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CP POWER AMPLIFIER MODULES
* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY

SERVICE * LARGE S.A.E. 28 STAMP F RRENT L

MP P WER a PLI IER M  DUL Now enjoy a
world-wide reputation for quality, reliability and performance at a realistic price Four models
available to suit the needs of the professional and hobby market i e.. Industry, Leisure.
Instrumental and Hi-Fi etc When comparing prices. NOTE all models include Toroidal
uower supply. Integral heat sink, Glass fibre P C B . and Drive circuits to power compatible
Vu meter Open and short circuit proof Supplied ready built and tested.

OMP100 Mk II Bi-Polar Output power.110
watts R.M.S. into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz -3dB, T.H.D. 0.01%,
S.N.R. -118dB, Sens. for Max. output
500mV at 10K, Size 355 X 115 x 65mm.
PRICE £33.99 - £3.00 P&P.

OMP/MF100 Mos-Fet Output power 110
watts' R.M.S. into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz -3dB. Damping Factor
80, Slew Rate 45V/uS, T.H.D. Typical
0.002%, Input Sensitivity 500mV, S.N.R.
-125dB. Size 300 x 123 X 60mm. PRICE
PRICE £39.99 -4- £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200
watts R M S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor
250, Slew Rate 50V/uS, T.H.D. Typical
0001%, Input Sensitivity 500mV, S.N.R.
-130dB, Size 300 x 150 \ 100mm PRICE
PRICE £62.99 - £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300
watts R.M S. into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz ,---3c18, Damping Factor
350, Slew Rate 60V/ uS, T.H.D. Typical

P 0.0008%, Input Sensitivity 500mV,'S.N.R.
-130dB, Size 330 x 147 x 102mm. PRICE
PRICE £79.99 - £4.50 P&P.

NOTE: Mos. Fels are supplied as standard (100KHz bandwidth & Input Sensitivity 500mV) II required.
P A version (50KHz bandwidth & Input Sensitivity 775mV) Order - Standard or P A

Vu METER Compatible with our four amplifiers detailed above A
very accurate visual display employing 11 L F D diodes (7 green. 4
red) plus an additional on off indicator Sophisticated logic control
circuits for very fast rise and decay times Tough moulded plastic
case with tinted acrylic front Size 84 27  45mm
PRICE £8.50 - 50p P&P.

BURGLAR ALARM
Better to be 'Alarmed' then tenured
Thandar's famous 'Minder Burglar Alarm System.
Superior microwave principle. Supplied as three units.
complete with interconnection cable. FULLY
GUARANTEED.
Control Unit - Houses microwave radar unit. range
up to 15 metres adjustable by sensitivity control. 1
Three position. key operated facia switch - off - test r
- armed 30 second exit and entry delay.
Indoor alarm - Electronic swept freq. siren.
104dB output.

Outdoor Alarm - Electronic swept freq siren 98dB
output. Hobsed in a tamper -proof heavy duty metal
case
Both the control unit and outdoor alarm contain re-
cnargeable batteries which provide full protection
during mains failure. Power requirement 200/260 Volt
AC 50/60Hz Expandable with door sensors. panic
buttons etc Complete with instructions
SAVE 1'138.00 Usual Price (22885
BKE's PRICE £89.99 + E4.00 P&P

Wily buy a ctPection of self assembly bodrasl

IDEAL for Work-
shops, Factories,
Offices, Home,
etc. Supplied
ready built.
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1111'OMP LINNET LOUDSPEAKERS

The very best in quality and value. Made specially to suit todays
need for compactness with high sound output levels Finished in
hard wearing black vyrikt with protective corners. grille and carry
handle All models 8 ohms Full range 45Hz  20KHz Size 20"
15" 12" Watts R M S per cabinet Sensitivity 1W 1 mtr dB

OMP 12-100 Watts1110dB. Price f 149 .99
per pair.
OMP 12-200 Watts 102dB. Price f199.99
per pair. Delivery Securicor £800 per parr

LOUDSPEAKERS 5" to 15" up to 400 WATTS R M.S.
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans Large
S.A.E. (28p) for free details.
POWER RANGE
8" 50 WATT R.M.S. Hi-Fi, Disco.
20 oz magnet 1';" ally voice coif Ground ally fixing escutcheon Res Freq 40Hz Freq Resp to
6KHz Sens 92dB PRICEI10 99Aveilable with black grille £11 99 P&P (1 50 ea
12" 100 WATT R.M.S. Hi-Fi/Disco
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Die cast chassis White cone ResFreq
25Hz Freq Resp to 4KHz Sens 9548 PRICE /28 60 /3 00 P&P e,i

McKENZIE
12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco
2" ally voice coil Ally centre dome Res Freq 45Hz Freq. Resp. to 6 5KHz Sens 98dB PRICE £29.99
+ £3.00 P&P ea.
12" 85 WATT R.M.S. C1285TC P.A/DIsco 2" ally voice coll. Twin cone.
Res. Freq. 45Hz Freq. Resp. to 14KHz PRICE £31.49 £3.00 P&P ea
15" 150 WATT R.M.S. C15 Bass Gultar/Disco.
3" ally voice coil Die-cast chassis Res. Freq. 40Hz Freq. Resp. to 4KHz PRICE £57.87 . £4.00 P&P ea
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.
2" voice coil. Res. Freq. 75Hz Freq. Resp. to 7 5KHz Sens 99dB. PRICE £19.99  £2.00 P&P
10" 200 WATT R.M.S. C10200GP Guitar, Keyboard, Deco.
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB PRICE £44.76 + £.3.00 P&P
15" 200 WATT R.M.S. C15200 High Power Bass.
Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 101dB PRICE £62.41 + £4.00 P&P
15" 400 WATT R.M.S. C15400 High Power Bass.
Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB PRICE £89.52 +£4.00 P&P.

WEM
5" 70 WATT R.M.S. Multiple Array Disco etc.
1" voice coil Res. Freq. 52Hz Freq. 52Hz Freq. Resp. to 5KHz Sens. 89dB PRICE £22.00 + £1.50 P&P ea
8" 150 WATT R.M.S. Multi* Array Disco etc.
1" voice coil. Res. Freq. 48Hz Freq. Resp to 5KHz Sens. 92dB PRICE £32.00 t £1.50 P&P ea.
10" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
1" voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 92dB PRICE £36.00 + £2.00 P&P ea.
12" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
'Ph" voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 94dB PRICE £47.00 + £3.00 P&P ea

SOUNDLA (Full Range Twin Cone)
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice coil Res Freq 63Hz Freq Resp to 20KHz Sens 86dB PRICE (9.99 £1 00 P&P ea
64," 60 WATT R.M.S. HiFi/Multiple Array Disco etc.
1" voice coil Res Freq 56Hz Freq Resp to 20KHz Sens 89c18 PRICE 0099. f 1 50 P&P ea
8" 60 WATT R.M.S. Hi-Fi/Multipie Array Disco etc.

1 voice coil Res Freq 38Hz Freq Resp to 20KHz Sens 89dB PRICE (12 99 f1 50 P&P ea
10" 60 WATT R.M.S. Disco etc.

voice coil Res Freq 35Hz Freq Resp to 15)(Hz Sens 89dB PRICE .C16 49 . £2 00 P&P

HOBBY KITS. Proven designs including glass.
fibre printed circuit board and high quality
components complete with instructions.

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/3(X) metres. 57 x 46 x 14mm (9 volt)
Price: £8.62 + 75p P&P
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap contro6ed
professional performance. Range up to 3 miles 35 x 84 x 12mm
112 volt) Price: £14.49+ 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.
Receiver output operates relay with tamp/240 volt contacts. Ideal lior
many applications. Receiver 90 x 70 x 22mm (9/12 volt). Price:
f1 7 8 2 Transmitter 90 x 50 x 15mm (9/12 volt). Price: £11.29
P&P + 75p each. S.A.E. for complete list. 3 watt FM

Transmitter

19" STEREO RACK AMPS

Professional 19" cased Mos-Fet stereo
amps, Used the World over in clubs, pubs,
discos etc. With twin Vu meters, twin
toroidal power supplies. XLR connections.
MF600 Fan cooled. Three models (Ratings
R.M.S. into 4 ohms). Input Sensitivity 775mV.
M F200 1100 + 1001W. £169.00 Securicor
M F400 1200 + 2001W. £228.85 Delivery
MF600 (300 + 3001W. £322.00 £10.00

BSR P295 ELECTRONIC TURNTABLE
 Electronic speed control 45 & 33' ,r p 111  Plus
Minus variable pitch control * Belt driven  Alu-
minium platter with strobed rim  Cue lever  Anti
skate (bias device'  Adjustable counter balance 
Manual arm * Standard I," cartrige fixings
Supplied complete with cut out template * D.0
Operation 9-14v D.C. 65mA

Price £36.99 C3 00 P&P.

ADC 04 mag cartridge for above Price £4.99 ea P&P 50

1 K -WATT
SLIDE DIMMER

 Control loads up
to 1Kw
 Compact Size

. snap in fix-
ing through panel
cabinet cut out
 Insulated plastic
case
 Full wave con-
trol using 8 amp
triac
 Conforms to

BS800
* Suitable for both resist-
ance and inductive loads In-
numerable applications in
industry, the home. and
disco's, theatres etc
PRICE £13.99 - 75p P&Aill.

1

PIEZO ELECTRIC TWEETERS  MOTOROLA
Join the Piezo revolution The tow dynamic mass (no voice coil) of p Piezo tweefer-proattces Lir
improved transient response wit' a lower distortion level than ordinary dynamic tweeters As .1
crossover is not required these units can be added to existing speaker systems of up to 100 stv.ii,
more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER

TYPE 'A' (KSN2036A) 3" round with protective wire
mesh, ideal for bookshelf and medium sized Hifi
speakers Price £4.90 each  40p P&P.
TYPE 'B' (KSN1005A) super horn For general
purpose speakers, disco and P A. systems etc. Price
£5.99 each 40p P&P
TYPE 'C', (KSN6016A) 2" x 5" wide dispersion
horn For quality Hi-fi systems and quality discos etc
Price £6.99 each  40p P&P.
TYPE 'D' (KSN1025A) 2" 6" wide dispersion
horn Upper frequency response retained extending
down to mid range (2KHz) Suitable for high quality
Hi -ft systems and quality discos Price £9.99 each

40p P&P
TYPE 'E' (KSN1038A) 3,/," horn: tweeter with
attractive silver finish trim. Suitable for Hi-fi monitor
systems etc Price £5.99 each  40p P&P
LEVEL CONTROL Combines on a recessed mount-
ing plate, level control and cabinet input jack socket
85 85 mm Price £3.99 40p P&P

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 5 band L.&
R. graphic equalisers and twin 10 segment.
LED. Vu Meters. Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following: -
3 Turntables (Magi. 3 Mics. 4 Line .plus Mic
with talk over switch Headphone Monitor
Pan Pot. L. & R. Master Output controls. Out-
put 775mV Size 360 X 280 \ 90mm

Price £134.99 -- £3 00 P&P

\tisA
POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.O.D. ACCEPTED
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NEWS: NEWS: NEWS: NEWS: NEWS: NEWS: NEWS:

No, the newsagent wasn't
diddling you. The price of your
favourite electronics magazine
really has gone up to £1.40 this
month. We are truly sorry about
this but, as we are sure you will
appreciate, our costs are always
increasing and we can only
respond by asking you to part
with more of your hard-earned.
However, we believe that ET! still
represents the best value around
and to prove it we're planning a
really special issue for next
month. Following the success of
our Biofeedback Monitor project
last year we'll be giving away
another free PCB with the
components to use on it following
in the December issue. For details
see page 6 - and keep on telling
yourself that maybe £1.40 isn't so
much after all!

 The newly -formed Test & Mea-
surement Division of Feedback
Instruments has published its first
catalogue. In 12 colour pages it
lists test equipment from such
well-known names as Thandar,
Hameg, Thorn -EMI, etc, as well as
a range of own -brand equipment
and it covers everything from
multimeters, power supplies and
oscilloscopes through to logic
analysers and specialist equip-
ment for fibre -optic testing.
Copies are available from the Test
& Measurement Division, Feed-
back Instruments Ltd, Park Road,
Crowborough, East Sussex TN6
2QR. Tel: (08926) 3322.

 Morel manufactures a range of
loudspeaker drive units covering
all parts of the audio spectrum. Of
particular interest are the MDT
and MDM ranges of soft -dome
tweeters and mid -range units and
the PP8 sub -woofer. This last item
features two independent push-
pull voice coils which can either
be driven from a single source or
fed separately from the two
channels of a stereo system,
providing a simple way to improve
stereo bass response. For details
contact Morel (UK) Ltd, 11 Foxtail
Road, Ransomes Industrial Estate,
Ipswich, Suffolk IP3 9RT. Tel: (0473)
719 212.

 Those of you read our review
of the Sage Audio amplifier
modules (ETI May 1987) may be
interested to learn that the
MOSFET version of the modules
is now on sale again. The price is
£65 inclusive (as against £55 for
the bipolar version) and you'll find
all the details in Sage's
advertisement in the classified
section of this issue. Sage has also
published a brief description of its
dynamic class A biasing system in
response to the recent
correspondence on this subject in
Read/Write. Copies are available
from the address in the advert.

A Handier Digital Multimeter
Voltage and resistance can be
measured quickly and easily

using a new probe -type multi -
meter from TMK.

The Speedprobe is designed
for single-handed operation and
features a 31/2 digit LCD display,
full autoranging and finger-tip
function selection. It measures up
to 500V AC and DC and resistance
to 20M ohms and incorporates a
buzzer for audible continuity and
diode testing.

A data hold facility allows

testing in awkward places or in
poor lighting conditions. Power
comes from two 1.5V batteries
giving approximately 80 hours of
continuous operation and the
complete instrument measures
161 x 37 x 19mm (6.34 x 1.46 x 0.75
in).

The Speedprobe costs £35.95
plus VAT and comes ready for use
with a full guarantee.

Harris Electronics (London)
Ltd, 138 Grays Inn Road, London
WC1X 8AX. Tel: 01-837 7937.

Cleaning Up On PCB Manufacture
The Seno Workstation from
Mega Electronics enables any-

one to make high quality printed
circuit boards with a minimum of
fuss and mess.

The workstation is based on
the well -established Seno GS
system which uses a two -com-
partment polythene bag to hold
the etching chemicals. PCBs can
be placed in the bag, etched and
removed without spillage and with
no need for the user to directly
handle the chemicals.

Seno has added a new
developer which does not employ
sodium hydroxide and which
comes in a handy wipe -over
applicator. This removes the need

for developing tanks with the
attendant risk of spillage. The
applicator contains sufficient
developer for 50-60 Eurocard-sized
boards and replacements are
available from Mega.

The Seno Workstation also
includes film sheets, etch resist
transfers and a grid for preparing
PCB masters plus everything else
needed to produce etched boards.
It comes in a two-part moulded
box which doubles as a work
surface.

It costs f45 plus VAT and
postage and can be obtained from
Mega Electronics Ltd, 9 Radwinter
Road, Saffron Walden, Essex CB11
3HU. Tel: (0799) 21918.

IT To Get
Public Showcase

Plans are being laid for a new
national exhibition centre

designed to increase public
understanding of information
technology.

The centre will be known as
the Information Age Project and
will feature a permanent exhibi-
tion covering the history, present
state and future development of
computer technology. The aim will
be to 'make technology come to
life' and visitors will be
encouraged to operate many of
the exhibits and so experience
information technology for
themselves.

In order to encourage day-
trippers the centre will be located
in an attractive Thames -side
setting in Berkshire complete with
countryside park, nature reserve,
shops and restaurants. The
complex will also be used for
trade shows and conferences and
the facilities will include an
auditorium, galleries, and a
200 -bedroom hotel.

A charitable trust will be
established to raise the £20m
needed to build the centre, after
which it is hoped that admission
charges and the revenue from
trade shows will cover running
costs. Initial market research has
indicated that more than 500,000
visitors can be expected each year.

The Dangers Of
Cell Damage

We all know that lithium cells
offer considerable advant-

ages over other types of battery
but are we sufficiently aware of
the dangers?

A new 8 -page leaflet from the
Health & Safety Executive points
out that lithium cells cannot
simply be used as a direct
replacement for other types of
cell. They are easily damaged by
short circuits and by forced
discharge, and the results range
from venting and release of
hazardous substances through to
outright explosion.

Non -rechargeable lithium cells
can also be damaged by applic-
ation of a charging current. This
is a particular problem where
batteries are used as a backup,
and care must be taken to ensure
that the main supply cannot reach
the cells even under fault
conditions.

The HSE booklet describes
these risks in detail and goes on
to provide guidance on selection,
testing and use of lithium cells in
various applications. It also in-
cludes advice on what to do in the
event of an accident. The booklet
carries the number ISBN 0 11
883947 0 and costs £2.50 from
HMSO or through booksellers.

