made
in the USA. From Philips (Holland)Magnavox (USAY Pioneer
(Japan) there is the LaserVision system and from JVC (Japan)
there is VHD; so called because they haven't thought up a
punchy trade name yet. It's no surprise that all three systems are
totally incompatible and use completely different approaches.
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Just Lasing Around
The Philips system is called LaserVision and is an optical

system reading the signal encoded as pits on a reflective disc by
means of a laser beam. This system was first launched under the
Magnavox label (a subsidary of Philips) in America in late 1978.
The system works well and the players have sold steadily but
there have been continual problems with disc quality with
(according to some observers) a 90% reject rate sometimes
occurring. The current models use an expensive gas (neon) laser,
although the design originally conceived the use of solid state
lasers which will become available at a far lower cost -
eventually, that is, so Philips are keeping an unusually low
profile in their marketing, at least until they can make a
worthwhile profit on the players. The difficulty is in
manufacturing a solid state laser which has a wavelength short
enough to focus on the very narrow signal track on the disc.
Because the video signal is recorded in an analogue (not digital)
form, it is not easy to correct the errors and ghosting which
occur if parts of two adjacent tracks are simultaneously
illuminated by the laser beam.

PROTECTIVE LACQUER COATING

11111911MIPE 46911PR

1.4,SitC /
THE LASER BEAM IS
FOCUSED ONTO THE

TRACK

(Tat (ALUMINIUM) MIRROR

Fig. 9 A cross-section through the LaserVision disc.

Two types of disc can be viewed on the LaserVision player.
These are CLV (Long Play) which gives a playback time of one
hour per side; and CAV (Active Play), giving about 36 minutes
per side. The long playing CLV disc keeps each video field the
same length but increases the rotational speed as the 'groove
lines' get nearer to the centre of the record. Thus the speed at
the outer edge is about 500 RPM but by the centre of the disc
thia has risen to 1500 RPM. The CAV disc is played with a
constant motor speed but the length of the fields decreases
closer to the centre as a consequence of the reducing diameter.
This is the type of disc which makes LaserVision more
interesting. The laser can move across the disc in 24 seconds,
passing over some 54,000 separate television frames. Thus with
the correct control mechanism the frames can be read one at a
time (rather like a massive card index library), watched in fast or
slow motion in either direction or be held in a 'still frame' mode
- for months if necessary because in the absence of physical
contact there is no wear on the disc.

The CLV discs will normally be used for recordings of
entertainment because these 'special effects' are not possible.
The rotational speed of the disc varies so that there is never a
fixed number of picture frames in each rotation of the disc.

The Versatile VHD
The late -runner in the video disc contest is VHD (Video

High Density or Video Home Disc) system developed by JVC in
Japan and backed in the UK by the Thorn -EMI group. This
system is very similar to both LaserVision and Selectavision but
uses a 10" diameter disc instead of one of 12". The disc (which
plays for one hour each side) is pressed from conductive plastic,
with the signal pressed in as raised and lowered patterns but no
groove as such. The signal is read by a capacitive pickup which.
follows the spiral track by using a sort of parallel tracking servo -
controlled arm. The VHD disc suffers some wear in use because
the tracking stylus slides over its surface and so the repetitive
play of, say, a still frame could, as with Selectavision, shorten

VIDEO DISC MANUFACTURE
Of all the video disc types, probably the hardest to manufacture is
the optical disc used in the LaserVision system.

The original video programme is recorded onto a professional
video tape recorder using 1" or 2" tape. It is played back on to the
disc 'cutting lathe' where a high -power laser beam tracks a
modulated light beam over an ultra -smooth glass disc coated with a
photo -resist material. The exposed disc is chemically developed,
etched, and washed to leave a visible spiral of pits etched into the
glass surface. The glass is then coated with a fine coating of silver to
form a conductive layer, which also allows the disc to be played as a
quality check without damage (there is no physical contact with the
disc's treated surface).

The disc is then plated with nickel, followed by a layer of
aluminium. The glass master is then removed (and damaged beyond
further use) to leave a negative which is referred to as the 'father'.
More nickel is electro-deposited onto the record side of the father to
produce a positive 'mother', from which a number of nickel negative
stampers can be grown again by electroplating.

The video discs proper start off as a blank sheet of 1.3 mm
acrylic (Perspex) which are thoroughly washed and then coated with
a 30 micron thick layer of photosensitive lacquer. The disc is then
gently pressed against one of the negative stampers to give the spiral
track of indentations; they can then be exposed to the ultraviolet
light which hardens the photo -resist. The discs are then loaded into
large vacuum chambers where they are immersed in an aluminium
vapour for about 30 minutes. This vapour causes a very fine
reflective coating to be deposited on the disc; a coating which is
then protected by a layer of clear lacquer.

So far one disc side has been produced, so it is glued to another
side and the final two-sided disc is balanced electronically to ensure
stable rotation in the player.

The entire process is semi -automatic up to the list important
stage - final inspection. At present the discs are checked by
actually playing them with an operator watching the programme on
a television screen. The inspector checks four discs at a time (four
screens) in what must be one of the most boring jobs of all time.
However it has not yet proved possible to automate this process or
to rely upon fast playback during inspection.

the disc's life.
As it stands the VHD system is not ideal for the playback of

still -frame pictures. Each rotation of the disc holds in its signal
track two full television frames ie four interlaced fields. Thus if
the same track is scanned repeatedly there will be some visible
'judder' of the picture as the two different frames alternate. Two
solutions exist. The first is to feed the frame into a digital frame
store where it is converted from analogue to digital form and
loaded into a memory. The 'frozen' picture can then by
continually readout from the memory, converted back to an
analogue video signal and fed to the television to give a perfect
still frame.

This is the approach the television companies take and it's
an ideal approach except for one thing - the video frame
stores costE17,000 and upwards, hardly suitable for fitting inside
a £350 video disc player. So JVC have adopted the somewhat
more pragmatic approach of recording each TV frame twice, so
that for every rotation of the disc only one picture is seen. Now
such a doubling -up will mean that the programme will be
viewed in slow-motion. Solution? Easy - just double the
rotation speed and accept that these discs (Type II) will only run
for 30 minutes a side. If we put a three hour blockbuster movie
on to these discs we will need three, viewing all six sides, so the
early years of video disc may resemble the days when a
complete opera could only be heard by playing a stack of
78 RPM records! Already there is talk in Japan of an
'autochanger' video disc player - the juke -box of the future.

The RCA Selectavision Video Disc System
This system uses a flat circular disc of 12" diameter which

has the television sound and picture signals recorded on a spiral
groove rather like an audio disc. However, there are 10,000
grooves per inch (compared to 250 on a audio disc) and the
information is recorded as frequency -modulated vertical
undulations of the V-shaped groove. The plastic disc contains a
fine carbon dust to make it conductive and is covered with a
film of oil to lubricate the playback stylus and so increase the f
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Fig. 10 RCA Selectavision groove geometry.

Fig. 11 The RCA stylus.
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Fig. 12 The RCA video disc signals.
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life of the disc. The stylus runs in the groove but actually senses
the signal through the use of capacitive coupling between the
stylus and the disc - each being one plate of a capacitor. The
stylus is long enough to ride over the signal peaks pressed into
the groove, so the disc surfaces rises and falls under the stylus
electrode giving a capacitance variation of about 1 x 10-4 pF
peak -to -peak. This almost insignificant change in capacitance is
what constitutes the output signal.

The capacitance is made part of a 910 MHz resonant
circuit which is fed with a signal from a 915 MHz oscillator; a
frequency which falls at the half -amplitude point on the
resonant curve. As the disc -stylus capacitance varies, so does
the resonant frequency and the amplitude of the 915 MHz
oscillator output signal. Thus over a period of time the 915 MHz
signal is amplitude -modulated by the disc signal which can be
simply recovered using a diode detector. The output signal is, in
fact, two frequency -modulated carriers, these being 716 kHz
(audio) and 5 MHz video. These carriers are fed through limiter
amplifiers to take care of the 20 dB or so of level variations that
occur, and the constant amplitude signal is fed to phase -locked
loops for demodulation. The remaining circuitry contains quite
complex arrangements for reconstituting the composite video
signal and others that detect and compensate for playback
errors.
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Fig. 13 The Selectavision playback demodulation system.