4 ETI OCTOBER 1987



NEWS: NEWS: NEWS: NEWS: NEWS: NEWS: NEWS:

Superconductivity
Takes Off
D esearch activity has grown
Mrapidly following the recent
discovery that zero -resistance
electrical conduction can be
achieved at far higher tempera-
tures than was previously thought
possible.

Ceramic components which
are normally electrical insulators
have been found to superconduct
when cooled sufficiently, yet the
temperature required to achieve
this is well above the -254°
previously required for super-
conductivity. Various companies
(including Plessey, as reported in
ETI News in August) have achieved
superconductivity at temperatures
around the -185° point, allowing
cooling to be carried out using
relatively inexpensive liquid
nitrogen instead of the cumber-
some and expensive liquid helium
process.

Researchers have since repor-
ted superconductivity at temper-
atures as high as -175° and the
race is now on to produce
the phenomenon at room
temperatures.

America and Japan are said to
be at the forefront of research in
this area and the governments of
both countries have been quick to
find additional funding. In Britain,
the Department of Trade and
Industry has set up a steering
committee to co-ordinate super-
conductivity research, although as
yet no additional government
funds have been made available.

A research team at Birming-
ham University has produced
Britain's first electronic device
using a ceramic superconductor,
a sensitive magnetic field detector
known as a SQUID (super -con-
ductor quantum interference
device). SQUIDs are used in many
applications, from submarine
detectors to brain scanners. A
team at Strathclyde University has
produced a similar device and
both groups expect to make
further progress in this field.
However, both say they are
running into financial and
manning problems.

In the industrial sector, a small
research -based company called
Basic Volume Limited has devel-
oped the world's first high
temperature ceramic super-
conductor solenoid. The proto-
type is to be presented to the
Science Museum and the com-
pany has since gone on to
produce larger solenoid tubes and
a range of other ceramic super-
conductor devices.

Basic Volume says it has
achieved all this without outside
funding but now needs financial
support if the lead it has
established is to be kept in this
country.

Buzby Learns A New Language
people who cannot speak a
word of one another's

languages will soon be able to talk
over the telephone using a new
British Telecom invention.

The world's first instantaneous
speech translation system,
unveiled on August 5th can
translate from English into
German, French, Spanish,
Swedish and Italian and BT is
developing a more advanced
model which will translate in the
reverse direction or between any
two of these languages.

BT is looking into the
possibility of carrying out trials

with another country.
The research laboratories at BT

have been working on automatic
computer translation since 1984.

As well as having a limited
vocabulary the present system
also has to be set-up to recognise
the voice of each user. BT hopes
that further development will
remove this restriction and enlarge
the vocabulary. It may be possible
to produce more natural -sounding
translated speech.

British Telecom PLC, Floor A3,
81 Newgate Street, London EC1A
7AJ. Tel: 01-726 4444.
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Op -Amp Input Reaches New Low

l f you're not sure what a femto-
amp is, now is the time to learn.
A femto-amp is 1 x 10" amps

(in other words, one thousandth
of a pico-amp) and a new op -amp
from Analog Devices has an input
bias current of just 60 of them.

The AD549 is intended for use
in applications with source impe-
dances of more than WO. It
features a maximum offset voltage
of 250po, a drift rate of 5pVtDC, a
minimum unity -gain band width

of 700kHz and a slew rate of 2V/pS.
The device is fabricated using

isolated gate JFET technology and
offers an input noise level of 4pV
peak -to -peak and a maximum
quiescent current consumption of
0.7mA. It is housed in a TO -99
package and comes in several
versions, including one with full
screening for military applications.

Analog Devices, Station
Avenue, Walton -on -Thames, Surrey
KT12 1PE Tel: (0932) 232 222.

The British Standards Institu-
tion has issued two new papers
on sound system testing. BS6840
Part 1 is entitled 'Methods for
specifying and measuring general
characteristics' and covers equip-
ment marking, safety, etc. It partly
supersedes the existing standard,
BS5428 Part 1. BS6840 Part 13 has
also been issued and covers loud-
speaker listening tests. It specifies
the size, acoustics and loud-
speaker positioning in an 'average'
living room and includes recom-
mendations on programme
material to be used during tests.
Both papers are available from BSI
Sales, Linford Wood, Milton
Keynes MK14 6LE.

 Lambda Photometrics special-
ises in electro-optical products
including fibres, lasers, optical
signal amplifiers and attenuators
and all types of electro-optical test
and maintenance equipment. The
range is described in a new, full -
colour 30 -page catalogue which is
available free on request. Contact
lambda Photometrics Ltd, Lambda
House, Batford Mill, Harpenden,
Hertfordshire AL5 5BZ. Tel: (05827)
64334.

 Siemens Components is the
title of an illustrated review
published six times a year. The
latest issue includes articles on
power semiconductors, microwave
power devices and optical signal
transmission plus brief notes on
new passive and active com-
ponents and h.qts on using
devices in practi( ' circuits. For
details of how to obtain Siemens
Components contact Siemens Ltd,
Siemens House, Windmill Road,
Sunbury -on -Thames, Middlesex
TVV16 7HS. Tel: (09327) 85691.

 Greenweld has purchased a
number of discontinued product
lines from another distributor and
says it will be selling them at less
than half price. The stock includes
plastic and metal cases, connec-
tors, LEDs and tools and it is all
described in a 16 -page leaflet
which is free on request. Contact
Greenweld Electronic Compon-
ents, 443 Millbrook Road, South-
ampton SO1 OHX. Tel: (0703) 772
501.

 AB Engineering has put
together a fibre -optic toolkit which
contains everything needed to
strip and prepare fibre leads.
Suitable for both single -mode and
multi -mode fibres the kit is
housed in a foam -lined carrying
case and includes three different
tools to remove the Kevlar
protective sleeving and the
primary and secondary coatings
on optical fibres. Also included are
the sleeve guides and bushes plus
spare blades and screwdrivers.
The toolkit is described in a data
sheet available free -of -charge from
AB Engineering Company, Timber
Lane, Woburn, Milton Keynes
MK17 9PL. Tel: (052525) 322.
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When you rush into the local newsagents on
Friday 2nd October, easer to get that first
glimpse of the November issue of ET!, study the
cover very carefully.

There, nestling among the inviting details of all
the projects and features to be found inside the
mag you will find a complete, compact and
high quality PCB lovingly attached to the cover
of your magazine. Part with the few pennies
that ETI costs and that PCB is yours. Free of
charge. Gratis. On the house.

AND THERE'S MORI.
The November issue also contains the Printer Buffer
project to end all others. Forget your feeble 4K, forget 16K,
forget 100K, ETI is offering you a printer buffer with a
staggering capacity of 256K and it has both Centronics
and RS232 inputs and outputs for connecting up to just
about any micro or peripheral you are likely to find.

TEXT BOOK TEt 9-EXT
If you want the lowdown on teletext past, present and
future - the technology, the techniques and the
terminology - make sure you page the November ETI.

WATCH
THIS

SPACE!
That PCB is the first step in building your very
own Dream Machine. A project which we
guarantee will send you to sleep! Enhance your
dreams, keep the baby quiet, learn to relax with
the ET! Dream Machine.

As if all this wasn't enough, what with a dazzling
design and a free PCB to build it on, if you can
hold your horses for just one more month we'll
give you the components to build the basic
Dream Machine, on the cover of the December
issue.

SEQUELS
Then there's the second parts of the Concept controller
project and the Designing For Efficiency SMPS feature.
We've also got part three of the unique ETI EEG Monitor
project.

OLD HABITS AND DIE-HARDS
Just because ETI is packed with all these goodies next
month, don't think we've forgotten the old faithfuls.
They're all be there - Hardware Design, Circuit Theory,
News, Diary, Read/Write, Playback, Keynotes, Open
Channel, Once Over and all the rest.

MAKE SURE OF YOUR COPY OF THE
NOVEMBER ETI OUT 2nd OCTOBER.

All the articles are in an advanced state of preparation but circumstances beyond our control may prevent publication.
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NEWS: NEWS: NEWS: NEWS: NEWS: NEWS: NEWS:

A Thinner Line In Lighting
Por

an unusual line in panel
lighting, try one of the new

thin line lamps from VCH Ltd.
Available in voltage ratings

from three to ten volts, the lamps
have straight filaments and can be
supplied with either end -cap
connections or wire leads. VCH

expects them to find applications
in electronic displays and read-out
devices as well as in optical and
photosensing equipment.

For details contact VCH lid,
Beetons Way, Bury St. Edmonds,
Suffolk IP32 6RA. Tel: (0284) 62411.

 'Surface Mount Integrated
Circuits' is the title of a new
28 -page booklet from Analog
Devices. It covers 46 data
acquisition ICs now available in
surface -mount plastic packages
including op -amps, ADCs, DACs,
V -to -F converters and many other
devices. The booklet is free and
can be obtained from Analog
Devices, Station Avenue, Walton -
on -Thames, Surrey KT12 1PF. Tel:
(0932) 232 222.

 A new data sheet from Colvern
describes the company's range of
precision conductive -plastic
potentiometers. The four types
available all use screen -printed
conductive polymer tracks which
can easily be altered to provide
other values, resistance angles
and resistance/rotation laws. For
a copy of the data sheet contact
Colvern, Crystalate Electronics
Ltd, Spring Gardens, Romford,
Essex RM7 9LP. Tel: (0708) 762 222.

VHS Gets New Lease Of Life
'The VHS video cassette

standard seems certain to
enjoy a rosy future following the
launch of a new video recording
system from JVC.

S -VHS offers higher picture
quality compared with standard
VHS but retains compatibility. The
new tapes will not play on existing
equipment but future S -VHS
machines will be able to handle
both the old and new formats,
allowing users who already have
a large collection of VHS tapes to
upgrade without losing their
investment.

S -VHS is said to offer almost
double the picture quality of the
standard VHS system. This has
been achieved using a better tape
formulation which can handle
higher recorded frequencies. 5 -
VHS carries luminance (black and
white) information at frequencies
between 54 and 7MHz compared
with the 3.5 to 45MHz band used
for standard VHS.

The enchanted picture quality
should be obvious when record-
ing present-day television broad-
casts and playing back on a
standard 625 -line TV However, the
full benefits of the system will only
become apparent when using
high -quality pre-recorded tapes (or

recordings made from future
HDTV broadcasts) and a high -
definition television receiver. JVC
have plans to market a suitable
receiver equipped with
chrominance and luminance
signal inputs, allowing a direct,
high -quality link with the VCR.

The standard VHS format has
already established itself as the
most popular home video record-
ing system, even though its picture
quality is no better than that
offered by the rival Betamax
system and inferior to that of the
ill-fated Philips V2000 system.
Provided the S -VHS tapes and
hardware are offered at compe-
titive prices the technical
improvement it offers, coupled
with compatibility, should ensure
VHS an even larger market share.

No date has been announced
for the launch of S -VHS either here
or abroad. It is likely that JVC will
produce NTSC standard machines
first for the Japanese and
American markets before offering
a version for use with the
European PAL and SECAM
systems.

JVC (UK) Ltd, Eldonwall Trading
Estate, Staples Corner, 6-8 Priestley
Way, London NW2 7AF Tel: 01-450
3282.

DIARY: DIARY: DIARY: DIARY: DIARY: DIARY: DIARY: DIARY:
Electro-West - September 8.9th
Bristol Exhibition Centre, Bristol. Described by
the organisers as a market place and meeting
point for everyone involved in the electronics
industry in the South West. Contact Electro
Exhibitions on (0273) 675 131.

Television By Numbers - September 11th
The IBA, London. See August '87 ETI or contact
the BKSTS at the address below.

Television By Numbers - September 11th
The IBA, London. Seminar on digital television
techniques. Covers the subject from first
principles for the benefit of managers,
analogue engineers and others unfamiliar with
the technology. Contact the BKSTS at the
address below.

Designing For Electromagnetic Compatibility
- September 13 -18th
University of Sussex. Vacation school. Contact
the IEE at the address below.

7th International Display Research Con-
ference - September 15 -17th
The IEE, London. See July '87 ET! or contact the
Institute of Physics on 01-235 6111.

Electronics In Engineering Design - Septem-
ber 15 -18th
NEC, Birmingham. Exhibition and conference
on mechanical/electronic systems interfacing.
Contact Cahners at the address below.

Design Engineering Show - September
15 -18th
NEC, Birmingham. See July '87 ETI or contact
Cahners at the address below.

IDEX '87 - September 21 -23rd
Metropole Exhibition Halls, Brighton. See April
'87 ETI or contact Nutwood Exhibitions on
(04848) 25891.

Semiconductor International - September
29 -October 1st
NEC, Birmingham. See July '87 ET! or contact
Cahners at the address below.

Internepcon - October 6 -8th
Metropole Convention Centre, Brighton. See
July '87 ET! or contact Cahners at the address
below.

Digital Audio Post Production - October 11th
BAFTA, London. Training seminar organised by
the BKSTS. Contact them at the address below.

Automotive Electronics - October 12 -15th
The IEE, London. See July '87 ETI or contact the
IEE.

Computer Graphics Exhibition and Con-
ference - October 13 -15th
Wembley Conference Centre, London. For
details contact Online on 01-868 4466.

Conference For Young Engineers - October
16.18th
Strand Palace Hotel, London. See July '87 ET!
or contact the IEE at the address below.

International Video & Communications Exhi-
bitions - October 18 -21st
Metropole Exhibition Centre, Brighton. See
July '87 ETI or contact Peter Peregrinus Ltd at
the IEE address below.

Radar '87 - October 19 -21st
Kensington & Chelsea Town Hall, London. See
July '87 ET! or contact the IEE at the address
below.

Testmex '87 - October 20 -22nd
Business Design Centre, London. See July '87
ET! or contact Network Events at the address
below.

Reproduced Sound Conference - November
5 -8th
Hydro Hotel, Windermere. Topics covered
include acoustics, digital techniques, measure-
ments and electro-acoustic music. Contact the
Institute of Acoustics on 031-225 2143.

Electronic Displays - November 17 -19th
Kensington Exhibition Centre, London.
Contact Network Events at the address below.

Interact '87 - November 17 -19th
Kensington Exhibition Centre, London. See
June '87 ETI or contact Network Events at the
address below.

Addresses:
British Kinematograph Sound and Television
Society, 547-549 Victoria House, Vernon Place,
London WC1B 4DJ. Tel: 01-242 8400.

Cahners Exhibitions Ltd, Chatsworth House,
59 London Road, Twickenham TW1 3SZ. Tel:
01-891 5051.

Institution of Electrical Engineers, Savoy Place,
London WC2 OBL. Tel: 01-240 1871.

Network Events Ltd, Printers Mews, Market
Hill, Buckingham MK18 1JX. Tel: (0280)815 226.
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DISK DRIVES e COMPONENTS  CONNECTORS  ELECTRO-MECHANICAL, PCB AND CABLE ASSEMBLIES

Electro Mech Industries Limited
Unit 2, Wessex Industrial Estate,

More Transistors, Thyristors, Irises, Diodes,
74s, Switch Mode PSUs etc. etc. All al
competitive prices. Details on request.
ACCESS or VISA welcome. Just phone your
order through, we do the rest. 24hr answerphone.

Station Lane, Witney, Oxfordshire. Telephone (0993) 75827 or 76605 Z.719813351126A77; (EGLI:Ag 3)

BBC Price lEx VAT) P and P

Master 128K with DFS
Master 1286 with DFS 8 Econet
Master ET-Econet Terminal
Master Turbo upgrade

Range of Accessories Available

AMSTRAD
New AMSTRAD 1512 Series
Amstrad PCW8256
Amstrad PCW8512

MEMOTECH

£395.00
£440.00
£319.00
£102.00

£7.00
£7.00
£7.00
£2.50

Ask tor Details
£389.00 £7.1X7
£489.00 E7.00

MTX 512 80K C6003 £500
MTX" 512 Senes11256K £87.00 £500
D60 Or Packages
MCL System 1 combined 1 megabyte
3.5" drive and candler system disc £139.00
MCL System II combined 1 megabyte
3.5' drive and controller 512K silicon
disc 80 col CPM , system disc
newword super oak - C225 00 £5 CO
Full range of expansions available
NEW MTX Computer Manual £495 C1 50

EMI DISC DRIVE RANGE
BBC DISC DRIVES
All supplied with Leads, Manual & Utilities Disc

Price !Ex MI

5.25" DRIVES, WITHOUT POWER SUPPLY
Single 200K dove. 40 Track D,'S
Single 400K dove, 40/80 Switchable
Dual 400K drive. 40 Track 0/S
Dual 400K drive, 40/80 Switchable

£9500
£11200
£18303
£21400

5.25" DRIVES, WITH POWER SUPPLY
Single 200K drive. 40 Track D/S £10800
Single 400K drive, 40/80 Switchable £12500
Dual 400K Orion. 40 Track D/S £19600
Dual 400K drive. 40/80 Switchable £235.00
Dual 400K drive, 40/80 Switchable,
horizontally mounted in monitor stand
(Master Version) {26500

3.50" DRIVES, WITHOUT POWER SUPPLY
Single 400K drive. supplied
in dual case, with blanking plate.
to allow easy upgrade to dual drive £9500
Dual 400K drive £16500

3.50" DRIVES, WITH POWER SUPPLY
Single 4001< drive, as above £11000
Dual 400K drive, as above £180.00

CASED/UNCASED
FLOPPY DISC DRIVES
5.25" FLOPPY DISC DRIVES Price ax VAT)
5006 48 TPI D/S 40T £75.00
IMB96 TPI D/S 80T £80.00
 5006 40 T 48 TPI Cased with PSU 8 Leads £10500
 1MB 80 T 96 TPI Cased with PSU 8 Leads £110.00

3.50" FLOPPY DISC DRIVES
1MB 135 TPI D/S SlimItne
 1MB 80 T 135 TPI Cased with PSU 8 Leads
 Twin 1 MB 80 T 135 TPI
Cased with PSU 8 Leads

£75.00
£95.00

£165.00

P and P
moo
£200
£3.00

£1.50
£3.00

£5.00

DISC DRIVE ACCESSORIES
DISKETTES
5.25" Double Sided/Double Density £0.90
3.50" Double Sided/Double Density £2.00
3" CF2 £3.99
3" CF2DD £5.00
Regulated PSU (state 5.25" or 3.50") £8.50 £1.50
5.25" Drive Case Takes 1 5.25" H/Height Drive £9.00 £2.00
3.50" Drive Case Takes 2 3.50" Drives £15.00 £2.00
Drive Interface Cable- Single £5.00 £0.50
Drive Interface Cable - Double £7.00 £0.50
5.25" Drive Case and PSU assembled -
Takes 1 11/H Drive £20.00 taw
3.50" Drive Case and PSU assembled -
Takes 2 Drives £2400 £3.00

 Available in 110 8 220V Versions

MONO/COLOUR MONITORS
Price

PHILIPS (Ex VAT)
High-res Green screen monitor. Model NoBM7502 £72.50
High-res Amber screen monitor. Model NoBM7522 £77.50
IBM compatible (Green) with Leads. Model No:BM7513 £95.00
Dark glass, White screen monitor. Model No:BM7542 £77.50

MITSUBISHI - Colour
Med. Res. BBC Compatible Model 1404 £232.00
Med. Res. IBM Compatible Model 1404E £264.00
Med. Res. IBM Compatible  Colour Card Model 1404EC £39100

RANT REX
HX12 HI-RES MONO GREEN £6500
079000 MED RES 14" COLOUR RGB, RGB1 £179.95

MODEMS
Nightingale plus Comstar software £120.00
Answer call mini modem MD101, V21 £73.00
Miracle Technology WS2000 V21,V23 £95.00
Miracle Technology WS3000 V21,V23 AA AD £275.00
Miracle Technology WS3000 V22,V21,V22 AA AD £471.00
Miracle Technology WS3000 V22B1S,V22,V21,V23 AA AD £595.00

NB: Please add £3.00 P and P per Single Drive, and £5.00 P and P per Dual Drive
Please add £7.00 delivery on Monitors, £3.00 on Modems

SPECIAL) 51/4" 500K DS/DD MITSUBISHI DISC DRIVE
51/4 IMB DS/DD MITSUBISHI DISC DRIVE

OFFER STAR NL10 PRINTER WITH PARALLEL I/F

£75.00
£80.00
£219.00

0 type CONNECTORS

PLUGS way 9 15 25 37
SOLDER 0.45 0.60 0.90 125
PCB .65 /5 1.05 -

PCB R/A 95 1.50 2.05

SOCKETS
SOLDER .65 .90 1.25 200
PCB .75 1_10 1.75 -

PCB R/A 1.30 1.90 260 -

COVERS 60 65 .68 .80
IOC PLUG als 3.75 soo

SOCKET 340 sao 300

RIBBON CABLE
per metre Grey Colour
10 way 840 0.70
16 way 0.65 1.10
20 way 0.80 1.30
26 way 1.00 1.70

R/A EDGE
Plug Plug
065
ass
1.10

34 way 1.35 2.30 26 way 098 1.20 1.20
40 way 1.65 2.60 34 way 1.12 1.50 150 320
50 way 1 95 330 40 way 135 165 1.65
64 way 280 420 50 way 165 2.50 250
CENTRONICS CONNECTORS PRINTER LEADS oL 6.85
36w IOC Plug 295 Skt 4.10 Memotech 8.50 Dragon 7.95
36 way Plug Odder 300 Amstrad 8.80 BBC 7.40

IOC CONNECTORS
PCB

SKT Plug
10 way as% ass
16 way 0.70 085
20 way 0.88 110

MODULATORS
UM1286 200
UM1233 380

HEADER PLUGS
OIL IDC
14 PIN 0.72 28 PIN 1.43
16 PIN 080 40 PIN 195
24 PIN 110

DIL SWITCHES
4 way 068 Sway 0.80
6 way 0.75 10 way 0.95

74LS& 74F 7,401-,.:1,785,
7416374 065 7419182
741500 0.17 7415183
741502 0.18 7415190
741503 0.18 7415191
741504 0 17 7415192
74L008
741509
711510
74LS107
7415109
741511
7415112
7415113
7416114
7415122
7415123
7415125
7415126
741512
7410132
7415133
7415136
7415137
7415138
7415139
741513
741514
7415145
7410t47
7416148
741615
7115151
7415153
7415155
7416156
7116157
7415158
7416160
7415161
7416162
7415163
7415164
7415165
741_5166
7416168
7415169
7415170
7415173
745174

am 7415193
0.18 7415194A
0.18 7415196
030 7415197
030 741520
0.18 741621
aoo 741522
aoo 7415240
030 7415241
0.35 741_5242
0.40 7415245
0.30 7415244
0.30 7415247
0.18 7415248
0 35 7415249
035 7415251
0.20 74L5253
0 70 7416256
0 30 7415257
0 30 7415258
028 7415259
aeo 741626
0.80 7415260
1.10 7415286
100 741027
0 18 7415273
045 7416279
055 7416280
0.45 7015283
045 7015290
045 7415293
045 7415295
0 5G 7415298
050 7415299
0 55 741630
0 50 741532
0.50 7415322
080 7415323
075 741533
1.20 7415352
0 75 7415353 080
110 7115365 0 35
060 7419366 0 35
050 7416357 0 35

0.50 7415388
1.80 741537
2.00 7415373
1.50 7415378
ass 741538
0.65 741_5390
0.65 7415393
065 7415395A
065 741540
0.55 741542
0.65 741547
065
0.18
0 18
0 70
0 70
0 70
0 70
0.60
060
0.90
090
045
050
0130

045
045
080
0.18
060
022
0 18
065
050
160
060
070
0 70
1 10

095
200
0 18
0 18
300
2 75
022
1 00

741648
741649
741651
741551
7415541
741555
7415640
7415641
7415642
7415643
7415844
7415845
741_5688
7415689
7415670
7415673
7415674
7415682
74L5684
7416685
74L5686
7416687
7015699
741673
74LS74AN
741S75
741S76
741578
741583
741585
741 588
741690
741592
741693
74169513
741596
74FC0
74F02
74F10
74E.

0.35
0 18
065
075
0 18
050
045
asoo
o18
040
060
060
090
0.20
0_20

0.90
020
I 35

1.25
120
175
I 75

1.75

aso
0.50
130
750
7.50
235
2.75
2.75
500
2.75
275
028
0.22
0.27
027
0.27
045
0_55

74E74
74E55
74E125
74F1313

74E161
1A54e avaaable

040 7430
195 74367
105 7438
105 7440
295 7441

7442
7443

TTL74
7400
7401
7402
7404
7406
7407
7408
7409
7410
74100
74114
7412
74121
71123
7413
7414
71141
74147
74153
74155
74157
74159
74160
74161
74163
74165
7417
74170
74173
74174
74180
74181

0-28 74182
030 74184
040 74188
035 74190
0 5° 74191
075 74193

38 7420
038 7422
0 30 7425r
075 74284

022
022
0.22
030
0.40
0.40
0_30

0_25

aoo
220
0,20
0.25
1 75
065
0.35
060
0.70
1.50
0.65
atm
0.99
1.50
080
0.80
0.65
085
0.00

.55
0.99
0.08
085
200
aso
1.55
2 10
105
1.00
120
030
0.30
1.10
250

030 7446
075 7448
035 7450
0.30 7470
0 60 7174
062 7475
090 7476  7485

085 7486
140 7490A
025 7491
090 7492
036 7493
045 7494
090 7496

060
050
060
0.30
0.50
085
060

TRANSISTORS
AC128
AC142
AC176
AC187/8
AD149
AD161
AD162
AF124-127
AF139
AF139
BC1078-110
BC1.
8C140
BC147-15913
FIC170
BC182-239C
BC256A
BC -3070-338
BC441/461
EICA77
BC516/7
SC54713-559
00124P
BD131
BD132
BD133
80135
80136-140
1302450
005t7

BF -115
0E154
BF 167
BF 177
OF 178
8E151
0E184
05185
8E196
BF197
0E196/9

0.30 8P200
0.33 0E244
025 BE25613
0.23 BF257/8
0.75 BF259
040 13F324
aeo 13E336
ass 8E337
0.38 85421-423
0 50 0E189-472
0.11 13E870-872
020 BEN,
0.30 05651
012 8E090
0.07 61E091
0.09 0E094
aao 0E029
0.20 05064
0.33 05585
azo 135587/88
030 BEY17
011 BEY41
0.85 BEY50
050 BEY51
0.50 13E1152

048 8E290
0.45 BSX20121
0.30 EISX16
0.55 05529
0.70 B0104
040 811105
025 BSY95
0.30 BUY69
030 MJE2955
0.35 MJE3055
025 MJE340
0.30 MJE370
0.30 MJE520
0.13 MJ2955
0.18 MJSA05
016 MPSA11

0.35 MP5A55
035 MPSUO5
045 TIP19A
0.40 TIP29C
0 30 1152955
025 TIP30
0.30 TIP30C
035 TIP3055
0.22 TIP31A
0 40 TIP31C
0.30 TIP32A
0.22 TIP32C
azo TIP33C
0.60 TIP34A
0.75 TIP34C
088 TIP36
0.28 TIP41A
0 33 TIP4161
045 TIP42A
045 T1542E1
0.30 TIP42C
030 71590
030 71591
0.30 282219A
033 282221A
0.76 292388
0.25 2823894
0.30 292483
030 262646
1.70 2142904A
1.50 26190617
035 282926
210 283053
098 283054
160 283055
038 263819
0.95 263934
045 263905/3906
050 38128
0.35 MANY MORE
035 AVAILABLE

025
aso
032
0.32
aso
0.32
aos
aso
045
aeo
0.45
040
085
080
090
1 25
045
050
050
ago
0 50
azo
aoo
0.27
D.27
0 24
0.15
0.22
0.55
025
025
0.11

0.25
0.55
048
aos
0 15
0.15
099

LINEAR ICs
AY -3-1014A
AY -3-10150
AY -3-8470
A5-3-8475
AY -3-9710
AY -3-9725
CA3011
CA3018
CA302130
CA3048
CA3052
CA3054
CA3065
CA30130A
CA30806
CA3085
CA3088
CA30886
CA30890
CA3090A0
CA31005
CA3130E
CA31407
CA3161E
CA3162E
CA31890
CA3193E
CA3240E
CA3260E
CA32906
HA1366111

LA3300
LA4032P
LA4400
LA4420
LA.22
LA4461
LC7120
LC7130
LC7131
LM18896
M515131
M515151
MB3712
MC13155
MC13305
51C13495
MC14600
MC14630
MC1469R
MFC6040
ML237B
2812388
NE5357
NE5501N
NE5534N
SA133209
SN76008N
SN76110N
SN76115AN
51476131N
SN76396N
521766005

51476707N
52/76708N
TA72045
TA7205A5
1072085
TA72225
TA7310P
CA3020
HAI 380
LM13575
LM301AN
LM310N
LM311
12.4319

LM324N
LM339N
LM3486
1M35814
LM380N-14
LM381
LM3900
LM558
1.14710CN
LM711C21
L1A741
LM747CN
8833756
NE555
NE556
NE566
TBA1205
TBA920
TDA1011
1001022
TD42008
TDA2190
TDA2591
TDA2670
TL071CP
TL072CP
IL074CN
TL05105
71082C5
T1084021
TBA9900
TC9100
TC91095
TCA2705B
TCA650
TCA6600
TCA740
TCA900
TCA910
TDA10034
TPA -1035T
113A2002
TDA2010
TDA2030
TDA2521
ZN425E8
Z14426E8
2214276
IN428E8
ZN447E
ZN449E
ZN4356

2 75
275 1691

200 1770
300 1772
315 1793
400 2793
1 10 2797
075 6502A
100 6551A
080 6521A
190 WOO
100 6802
2 00 6803
2 00 6806
0 55 6809E
1 30 6810
0 50 6818
200 6820
2 00 6821
2 30 6840
2 00 6845
0 75 6847
0.70 6850
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LETTERS

READ/WRITE
Past Glories

Now that the MIDI Master
Keyboard project has finished

(August ETI) I should like to say how
much I've enjoyed reading the
articles and that I would very much
like to see further projects along
these lines in future issues of ETI.

I've made a start at building the
keyboard and I will no doubt be in
touch again when I run into
problems!

John Shelve,
Rochford, Essex.

The MIDI Master Keyboard has proved
to be a most popular ETI project. We
shall continue to feature good music
projects when suitable ones are
submitted.

If any reader has produced a project
of any type which they think is up to the
standards of ETI we shall be most
pleased to hear from them. Write in to
the Editor and tell him all about it.

Corker

There I was, ambling through the
I letters page in the July issue

when I come upon the amusing (ney,
witty) little cartoon from Mr. (Mrs?
Miss? Dr?) Cork. Good idea, I

thought. So what have you done by
August? Axed it!

Give us back our Cork, I say.
George Meldrum,
Mexborough, South Yorkshire.

Your wish is our
occasions, anyway!)

CORK

command (on

SIDELIGHTS

'aI

e PIEZO
SOUNDER

P IGNITION
SWITCH

Another Remindalite?

aving seen the Remindalite
I I project in the August ETI I was
reminded of a circuit I've been using
for four years continuously with
100% reliability and considerably
fewer components - two diodes and
a piezo sounder.

The point P is any part of the
vehicle's wiring which is found by
trial and error with a bulb or
multimeter to be at OV when the
ignition is off and at 12V when the
ignition is on.

W. H. Jarvis,
Ribchester, Lancs.

Where's the fun in that? No weeks of
waiting for the components to come
through the post, no up -to -your -eyeballs
in solder and flux fumes. Are you trying
to give electronics a bad name!

You do have a point, though. Your
circuit is a teeny weeny bit simpler than
the one published. However, what
happens if you want to leave the side-
lights on? The neighbours are going to
get mighty annoyed at your car bleeping
all night!

Alpine Inquiry

'would be grateful if you could tell
I me where I could obtain 'Alps' pots
in small quantities.

A. Morgan -Richards
Nottingham.

Alps potentiometers are extremely good
quality and are used in many commercial
audio music designs. However, they are
not widely stocked by electronics

retailers.
Fortunately, Cirkit carries a range of

pots from Alps. Prices range from 48p for
single pots to 90p for stereo and f1.20
with a built-in switch. Cirkit is on (0992)
444111 and full details of the Alps range
can be found in the Cirkit catalogue.

Top Of The ClaSs

lam writing to say how very much
I I welcome the type of article which
Paul Chappell has written for ETI
recently.

Many electronics magazines
have always given generous space to
series of articles for beginners to the
subject but after that there seems to
have been a void which can only be
properly filled by attendance at
college classes.

Much of my learning has been
the result of self -education which
has often been inefficient and not
neccessarily good because guidance
has been lacking on the best books
to read.

The Circuit Theory articles
demand a little more from the reader
than the assimilation of easy facts
and ideas and help to take me that
much further.

A. E. Wallwork,
Sutton Coldfield.

Basic 0 Level electronics does seem to
be regurgitated with increasing regul-
arity in some magazines and it is indeed
the idea of the Circuit Theory series to
go that step further and put a few basic
theories to work in electronic design.
We are glad you like it so far and hope
the series continues to please as it
develops.

As the Editor gets down to
another day's hard READ/WRITE
page preparation it starts to rain
outside. It's July for pity's sake. It's
meant to be sunny at this time of
year. It's meant to be summer. We
can't expect even ETI readers to
alter the weather (but that is a
good idea for a project ...) but
you can put a little sunshine back
into his life with a missive or two.
Drop ETI a line at:

Electronics Today International,
1 Golden Square,
London W1R 3AB.
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Are we about to create a race of Supermen?