Are You Being Servoed?
Early prototypes of the CED disc system (as it was known)

used an ultra -lightweight tone -arm which supported the
capacitive pickup in a conventional record player fashion.
However the current design of pickup is quite heavy,
incorporating the high frequency resonators and amplifiers; and
so it cannot be guided by the extremely small side forces
generated by the microscopic groove walls. For this reason the
pickup is mounted in a servo -controlled arm which tracks
across the disc in response to the stylus motion (see Fig. 14).
Obviously no servo or gear -train could follow every small
movement of the stylus so the pickup is allowed some 2 mils of
free motion.

As the drawing shows, a conducting 'flylead' is positioned
in -line with the stylus and its position is detected by two sensors,
one to each side. The two sensors are varactors whose
capacitance is modulated by a 260 kHz oscillator. Each is of
opposite polarity, so with the flylead absolutely central the
capacitively coupled 260 kHz variations cancel out. An offset in
position will cause a 260 kHz component to be detected by the
flylead and result in an error signal being sent to the arm motor
which will reposition the arm. The use of these opposing sensors
largely cancels out most of the temperature variations and
provides a very stable electrical centre.

260 ITHT
OSCILLATOR

ERROR
VOLTAM

SERVO
MOTOR

KIIIIIRMAIIMANIAMIRMS151.15611KOIND555."TANPORK515555555O4115559DITOSTNA5TARTONN.55,51OT15.55.5 -TOD

STYLUS FLYLEAD DISC

Fig. 14 The stylus position servo system.

Looking Ahead
Finally, the future. Matsushita and Pioneer (with some work

by RCA) have produced optical video disc systems which can
record programmes (or data) and subsequently replay them.
During recording the laser works at full power and burns into
the surface of a blank disc; when switched to low power it reads
it back LaserVision-fashion. The Matsushita system puts 15,000
still pictures on to an 8" disc and although that represents only
five minutes or so of a video programme, it will only be a short
step to a complete optical record/playback disc. Meanwhile
Sharp and Matsushita (Panasonic) are working on a magnetic
disc recorder which also uses a laser, but in this case it alters the
magnetic characteristics of the disc coating. ETI
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PROJECT

SERIES 5000
BRIDGING ADAPTOR

Some like it loud. Here's how to operate the two ETI-5000 MOSFET
power amp modules in the Series 5000 power amp in bridge
configuration with the addition of a simple, inexpensive module.

This project consists of a unity
gain phase inverter that can be
installed within the Series 5000

power amp. The input to one of the
power amps is disconnected from the
input socket and is wired to the output
of the bridging adaptor. The input of
the bridging adaptor is connected in
parallel with the input of the other
channel. This leaves one of the input
sockets unused, although it could be
connected to the other input socket if
required.

The bridging adaptor must not
degrade the distortion figures of the
amplifier to which it is connected.
Similarly good noise figures and
freedom from slew -induced distortions
must be ensured through careful design
of the unity gain amplifier stages.
Unfortunately, amplifiers with a gain of
one tend to be the most difficult to
stabilise because of the relatively high
amounts of negative feedback. To
overcome this problem and to

maintain good noise figures, NE5534N
op -amps were used in the design.

Noise Problems
The conventional way to achieve

an inverting amplifier is to ground the
non -inverting input and insert the input
signal into the inverting input via a
resistor. In this configuration the
inverting input is also connected to the
output of the op -amp through another
resistor and forms a virtual earth point.
The input resistor therefore forms the
input resistance of the stage. Since this
is connected to the output of the
preamplifier the value of this resistor
must be high, ie around 10k -100k.
Unfortunately, this would seriously
degrade the noise performance. To
overcome this problem the bridging
adaptor has been broken into two
stages. The first is simply a unity gain
buffer. This stage has low noise figures
and an output impedance low enough
to drive the following inverter stage.

The board installed in the Series 5000 amp at the left hand end of
the chassis.

ETI JULY 1982
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Since the input resistor has been kept
to a small value in the second stage a
good noise figure results.

PARTS LIST
Resistors (all !4 W, 5% except where stated)
R1,2 100k
R3-6 1k0
R7,10,11 100R
R8,9 1k52 W

Capacitors
C1
C2
C3,4
C5
C6
C7,8
C9,10

220n polyester
1n0 ceramic
10p ceramic
10n ceramic
100u 25 V PCB electrolytic
1000u 63 V PCB electrolytic
10u 25 V tantalum

Semiconductors
IC1,2 NE5534N
D1-4 1N4001 or equivalent
ZD1,2 12 V 400 mW zener

Miscellaneous
PCB (see Buylines); mounting hardware;
hookup wire.

Rti

Fig. 1 Component overlay for the bridging adaptor.
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NORMAL SINGLE ENDED
POWER AMP

INPUT

VERY SMALL SIGNAL
CURRENT ONLY

Fig. 2 Single -ended power amp showing
how current flows in the power supply and
the load.

Construction
Construction of the bridging

adaptor is not difficult since all
components are mounted on the PCB.
The components can be mounted on
the board in any order, although it is
probably best to leave the two large
electrolytic capacitors until last. As
usual, be careful of the orientation of
all polarised components such as the
electrolytic capacitors, ICs and diodes.

Solder input and output leads to
the board and bolt to the side bars on
the left hand side of the power amp
(viewed from the front), as shown in the

HOW BRIDGING WORKS

accompanying photograph. Use
twisted pairs of 32 x 0.2 mm plastic -
covered hookup wire, as with the
existing input wiring. Solder the output
directly to the input of the power amp
closest to the bridging adaptor. Solder
the input leads of the bridging adaptor
to the input socket of the other power
amp. Included here is a block diagram
of the Series 5000 power amplifier
showing suitable modifications to
incorporate the bridging adaptor.

Performance
The prototype bridged Series 5000

The amount of power an amplifier can
deliver into a certain load is determined by
the simple equation:

P = V2IR
where V is the supply voltage and R is the
resistance of the load. To achieve more
power we must either decrease the
resistance of the load or increase the supply
voltage. Either of these will cause an in-
crease in the amount of current to flow, and
this must be catered for in the design. Un-
fortunately, power transistors are limited
by the maximum voltage they can with-
stand so the supply voltage cannot be in-
creased indefinitely. An amplifier with a
supply voltage around SO V is probably
capable of supplying around 40 V peak to
the load, the remaining 10 V being dropped
by the output transistors, driver transistors
and the power supply. This corresponds to a
power level of around 100 W RMS into an 8
ohm load.

In order to increase this the load could
be decreased to 4 ohms, for example. The
simple equation above predicts a power
level twice that of the 8 ohm case. In prac-
tice this ideal is never met since the in-
creased current causes increased voltage
drops. In the case of a MOSFET output stage
such as the ETI-5000, the relatively high on
resistance will cause quite a high voltage
drop, decreasing the maximum output
power to around 150 W for a 4 ohm load.

In order to increase the power of
audio amplifiers it would seem we must in-
crease the supply voltage and design the
amplifier so that it is capable of with-
standing higher signal currents. A closer in-
spection of Fig. 2, however, reveals another
alternative. The conventional power
amplifier consists of the amplifier itself and
a power supply, as shown in the digram. The
power supply is represented by the pair of
capacitors. These correspond to the main
storage capacitors in the power amp. The
rest of the power supply has been omitted
since its purpose is simply to maintain the
necessary DC voltage differential between
the ends of the capacitors.

In a class 8 output stage only one of
the output capacitors is supplying energy to
the load at any given time. The arrows in the
diagram indicate the direction of the cur-
rent flow when the power amp is delivering
a positive -going output signal. As can be
seen, the large signal current flows from the
positive supply capacitor to the power
amplifier, through the load and via an earth
return path to the electrolytic capacitors.
Every wire in this current path has
resistance, so voltage drops occur at all

points in the circuit. These voltage drops
can be extremely significant in the perfor-
mance of the power amplifier.

The distortion figure for the ETI-5000
module, usually around 0.001%, can be
degraded to worse than 0.3% if the
resistance in the power supply leads ex-
ceeds a small fraction of an ohm. If ex-
tremely low distortion figures are required
the entire heavy current path and earth
leads should be wired with one of the very
low resistance speaker cables available.