Brainwave
ri BETA Concentration, al ALPHA - Relaxation, la THETA - Imagination. monitor

problem solving, active pleasure, tranquility creativity hynagogic
thought. positive feelings, imagery

BilAINwAvE.
MONITOR

PARTs
ONLY ET

29.90
VAT

SILVER SOLUTION
This powerful silver plating compound must be the greatest revolution in
electronics since the IC' Just wipe on with a cloth to plate PCB tracks.
Connectors, wire, component leads. etc with a layer of pure silver'
Essential for:
 RF circuits.
 Top flight Hi -F.
' Bio-electronic circuits and electrodes.
LARGE BOTTLE (150m6 SILVER SOLUTION £11.20 VAT'
N B The solution wit take to brass copper etc but not to meet or preplated components

THE ALPHA PLAN
Can you really train your brain to think more effectively?
Can you really achieve peak performance in things you're 'no good at'?
Can you really overcome fear. shyness uncertainty?

And can you do it all without really trying?
Dr. David Lewis's famous Alpha Plan has all the answers. It was recently
investigated by a OED television documentary (Alpha - How to Succeed
Without Really Trying) And the conclusion? It works!
Dr. Lewis's book 'The Alpha Plan' is yours for only £2.50 (no VAT)
Your future is welting.

The ETI Brainwave Monitor must be the most astonishing project ever to appear in the
pages of an electronics magazine. It will allow you to hear your brainwaves and judge
the relative levels of various types. It will also help you to control your mind more
effectively, to be at peak performance in all situations.

Doesn't my mind work perfectly well when left to its own devices?
If you've ever been confused, unsure of yourself, shy, unable to pass exams or to

impress people at interviews, you know perfectly well that it doesn't. Your mind (and
everybody else's) is full of bad habits, inappropriate responses, feelings of inadequacy

all pulling you down. Why should you put up with it?

Mind training sounds like hard work!
It can be. If you want to do it the hard way, go and study under a Zen master for fifty years
or so. You'll get there in the end! With the brainwave monitor it takes no effort at all. Just
the opposite in fact - trying is the one thing you mustn't do!

How do l start?
At first you use the monitor's internal indicator to exercise your mind. In direct mode you
improve the time percentage; in Integrate you concentrate on the amplitude. After that,
the choice of direction is yours. With the Alpha Plan you can reach the core of your
personality to root out the weakness and replace it with inner strength. Otherwise you
can just enjoy the feelings of pleasure and clear headedness that alpha training brings. or
the creativity and imagery of the theta state.

A friend told me l can use brain power to control lights end things. I can't believe it!
As a matter of fact, you can do more than that! The interface sockets on the monitor allow
you to turn lights on and off, control toys and electrical gadgets, play computer games ..
all with your mind! Are we about to create a race of Supermen? Only time will tell.

The Brainwave Monitor is featured in the September, October and November 1987 issues
of ETI. The approved parts set contains: two PCBs, all components including three PMI
precision amplifiers, shielded box for screening the bio-amplifier, attractive instrument
case with tilting feet, controls, switches, knobs, plugs and sockets, leads and materials for
electrodes, full instructions for assembly and use.

Pans are available separately We also have a range of accessones, professional electrodes. books, etc.
Please send a stamped. self-addressed envelope if you lust want the lists. Otherwise, an SAE
bring you lists, construction details and further information.

Complete Parts Sets for ETI Projects
MAINS
CONDITIONER
FEATURED IN ETI,
SEPTEMBER 1986
It is astonishing how many
people buy or build top-flight
hefi equipment. and then
connect it to a noisy, spiky
mains supply Rather
like buying a Ferrari and
trying to run d on paraffin. you might think Expecting
crystal clear sound, the poor music enthusiast ends
up with a muddy, confused mush, and feels that
he has somehow been cheated 'Is this hi-fi,
My music centre sounded lust as good,

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

Our approved pans set consists of PCB. all
components. toroicr, enamelled wire, fixing ties
fast response VIDA' and full instructions
ETI MAINS CONDITIONER PARTS SET

ONLY £4.60! ;, VAT
'Note: the torpid and VDR supplied are superior
IC the types specified in the article.

KNIGHT RAIDER
FEATURED IN ETI, JULY 1987

The ultimate in lighting enacts la your Larnborghin Maserati anew
ior any other car tor that matter) Picture this eight powerful !phis in
.rte atong the front ana eight atong the rear 'Co. tick a svotch on the
dashboard control box and a ban, 0, lg. 'novas a,. from len to
.grit leaving a comets lass behind n Flip the switch again and One
point becomes a Oar bouncing backwards and

'e
rds

g'n'itOry one ;'':f:'"=InIayOnin:coIroole1Sthenanlights
are long
The Knight Rader can be fined to any car lit makes an exceaent log
xgntrr or with low power.] coos or can turn a, Ovid s pedal Car Of
bicycle nio spec...is, TV -age toy`
Inc contr.. boa pans set con.. of case. itches. LEDs. PCB.
components. hardware and instructions T. sagueme board
inciudes PCB ICs.power FETs components hardware and
nstructrons

KNIGHT RAIDER CONTROL BOX ONLY
£6.90 + VAT,
KNIGHT RAIDER SEQUENCE BOARD ONLY
£11.90 + VAT'

MATCHBOX
AMPLIFIER
FEATURED IN ETI,
APRIL 1986
No ordinary amplifiers.
these. When our first
customers took an
interest. it was for the
diminutive size (both
modules will tit in a
matchbox,). the total disregard for power suppl es and
speaker impedances and the impressive power output
from these lisle amplifiers When they re -ordered it was
for the sound quality

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

Both designerapproved pans sets consist of a roller
tinned printed circuit board and all components The
LISSY ICs are also available individually with a free mini
data sheet giving specifications and suggest.] circuits

SINGLE IC MATCHBOX BRIDGE 11650 Ic
AMPLIFIER SET AMPLIFIER SET
(20W ,n10 a Ohms) [500/ dlo 8 Ohms1

£6.50 + VAT £8.90. VAT £3.90 VAT

POWERFUL AIR
IONISER
FEATURED IN ETI,
JULY 1986

ions nave been described
as vitamins of the air by
the health magazines,
and have been credited
with everything from
curing hay fever and
asthma to improving concentration and putting an end
to insomnia. Although some of the claims may be
exaggerated, there is no doubt that ionised air is much
cleaner and purer. and seems much more invigorating
than dead air

The DIRECT ION ioniser caused a great de.
excitement when it appeared as a constructional prole.
in ETI. At last. an ioniser that was comparable with
(better than') commercial products. was reliable, good
lo build and fun, Apart from the serious applications
some of the suggested experiments were outrageous,

We can supply a matched set of pans. fully
approved by the designer, to build this unique protect.
The set includes a roller tinned printed circuit board,
66 components, case. mains lead. and even the pans
lor the tester According to one customes the set costs
about a third of the pnce of the individual components
What more can we has

Instructions are DIRECT ION
included PARTS SET 0.50 n VAT

PROJECT BOX
PROJECT CASE
WITH PP3 BATTERY
COMPARTMENT

ONLY £2.60! + VAT

LM2917

EXPERIMENTER SET
Consists of LM2917 IC. special printed circuit board and
detailed instructions with data and circuits for eight
different protects to build Can be used to experiment
with the circuits in the 'Next Great Little IC feature
(ET!, December 1986)

LM2917 Experimenter Set £5.80 + VAT

Prices shown are exclusive of VAT, so please
add 15% to the order total. UK postage is 60p
on any order. Carriage and insurance for
overseas orders £1.50. Please allow up to
14 days for delivery.

L_

RUGGED
PLASTIC CASE
Sulable for maws ,onchnoc,
and Mains controller

ONLY £1.65 VAT

SPECIAL
OFFER

Our beat selling ioniser kit is
now available with an elegant white case

WHITE IONISER
PARTS SET ONLY £9.80! VAT

RS
LIMITED

FOUNDERS HOUSE
REDBROOK
MONMOUTH
GWENT



FEATURE

DESIGNING FOR
EFFICIENCY
Switch mode power supplies are becoming increasingly
popular, largely pthanks to developments which have made
them smaller more, reliable and even more efficient than
before. Les Sage looks at the theory behind SMPS operation
and demolishes a few myths.

Until about ten years ago almost all the power
supplies used in mains driven equipment were of
the conventional (linear) type. The incoming AC

would be stepped down (or in some cases up) by a
transformer and then rectified, smoothed and if
necessary stabilised to produce the required DC output
voltage.

This system works well and has the advantage of
simplicity but it also suffers from a number of drawbacks.
The mains transformer must be comparatively large if it
is to operate efficiently at the low mains frequency (50Hz
in this country) and the smoothing capacitors must also
be large so they can store charge for the long periods
between cycle peaks.

Stabilising the output voltage presents problems too.
The usual method is to set the smoothed transformer
voltage rather higher than the required output voltage
and then dissipate the excess as heat. This works well but
is very inefficient and in large power supplies may
demand lots of cooling.

The alternative is a switching power supply, in which
the AC is rectified and smoothed directly to produce a
DC voltage. This is then 'chopped' at high frequency
using suitable switching devices driven from an oscillator.
The resulting AC can be stepped down (or up) using a
far smaller transformer than would be needed at 50Hz
and the smoothing capacitors can also be quite small.
Additionally, the output can be regulated simply by
adjusting the duty cycle of the switching waveform, a
method which is simple to implement and very efficient.

Switch mode power supplies (SMPS) are, of course,
used for DC -DC conversion as well as for AC -DC
conversion and the principle is easily extended to
produce dual -rail or multiple outputs from a single AC
or DC input. Given their versatility, it is not surprising
they are now used in such a wide range of applications
and that so much effort is put into developing ever
smaller, more efficient and more reliable units. The aim
of this article is to describe the basic operation and the
various types of SMPS and to cover in detail one of the
most important and often least understood aspects of the
overall design, the operation of the switching transistor.

Switching Myths
Most SMPS under 200W are single -ended using either

the forward or flyback system. The switching
characteristics of these circuits are similar so reference
will be made only to the flyback type. Understanding the
switching design problems associated with this circuit
forms the basis for understanding all the other types.

First let's dispel some of the myths surrounding SMPS.

Vs 350V

1A

R1
35OR

O

rvs

OV

SWITCHING TIME01

Q1 OFF Pd = IC LEAKAGE x Vs (VERY LOW)
01 ON Pd = Vcesat x Vs (FAIRLY LOW)

R1
01 DURING SWITCHING Pd VERY HIGH = Vs.lpk

1A

Ic

87W

Pd

01 LOADLINE

V 350

%Vs Vs

01 DISSIPATION
DURING

SWITCHING

Fig. 1 Power dissipation (Pd) in a transistor switching a
resistive load.

The transistor is simply a switch which is either on or
off and its dissipation is low in either state (Fig.1). It is
often thought that, provided the transistor switches both
ON and OFF very fast, the power dissipated during
switching will be small. However, this is only true for a
transistor with a resistive load as in Fig.1.

In a SMPS the load is almost a pure inductor and the
current and applied voltage are out of phase by nearly
900 If the voltage and current around the transistor are
analysed separately with respect to time, we find that
during switch on the dissipation is extremely low and
during switch off the dissipation is extremely high.

The basic principle of the flyback converter is to
convert the rectified mains DC into a high frequency
squarewave drive which is then transformed up or down
to the required output potential. At the same time the
circuit must provide galvanic mains isolation. Most
circuits have feedback regulation using an opto-coupler
or an additional winding on the transformer.

Regulation is achieved by comparing the output
voltage with a reference voltage. The output of the
comparator controls the -on time of the chopper
transistor to provide regulation. This action also smooths
out the 100Hz ripple from the mains side which would
normally be transformed along with the high frequency
to the output, thus allowing smaller values of smoothing
capacitors to be used whilst still obtaining low output
ripple.

It can be seen straight away that this forms a closed
loop negative feedback system with the transformer in
the feedback loop. With high loop gain, any alteration
to the transformer turns ratio will have very little or no
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effect upon the output voltage since any change within
the loop will be corrected by the negative feedback.

It is theoretically possible to have more turns on the
secondary than on the primary and still have an overall
step-down without loss of efficiency. In practice there is
an optimum turns ratio for any given design which
balances transistor VCEmax, minimum on time and loop
control range, etc, but this is not in a direct ratio of the
input to output volts as in a conventional transformer.

The Switching Cycle
It is easiest to analyse the system as if it were already

running rather than to analyse it from start up.
Starting with the beginning of the cycle where the

transistor is off, the base is first driven on by a positive
current and the collector potential falls rapidly to ground.
This is shown in the load line drawing (Fig. 4) where it
is represented by the line between A and B.

Although the transistor is now fully on, no power is
being dissipated because the current is not flowing yet.
Current will start to flow once the transistor has reached
saturation but instead of rising immediately to its final
value it will increase steadily with time. The rise will be
linear rather than exponential because there is very little
resistance in the collector and the time constant (T = UR)
will be nearly infinite.

As the collector current rises, energy will be stored
in the transformer core as E = 1/2L IX'. This is the forward
phase of the conversion. After a short time the current
will have risen to several amps and the transistor will then
have to switch off.

This is probably the most difficult part of the design
to get right. Q1 is saturated and will have a high level of
base charge storage. It is also essential that the collector
voltage rises rapidly but Miller capacitance between the
base and the collector will tend to slow things down.

For this reason an enormous amount of base drive
is required to switch the transistor off as quickly as
possible. This is normally several times greater than the
maximum base current required to hold the transistor
in saturation in the first place. Figure 5 shows the base
drive waveform which takes the transistor's base hard
negative with respect to its emitter. This large negative
voltage also helps to maximise the Vce breakdown rating
of the transistor (Vcex) and can double it from, say, 450V
to nearly 900V.

Since the transformer is virtually a pure inductor, any
attempt to reduce the current flowing by switching off
the transistor is violently resisted according to Lenz's law.
A very large back EMF will be generated proportional to
the rate of change of current EMF = -L dl/t. As we wish
to switch the transistor off as fast as possible the back
EMF will be extremely high, taking the transistor collector
as much as several thousand volts positive instantly. The
magnitude of this back EMF is actually determined by the
total energy stored in the core (1/2 LIZ) dumped into the
total stray capacitance of the transformer windings, etc,
and stored as 1/2 CV2.

Power transistors are very slow devices to commutate
current flow and it usually takes several micro seconds
for the collector current to fall to zero due to storage.
Since there is now a very high voltage across the device
and a very high current still flowing the dissipation will
also be very high, typically over 1000W instantaneously.
If the transistor is too slow in turning off it will then enter
the second breakdown region, the current increasing
again to eventual destruction.

At this point the designer has two choices. The first
is to design for an even larger reverse bias turn off
potential, perhaps taking the transistor's base so far into
the reverse bias region that the base starts conducting
again in reverse. This increases the breakdown voltage
beyond twice the Vceo, an example being the common

THEORECTICAL IDEAL WAVEFORM

Vs- 71_
TYPICAL NON -SYNCHRONOUS MESH
CONVERTER EXPLAINED LATER

OV

T ON T OFF

(a)

TYPICAL PRACTICAL WAVEFORM (FIXED f)

1'4-
EDGES SLOWED DOWN TO REDUCE
POWER DISSIPATION

(c(

b

Fig. 2 Typical voltage waveforms at the collector of the
switching transistor in a flyback SMPS.
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Fig. 3 Block diagram of a basic flyback SMPS.

Vref

INDUCTIVE
SQUARE LOOP

LOADLINE

ADDITION OF
DV/DT LIMITER

SNUBBER

Ic REVERSE BIAS SAFE OPERATING AREA (RBSOAR)

Vs

Vbe (OFF) - -1

\e7 Vbe (OFF) = -3

Vbe (OFF) = -5

Vceo Vcex

Fig. 4 Load line diagram for a switching transistor in a
flyback SMPS. Power dissipation is near zero during the
turn -on phase (a,b,c) but is very high during the turn-
off phase (c,d,e,a), leading to breakdown or device
failure. Note the way in which RBSOAR and Vcex vary
with Vbe (off).

TV line output stage with typical flyback voltages of 1200V.
The snag with this method is that the reverse base bias
reduces the reverse bias safe operating area (RBSOAR)
energy dump capabilities. Should the Vcex still be
exceeded, second breakdown failure will be even more
likely.

The second choice is to limit the reverse base -emitter
potential to less than 1V, perhaps by using an anti -parallel
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diode. This reduces the Vce breakdown voltage but with
less reverse base potential the transistor has a better
chance of surviving a breakdown without any secondary
failure mode. Some transistors are designed for this
particular feature and are able to withstand what is
termed an inductive load energy dump, rated in mi. They
are used, for example, in hammer drivers which have to
have a fast return stroke and use breakdown energy
dumping on every cycle.

As we are actually designing a power supply, we wish
to transfer all the input power to the output without
transistor breakdown energy dumping. A secondary
winding on the transformer with an output rectifier
clamps the rising collector potential to Vo times the turns
ratio. This is called V extension as it allows the transistor
Vce to extend above the supply by Vex.

As the transistor switches off (flyback) and the
collector swings positive above Vsupply, then at Vex the
output rectifier will conduct charging the output
capacitor and so supplying load power. The collector
current has by now returned to zero, from d to e, and
all the energy stored in the core is discharged linearly
into the load. With zero energy in the core the collector
potential must return to Vs and one cycle is complete.