We have seen above that at any given
time in a class B power amp only one of the
capacitors is supplying power to the load.
So the load has access to only one of the
supply rails. If both supply rails could be
used at the same time the voltage available
to the load would be doubled without hav-
ing to redesign the amplifier, so long as the
resulting current were within its
capabilities. This is the purpose of the
bridge configuration with power amps,
sometimes referred to as 'bridging'. The
principle is shown in Fig. 3. Two identical
power amplifiers have been used here, the
output of each going to opposite ends of the
load. The input signal is fed to the input of
the first amp in exactly the same way as in
the more conventional approach. The ar-
rows indicate the direction of current flow
for a positive -going signal voltage. At the
same time, the input signal is fed to the se-
cond power amp via a unity gain phase in-
verter. A positivegoing input signal voltage
becomes a negative -going signal at the in-
put of the second amp. While the output of
the first power amp is swinging positive the
output of the second amp is swinging
negative, so the load experiences double
the supply voltage (neglecting for a mo-
ment the increased voltage drop due to in-
creased signal current).

In the 4 ohm case discussed earlier the
signal current is doubled, while the supply
voltage remains much the same; the max
imum power is therefore doubled. In the
bridge case, however, the maximum signal
voltage is doubled, thus also doubling the
current. Since power is given by the product
of voltage and current the power increases
by a factor of tour. In a real amplifier, of
course, this power is never achieved. Once
again the voltage drops across the output
transistors, etc will decrease the power con-
siderably, and this is especially true when
using MOSFET output devices. To make a
closer estimate of the power that can be ex-
pected of an amplifier when connected in
bridge, determine the power delivered into
a load of half that used in the bridge and
double this value. If the bridge is to be used

with an 8 ohm load, for example, determine
the power delivered by one amplifier into a
4 ohm load and double this figure. In the
case of the ETI-5000 module the power into
4 ohms is around 150 W RMS, so the power
achieved by two 5000s in bridge should be
around 300W RMS. Measurements carried
out with the bridging adaptor gave power
figures between 280 and 300 W RMS, in
good agreement with the estimate.

There are also limitations, however,
which must be considered for successful
operation of a bridge amplifier. First, since
each amp is effectively driving a load half
that of the real load, the load resistance
connected to a bridge amplifier must be
twice the minimum load specified for in-
dividual power amps. Since the minimum
load recommended for the ETI-5000
module is 4 ohms the minimum load used in
bridge should be 8 ohms.

Another problem associated with
bridging is that both power amps used
should share the same power supply to en-
sure the integrity of the earthing system. If
this condition is not met, the distortion
figure and stability margin of the amp will
almost certainly be degraded. In Fig. 3, two
independent power amplifiers are con-
nected in bridge. This is done by joining
their earth reference points together and
driving the loudspeaker with out -of -phase
signal voltages. Current resulting from a
positive -going signal voltage flows from the
positive supply through the first power amp
and through the loudspeaker to the second
power amp, and then to the negative supply
rail of the second power amp. The circuit is
completed by the connection between the
two earth points. The problem is that, since
this connection has a finite resistance, a
voltage drop will occur across it, varying
with the signal voltage and modulating the
earth current for the second power amp.

The solution is to operate both power
amps from a single power supply. Figure 4
shows a pair of amps connected in bridge
and using a common supply. Once again,
the arrows show the direction of current
resulting from a positive -going signal
voltage. Notice that in this case the connec-
tion between earth reference points has
been eliminated and both power amps have
access to the same single reference point.
This is one of the reasons the Series 5000
power amplifier was configured with a
single supply even though two power
transformers and a total of four elec-
trolytics were used; the two channels in a
stereo power amp could be bridged, form-
ing a mono power amp. For stereo opera-
tion two such amplifiers are required.
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PROJECT : Bridge Module

INPUT

INPUT C

0

POWER AMP 1

BRIDGE DUAL
SUPPLY

LARGE CURRENTS FLOW WHEN THIS EARTH IS LOW AND PRODUCE
A VOLTAGE DROP ACROSS IT, SO THE EARTH REFERENCE IS LIFTED
BY THIS AND DISTORTION RESULTS.

BRIDGE SINGLE
SUPPLY

8 OHM LOAD

POWER AMP 2

INPUT

BRIDGING ADAPTOR

BRIDGING
ADAPTOR

X-1

Cl R3
220n lkO

INPUT

TO 35,0-35 VON

TRANSFORMER

R9
1k5

R11
100R

+ ca

10u

HOW IT WORKS

VE

OUTPUT

NOTE:
IC1,2 ARE NE5534
D1-4 ARE 1N4001 OR
EQUIVALENT
ZD1,2 ARE 12V 4001nW
ZENER

The Bridging Adaptor is a unity gain (gain of
x1) inverting stage that has its input in
parallel with one power amplifier module
and its output driving the other power
amplifier module. Thus the power amp
module it drives operates out of phase with
the other power amp module.

The bridging adaptor has two stages
- a non -inverting input buffer stage and an
inverting output stage. The active device in
each stage is an NE5534 high performance
op -amp. A on -board rectifier provides dual
supply rails regulated by two zeners.

Input is coupled to the non -inverting
input of IC1 via an RC network consisting of
C1, R2, R3, and C2. Resistor R1 provides a
DC return for the input line. Resistor R3 is a
low value to ensure good noise perfor-
mance for IC1, and together with C2, a
lowpass filter is established to limit the slew
rate of incoming signals to prevent slew -
induced distortions. Feedback for IC1 is
provided by R4, connected between the
output and the inverting input. The output

of IC1 drives the inverting input of 1C2 via
R5. Feedback around IC2 is provided by R6.
The feedback constants for both IC1 and
IC2 are arranged so that each stage has a
gain of one.

The output from 1C2 is coupled via R7
and C6, which provide a low frequency
rolloff, C6 also providing DC blocking.

The bridging adaptor is powered from
the Series 5000 amplifier power supply
transformers. Diodes D1 to D4 form a
bridge rectifier providing about ±52 V DC
with respect to the winding centre tap.
Capacitors C7 and C8 provide smoothing.
Two zener diodes, ZD1 and ZD2, are used
to provide regulated positive and negative
12 V DC supply rails for the two ICs.
Resistors R8 and R9 provide current dropp-
ing for the two zeners and R10/C9, R111C10
provide further filtering. Capacitor C5 pro-
vides a high frequency bypass for the supp-
ly rails. Capacitors C3 and C4 provide fre-
quency compensation for IC1 and IC2
respectively.

Fig. 3 (Top left) Two separate bridged
power amps showing individual power
supply and load currents.

Fig. 4 (Centre left) Bridged power amp and
single supply showing load and supply
current flow.

Fig. 5 (Bottom left) Circuit diagram of the
bridging adaptor.

amp performed favourably and gave
distortion figures around the resolution
of our THD analyser (approx. 0.003%).
Similarly, noise figures were not
degraded and the adaptor tested was
free of slew -induced distortion. The
power output achieved was around 300
W RMS when connected to an 8 ohm
load. Connection to a 4 ohm load is not
recommended for the reasons given in
the accompanying box.

C7
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INPUT
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SERIES
5000
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Fig. 6 How to wire the bridging adaptor
into the Series 5000 amplifier for bridged
operation.

BUYLINES
As usual, we can supply you with the PCBs;
the order form is on page 71. Nothing else
should cause any problems; the NE5534 is
available from Watford Electronics, or as
an alternative you could use the TDA1034
from Technomatic.
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Mona on.. efeb Mon ROO irme WNW muli.
0010010 44....1112P,P 61.

AMPLIFIER WARD noMete on* Ow SM b two Mort To purougor
InIo 3k Cooed 04ip1i60 mew,
CASLE TIES era 13bn Op or Wenn Eon IR 610 Mk/ -
TOGGLE SWITCH. Gino aft 212p floe 10 Is 010
4 CORE CURLY WERE roomy to 2 mom MAY 10 off OM 1.10 MI III
MA Ponentlanom - One. tI( len; 3.30 Lrro a TK Lr Al tip Geo
Mod 111
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lauLTKOPIE CAPRI III Wm IAA odour 7101H 00.11. 100 none o-ouo
OP Can DI

GEC 4 Bogen UHF TUNER 0 PR as.10 MI Eli
CACI loom UH(..VHF TUNER ET ea 10.001
SOLID STATE UHF TUNER MAIO El ee. M.N Di
PHOTOMEATIVUERS -Now nforsmon - P&P al 0000. 1110 dr.
(Intoh 2- **Yoe C2 e* Ara Han 2- a a RCA Mao MO PI ea SoNM
Aookan to RCA 0 ea MULLARDIMAVP LAW Oa 32mm fa a.
noogyvvELL STRIP CHART PAPER infl .0.. Nor nu rfAa 3,0C
EVEN trail. lap Pon *4 10 Oa E4 P1711C3 60
BLUE TOltAMAL PAPER a32n Iced IS Orb. (I 60 Per ,crk Pt,* L2 t
KO Con (6

FOR PURL OCROCIREPTT It TUT tOUIPMENT LIST WRITE OR PHONE

MARC.ONI AMIFM SIGNAL GENERATOR 01(10

TF1061511/6S. 10-470M/if in 5 bends
1276 own CAM/KNEE

WAYNE KERR COMPONENT BRIDGE type 0521
ICT3751. Rsaltanca IrrrOluno 1000 Meo ON11, Capon,
lanes 60301(uF 110; Inductance 1 tilt NAM 20(17
of manual. ONLY EN each. GlInitig.

AVO VALVE TESTER TAN CT160 (22 valve Wee/ with
00PY 01 manual. [0060th Carnage Cl-

AVO TRANSITOR ANALYSER neve 01446 with ropy
of manual 1:20 each Campo 1-0

AVO SIGNAL GENERATOR NO 2 AM:FM AM 0 A6
22514/1/ FM 20- 100MHz o With copy of manual DS
each. Carnage CS

MARCONI COUNTER: FREQUENCY METER TF1417:2
LvAh Conveno, type F2400.' TM7266 SWATH/
E36 11th. Carriage LI

TELETYPE PRINTERS KSR33-ASCII Kayboned EIO
ASR33 - as above with 13 Ow puncn and reader CM
CynAge C6 each Lire

MULT1METER
Runlian Type 4324 AC DC

SINE Er SQUARE WAVE
AUDIO GENERATOR

sons. AC' OC carom; Toe TE22
ohms etc 2014/200Kht Pomade

Bond new, bond As new
i f12.60 seen PRP 02.50 ONLY teach PRP EA

SCOPE STYLE CASE RN VA" or 711U  13 Yoo" deep
ettractum DMA COVel b Strip handle. As a

TACHITOSCOPE but .0041 for Moe lone cOnOtruotof fa
1616111 CARO anal POP E2.50

ISOLATING
TRANSFORMER
2401/ input 240V

Output MP Watts
El6 each. Carr. IS

IKEOAMI 20' BLACK b
WHITE MONITORS
Solid Stale V.1100

Int. Et Est Sync
Mooch. Carnage ES

MINIMUM ORDER OF GOODS E3. MINIMUM PACKAGING & POSTAGE 0.50. VAT at 15% MUST be added to TOTAL of GOODS & PACKAGING. BUT
PLEASE ensure sufficient mon IeS is sent to cover PACKAGING and Postage to avoid delays in PS dispatching your Order. CALLERS VERY WELCOME STRICTLY

BETWEEN gam -tom and 2-Sorn Monday to Saturday inc. BARCLAYCARD (VI SA i and ACCESS taken. Of I icial orders welcome

CHILTMEAD LTD
NORWOOD ROAD, READING TELEPHONE NO. READING 669656

0,d I.,n,nc oft post Reading TOChneln: : .1eqe In Kong  Rrono then 71151 nghl 00K. to coo wan' SpoA not WOml

Ws easy
to complain

about
advertisements.

The Advertising Standards Authority.
If an advertisement is wrong.we're here to put it right.

A.S.A. Ltd., Brook Ho! se.Tornngton Place, London WC1E 7HN.

88 ETI JULY 1982



New Products

HIFI STEREO AMPLIFIER KITS
roes one of Britain's leading asotem ample* manufacturers comes en exciting new pitta's of Weep ImpWas Air. doeigeved to offer all the adventages of trueNO fidailty but wilhOut the

usual price penally
These new kits offer the choice of rnowng Reset or moving coil inputs, 40 to 100 watts per channel. in lest, tiverythes the mode theprevious models so poet* Is induded but .Nth added
Style. ease. constrocbon and a tut two wee warrenty.
The new range conelets of The C1( 1010 Stereo Pre Ampaher, The CK 1040 WPC Power Ampfifer. The CK 1100 WPC POwle Arnferfel 

0(1010
nis km twining all the mosetify pets to build  tOrnplerte prekent. The mein PCB a reedy assembled ere tested therefore ccesbuction e simply I mans pl pant to paint *miry and
mechanical tonere* of the committee and controls to the pre punched chassis.
The CK 1010 takes Is DC suety from the CK 1040, 1100 or, if using a therent power amplifier o PSK pow* suety kit Inputs for disc, tuner and tape ere provided and an optone: edd-on
moving coil input can be fined to extend its versatety 1114C.2K)

0( 1040
The is a nominal 40 wen per Chanel power wroth* kit which Nieuwe our owl power supply end the DC output lOr the CK 1010 Al Components such as hitatsinks awe end Connectors Ste
indite) and protection is provided hem short Circuit outputs.

0( 1100
Sante to the CK 1040 the mod* plass/el ti Molina! OM watts pee chew* with extra reinsinking and Memel cutouts era touted as tendord
When tenet* samembled these kits ere guaranteed for two veers.
..fr wadi:Item than rep Cowmen bra.. mantained it..., positron at the top of the commercial kit &nal had. Than no *natal rasped I know rl that can beta the sound of rho coenbrevann
°cast 1  any pram and only  few - such as tha A 1000 rt  ) - eye of comparable Mondani .

I can say no more Ma Moir foe 1750 IT ICA" 1010.'41C2X tile()) is  bargain and one 0741
becomes the mOrritiof point for kit arrioarars from now on."

PRICES CK 1010- RRP E110 00, CK 1040- RRP E111100-, CK 1100 - RAP E1411.00; MC2K - RAP C26000, PSK ARP E20 CO

Bartow-11rd or Atm= accepted, otherwee send C.W.O. C.0.0. f1 00 *ere Al press include POP to anywhere in the U K Export Write I or MU. !Om's*

SEND FOR FULL DETAILS ON OUR HIFI KIT PRODUCTS BY WRITING TO FREEPOST ADDRESS BELOW

rimsontiektrik
FREEPOST. 9 CLAYMILL ROAD

LEICESTER LE4 5ZD. ENGLAND
TEL. 0533 761920, TLX 34694

Please
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PCB FOIL
PATTERNS

We didn't have room for the Ion Generator PCBs last month, but we forgot to
mention the fact. Anyway, here they are.

° °ETIION °1111111k.114t
GENERATOR

0 .04.C11\

0.4)111)
0

LL

1

LH ION DETECTOR mai

Min
aits lie0 ? ll

ill
ETI HOT WIRE

O

00

4ED
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PCB Foil Patterns

o ETI BAR CHANNEL
GRAPH CARO

ETI

QUALITY DOES NOT HAVE
TO COST VERY MUCH !

4
AUDAX HI-FI - SPECIAL PURCHASES 70,E1
11021)(125114C r Bass mid range Beatrene cone. 40/60 watt systems £9.95
60243452C 10' high performance bass Foam suspension
60/80 watt systems £1295
11013675848 5'-t bassmid range Bean ene cone. 40/60 watt systemslC6 95H013825J

magnet
magnet version 1:595

111F21118118 r bass mid range foam surround. square silver front
30,50watt system C8.95
111F2OES618- bass mid range For 30/50 watt systems roll Sur round
treated cone 4 ohm 07.65 8 ohm [705
16F678311104' closed sack mid range for 30/50 wall systems
11010002588 I' dome tweeter 4 frame I or 60180 watt systems

0.50
695

All models tor 8 ohms unless stated (UK Post etc Speakers 700 i ecters and mat range 50p1

TV SOUND FROM YOUR HI-FI (Mk III)
High quality TV sound converter, plugs into aerial
socket Of your FM tuner 9 volt battery operated
!battery not supoliedi Nothing to look at but lust
listen' Covers all U K. UHF Channels

*Fitted slow-motion drive IMk fig E11.50
four button push-button version C1450 Co 65p. t UK Post etc. 650)

On Demonstration for callers to AU Edgware Road.