The most important point about this complete cycle
is that zero energy must remain within the core at the
beginning and end of each cycle. Any residual energy left
will leave a net core flux offset resulting in possible
saturation the following cycle. Therefore the total area
ab,bc (forward phase) must be made equal to the total
area of the flyback phase. To guarantee this factor the
transistor must not switch on before the transformer flux
has returned to zero under worse case conditions of low
mains and high load. This explains why the waveform in
Fig. 2 has this step and is not a squarewave, since simple
squarewave drive at a fixed frequency would not
necessarily switch the transistor on exactly at the same
point for various loads.

In fixed frequency (synchronous converters) the on -
time is under control of the feedback loop such that for
an increase in load on -time increases to store more
energy in the core. With more energy to transfer to the
output the power transfer time must also increase. This
means that the regulation time reduces.

Practical Problems
To return to the earlier mention of transistor off drive

and RBSOAR, the most common way of overcoming the
instantaneous rise in potential at switch -off is to place
a snubber capacitor across the transistor's collector and
emitter. This is often found in thyristor circuits as
thyristors have a habit of switching on with fast dv/dt
changes. This capacitor forms a resonant circuit with the
transformer inductance, the first quarter cycle acting as
a dv/dt limiter allowing time for the collector current to
reduce to a safe value. Typical values are 1n5 at 1k5V for
a 17mH transformer. This resonates at around 100kHz
Tiving a first quarter cycle dv/dt delay of around 2-3µs.
hese are typical values for a 150W 25kHz SMPS.

In practice it is mandatory to include this capacitor
otherwise repeated inductor energy dumping causes
eventual failure. Some simple circuits include zeners
across the collector and emitter. These do not actually
limit Vce dv/dt but just clip any peaks, dissipating power
in the process. Examples include battery inverters and
capacitor discharge ignition circuits. Random secondary
breakdown of the active devices is quite common.

The problem now is that at the point of transistor turn
on, all the energy stored in this capacitor must be
dissipated in the transistor. This is wasted power, so
including the capacitor is simply a means of trading
overall efficiency for greater reliability.

At the point of transistor switch on there will be near

Vce

LARGE AREA
HIGH Pd

Ic

FASTER CURRENT
TURN OFF FROM
HIGH BASE
REVERSE BIAS

SLOW
COLLECTOR
VOLTS RISE

RESULT, LOW Pd

Vce lc OFF PHASE OPTIMISED SLOW SWITCHING
GIVES IMPROVED EFFICIENCY

TURN ON PHASE VERY LOW
DISSIPATION DUE TO SLOW
Ic RISE AND FAST Vce FALL

Fig. 5 Vce/Ic characteristics for turn -on and turn-off. The
shaded area represents power dissipation which is high
with a fast turn-off (a). Slower turn-off switching gives
improved efficiency (b) while the turn -on dissipation
can be made very small by a combination of slow Ic rise
and fast Vce fall.
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ZENER TIME SHOULD BE
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BASE DRIVE
CURRENT

OUTPUT WINDING
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Fig. 6 Ideal waveforms in a flyback SMPS. Note that the
volt -time product in the forward phase is equal to the
volt -time product in the flyback phase (represented by
the shaded areas) so as to ensure that no energy
remains in the core from one cycle to the next.

infinite collector current flowing to discharge the
capacitor, so there is now an even greater reason to slow
down the turn on time of the transistor. Contrary to
popular belief, slowing down the switch -on does not
increase the transistor's dissipation since transformer
primary current has not yet started to flow (Fig. 4 points
a to b). As the capacitor must be discharged fully on each
cycle all the energy stored in the capacitor will be
dissipated as heat in the transistor regardless of the
length of time the transistor takes to turn on.

Slowing down the turn -on will however limit the
instantaneous peak current to a safe level. This is
achieved simply with a small base resistance of a few
ohms or an inductor, which will act as a crude current
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limiter since the transistor's hFE falls off rapidly at high
collector currents. Slowing down the turn -on also helps
to reduce RFI problems and, as we shall see later, reduces
the power dissipation in the drive circuit, helping to
further improve efficiencies and also allowing direct drive
from an IC.

Fig. 2a shows the now familiar ideal waveform, and
Fig. 2b shows a typical practical waveform. We see on the
real waveform that there is considerable ringing on
switching edges. This is due to the transformer's stray
winding capacitance ringing with the primary inductance.
The first ring occurs at transistor switch off and has been
designed in as a dv/dt delay as explained.

We only wanted a quarter cycle ring as the initial dv/dt
limiter but in practice it is very difficult to stop the
transformer inductance from ringing over several cycles.
This is because, as the transistor turns off, the transformer
inductance is no longer heavily damped but left virtually
open circuit. The output rectifier is supposed to have
switched on to transfer the core energy to the output,
but these take several hundred nano seconds to turn -on
and this, combined with the transformer's leakage
inductance, allows for several cycles of ringing.

Using a large value of snubber capacitor can suppress
the ringing by lowering its frequency and the transformer
can be designed to have low leakage inductance (tight
coupling between windings), all allowing more time for
the rectifier to conduct. As soon as this happens, energy
will be transferred to the load and this loading will ensure
that the transformer is again heavily damped, suppressing
the ringing for the duration of the output flyback phase.

At the end of the flyback phase all the power will have
been transferred to the output and no energy will be left
in the core. There cannot be any voltage across the
windings so the collector potential will fall to Vs. We see
a second ring at this point, again due to the output
rectifiers turning off and leaving the transformer
undamped. Residual energy stored in the winding
capacitance and snubber now ring with the transformer
inductance, eventually dying away but wasting power and
creating RFI in the process. This output ring is particularly
undesirable and can result in transistor failure.

The problem now is that it is quite likely that the
transistor could be switched on during one of these
ringing peaks, placing additional stress upon the device
and lowering efficiency. If the transistor were driven on
earlier, before the ringing and before complete core
discharge (as is often the case with simple squarewave
drive) an increased inefficiency again results coupled with
possible core saturation which can lead to transistor
failure.

Regulatory Control
Since the amount of energy stored per cycle is equal

to E=1 LiW, varying the on time will vary the energy level
which under loop control will exactly match the output
energy required. If a larger load is placed on the output
the feedback loop will cause the on time to increase,
storing more energy in the core. More energy will cause
a longer core discharge time and hence the rule of equal
areas still holds.

This brings us to a very important aspect of the flyback
converter. Since Vo is regulated and so is constant, Vex
is related to Vo times the turns ratio, so Vex is also fixed
under feedback regulatory control. It is this that allows
us to theoretically have say a 1:1 turns ratio but with 12V
output from a supply of 350V. This would give a Vex also
of 12V, and the resulting mark -to -space ratio of the
switching waveform to maintain equal in/out areas would
now be 350 x on -time = 12 x off -time or 1:29.

This is inefficient in terms of switching times and
saturation power losses since the transistor's collector

le AMPS

FLUX
DENSITY

(mT)

ON -TIME (uS)

POINT OF CORE
SATURATION

I /
// CORE SATURATION

TYPICAL MAX WORKING FLUX TAKING
INTO ACCOUNT HIGH TEMPERATURE &
SAFETY MARGINS, TOLERANCE Me.

MAGNETIZING CURRENT

Fig. 7 Transistor on -time and core flux density. Too long
an on -time will allow the flux density to reach
saturation point, causing the collector current to rise
sharply until the transistor breaks down. To prevent
this, the on -time should be chosen to give a working
flux density of around 50% of the saturation level.

current must be very high to charge the core in such a
short time. It also does not allow much room for loop
control given that the minimum mark -to -space ratio (M/S)
allowed is equal to the snubber rinsing frequency. Its
only advantage is that the maximum ideal Vce rating for
the transistor would only need to be Vsupply plus Vex
or 363V (ignoring additional safety margins).

Similarly for fine variations, with a lower line supply
input the feedback control loop will increase the on -time
to maintain the same level of energy transfer. In practice
a suitable transistor is chosen, bearing in mind that
higher voltage transistors have higher saturation losses.
Therefore the parameters of Vcex, Vex, ICpk, M/S and
turns ratio are all interrelated and form part of a complete
design package.

The variable parameters Vex, turns ratio, etc, are
generally based around standard off-line switching
transistors available. A computer programmed with these
relationships speeds up the design as the parameters of
given transistors can be entered in and the computer
then calculates the optimum transformer turns ratio to
make maximum use of the transistor chosen. This shows
that the transformer is not designed for input/output volts
and current ratio but on the transistor ratings.

There is a limit to the maximum M/S ratio allowed and
this is 1:1. Above this there would be insufficient off time
for the transformer flux to reset fully, thereby resulting
in a net magnetic offset leading to possible core
saturation and failure. A typical nominal M/S would be
1/13 but as explained this is not mandatory so long as
the maximum M/S under loop control does not exceed
1:1. This problem can be solved but generally results in
poorer efficiency and the very high potential developed
between windings makes it difficult to wind a transformer
with adequate insulation.

The second article in this series will deal in more
detail with each of the problems mentioned here and
show how recent developments have overcome these
problems and turned some of them into advantages. This
leads on to a description of the latest non -synchronous
'Mesh' converter system which use a variable frequency
rather than a fixed frequency and zero energy switching
to achieve even greater efficiency and reliability.
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CIRCUIT THEORY
Paul Chappell sets phasors to stun and attacks sine wave
re presentations without mercy.

This month we're back with sine waves again and I'm
trying out a variation on the August article's theme
of simplifying information and getting it into a

form which brings out the essentials and gets rid of
irrelevant detail.

There are a number of ways of representing a sine
wave. Figure 1 shows two possibilities. The first is the
usual graphical representation. A diagram like this gives
a good deal of information about the wave - its shape,
amplitude, frequency and phase at the chosen starting
point. Just about all you could ever want to know about it!

Figure lb shows a more abstract representation of the
same wave. The frequency is shown by the position of
the line along the horizontal scale and amplitude is given
by the height of the line. This diagram is more concise
than Fig. la (and takes less drawing skill!) but some of
the information is lost. The shape of the wave is not
shown, so to interpret the diagram you have to know
what a sine wave looks like. Another loss is phase
information. There's also a slightly less obvious loss -
see if you can spot it. (Look for a way to alter Fig.la to
give another wave which would have the same
representation in Fig.lb).

The loss of phase information means that if two or
more sine waves are shown on the same diagram, it is
impossible to say exactly what time domain waveform
they represent. Fig.2a may represent either Fig.2b or Fig.2c
or something else entirely. Without knowing the relative
phases of the two sine waves, there is no way to decide.
(Strictly speaking it makes no sense to speak of the phase
difference between two waves of different frequencies
since it changes at every instant. What you can do is to
compare each component with a sine or cosine of its own
frequency at a particular instant in time which will give
enough information to decide the time relationship of
the two waves.

For example, if both waves were exactly in phase with
the sine of their own frequency at some instant in time,
Fig.2c would be the correct time domain waveform. On
the same pedantic note, I'd better explain that I'm using
the phrase 'sine wave' to mean 'any wave which is
sinusoidal in shape, and unadorned 'sine' and 'cosine'
to mean waves that 'begin' at 0 and 1 respectively at some
instant t=0. Phase relationships are God -awful things to
talk about without sounding too text-booky and I don't
want to confuse you in my attempts to do so!

In many situations the frequency spectrum of a wave
form is the most important characteristic. An example is
frequency interlacing in colour TV systems. The
frequency spectrum of a monochrome TV signal has the
strongest frequency components at multiples of the line
frequency with smaller components at multiples of the
field frequency on either side. Figure 3a is an idealised
diagram of a portion of this spectrum. The gaps in the
spectrum allow a rather cunning trick to reduce the
bandwidth needed for colour TV transmission. Instead
of avoiding interference by putting the colour sub -carrier
at some frequency way above the monochrome
information, it can be slotted in to fill up the gaps!

Suppose the colour sub -carrier frequency was chosen
to be 2005 times the line frequency. The main additional
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Fig. 1 (a) The 'normal' view of a sine wave. (b) An
alternative representation.
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Fig. 2 (a) Two sine waves which can represent either of
the waves (b) or (c).

frequencies introduced would be the sub -carrier and its
sidebands separated by multiples of the line frequency,
which neatly fills the gaps left by the monochrome
spectrum (Fig3b). The half-line offset means that the sub -
carrier frequency will cancel out to some extent on
successive pictures (not fields) but a sub -carrier of too
low a frequency and too high an amplitude would still
cause some very unpleasant effects.

The moral is that it is very important to keep an eye
on the practical interpretation of abstract information!
The offset used in the PAL system, by the way, is 1/4 line
rather than 1/2 line - this simple explanation leaves out
some other rather significant considerations which mean
that 1/2 line offset is not the best choice but the principle
still applies.

Yet another representation of a sine wave is shown
in Fig.4a, and it's this one I really want to concentrate on.

[Ti OCTOBER 1987 15



(') III I 11
199

b /

(c)

Fig. 3 (a) A portion of the TV spectrum (mono). (b) The
colour sub -carrier slotted in the gaps. (c) The effect on the
mono picture.
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Fg. 4 (a) A phasor. (b) The ETI wave drawing machine! (c)
An 'anti -clockwise' wave. (d) A 'clockwise' wave.

If you haven't seen this kind of diagram before, it will take
a little imagination to see how it works. Just suppose for
a moment that the arrow on the diagram is actually a
piece of wood baton pivoted at the origin, with its free
end moving steadily in an anti -clockwise circle. Now
suppose that there's a spotlight above it and a screen
below. As the baton moves, the shadow on the screen
will shorten until the rod becomes vertical, then lengthen
again in the opposite direction, then shorten again until
the rod is pointing downwards, and so on.

Now suppose that instead of a screen, the shadow
is cast on a strip of photographic material that is exposed
by darkness (don't ask me where you can buy it!). The
photographic strip is moved along by the same invisible
motor which is turning the baton (I said you'd need a
good imagination!). When the paper is developed, it will
have a trace on it as Fig.4b. A sine wave!

A complete cycle of the sine wave corresponds exactly
to one rotation of the baton. The amplitude will be equal
to the longest shadow cast by the baton which will
happen when it is horizontal and so will be equal to its
length. The phase relative to a cosine will be equal to
the angle the baton makes with the horizontal when the
machine is started up. In other words, if I gave you a
photograph (or a diagram) of the initial position of the
baton and told you the speed of rotation, you could
predict exactly what sine wave the machine would draw.
That brings us back to Fig.4a.

The direction of rotation of sine -wave drawing
machines is important. Figure 4a could draw either Fig.4c
or Fig.4d depending on which way it was turned. By
convention, sine wave drawing machines always turn anti-
clockwise, so Fig.4c is correct.

Diagrams like Fig.4a are called phasors. The most
significant loss of information here is frequency - I have
to tell you how fast the rod is rotating. You can't tell from
the diagram. This may seem like rather an important
piece of information to lose but often it can be assumed
from the context. If I draw phasors for UK mains powered
equipment, for instance, I don't need to keep mentioning
that it's at 50Hz. Sometimes circuits run at a certain
frequency by design - oscillators, switching regulators,
radio transmitters. At other times it can be useful to know
how a circuit responds to a certain frequency. In all these
cases, frequency is part of the 'background' information
and it's the phase and amplitude of the waves that we
want to investigate. This is where phasor diagrams come
into their own.

Just as several waves of different frequencies can be
included in the same frequency spectrum diagram, waves

Phase, which

crookedd
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the same shadow
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1st rod 2nd rod
shadow shadow
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dl

Fig. 5 (a) Adding two waves on the phasor diagram. (b)
The resultant wave. (c) Adding out of phase waves. (d) The
wrong result. (e) The correct answer. (f) Cancelling waves.
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at the same frequency but with different amplitudes and
phase can be drawn on the same phasor diagram (Fig5a).
Since both waves are at the same frequency, the two rods
are locked together and rotate at the same speed. This
gives an easy graphical way to find the sum of the sine
waves of the same fequency.

To find the result of adding the two waves of Fig.5a,
we want a rod which casts a shadow equal to the sum
of the two individual shadows. A crooked rod that will
do the trick can be made simply by nailing the two rods
together, keeping their angles with the horizontal axis the
same. The result is shown in Fig.5b.

The final step is to notice that a straight rod from the
origin to the tip of the crooked rod will cast the same
shadow, so this is the phasor representing the sum of
the two original waves.

If you think about it for a moment, you'll see that it
makes no difference which phasor is drawn first when
adding. If you try it both ways on the same diagram, you'll
end up with a parallelogram with the sum as one of the
diagonals.

One thing to remember is that you must draw the
phasors in the right direction. Take the extreme case of
Fig.5c, for instance. The sum of these phasors is Fig.5d
and not Fig.5e. If the two phasors had the same length,
adding them would bring the end point right back to the
origin (Fig5f). This is equivalent to saying that two sine
waves of the same frequency and amplitude but 180° out
of phase will cancel each other out when added.