PIEZO TWEETERS °-""..17."---..*---
I ildualoamkrarageosems
2 holm a *Akan*
3 Agar marmite
I Ha wk.'
S licael now al PA I
6 atiod InarwringAlpiato
LL Be Fne

ORDER BY POST OR PHONE OR CALL IN
Cubegate limited

AUDIO ELECTRONICS
Im--4 301 Edgware Rd. London W2 1 BN

Tel: 01-724 3564
Also at Henrys Radio 404 Edgeware Rd. W2

ash 9515

MIA 1145

Ma Hi
let 2145

XV MS
ISSIA 959,

61Aeonansoni ratior

LL I

INCLUDE VAT

An entire
range of
low-cost
high-
performance
instruments

sabtronics
'Making Performance Affordable

2010A 3'h -Digit L.E.D. Bench DMM
'2015A 3VeDiq4 L.C.D. Bench DMM
2020 350-Oigit L.E.D.Bench DMM

with Microcomputer Interlace
2033 310 -Digit L.C.0 Hand DMM

'2035A 311 -Digit LCD. Hand DMM
2037A 3W -Digit L.C.D. Hand DMM

with Temp.
LP- to 10MHz Logic Probe

5020A IFIr-200KHz Function Generator
8110A 100MHz 13-0811 Frequency Meter
8810A 600MHz 8 -Digit Frequency Meter
86105 600MHZ 9 -Digit Frequency Meter
800015 10Hz 9 -Digit Frequency Meter
8700 10MHz Universal Frequency

Counter/Timer
PSC-65 600MHz Preacaler
9005 5MHz Single Trace OscilloacoPe

 Also available in kit form.

Test our low priced test equipment. It
measures up to the best. Compare our
specs and our prices- no-one can beat our
price/performance ratio.

Full colour illustrated
brochure and price list from:
BLACK STAR LTD.,
9a Crown Street, St. Ives,
Cambs. PE17 4EB
Tel: (0480) 62440. Telex 32339

iBllm
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The MICRO
PROFESSOR
solves themystery"
of micro-processors.

Micro -Professor IS a low-cost ZBOA based
microcomputer which provides you with an
interesting and inexpensive way to understand
the world of microprocessors
Micro -Professor IS a microprocessor teaming
tool for students. hobbyists and engineers It is
also an ideal educational tool for leaching in
schools and universities
The main object of Micro -Professor is for the
user to understand the software and hardware of
a microcomputer easily and conveniently.
Besides the complete hardware/software
System you have the users experimental
manual. It includes self -learning text
with 20 experiments whLeh range
from simple, software

programming to designing a complex electronic
game Completed programes can be stored and
re -read via the cassette interface 2K bytes of
monitor source program with documentation is
also provided in the manual
Micro -Professor provides a wide range of other
applications Low cost prototyping tool  Low

cost development tool  Process controller
 Electronic music box  Turner  Noise generator
 Nome appliance control  Burglar alarm
 System COntrol simulation
Tester

and much morel

TECHNICAL SPECIFICATION

CPU Z80A (. °u 5.917 performance 0N0,000C010or 000 150 nseuchons
SOFTWARE COMPATIBILITY Capable of executing ZOO:SOSO:OW nvorve language dower,
RAM 2K kites epandable to 41( toss

ROM ',.x bytes al sopsks5calect chorrec emendable to IIK briefs
1, INPUT/OUTPUT 24 system I  0 lines

DISPLAY h digit 0 5 re0 LED *Way
AU010 CASSETTE INTERFACE 165 bt per second average rate for data vans's, bete man memory and

cassene tape
' EXTENSION CONNECTORS Provides all buses dt CPU shame! sKpas of CTC And .,C,rson 5.5 OP(

V users meridian
COUNTER TIMER CIRCUITS Saadi is prowled 2110.CTC IC ewe
PARALLEL I/O CIRCUITS Sccaef is provided 280-P10 IC extra
SPEAKER ARO SPEAKER DRIVER CIRCUITS A2 25* - darnels. &pease, is 00,0401V user s
appsscesvss
USER'S AND EXPERIMENT MANUAL Umpire seekearneig 100 ell, experrnents and
aopiirons
OPTIONS .Press On MiPlicaMan) 2130C TC EPROM programer board Proton/Ong 13ca:'
Z00.010 $00011syn05000er board Audio Cassefie 2K Rath
KEYBOARD 36 keys including 19 funClion keys, 16 he xdose keys and 1 ow 00 ned be,

New

dd On Pr° siSel

SPCeC0 SY","boar- comet

140,4 Pr cGATaboars.

A 9V. 0 5A adaptor and 350 page manual is provided.
Formal orders requiring

Acc & 30 days credit
Please ask for price list

Use Ihe ungwe
MAY000rriPoter to bury
urde9MPd the inside
workings of nucroprocessors
or s.Chf s,50 05 a ZBOA
oyakaalion System

Flight Electronics Ltd.
E69.95

Mail Order on.y

MICRO PROFESSOR is a trade mars of swede< h industrial Corporation ZSO is a trade mark of Zdog ins
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NEXT MONTH . .

SOLAR CELLS
A practical guide to the essential technology of solar power, together with some simple Breadboard -style

ideas for experimenters.

SOLAR POWERED RADIO
Ideal for sunny summer days at the beach. Costs little to build, nothing to run!

SUNBURN TIMER
The Sun's power is all too obvious if you stay out too long . this year, control your tan with our

Sunburn Timer - just dial Rare, Medium or Well -Done!

POPULAR COMPUTING
The HE MicroTrainer

Next month we describe the circuit and commence the construction, beginning with the power supply
unit.

INTO RADIO
Television Interference Filter

Tired of listening to - and looking at - CB -chat while trying to watch Dallas? Our simple TVI Filter will
remove the symptoms, if not the cause of your annoyance.

PROJECT: MUSIC
Equalisation - It's Easy

Looking beyond bass and treble, this feature explains what equalisation is and how it is used to
compensate for frequency distortion in both recorded and live music.

INTO ELECTRONIC COMPONENTS
Concluding our long -running and popular beginner's series. If you've followed it so far, don't miss the

final chapter!

PEDOMETER/ODOMETER
No, it's not an instrument for detecting smelly feet, but a digital device which can be individually
programmed to read the distance travelled by a walker or jogger, or as a bike mileage indicator.

Get it?

Plerrse reserve copies of the July issue of

or
Name

Address

Then get the July issue of

6-

On sale at your newsagent

Place your order now!
Although these articles are being prepared for the next issue, circumstances may alter the final content.
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MONTHLY IN
ELECTRONICS TODAY -
YOUR OWN 'WHERE TO

BUY IT' GUIDE

AVON

0

LOOKING FOR
COMPONENTS! HARDWARE!

CASES! TRY YOUR LOCAL
LISTED STOCKIST

S. IRELAND

FOR YOUR BUSINESS TO
BE INCLUDED, CALL
ELECTROMART ON

01-437-1002.

TYNE AND WEAR

ANNLEY ELECTRO

190 Bedminster Down Road
Bedminster Down, Bristol

Tel: 0272 632622
Open Mon -Sat 9.n. 41.30 pm Wet Sam 2pm

rDeat_s
25 Parnell St, Dublin 1.

Tel Dublin 740662

AITKEN BROS ft CO
35 High Bridge

Newcastle Upon Tyne.
Tel 326729

BEDFORDSHIRE LANCASHIRE S. WALES

BROADWAY ELECTRONICS
I ETESON ELECTRONICS

1513 Lower Green,
EEPoultomle-Fyide, Blackpool

Tel: 102531 885107

CliF1010811 ELECT B011105
Chancery Lane, Cardigan,
Tel Cardigan (0239) 614483

1 The Broadway, Bedford.
Tel: 0234 213639

1. 9 5 30 'n des -
1,,ru.n 1 30-2 30

dusts in electronic COMPUMI
Acorn computers

DORSET LONDON WILTSHIRE

D.J. ELECTRONICS
64 Ensbury Park Road,

Bournemouth.
Tel: (0202) 515073.

Open: Mon -Sat gam-6pm

SAMSONS ELECTRONICS LTD
9/10 Chapel St. 21/23 Ball St. NW1.

741: 01-282-5125, 01-723-7861.
Open: 10am-6pm. ISat I larm5prnl.

Vast selection of components at ridiculous
prices.

camiab electronics
27 Faringdon Rd. Swindon

Tel: (0793) 34917

HAMPSHIRE

(-RAINS ELECTRONICS -77

3. West Street, Fareham.
Tel: (0329) 234891

HERTFORDSHIRE

GODDARDS COMPONENTS
110 London Road, St. Albans.

Tel: St. Albans 64162
Cr r- von -Sat 9 30am

I 'h day Thurl

r-

W. MIDLANDS

PATH ELECTRONIC SERVICES
369 Alum Rock Road, B'ham.

Tel: 021 327 2339.
Open 10amhprri

Sat 9 30am-5pm. Contact
Thomas. Wholesale and retai

NOTTINGHAMSHIRE

DAMON electronics
99 Carrington St. Nottingham.

Tel: 53880 (mail order available)
L.'perr 6 days 9 3iar11-5 3C9m
Tinec.ialists in T V FM aerials

YORKSHIRE

ACE MAILTRONIX LTD.
3A Commercial Street,

Batley. Tel: 109241 441129
Open Mon rs, 9am-5 30p'r ,Sat 1r

Retail and wholesale.

PLEASE MENTION
ELECTRONICS TODAY
WHEN USING THESE

SHOPS!

Please include my business details in the next available issue of Electronics Today International:

Business Name

Address

Tel. No Open Hrs

Contact (Office Use Only) -
Post To: Electronics Today, 145 Charing Cross Rd., London WC2H OEE.

1
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COMPONENT SALE
THIS MONTHS SPECIAL

2114L-4
Low power static RAM
50p ea. or E15.00 for 32

2732 250
1771 800
6504 CMOS RAM 4K x 1 200
6514 CMOS RAM 1K x 4 200
3A 5V REGULATORS ITO-3) 2 25
0.2" RED LED's 40 2.00

All above brand new - full spec
2147 (70nS) 4K x 1

low power static RAM B Grede
cosmetic rejects, but electronically sound

E0.50p ea. (with data sheet)
Please add 50p car, to all orders

S A.E for list
Payment with orders to:

J. Wright. 27 Bruseall Moe. elaepw. 8117A8

TELEPHONE MONITOR KIT, connects
between telephone line and your cassette
recorder and automatically records all phone
useage. Complete kit including case and PCB
only E9.95. Dept. ET1, UNITECH (Midlands),
FREEPOST, Sutton Coldfield, West
Midlands, 874 3BR.

SPARE PARTS For all digital watches.
Batteries, crystals, displays etc. Send SAE
for full list. Profords, Coonersdrive, Holmer
green, Bucks HP15 6SGD.

AMAZING ELECTRONICS PLANS. Lasers,
Superpowered Cutting Rifle, Pistol, Light
Show, Ultrasonic Force Fields, Pocket De-
fence Weaponry, Giant Tesla, Satellite TV
Pyrotechnics. 150 more projects Catalogue
95p - From Plancentre, 16 Mill Grove
Bilbrook, Codsall, WolverhamotOn

TOP QUALITY- UNBEATABLE PRICES
We specialise in top quality equipment fcr
groups, disco and Hifi. High power ampi
hers up to 600W, lighting units, consoles

power supplies, etc.
Send for catalogue 170p from:
SILVERQUEST LTD

21 Belmont Road, Luton LU1 1LL.
Bedfordshire

Tel: I0582/ 37220

RADINIION
DETECTORS

ITw IIBE PREPARED

VIEW MU LENS

 THIS DOSIMETER
WILL AUTOMATICALLY DETECT
GAMMA ARO X RAYS

 UNIT IS SIZE OF FOUNTAIN
PEN & CLIPS ONTO TOP POCKET

 PRECISION INSTRUMENT
METAL CASED WEIGHT 20?

 MANUFACTURERS CURRENT

PRICE OF A SIMILAR

WAIL OVER C75 EACH

British design 6 manulactuie
Tested AS fully guaranteed
Ex SIOCk delivery

1615 Inc ya
Post& Pack &K.

Ideal tor the experimente'
COMPLETE WITH OATA

HEIVRYS
464 EDGWARE ROAD LONDON W2 TEE

TIME WRONG?
ALWAYS CORRECT with an MSF CLOCK -

never gains or loses. SELF SETTING at
switch -on, 8 digits show Date, Hours,
Minutes and Seconds, auto GMT/BST and
leap year, also parallel BCD output for com-
puter or alarm etc.

Receives Rugby 60KHz atomic me sionals.
bullt-in antenna. 1000Km range.

Fun to build kit includes all parts. printed cir
cues. case, i .rWructrons, postage sic,
£62.80. money Back assurance. GET the
TIME RIGHT now.

CAMBRIDGE KITS
46 ITGI Old School Lane. Milton,

Cambridge

PARAPHYSICS JOURNAL (Russian
transiationsl, Psychotronic Generators.
Kirlianography, gravity lasers, tele-
kinesis, Details. SAE 4 x T. Paralab,
Downton, Wilts.

DIPLOMA IN ELECTRONICS Full time
courses in Electronic Engineering. Also
courses leading to CITY AND GUILDS
Examinations. Tel: LONDON SCHOOL OF
ELECTRONICS: 01-263 5938.

BURGLAR alarm equipment. Ring Bradford
(0274) 308920 for our catalogue. or call at our
large showrooms opposite Odsal Stadium.
C .W . A Ltd.

1

Inner London Education Authority
London Collect of Furniture
41/47 Commercial Road

London El ILA
Department of Musical Instrument

Technology

LECTURER I

in ELECTRONICS
Appl canons are invited from qualified
electronics engineers to lecture on
basic electronics and musical
applications of electronics. Lectures
are to be associated with TEC Diploma
and Higher Diploma courses in Musical
Instrument Technology.
A background of specific applications
of electronics to musical synthesizers,
effects units, sound modelling
processes and computer control of
peripherals associated with musical
sounds would be advantageous.
Teaching experience, though desirable,'
it not essential.
Salary: On an incremental scale within
the range of f5,034 -f8,658 (Plus -759
Inner London Allowance). Starting
point depending on qualifications,
training and experience. Subject to
formal approval.
Further details and application form can
be obtained from the Se n

Administrtive Officer at the College
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FIND -A -FRIEND through FIND -A -
FRIEND'S new confidential, inexpensive
service. Your ideal friendship,: relationship
- all ages - countrywide.
SAE: Telephone: FIND -A -FRIEND IETII,
Temple House, 43-48 New Street,
Birmingham, 82 4LH. 021-429-6346.

VHF/FM TRANSMITTER KIT. New IC
design - smaller than all imitations. Takes
5 minutes to build this miniature FM bug,
receive on domestic radio (VHF 88-108
MHz). Instructions etc all included. Special
Offer £2.75 (or £4.75 for two) + 25p P&P.
IUnlicensablel. Cheques: POs Cash to: M
Henry, Dept ET!. 30 Westholme Gardens,
Ruislip.

OSCILLOSCOPE f12. Easy built unit plugs
into T.V. aerial socket and converts it to
large screen oscilloscope. Costs approx.
£12 to make. Circuit and plans £3. J.
Bobker, 29 Chadderton Drive, Unsworth,
Bury, Lancs.

ELECTRONICS component shop in MAID-
STONE. KENT/ Thyronics Control Systems,
8 Sandling Road, Maidstone, Kent.
Maidstone 675354.

STOCK CLEARANCE. Mixed Resistor
Packs: ,iwp: iw, pre -formed, un-used. 1-1Ib
pack (2500 -plus) £2.50; 2Ib pack f4.60:
Exceeding 2lbs £2.00 per lb. 2A Mains
Filters RS 238-435, f3.50 each. 16 -pin
Headers (without covers) 6 for £1. 8 -pin 1,Pc
holders 12 for £1. 20mm Chassis Fuse
holders 4 for f 1 . General Purpose Diodes
25v 50ma, 75 for £1. TTL Sale: 7412, 10 for
£1; 7485, 2 for El; 7491, 4 for f1; 74122, 5
for fl; 74123, 5 for £1. All prices include
VAT/P&P. Linway Electronics, 843
Uxbridge Road Hayes End, Middx UB4
8HZ.