The phasors for a sine, cosine, -sine and -cosine are
shown in Fig.6a. A sine wave of any phase you choose
can be expressed as the sum of a sine and a cosine. Figure
6b shows a particular example:

-sine

-cosine cosine

sine

13-/12

3

hi

Fig. 6 (a) The phasors for sine, cosine, -sine and -cosine.
(b) Expressing a wave as the sum of a sine and a cosine.

2 cos(cut + 14') = sin(c00- \13-cos(w5)
The phase angle 137r/12 disappears. In the articles on the
Fourier series I mentioned in passing that the series
contained both sine and cosine terms to avoid the need
for phase angles and this shows how the trick is done.
Another piece of the jigsaw falls into place! It's rather like
resolving a force into two orthogonal components (which
you probably remember from your school days). Just a
minute, orthogonality, now that rings a bell too!

So far we've only just scratched the surface of phasors,
so I'll continue with the topic next month. In the
meantime you may like to look for a way of finding the
difference between two sine waves on the phasor
diagram. If you really want to show off, see if you can
find a way to show the effect of differentiating and
integrating a phasor. ET!

HART ELECTRONICS are specialist producers of kits fur
designs by JOHN LINSLEY-HOOD. All kits are APPROVED
by the designer

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

Complete record and replay circuits for very high quality low
noise stereo cassette recorder. Circuits are optimised for our
HS16 Super (Duality Sendust Alloy Head. Switched bias and
equalisation to cater for chrome and ferric tapes. Very easy to
assemble on plug-in PCBs. Complete with full instructions.

Complete Stereo Record/Play Kit £33.70
VU Meters to suit £2.30 each
Reprints of original Articles 75p no VAT
860X Stereo Mic Amplifier £8.70

LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb integrated amplifier kits derived from John Linsley -
Hoods articles in 'HiFi News'.
Ultra easy assembly and set-up with sound quality to please
the most discerning listener. Ideal basis for any domestic
sound system if quality matters to you. Buy the kit complete
and save pounds off the individual component price.

K300-35. 35 Watt. Discount price for Complete Kit . £98.79
K300-45. 45 Watt. Discount price for Complete Kit £102.36
RLH465. Reprints of Original Articles from 'Hi-Fi News'

£1.05 no VAT

LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER
SYSTEM.

Our very latest kit for the discerning enthusiast of quality
sound and an exotic feast for lovers of designs by John
Linsley -Hood. A combination of his ultra high quality FM
tuner and stero decoder described in "ELECTRONICS
TODAY INTERNATIONAL" and the Synchrodyne AM
receiver described in "Wireless World" The complete unit is
cased to match our 300 Series amplifiers Novel circuit
features in the FM section to include ready built pm -aligned
front-end. phase locked loop demodulator with a response
down to DC and advanced sample and hold stereo decoder
together make a tuner which sounds better than the best of
the high-priced exotica but. thanks to HART engineering.
remains easy to build. The Synchrodyne section with it's
selectable bandwidth provides the best possible results from
Long and Medium wave channels. so necessary in these days
of split programming. If you want the very best in real HiFi
listening then this is the tuner for you. Since all components
are selected by the designer to give the very best sound this
tuner is not cheap. but in terms of it's sound it is incredible
value for money To cater for all needs four versions are
available with variations up to the top of the range full AM/FM
model. with any unit being upgradeable at any time Send for
our fully illustrated details

STUART TAPE RECORDER CIRCUITS
Complete stereo record. replay and bias system for reel-to-
reel recorders These circuits will give studio quality with a
good tape deck Separate sections for record and replay give
optimum performance and allow a third head monitoring
system to be used where the deck has this fitted Standard
250mV input and output levels. These circuits are ideal for
bringing that old valve tape recorder back to life.
K900W Stereo Kit with Wound Coils and Twin Meter
Drive £65.67
RJS1 Reprints of Original Articles £1.30 no VAT

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble', A worn head could be the problem
Fitting one of our replacement heads could restore perform-
ance to better than new! Standard mountings make fitting
easy and our TC1 Test Cassette helps you set the azimuth
spot-on. We are the actual importers which means you get the
benefit of lower prices for prime parts. Compare us with other
suppliers and see! The following is a list of our most popular
heads, all are suitable for use on Dolby machines and are ex -
stock.
HC20 Permalloy Stereo Head. This is the standard head fitted
as original equipment on most decks £7.66
H516 Sendust Alloy Super Head. The best head we can find.
Longer life than Permalloy, higher output than Ferrite, fan-
tastic frequency response £14.86
H0551 4 -Track Head for auto -reverse or quadrophonic use.
Full specification record and playback head £14.60
HX100 Stereo Permalloy R/P head. Special Offer £2.49
MA481 2/2 Language Lab R/P head £13.35
SM166 2/2 Erase Head. Standard mounting.
AC type. £8.85
SM150 2/2 Erase Head. DC Type £3.60
H0751E 4/4 Erase Head for Portastudio etc. ... £46.80
Full specifications of these and other special purpdse
heads in our lists.

HART TRIPLE -PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level.
head azimuth and tape speed. Invaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage.
Tape Head De -magnetiser. Handy size mains operated unit
prevents build up of residual head magnetisation causing
noise on playback £4.54
Curved Pole Type for inaccessible heads £4.85

Send for your free copy of our LISTS. Overseas please send 2
IRCs to cover surlae Post or 5 IRCs for Adman
Please add part cost of post, packing and insurance as follows:

INLAND OVERSEAS
Orders up to £10 - 50p Please send sufficient to cover
Orders £10 to £49 - £1 Surface or Air Post as
Orders over £50 - £1 50 required.

Personal callers are always very welcome but
please note that we are closed all day Saturday

24hr SALES LINE
(0691) 652894

111411
ALL PRICES EXCLUDE VAT

ilitc\.Nos'sUNLESS STATED ikotl`co.N-00

kkNO 49%.
os'lles 54A°
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HOME CADMAT
Ian McCulloch gets a helping hand from his computer for all
aspects of the design and manufacture of electronic projects.

Equipment for CADMAT (Computer Aided Design,
Manufacture and Testing) has been available to
industry for a number of years. Over the last two

or three years, software packages have become available
for a few more domesticated computers (IBM PC, BBC
micro, Spectrum, and so on) which perform some of the
functions of a CADMAT system (notably circuit and PCB
design).

An ideal CADMAT system would allow the user to
design the circuit to PCB level, simulate the circuit
response, construct the unit on the PCB and test the unit
all with one system. It would be rare for a home con-
structor, who generally builds projects on a one-off basis,
to require all of this. It is also generally true to say that
those software packages which are available to the home
constructer fall into two categories - too expensive or
too simple!

The answer is to build up your own system from
scratch and this article is intended to give the necessary
guidelines and hints to enable the amateur electronics
enthusiast to build up a system to suit his own
requirements.

The basis for this article is a CADMAT system which
I designed using an expanded Microtan 65 system and
many of the hints will apply directly to that. Owners of
other machines may need to make modifications to suit
their own systems but the principles are valid for any
computer system.

The design of a unit can generally be subdivided into
three stages; System design, Circuit design and PCB
design. A possible fourth stage of IC design is way beyond
the scope of most home constructors.

System Design
In point of fact, the generic term 'system design' caters

for all aspects of design including circuit design and IC
design (after all, a circuit, even an integrated -circuit is a
system) but for our purposes we will use it to describe
the design of what will be the block -diagram of our
system. The final product of our work here will be a
description of the forms of input and output signals
which we will need to produce and the processes that
we will need to carry out on them to obtain the next
signal. We can, if we wish, also make the computer draw
our block -diagrams for us.

It is up to you to produce the basic block diagram.
However, when it comes to working out the component
values you will require a system simulation. That will
mean deriving the transfer function for all or part of the
system being designed.

The computer cannot help you here. However, it can
lend a hand with the simulation. This will normally
require solving differential equations and although these
are horrible to deal with 'by hand' the application of the
Euler Algorithm can make the process almost
pleasurable.

For example, the antenna rotator system of the block
diagram in Fig. 1 has the transfer characteristic:

H(s) = C = n2
R S' +2zconS2con'

Where C is the output, R the input and

-v

ERROR SERVO
DETECTOR AMPLIFIER

FIXED FIELD

n:1

II

9C

GEARBOX

Fig. 1 The block diagram for the antenna rotator.

con' =nKTK,K,/RAJ (S and S' are the first and second
derivative of 8). This looks pretty horrific to anyone.
However, the Euler Algorithm gives us:

C = C+ dC*T
dt

dC dC d'C*T
dt dt dt

Although that doesn't look too inviting either, the
comparatively simple Basic program of Fig.2 is an
implementation of the Euler Algorithm for this system
and will allow you to evaluate the system response over
a selected period of time and alter component
characteristics until you are happy with it.

This will form part of the program which performs
the analysis. Since this technique requires only input and
output routines and basic arithmetic techniques, those
of you who are happy programming in machine code will
have no problems writing the software in machine code
for greater speed.

Circuit Design
Now we have chosen values for our system comp-

onents which give satisfactory results in the system
simulation, we design the circuitry which will make up
these components.

Anybody who has used the graphics on their com-
puter will probably realise that to construct a symbol for
an individual component is relatively simple. A resistor
for instance is simply a rectangle of a size you choose
to suit the video resolution of your machine. The video
resolution of any given system is in fact the only limiting
factor on the size and complexity of your component
symbols. It is worth terminating all discrete component
symbols in 'nodes' as shown in Fig. 3. This will make your
life easier later on when you want to interconnect them.
Digital packages can also be simulated in this way and
I think it is worth digressing for a moment to explain a
slightly different technique you may consider worth
using.

Rather than representing standard circuit sections in
their usual 'circuit diagram' manner, it is more useful to
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FEATURE

10 GOT0150
20 REMst4SUBROUTINE-IMPULSE"
30 IF X=0 THEN R=1/T
40 IFX)OTHENR=0
50 RETURN
60 REM444SUBROUTINE-PAGE*44
70 PRINT:USR(62)
80 PRINT"PRESS 'C' TO CONTINUE"
85 PRINT "PRESS 'S' TO STOP"
90 GET CS:IF CS="" THEN90
100 IFCS="C"THEN120
105 IF c$ --sr THEN STOP
110 GOT080
120 B=0
130 PRINTTAB(5);"TIME";TAB(25);"OUTPUT"
140 RETURN
150 X=0
160 PRINTTAB(B);"SYSTEM IS Wt2/(St2+22WS+Wt2)"
170 PRINTTAB(6);"
180 PRINT:PRINT
190 PRINT"Type of input required:-"
200 INPUT "(Enter 'IMPULSE' or 'STEP') ";R$

210 PRINT
220 INPUT "Value of omega (W) ";V

230 PRINT
240 INPUT "Value of zeta (Z) ";2

250 PRINT
260 INPUT "Steplength required ";T

270 PRINT
280 INPUT "Integration tine required ";E

290 PRINT
300 INPUT "Are these values correct (Y -N)? ";YS

310 IFYS="N"THEN150
320 B=9
330 PRINT"RESPONSE OF Vt2/(St2=22WS+Wt2)TO ";RE
340 PRINT
350 PRINTTAB(16);"ZETA= ";Z
360 PRINT
370 PRINTTAB(15);"OMEGA= ";W

380 PRINT
390 PRINTTAB(10);"STEPLENGTH= ";T

400 PRINT
410 C2=Wt2*R
420 PRINT TAB(4);"TIME";TAB(22);"OUTPUT"
430 PRINTTAB(4);X;TAB(23);C
440 B=B+1
450 IFB=20THENGOSUB60
460 IFRS="STEP"THENR=1
470 IFRS="IMPULSE"THENGOSUB20
480 C=C+ClfT
490 C1=C1+C24T
500 C2=Wt2412-2424W+C1-Wt24C
510 X=X+T
520 IFX<ETHEN430

530 IFZ>=1THEN610
540 PRINT
550 PRINT"CALCULATED DAMPED OMEGA IS:-"

560 PRINTTAB(6);VIISQR(1-2t2);"RAD/SEC"
570 PRINT
580 IF RS="IMPULSE" THEN600
590 PRINT"CALCULATED OVERSHOOT IS ";EXP(-Zin/(SQR(1-2t2))),100;"%"
600 PRINT
610 PRINT: INPUT"CHANGE ALL DATA (Y-11)"1$

620 IFIS="7"THENGOT0150
630 END

Fig. 2 A simple Basic implementation of
the Euler algorithm.

consider them as ICs. So a J -K flip-flop, rather than being
drawn as four NAND gates, would be represented by a
14 pin chip labelled 7400 (or whatever). A further benefit
of this method becomes apparent when you transfer your
circuit to a PCB design.

Most micros can produce programmable characters
on screen which can be used to make up DIL packages
for this purpose.

In order to link the terminals of two or more devices
a line must be produced from one node to the next. If
your programming is good, you may elect to write
routines to find the shortest route (without crossing any

Fig. 3 Discrete circuit symbols with nodes.

lines of course), otherwise, a much simpler approach may
be to move the curzor under manual control and draw
in the line as the cursor moves. The choice is yours.

Most circuits are made up from combinations of
several simple circuits whose transfer response is
generally known (it is often just a matter of looking it up).
So far, we have used the computer as a sort of graphics
tablet to produce the picture of the circuit. We can now
use it to obtain the component values.

It is necessary to give the computer a list of preferred
component values. An array is the simplest approach,
although this is a little tedious. The technique I have used
is to build up a library of transfer characteristics,
including each new circuit as I need it. Once again, the
simulation techniques using the Euler Algorithm are
used. You may choose to build up the library in this way,
gradually, or you can go for broke and build up a
comprehensive library in advance. The choice depends
on personal preference (and patience).

On my system, once the circuit is drawn on the
screen, the user is prompted to the analysis. For
simplicity, the analysis takes the form of typing in the
name given to the circuit at the front-end and the input
signal. Subsequent circuits are selected from a menu
displayed on the screen and the input assumed to be the
output of the previous circuit. Circuit branches (where
two or more circuits are driven from one output) are
chosen at the menu and the system returns to this point
when an end (or a mixer stage) is indicated. Branching
should be minimised at the system design stage.
Components (labelled when the circuit is drawn) are
evaluated by the computer and a list is output at the end
of the program.

This analysis can be simplified if the system is reduced
during the system design stages until each system
component contains only a serial set of 'standard' circuits
with external branches.

The techniques I have just described hold true for
both analogue and digital simulation but in the case of
digital simulation, the 'standard' circuits are the logic
gates and devices used. Here, the computer simulation
is even easier since most micro -processors contain as
standard the Boolean operators needed to simulate more
complex devices - even up to a microprocessor if you
have the patience to evaluate it (I'm told it can be done).
For microprocessor circuits, I generally stop at the picture
stage and only use the analysis for peripheral circuits, but
again this is up to you.

PCB Design
Actually producing the artwork for a printed circuit

board from a well produced circuit diagram is usually a
straightforward process. Simple PCB design packages
have a selection of pad configurations (8 -pin DIL, 14 -pin
DIL) and a variety of track widths. The software finds the
shortest route between two chosen pads and draws the
track between them.

If you use the design method suggested earlier and
you're careful how you design your circuit it may be
possible to transfer your design directly to PCB artwork
(the 'nodes' are now the pads). This is usually relatively
easy for fairly simple circuits designed on a single sided
PCB.

Double sided PCBs are easier if you have colour
available on your machine. The component side will be
drawn in one colour, the solder side in another (red and
green are easy to distinguish from each other). This can
be incorporated at the circuit design stage although you
may need to take care in choosing which links occur on
each side of the PCB.

The screen resolution of your computer will limit the
size of PCB you can display. If you need to display a larger
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PCB, careful memory usage will allow you to display
sections of the PCB at one time and so you can design
boards of almost any size you choose. However, don't
forget that a screen with four colours and a resolution
of 256 by 256 requires 16K of memory. That means you
would require 64K of storage for a PCB of four 'views' so
don't get carried away!

The output can be to either a printer or plotter. I find
a plotter works better than a printer and some fairly
cheap models are now available. You will find that if you
store the symbols you use in your designs as part of your
plotter character set, the circuits and PCB designs can
be drawn much faster. Double sided PCBs done in two
different colours take a little care. Remember that each
colour must be printed separately. Pads and so on which
occur on both sides of the PCB can be done in a third
colour (which can conveniently be a mixture of the other
two).

One last point about your printer/plotter. You will
need to dedicate the required number of serial or parallel
I/O ports to your output device. Remember those used
for this will not be available for other devices (unless you
feel like changing the devices connected to the ports for
each stage of the analysis and design).

Computer Aided Manufacture
It is unlikely most amateur constructors will use

automation to build their projects. However, anybody
who enjoys experimenting with robots may well enjoy
attempting the design of a unit to assemble components
onto a PCB and for those people I will list some of the
considerations and techniques they may wish to use.

Before starting work on the unit, you must first decide
what exactly you require of it. Do not be too ambitious.
Even a simple unit is likely to be a difficult enough
prospect for most people.

The construction process is best considered in stages.
The software which drives the unit must determine what
component is required in each position on the PCB. For
simplicity, since it is unlikely that any of you will possess
anything more complex than a relatively simple robot
arm, I would suggest that you pre -form the components
and store them separately according to type and value.
This will reduce your problems but it still doesn't make
it easy.