CIRCUIT DESIGN, Prototype construction.
analogue or Digital. &angle Circuits or
Complete Instruments:Systems. Write A. J.
ATTWOOD, C.Eng., MIERE, Heathercote.
Heatherton Park, Taunton, Somerset, TA4
lET, or Phone Bradford -on -Tone (082.346)
536.

WANTED: ELECTRONIC COMPONENTS
and Test Equipment. Factories cleared. Good
prices given. CI Services, 29 Lawford
Crescent. Yateley. Camberley, Surrey. 0252
871048.

A really compact high
performance CCTV camera
for only £130.00 plus VAT
plus P/P, Total £152.95.
Size 3-x 3-x 9"." 240v operation.
lv p -p output. Lens extra.

CROFTON ELECTRONICS LIMITED
I'.,G4OSVEN011 R04() TWICKE .

Vill111. LSLS TIV1 440
Teleollarte 01 891 1973'01 891 1S1

29,0'193 ,'Etf1FiNj C

COMPUTER CONTROLLED
SOUND IS HEREI

This unique device receives serial data
from any computer, baud rate up to 4800.
responds only to its own address code
(preset by on -board d.i.l. switch) and is
capable of attenuating any audio signal in
1.5db steps from 0db to infinity. Once the
device has been enabled, all other devices
will ignore the commands until a new
address has been transmitted. These
devices can be built into amplifiers,
mixers etc, or anywhere computer control
of audio signals is required. The kit comes
complete with all parts, sockets etc, and
is supplied with instructions for use. A 5V
power supply is required. Up to 127
devices can be individually addressed on
one loop. Order ref: MEWL

Price £69.50+ VAT P&P £1.50
Chnr.,e3. osre.' wders cossed and oare.Nle ?o'

MEDIATRONICS
3 Alnwick Drive, Hollins, Bury. Lancs

061-796 6410

PRINTED CIRCUITS. Make your own sim
ply, cheaply and quickly( Golden Fotolac
light-sensitive lacquer - now greatly im
proved and very much faster. Aerosol
cans with full instructions, £2.25. De
veloper 35p. Ferric Chloride 55o. Cleat
acetate sheet for master 14p. Copper -clad
fibreglass board, approx. 1 mm thick
£1.75 sq. ft. Post/packing 75p. White
House Electronics. Castle Drive, Praa
Sands, Penzance, Cornwall_

USE
(35p per word,

Just write the details
A.S.P.

ELECTRONICS TODAY
minimum 15 words.

centimetre
on the form
Ltd, to Electronics
145 Charing

2.

INTERNATIONAL'S CLASSIFIED
Box Nos. f2.50 extra or £10.00 per single column

- all prepaid).
below and send it with your cheque, made payable to

Today International Classified,
Cross Road, London WC2 OEE

1. 3. 4. 5.

6. 7. 8. 9. 10.

11. 12. 13. 14. 15.

Please place my ad in the next available issue of E.T.I.:

Name

Address

Tel. No.

I enclose my chequelP.O. for the value of f
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GUITAR/P.A.
MUSIC AMPLIFIERS

Send cheque: P 0 to
WILLIAMSON AMPLIFICATION

Si ThoInclitls Avenue. Dukinfleld.
Cheshire Tel 061 XS 2014

PROXIMITY SENSORS infra red. 6 inch
range 5 to 15v supply. Miniature design 6.5 x
5 x 2cm. Only 016.50. Leaflet. Cheshire Micro
Design, 66 Close Lane, Atsager, Stote.on-
Trent, Staffs

ANY SINGLE SERVICE SHEET fliL.S.A.E.
Largest stockists Service/Repair manuals.
Named T.V. Repair data f6.50 (with circuits
C8.50). S.A.E. pricelists, free publications,
quotations. Auseti 76 Churches Ladrhall,
Lanarkshire.

CABINET FITTINGS
Cabinet b Flisphecass F11.10416. heulothe covennge
hendles castors etc Jacks b sockets Cannons
busq.ns reverb trays Erna./ compression driver.
Ar G ewe Celeshon speakers ASS dlesellte
Silo Ws postal cadet lot "raveled cateklgue,

ADAM HALL IET SUPPLIES)
Unit 11, Ciesinbier Road

StwillhweetsisSesk ESsalsi 412 5112

,,,s.
MOS FET AUDIO MODUt ES

rnone,s

120 watts/6 ohms. 120.:2A supply. £13 95
240 wansi4 ohms; 120v/4A supply. £19 95
4(0 watts/2 ohms; 120v/7A supply. f29 95

Power supplies/pre-amps evadable. Post.
Packing sop Stamp for details Ouarmry
discount

Audlo-Tech ti Parsons Close. Church
CrOokham. Aldershot. Hants OU13 OHL.

CLOSE ENCOUNTERS GROUP Personal
introductions and social events. Meet interest-
ing, attractive people. Local, 051-931 2844 124
hours).

IMSAI (USA) micro computer
development system with programmers
front panel (lights and switches), complete
with 8080:280 micro's, 32K mem, twin
eight inch floppy disk drives, extensive
oocurnentation, comprehensive facilities.
bargain at C1200 ono or exchange scale
model why. Phone 093 781 330.

ORUNDIG CASED PSU 13...25V 2A.
Excellent working condition. Voltage current
metered overload protection. C20 £5
S. H.E. 5, St. Joseph's Park, Ballycruttle
Downpatrick 0T30 7EN.

Please

mention

when replying
to all

adverts

AERIAL AMPLIFIERS Improve weak
television reception. Price £6.70, S.A.E.
for leaflets. Electronic Madorder,
Ramsbottom, Lancashire BLO 9AGH.

COPPER CLAD BOARD double sided
fibre glass. 10 sheets 12" x 8" £6.00. 5
sheets 12" x 8" £4.00. Including P&P.
Complete PCB service. Davron, 1 Bank
side, off New Street, Chelmsford.

T. & J. ELECTRONICS COMPONENTS
Duality components, competitive prices.
Illustrated catalogue 45p. 98 Burrow
Road, Chigwell, Essex.

CENTURION BURGLAR ALARM
EQUIPMENT Send SAE for free list or
a cheque/PO for £5.95 for our special
offer of a full sized decoy bell cover.
To Centurion Dept ET1265, Wakefield
Rd., Huddersfield W. Yorkshire. Access
& Barclaycard Telephone orders on
048435527.

600 RESISTORS
NO Weida CelebOn ewe NiWbt. 512.,

BO values 10 pel value

TS INCLUDING VAT PbP

COVE COMPONENTS
so Southwood Rd . Cow

Frnborough, Hants GUI4 OJJ

It's easy
to complain

about
advertisements.

The Advertising Standards Authority
If an advertisement is wrong. we're here to put it right.
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Atottass,t.\ect°'
ICS have

helped thousands
of ambitious people

to move up into higher paid
more secure jobs in the field of

electronics - now it can be your turn.
Whether you are a newcomer to the fled

Or already working in the industry. ICS can
provide you with the specialised training so mown',

to 0001;000.

Personal Tuition and Guoranteed Suttee

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful, is the key to our outstanding record in the
technical training field. You study at the time and pace
that suits you bet and in your own home. In the words
of one of our many successful students -Since starting
my course, my salary has trebled and I am expecting a
further increase when my course is completed

City and Guilds Certificate.

Excellent lob prospects await those who hold one of these
recognised certificates. ICS can coach you for

Telecommunications Technicians
Radio, T.V. Electronics Techniciens
Radio Amateurs
Electrical Installation Work

Diploma Courses

Colour T.V. Servicing
CCTV Engineering
Electronic Engineering & Maintenance
Computer Engineering and Programming
Radio, T.V. and Audio. Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional courses
are evadable including GCE.