The next stage will be to control the robot arm via the
computer and make the gripper pick up a single
component from the correct tray. Finally, you will need
to orientate the component correctly and insert it in the
correct position on the PCB.

Obviously, some form of vision system will be req-

LOCATING PINS

SLOTS FOR V*s
'y -FRAME'

SLOTS FOR
'x -FRAME'

'y -FRAME'

DIRECTION OF
'y -FRAME' TRAVEL

'x -FRAME'

DIRECTION OF
TRAVEL

FIXED BASE

Fig. 4 The mechanics of the PCB frame for a driller.

uired to ensure the correct orientation of the component.
This can be achieved with little difficulty if you can get
your hands on a large capacity RAM chip with a 'lid' -
the square metal plate on top. If the lid is heated with a
soldering iron it comes off fairly easily. This is then
replaced with a small piece of clear plastic glued into
place. When the power supply rails are connected to the
supply, you will find that you have a perfectly serviceable
CCD camera.

With the appropriate software in your computer the
image can be compared with that of a similar component
correctly orientated. By moving the component until the
images match, the correct orientation of the component
can be ensured.

One aspect of computer aided manufacture which
will probably be of far more interest to most home
constructors is that of PCB drilling. The device I use, and
which is probably by far the simplest, is an independent
programmable unit. The locations of the holes are stored
in memory as each hole on the first PCB is drilled. Future

MEMORY

SERIAL/
PARALLEL
INTERFACE

MECHANICAL I
LINK

=.4.1

MANUAL
INPUT

OVER IDE

'A -FRAME'

r -DIRECTION
STEPPER
MOTOR

-DIRECTION
STEPPER MOTOR

DRIVER

y -DIRECTION
STEPPER MOTOR

DRIVER

y -DIRECTION
STEPPER
MOTOR

MECHANICAL I
LINK

L___.

Fig. 5 Block diagram of the PCB driller.

y -FRAME

PCBs can then be drilled with ease. The first stage is to
construct a sturdy frame along the lines of those used
on XX plotters (Fig. 4). The drill will be rigidly mounted
and the PCB moves in a frame using two stepper motors.
The control unit (either a joystick or a keypad) moves the
frame and when the pad to be drilled is underneath the
drill bit, the position of the pad (XA' cartesian co-
ordinates) is stored in memory. Once all the pads are
stored, the computer will move to each pad in turn and
drill the required hole. The only limitation on the number
of holes is the amount of memory you provide.

The block diagram of such a system is shown in Fig.
5. The flow -chart for the software required is shown in
Fig. 6. This software is best written in machine code but
if you elect to control the drill from your computer, there
is no reason why the sottware should not be written in
any high-level language which you have available.

Computer Aided Testing
In industry, there are essentially four phases of testing.

These are device testing, board testing (in -circuit testing),
system testing, and field testing. In practice the cost of
each of these stages is about ten times the previous stage.

For the home constructor, field testing is unlikely to
apply but the other three stages will be relevant. Device
testing is mainly a matter of common sense. Routines for
individual devices (AND, OR, NOT, etc) are needed plus
a ZIF-socket connected to one of the ports on your
computer. By generating the required inputs to the device
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(INITIALISE

SET x = 0,
Y = 0

IS

PCB FRAME
MOVING?

YES

INCREMENT
x OR y

ACCORDINGLY

(I
NITIALISE)

SET
x TO 1st x CO-ORDINATE
y TO 1st y CO-ORDINATE

NO

SAVE x & y
COORDINATES

IN MEMORY

LAST
CO-ORDINATE.

(END)

MOVE
xFRAME

TO x

MOVE
y -FRAME

to y

DRILL
HOLE

NO

YES

(END)

SET
x TO NEXT x CO-ORDINATE
y TO NEXT y CO-ORDINATE

b

Fig. 6 Flowcharts for the PCB driller software.
(a) Setting up the coordinates. (b) Drilling.

and monitoring the outputs, the operation of a device
can be easily checked.

I shall deal mainly with the testing of digital circuits
although I will include a few tips for those wishing to
write and implement routines for analogue circuits. For
board testing or system testing there are two main testing
techniques (apart from random testing which is so
inefficient we can ignore it). These are 'centre -split testing'
and 'end -to -end testing. Both of these techniques can
apply to either digital or analogue circuits.

Centre -split testing is the technique in which the unit
under test (UUT) is divided into two parts and tested at
its mid point. If the signal measured at the test -point is
correct, the fault lies after the test point. If it is not then
the fault lies before the test point. The suspect circuit
section is then similarly sub -divided until the fault is
isolated. This technique works well for single faults but
can be extremely time consuming if multiple faults are
present.

End -to -end testing is self-explanatory. A known signal
is applied to the input and the test -path follows the signal
flow through the unit.

Digital systems present several unique problems to
the test engineer. In analogue systems, the signal follows
a simple path from input to output. Digital Systems are
frequently processed in parallel and it is necessary to
monitor a large number of signal paths simultaneously.
In a system with a high clock rate we will require a large
data buffer, since we are not able to monitor the
sequence of digital words. The signals stored in the data
buffer can later be observed and the fault (hopefully)
diagnosed.

In a bus -constructed system where several devices
have access to the bus, it is possible for a fault in device
B to corrupt data being passed from device A to device
C. A fault on one bus line can corrupt all data passing
through the system.

When feedback occurs in a digital circuit, any fault
in the feedback loop will corrupt all data in the loop and
at all nodes subsequent to it.

It is by no means simple to determine whether a fault
in a digital system lies in hardware or software. Hardware
faults may cause corruption of software whereas a soft-
ware fault may lead the engineer to suspect the hardware.

LSI devices can cause problems due to the limited pin -
outs. Pins are often used for both input and output or
for both data and address. For data obtained in tests to
be meaningful, quite sophisticated control of the UUT

INPUTS 0/P

A

B

C

Fig. 7 The circuit diagram and fault cover for a full adder.
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FEATURE: CADMAT

is required by the test equipment.
Timing errors may only become apparent at specific

clock frequencies and intermittent faults require monitor-
ing of the UUT for long periods with sophisticated data
storage and triggering to capture the fault effect together
with the data sequence which preceded it.

A fault (although permanent in nature) may occur only
under specific (perhaps even rare) input conditions. Tests
of I/O devices and lines must be extensive and careful.

These are just some of the problems specific to digital
systems. The development of a comprehensive test sys-
tem is beyond the average home constructor. However,
we can consider the likely requirements of such a system.

If we are testing a system which we have designed
ourselves, we will know (or at least should know) all the
possible signal combinations for given input signals at
all points through the circuit. In order to determine
whether or not a unit is fault -free, it is usually only
necessary to monitor the output while all possible input
signals are applied to the input.

If a fault occurs in a digital circuit, it is likely to fall
into one of two categories; a connection stuck at one (s-
a -1) or a connection stuck at zero (s -a -O).

Consider the circuit of a full adder shown in Fig. a
Each of the connections is labelled Cn. For a three input
system as shown, it is obviously possible to have eight
input words. Test minimisation is required in industry
where time is often at a premium but for the home-
constructor (who can usually afford to be more leisurely)
it is often easier to use all inputs than to determine which
are necessary for full fault cover.

Analogue systems may be similarly tested. When the
signal at a particular test point in the circuit is known,
a sample and hold circuit and Analogue to Digital con-

vertor can be used to obtain a digital signal correspond-
ing to the analogue voltage. This is compared with a
digital version of the expected signal. Do not forget to
make allowance for tolerances when you test. If the meas-
ured signal is within 10% (for some circuits the error due
to circuit tolerances can be up to 50%) of that expected
then the signal is probably correct. You are likely to find
limitations here from the conversion rate of your ADC,
system -clock rate and your programming ability.

This article is intended to give an introduction to the
problems and techniques involved in the design of
simple CADMAT systems for home use. Undoubtedly,
different micros will present advantages and problems
for anybody wishing to construct such a unit and a good
knowledge of you specific system is going to be vital.

I have provided some basic guidelines only and not
a detailed guide to constructing a system. Further help
can be obtained from reference books. Four which I have
found useful are:

Engineering Mathematics (2nd edition) by K A Stroud
(MacMillan).

Appllied Circuit Theory Matrix and Computer
Methods by P R Adby (Ellis and Horwood).

Network Analysis and Synthesis by F Kud (Wiley).
Introduction to Control Systems (2nd edition) by D

K Anand (Pergammon Press).
In addition, anybody having problems is welcome to

contact me at the address below and I will attempt to
sort them (the problems that is) out.

Ian McCulloch
5 Knighthead Point
Westferry Road
Isle of Dogs
E14 8SR. ETI
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INSIDE HYBRID'S
MUSIC 5000
Chris Jordan, creator of the Music 5000 synthesiser for the
BBC micro, explains the hardware behind the sounds.

Hybrid Technology's Music 5000 synthesiser for the
BBC micro is an amazingly powerful music periph-
eral for a relatively low cost (see last month's

review). It uses exclusively low cost off -the -shelf
components as an alternative to the semi -custom and
custom devices used in many other modern digital
instruments.

To obtain this combination of power and cost-effect-
iveness, an ingenious and well thought-out design was
required.

One of the most important features is the
independent control of each channel and voice
(collection of channels). In particular, this means that
every voice can use a different 'instrument' (overall sound
and character). This is essential in a computer music
peripheral, in contrast to a keyboard synthesiser where
typically only one instrument sound is needed at a time.

Each voice also has separate volume and pan controls
so basic mixing desk functions are provided without
need for a separate unit, and with full computer control.

Table 1 summarises the hardware elements of each
channel and Fig. 1 shows how they are arranged. All the
other voice and channel functions, including pitch
conversion, envelopes and modulation are implemented
in software on the host computer. We will look at each
hardware element in turn.

Oscillator
The oscillator (see Fig. 2) is a 'phase -accumulator' type

of digital oscillator. This is analogous to an analogue
rampwave oscillator.

Where an analogue oscillator uses a capacitor to
determine the phase and a charging current for the
frequency, the phase accumulator digital oscillator uses
an accumulator and an incrementirT value, respectively.
The cycle length of the analogue oscillator is determined
by a level detect and discharge path. In the digital
oscillator this is achieved by the accumulator overflowing.

The accumulator consists of an adder and a register,
whose value at any moment is the current phase (the
position in the cycle). The increment value is drawn from
the frequency register. On each update ('sample') of the
oscillator, the frequency is added to the phase, possibly
causing the phase to overflow and return to the start of
the cycle.

The Music 5000 uses 24 -bit frequency and phase
words giving very high resolution. Just the top byte of
the phase is used as the output so you can think of the
complete oscillator a a 16 -bit oscillator feeding an 8 -bit
up -counter, which outputs a ramp wave.

The output frequency is:
update rate x frequency

maximum frequency
maximum frequency 2 Inurnber ol bits) 2 24

One point to note is that a constant frequency
resolution is available over the full range - particularly

WAVE
STORES

LEFT
OUTPUT

OSCILLATOR
WAVE

SHAPER AMPLIFIER STEREO
POSITIONER

RIGHT
OUTPUT

I
FREQUENCY WAVEFORM

SELECT
AMPLITUDE

I

POSITION

Fig. 1 The functional block diagram of the Music 5000
synthesiser.

Oscillator with frequency control to 0.0056Hz resolution
Wave shaper with 14 128 -byte waveform stores
Attenuator with 7 -bit logarithmic control
Stereo positioner with seven output positions
Outputs with 47kHz sampling rate and 8 -bit exponential

resolution
Table 1 Hardware functions of each of the 16 channels

important for fine detuning effects. Cheap computer
sound generator ICs use the alternative 'divider' method
which dives a frequency resolution that decreases with
increasing frequency.

Wave Shaper
The oscillator produces a ramp wave. This is easily

converted into any other shape by addressing a waveform
table. Fourteen 128 -byte tables in RAM are available, so
a 4 -bit waveform select and 7 -bit oscillator output are
combined to address the waveform RAM.
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Amplifier
This is the block whose operation is least obvious

although its job is quite simple - to allow control over
the wave -shaped signal's amplitude by multiplying by a
variable value. The direct approach is not on because a
digital multiplier IC would be far too costly and so would
a DAC with sufficient resolution to handle its output (12
bits minimum).

Our answer is to perform the multiply by the addition
of logarithms. In fact, we work in terms of division by an
attenuation factor with a minimum of one so the
amplitude is always reduced.

log (output) = log (input) - log (attenuation)
output = exp (log (input) - log (attenuation) )

We are left with four operations to carry out: add,
logarithm (twice) and exponent (anti -log). The add is quite
straightforward. The log of the attenuation never needs
to be worked out, since the whole system works in loga-
rithmic amplitude control anyway. For example, an
envelope decay calculated as a straight line takes a.
logarithmic shape when played. The log of the input value
is calculated by the software, the waveform values being .

converted to log form on sending to the wave stores.
The final exponentiation is carried out by an

exponential DAC, also called an anti -log or 'companding'
DAC. This simply produces an analogue output which
is the exponent of the digital input.

Stereo Positioner
The final block takes a single signal and divides it

between the left and right output channels to determine
its stereo position. This extra stage of amplitude control
is achieved by very high speed 'chopping' of the analogue
signal. In each of six successive timing slots, each channel
is fed either the true signal value or zero, according to
a three -bit stereo position control. When both channels
receive the signal for three slots, the position is central.
When one side gets it for all six slots, the signal is entirely
on that side. Six slots give a convenient total of seven
positions.

Outputs
The left and right outputs each have a four -pole low-

pass filter which reconstruct the signals from their
sampled and chopped form. Buffer amplifiers present the
signal to the connector at the rear of the case. The output
level appears to be quite low in normal use. This is
because, being a computer -controlled synthesiser, a wide
range of level is possible and the gain has been set to
make sure the maximum level does not overload the
typical hi-fi amplifier DIN input.

Sound Quality
There are three aspects to the sound quality of an all -

digital synthesiser:

 output resolution
 dynamic range
 sampling rate
In most cases, the output resolution is simply that of

the DAC, typically 8 or 12 bits. In a true synthesiser (not
a 'sampler') the full -signal output resolution alone is
much less important to overall sound quality than is often
believed.

Far more important is the dynamic range or, more
precisely, how quiet a signal can become before
distortion is unacceptable. The problem is that although
a resolution of, say, eight bits, can reproduce a full -
amplitude signal acceptably, a signal of 1/256th of this
amp! tulle (-480) will be converted with 1 -bit precision.

24 BIT
FREQUENCY

REGISTER

Fig. 2 The 'phase accumulator' digital oscillator.

24 BIT
PHASE

REGISTER

HOST
IF MUX

ADDER

MAIN
RAM

ADDRESS

OUTPUT

PHASE
RAM

CONTROLLER

PROGRAM CHANNEL
COUNTER SELECT

CLOCK COUNTER

Fig. 3 Implementation block diagram of the whole
synthesiser.

-0
-0

R

The resultant distortion of quiet sounds is unacceptable
in a high quality system.

The 'companding' characteristic of the DAC used in
the Music 5000 gives the small -signal precision (and
therefore a dynamic range) of a 12 -bit linear DAC - quite
adequate for high -quality synthesis, where no
reproduction of recorded sound is necessary.

Since the digital input is still only eight bits, there
must be a trade-off at the top of the output range. In fact
the precision at the limits is about three percent, roughly
equivalent to a 6 -bit linear DAC. On a single recorded
signal this would give unacceptable distortion ('quanti-
sation noise') but in the Music 5000 each of the 16
channels is converted separately and the effect is merely
that you don't get exactly the waveform you ask for.

The last consideration is sampling rate. Again, the
effect of this in a synthesiser design is often misunder-
stood. It has nothing to do with 'sampling' natural sounds
but describes the fixed rate at which the synthesiser
computes and converts the output signal and hence the
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fastest changes in the signal that can be reproduced
accurately.

The sampling rate sets a limit on the maximum
frequency that can be faithfully reproduced. The
distortion effect known as 'aliasing' occurs when the
frequency exceeds this. With a synthesiser, you expect
to be able to play the same sound over a wide pitch range
so the design needs a margin of safety on top of the
acceptable rate for 'sampling' or recording at comparable
quality.

Sampling rate also influences the sound quality
through interaction with limited output resolution since
'a finite sampling rate will cause each step in the waveform
to 'jitter' back and forth in the final signal.

You can alternatively think of this as the aliasing of
the high frequencies in the steps of the waveform. Either
way, the result is noise which may be heard as a 'graini-
ness' in the sound. The Music 5000's high sampling rate
of 47kHz minimises noise. Since such noise only occurs
along with a sound and not continuously, and it is
independent for all channels, its audibility is reduced
further by masking.

Implementation
The synthesiser uses a pipelined, fixed -program digital

signal processor constructed largely from LS TTL devices.
It runs at six million instruction cycles per second
(requiring 120ns RAM access time) and uses 8 -bit data
words. The program computes and outputs each channel
sample in eight instruction cycles (1.21.4s), and since there
are 16 channels, this gives a total program loop time of

The 12MHz crystal -controlled clock and 8 -bit counter
generate the 3 -bit 'program counter' (instruction number)

t

and the 4 -bit channel select. The controller is the site of
the 'program' and generates control signals and
addresses for all other blocks.