To ICS. Dept. 265W, Intertext House,
London SW8 4UU

Name

Address

Age

To ICS, Dept 265W, Intertext House,
London SW8 4UU
or telephone 01.622 9911 (all hours)

ADVERTISEMENT INDEX

Electronics 66
Ambit International 15
Amral Ltd 65
Audio Electronics 17
B. K. Electronics .28 Er 42
Black Star 91

BNRS 42
Braithwaite Kits 83
Bi-Pak 76
C.S.S 65
Chiltmead 88
Clef Products 24
Cricklewood Electronics 18 Et 19
Crimson Electronics 89
Crofton Electronics 84
Delta Tech Er Co 64
Display Electronics 36
EDA Sparkrite 23
Electronize Design 70
Electrovalue 58
Enfield Electronics 41

Flight Electronics 92
Greenbank Electronics 38
Greenweld 83
G.S.C. 13
Happy Memories 75
Harris Et Lockyer 66
Heath Electronics 72
Hemmings Electronics 84
Henrys Radio 76 Et 89
ILP 34
L 8 B Electronics 42
L. B. Electronics 24
L.E.M. Services 58
Lightning Electrical Components 76
Marco Trading 58
Magenta Electronics 66
Maplin Electronics 100
Memotech 9

Midwich Computer 48
Mawson Assoc 84
Powertran .2 Et 99
Paia Europe 83
Parndon electronics 76
Rapid Electronics 11

J. W. Rimmer 72
R.T.V.C. 62
Rheinbergs Sciences Ltd 84
Silica Shop 8

Sinclair Research 6 F1 7
Swanley Electronics 65
Technomatic 48 Et 49
Teleradio 66
T. K. Electronics 43
Tempus 56
Watford Electronics 4 Et 5
Wimslow Audio 75
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TRANSCENDENT 2000 - Although only a 3 octave keyboard the '2000'
features the same design ingenuity, careful engineering and quality components
of its larger brethren. The kit is well within the scope of the first time builder -
buy it, build it play a! You will know you have made the right choice.

Complete kit £165.00 plus VAT

1024 COMPOSER - Come right up to the minute with this new cosign. It will
control your synthesiser with a sequence of up to 1024 notes - or an equal
selection of shorter sequences. The Composer is mains powered with
automatically charged battery to preserve your programme after switch -off.

Complete kit E915.00 plus VA1 I

DEMONSTRATION TAPE Demonstration tape now available of all three
kits (30 mi nutesi

PRECISim - Di

1111:111111
For more than eleven years Powertran have been designing and manufacturing the finest quality electronic kits. All of
our now considerable range have featured in the electronics press and literally thousands have been bought and built
by contractors in the UK and World-wide.
Our philosophy is always the same - we offer ingenuity and originality in the construction phase by using only top
class designers. We offer machines with power, versatility and performance - capability fully equal to their factory
built rivals. We offer only the highest quality materials and components throughout to ensure years of useful and
reliable service, we offer clear comprehensive and easy to follow construction manuals to place our kits within the
scope of the careful first time builder as well as the dedicated enthusiast.
Our hallmark of success lies in the number of our clients who have built our whole range - many assembling several
units for others to use often on the professional music scene.
We believe in taking every care throughout - months spent checking and testing the design and development.
Vigorous checking of every component, constant pre -despatch quality control, careful packaging...even door to door
delivery by Securicor!
We are naturally very proud of our Transcendent range of synthesizers designed by Tim Orr and regularly featured in
ETI. They represent the best in constructional interest and in musical performance.

TRANSCENDENT POLYSYNTH - A four octave polyphonic synthesiser with
outstanding design characteristics arid versatility and performance to match.

Complete kit £V5.00 plus VAT (single voice)
Extra voice lup to three more) 42.00 plus VAT

EXPANDER - A new matching 4 voice expander to team up with your
polysynth for even a greater range and capability.

Complete kit E249.00 plus VAT.

TRANSCENDENT DPX - Offers a five octave keyboard with power to match.
Two audio outputs (can be used simultaneously) to give harpsichord and
PianOthonkyronk or reed with strings/brass and both are fully polyphonic. Other
features include switchable touch sensitivity and a chorus ensemble unit with
strong/mild effect switching. An advanced design made simple with our clearly
laid out instruction manual.

Complete kit £295.00 plus VAT

7F? 110PE-111"'.2

... Quite simply the best way to make music

£2.00

ice. I 0.9

T20 + 20 - Originally designed by Texas Enginee
This is a 20 watt amplifier with true Hi-Ei performance

: a minimal cost. New features include true Torol
transformer, new wiring, single circuit board and impro
presentation. An ideal beginners project. Complete
£29.50 plus VAT Also T30 r 30 - 30 watt version comp('
kit £34.50 plus VAT

fit fr

1' --t-- P' By ;4

LINSLEY HOOD 75 DE LUXE A 75 watt anvil(
originally published in Hi-Fi News. Superb performan
characteristics with less than .01% distortion. Modu
construction with 14 interconnecting boards -- virtual
no wiring so assembly is easy as is subsequent check)...
and maintenance. Complete kit £75.00 plus VAT

WORLD LEADERS IN ELECTRONIC KITS.
PRICE STABILITY: Order with confidence irrespective of any price changes we
will honour all prices in this advertisement until the end of the month following the
month of publication of this issue. (Errors and VAT rate changes excluded
EXPORT ORDERS: No VAT. Postage charged at actual cost plus fl handling ana
documentation.
U.K. ORDERS: Subject to 15% surcharge for VAT. No charge is made for carriage,
or at current rate if &Iiad. Cheques, Access. Barclaycard accepted.
SECURICOR DELIVERY: For this optional service IU.K mainland onlyl add £2.50
(VAT inclusive) per kit, FREE ON ORDERS OVER E100.
SALES COUNTER: If you prefer to collect kit from the factory. call at Sales
Cotintet Open 9a m.-12 noon. 1-4 30o.'^.Monday-Thursday.

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3NM (0264) 64455.
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KEYBOARD WITH ELECTRONICS FOR ZX81

25W STEREO MOSFET AMPLIFIER

A superb new amplifier at a remarkably low price.

* Over 26W per channel into 852 at 1kHz both channels driven

* Frequency response 20Hz to 40kHz 1d8.

* Low distortion, low noise and high reliability power MOSFET
output stage.

* Extremely easy to build. Almost everything fits on main pcb,
cutting interwiring to just 1 wires (plus toroidal transformer
and mains lead terminations).

* Complete kit contains everything you need including pre
drilled and printed chassis and wooden cabinet.

Full details in our projects hook. Price 60p.
Order As XA030

Complete kit for only £49.95 incl. VAT and carriage.
Order As LW71N

DIGITAL MULTI -TRAIN
CONTROLLER
Control up to 14 trains individually

on the same track with any four

simultaneously! Low cost kits available.
Full details in our projects book. Price 60p.

Order As XAO2C.

ELECTRONIC
SUPPLIES LTD.

All mail to:
P.O. Box 3, Rayleigh, Essex SS6 8LR
Tel: Sales 107021552911 General 107021554155

Shops at
159 King St., Hammersmith, London W6. Tel: 01-748 0926
284 London Rd., Westcliff -on-Sea, Essex. Tel: 107021 554000
Now Shops closed Mondays

* A full size, full tral.c e. --_"nats
simple to add to yoct in

2X811.

* Complete with the electt:- - J. s Shift
Lock", "Function" and :I's:- : -gle

key selections making entry

Powered from ZX81's own sta-:i-:
supply -with special adaptor st.:: s:

* Two-colour print for key caps.
* Amazing low price.

Full details in our projects book. Price 60p.
Order As XA030

Complete kit for only 09.95 incl. VAT and
carriage.
Order As LW72P

MATINEE ORGAN
Easy -to -build, superb specification.

Comparable with organs selling for
up to £1,000. Full construction details
in our book. Price f2.50.
Order As XH55K.

Complete kits available:

Electronics -£299.95,

Cabinet- £99.50 (carriage extral.

Demo cassette price fI.00. Order As XX43W.

HOME SECURITY SYSTEM
Six independent channeis -2 or G oore

All* operation. External horn. High degree

of protection and long term reliability.

Full details in our projects book

Price 60p.

Order As XAO2C.

MILES PER GALLON METER
Digital display shows you how
economical your driving is as you go
along.

Complete kits available.

Full details in our projects book

Price 60p.

Order As XAO2C.

D011.1 miss out get a copy of our catalogue now'

Over 140,000 copies sold already!

On sale now ill all branches of HSM ITII price f I

320 big pages packed with data and pictures of over 5,500 items.

r
Post this coupon now!
Please send me a copy of your 320 page catalogue. enclose f 1.25 (inc. 25p pito If

I am not completely sausfred I may return the catalogue to you and have my money

refunded.

If you live outside the U.K. send f1.68 or 12 International Reply Coupons.

Name

Address

1
E.T1782