The interface from the host computer (the Beeb) is
via a simple bus and is write -only (on the BBC Micro, the
synthesiser appears as eight 256 byte pages in the 1MHz
bus extended address space). On a write operation, the
value is buffered and the DSP transfers it to the internal
registers on the first instruction of the next channel loop,
that is, within 1.21.4s.

The 2Kx8 RAM provides the wave stores and those
registers to which the host computer has access. A
multiplexer supplies its address - from the controller
on register instructions, from the buffered register
address on the host transfer instruction and from the
waveform number and phase (at the ALU output) on the
wave -shaping instruction. The frequency is held in three
bytes.

The phase RAM holds the phases for all channels
(each in three bytes). The frequencies and phases are
stored in separate RAMs, each at an input to the adder
so that the time-consuming 24 -bit oscillator add can be
carried out efficiently. The phase RAM is also a 2Kx8
device, so only a small part of it is actually used.

The adder is eight bits wide. It is used by every second
instruction in the eight instruction loop, once on the
amplifier instruction and once on each of the three
oscillator instructions so the 24 -bit phase is added in
three bytes. A 1 -bit register takes the carry from the
output to the input and is cleared at the start of each
multi -byte add by the controller.

The output block includes the DAC, stereo position
chopper and low-pass filters for left and right outputs.
It receives the output of the ALU on the amplifier (log
add) instruction and the stereo position value. ETI
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HARDWARE
DESIGN CONCEPTS
Mike Barwise attempts to convert us all to proper ADC and
DAC design techniques.

Since the microcomputer revolution, analogue -to-
digital and digital -to -analogue converter devices
have become quite familiar and the various

mechanisms and types have been widely publicised.
However, there is seldom any great emphasis placed

on performance or precision in projects handbooks. So,
it is my intention to describe the design, layout and
adjustment procedures required to attain maximal
performance out of any data conversion chip.

I have chosen one ADC product and one DAC
product for this discussion. The part numbers are HI -574
ADC and HI-DAC16 DAC. These have been picked for a
good reason. The ADC is a de facto 12 -bit industry
standard and requires no complex external logic allowing
us to concentrate on design and adjustment for per-
formance. The DAC is a state-of-the-art fast 16 -bit DAC
which will, incidentally, be of interest to the digital audio
enthusiast. Both parts are from Harris Semiconductor.

Design Criteria
First we must consider what we mean by perfor-

mance. The two most important adjustable characteristics
of any data conversion device are zero setting error and
full scale calibration error. So what do they mean?

Zero setting error (also known as offset error) is a user
adjustable characteristic and describes the correlation
between a digital word 00 and OV at the analogue end.

Full scale calibration error similarly describes the
deviation from the ideal of maximum analogue voltage
corresponding, to maximum digital word. This error is
also adjustable. There are several other important
parameters including Linearity and noise performance
which influence device selection but cannot be directly
user adjusted.

Noise pertormance can be adversely affected by user
implementation. The published figures (generally very
low these days) assume optimised test conditions and
more or less describe the interaction across the silicon
chip itself.

Linearity is the only characteristic over which the user
can have absolutely no influence. The linearity of any
given device depends on the precision with which the
internal resistor chain (in the case of DAC and successive
approximation ADC devices) or other comparison system
is manufactured. Any ideal data conversion device has
a specified analogue voltage span (frequently 0-10y) and
a range of digital input or output words representing
equal sub -divisions of that voltage span.

There are two categories of linearity error - overall
and differential. Overall linearity describes the accuracy
of approximation to this ideal. That is, how closely each
analogue step corresponds to its theoretical value. Overall
linearity is usually well specified in device data and is
seldom worse than one bit less than the nominal
resolution. So, for a 12 -bit converter (H1-574) the cheapest

Fig. 1 Internal schematic and pinout of the HI -574.

device in the series is specified at 11 -bit linearity. This
means there can be two adjacent steps somewhere
among the potential 4096, which are too close together
or too far apart. However, there will be some transition
in the correct direction of digital output ADC or some
change in the correct direction of analogue output DAC
for every minimum resolvable change in input.

Differential linearity error, on the other hand,
manifests itself as either no change or a change in the
wrong direction for a given minimum resolvable input
change. This is a far more damaging error to performance
than overall linearity error and you minimise it by
spending a bit more on your chips, to get a better
selection grade.

The Problems
The first stage in good data conversion design is

layout. In all but the crudest of systems, and anywhere
more than 7 -bit (one part in 128) resolution is required,
it is crucial to design and lay out the circuit so that:

 digital and analogue signals cannot mix.
 analogue signal lines are as far as possible immune

to external pickup.
 reference voltage sources are stable and do not

drift. The first two factors affect system noise which will
manifest itself in the ADC as random variations in digital
data for a nominally stable input voltage. This will
effectively limit ADC resolution as an uncertainty is
introduced into the low order digital bits. In the DAC
noise pickup will show as bad glitches (spikes) during
transitions between input values (digital system noise
pickup) or as a superimposed random analogue signal
component (and/or hum) on the analogue output
whether the digital input is changing or not.

Where an external voltage reference is used (many
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modern devices include their own internal reference)
instability (wobble) or drift (gradual change) will shift all
the step transition thresholds up or down causing, in
gross cases, the wrong digital word to be associated with
a given analogue voltage.

Another factor which will affect noise is throughput.
Throughput is the real system conversion rate which
includes conversion time, digital data handling time and
conversion triggering overheads. At best it is a little less
than the reciprocal of the conversion time shown in the
device data. You can, of course, adversely affect
throughput (by software control using Basic, for example)
but you can never improve on it beyond the published
limits for a given device.

These days most data converters are so fast that the
maximum throughput will normally exceed your
requirements except in the most strenuous of situations.
However, you must prove this by calculation before
building expensive circuits!

You should also take throughput into account from
the noise generation standpoint anywhere you are
working near the throughput limit of a data conversion
component. Really top grade components are usually
accompanied by graphs of throughput versus noise (or
in other terms, bandwidth versus effective resolution).
You can generally assume that as the throughput
approaches design maximum, effective resolution and
throughput become inversely proportional.

Design Rules OK!
The first rule is: always use a ground plane for data

conversion circuit boards. A ground plane is a continuous
area of copper on the component side of the board
connected to ground.

A ground plane encompassing the whole data
conversion chip should normally be considered as
analogue ground and this should be separated from a
ground plane under the digital support circuitry by a gap
at least 1mm wide. Each of these ground planes should
be connected by a separate wide track to a common
grounding point (star grounding). This ensures that any
digital noise introduced into the data conversion will for
practical purposes be the noise of the converter digital
half only. Within the analogue ground plane the
manufacturer's recommendation for grounding should
be strictly adhered to, as requirements vary depending
on the internal layout of the chip.

This fiddling around with fancy ground tracks is
necessary. Considerable currents flow in the analogue
and digital grounds of data conversion chips and of
course we already know about the noise spikes in logic
ground tracks. Our aim is to stop these currents
interacting while avoiding the creation of any appreciable
voltage drop between the nominal ground at the ground
plane and actual ground. A star earth configuration fulfils
this requirement by providing a short path from each
device ground to the common point but a long path (two
short paths in series) between any two ground pins.

If current is flowing out of the ground pins of two
devices on a star ground they cannot mix, as they both
flow independently into a common current sink. Any
fluctuations or spikes at one ground pin will similarly
disappear into the sink. If we simply wired all our
grounds in sequence to a common bus, current spikes
in the ground of the device furthest from the real ground
current sink can disturb the next device via its ground
pin.

This bus grounding technique is acceptable in audio
work, where you have more control over the ground
currents of your devices. In that case, devices are
connected to the ground bus in ascending order of
power/ground current towards the real ground sink. In
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Fig. 3 Internal schematic and pinout of the HI-DAC16.

this way there is a current gradient in the ground bus,
which is, as a result 'quieter' at the small signal end of
the system.

Unfortunately, this option is not open to us in data
conversion, as the ground current characteristics are less
consistent in the time domain (they are spikey and device -
state dependent).

Making Tracks
Rule two: keep analogue and digital signals separated.

Examination of both the ADC and the DAC shows that
the manufacturer has carefully allotted one side of the
device to analogue signals and the other to digital signals.
This is one of the ways the low specified noise figure is
achieved but we can screw it up by bad circuit board
layout! Ideally there should be a physical separation and
some grounded tracking at the boundary between the
analogue and digital signals. The two should not run in
adjacent or in crossed tracks.

In practice this can be relaxed somewhat to make
layout easier. For practical purposes, tracks which cross
at right angles (on opposite sides of the board!) will not
cause appreciable interaction even if one is carrying
digital and the other analogue signals, unless you are
going for resolution in excess of 12 -bit. Adjacent parallel
tracks carrying digital and analogue signals are not a good
idea (particularly on the same side of the board) but if
you interpose a grounded track of at least the same width
so that the signal tracks are some twice their own width
apart and keep the parallel portion short, you can also
get away with it for resolutions to 12 -bit.

A good technique for longish analogue signal lines
(more than 3in) is to use a screened cable strapped or
glued to the ground plane side of the board with its
screen grounded at one end only and preferably near the
centre of the star ground.

Rule three (the last basic rule): whenever possible
transfer digital data in or out via fast parallel registers.
The use of registers such as 74LS (or S)175 or 374 on the
digital interface will for ADC chips clean up and speed
up the output at the expense of a one conversion delay
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in data availability and also to some extent isolate digital
bus noise from the ADC.

For DAC devices, it substantially reduces digital bus
noise, reduces glitch noise and cleans up transitions
where the DAC bus width is wider than the driver bus
width. I have now established that the 'flow through'
pinout parts (such as 74F574) are a lot better as noise
barriers than the 374. This is possibly due to the increased
physical separation between input and output pins (input
on left, output on right) because as far as I know, the
silicon layout is much the same.

More Info On Examples
Now we have some basic guidelines for laying out

data conversion chips, let us have a quick look at our
example devices. First, ADC. The part number is Hl -574A,
and it is a 12 -bit (1 in 4096) converter with various modes
of operation determined by hard wiring of programming
pins. Its simplest implementation is as a 12 -bit parallel
output converter triggered by a STROBE. The chip
generates a STATUS signal which can be used to clock
the parallel data into a set of registers (or a FIFO of the
sort I described last month!). This is a 'successive
approximation' ADC and its internal diagram is shown
in Fig. 1.

It is apparent that much of the low noise characteristic
is due to the device being a hybrid of two separate chips
(one digital and one analogue). For information on mode
programming I recommend the Harris analogue product
data. Fig. 2 shows the resistor networks required for
adjustable error compensation.

The DAC (also by Harris) is shown in schematic form
in Fig. 3. This consists of a precision reference, a resistor
ladder network and a set of switching transistors. The
resultant device is a current output DAC with a resolution
of 16 -bits (1 in 64K). To generate an output voltage an op-

amp follower is needed, as shown in Fig. 4. This also
indicates grounding requirements and the resistor
networks needed for adjustable error compensation.

Nulling Errors
Theoretically it should be possible to apply a OV signal

and adjust the offset error of an ADC to zero by checking
for a digital word of zero. Similarly for the DAC, apply
a zero digital word and adjust the offset for a OV output.
In the same way the maximum voltage could in theory
be set up for both components.

However, there is a problem, particularly in the case
of the ADC. The specified voltage corresponding to a
given digital word is in fact the centre point of a finite
step. This means that at that point nothing will happen.
What we have to do is calculate the transition point
between two adjacent steps and compare that with the
indecision between two adjacent codes.

Taking our 574 as the example, we have 12 -bit
resolution. This yields 10V/4096 or 2.44mV per step. As OV
will give output zero and 2.44mV will give output one,
the transition can be expected half way between these
values - at 1.22mV. So, zero setting is performed by
applying 1.22mV and adjusting the offset pot until the
output code flickers evenly betwen 0 and 1. Similarly the
last transition occurs 11/2 bits or 3.66mV below 10V, or at
9.9963V.

In the case of the DAC (when used in voltage mode)
analogue zero is adjusted for a zero digital word, and
maximum output is set at 9 bits below 10V for a maximal
digital word. Note that this is a compromise due to the
difficulty of driving the DAC with a pair of alternating
words and the even greater difficulty of reading the
resultant fluctuating analogue voltage. The resultant
calibration will never be quite as good as that of the ADC.

To really achieve maximal calibration accuracy, the
DAC should be driven with evenly alternating 0 and 1

BIPOLAR
OFFSET
ADJUST

10VRE F -

+15V
R2

500k
20k

-15V
GAIN

ADJUST

RI
200R

0

100R

100k

+15V

20k

-15V
UNIPOLAR

OFFSET
ADJUST

19

18

17

OUT

HA 5130
OR SIMILAR

B OP AMP

OUTPUT
RANGE

CONNECTIONS

PIN 5
TO

PIN 4
TO

PIN 9
TO

PIN El
TO

UNIPOLAR
MODE

0 TO +10V
0 TO +5V

D
D

A
A

NC
PIN 6

19

BIPOLAR
MODE

*10V
±5V
s2V5

C
C
C

NC
A
A

A
NC
6

19
18

Fig. 4 Connecting an op -amp follower to the HI-DAC16 for
voltage output.

(offset adjust) or max/max-1 (full scale adjust) at a high
frequency (about half the maximum conversion rate). The
DAC output should be integrated using a series R, parallel
C network and the resulting output examined. Provided
the timing of the two words is even, you should be able
to set up the transition voltage as for the ADC. As this
device has 16 -bit resolution, the maximum voltage is
specified much more precisely, at 9.999847V.

These are the only two adjustments required for
simple implementations. Note that if you use a sample
and hold with an ADC, this will need offset nulling as
well, independently.

That about wraps up the background to data
conversion, except a few parting truisms. Get and read
the chip manufacturer's data sheet. If you have difficulty
calibrating your system (using reliable test gear) suspect
noise and if there is noise, suspect your layout before
anything else (particularly grounding).

Finally, unless you have a precision voltage source
available which is accurate to at least ten times the
resolution required, forget it! It is pointless to try
calibrating something using an unreliable reference. It
is better in such circumstances to use devices of less than
12 -bit resolution uncalibrated (yielding about 10 -bit at
best) than to attempt the impossible.

Components are advancing all the time and I hope
to introduce new devices from time to time. I am
currently looking at some 8 -bit ADC devices capable of
up to 35MHz conversion rates. Together with our Fl FOs
these will make excellent digitisers. However, these chips
have ECL interfaces so next month I will take a look at
elementary ECL. Watch this space! ETI
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Upgrade your cartridge with Audiokits Cartridge
Matching Resistors.

Low cost resistors fitted to almost every amplifier
distort the sound.

Get rid of the distortion with Bulk Foil Resistors from
Audio kits.

AUDIOKITS RECOMMENDS BULK FOIL
RESISTORS FOR LOADING ALL CARTRIDGES

COSTING OVER £50

Don't beleive us? Read HIFI news sonic tests on resistors
June 1987 p33.

Or try a pair of Molco Precision Resistors at 35p each
(20R -442K). Whatever improvement they make, Bulk foils

will sound even better.
Buy now, or at Penta Show to avoid 1987/8 season price

rise. 33R, 100R Bulk Foil for moving coils £4.50 each

47K Bulk Foil for moving magnets £5.50 each.

Send 50p & SAE for Audiokits Component Note ACNo7 on
Cartridge Loading Resistors & Capacitors.

Also Capacitors for cartridge matching. Highest sonic
quality, British made. 200 pF, 470pF (for MMs) 4 & 7nF,

8nF (for MCs) £1 each.

Send SAE (9"X4") (Overseas 3 IRCs) for details of
Audiokits Components and Kits.

AUDIOKITS
6, Mill Close, Borrowash, Derby De7 3GU

Tel: 0332-674929
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ANALOGUE
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models include battery, test leads and
manual.

Cirkit
Cirkit Distribution Ltd.

Park Lane, Broxbourne, Herts EN10 7N0.
Telephone (0992) 444111.
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BIG DIGITS
Don Scarrott is visible from yards away with this large
numerical display. The number and size of the digits is
limited only by your imagination.

Many clubs would like to
have a large digital display
for scores or timing but

the cost of electronic displays
rises rapidly as the size increases.
In any case such displays don't
usually exceed three or four
inches and this is not big enough
for a large crowd.

This mechanical 7 -segment
display costs about f20 for the
components per digit, irrespective
of their size (although this does
not include the time spent in
design and construction). Size of
the digits is fixed more by where
you are going to put the display
or considerations of portability
but it can range from eight inches
as a reasonable minimum, to
eight feet or more!

The design is mechanical in
that each segment is driven by a
small electric motor, although
CMOS chips are used to look
after the counting, selecting and
sequencing. So, instead of a LED
or LCD, we have decided to call it
a MED, for Mechanical/Electronic
Display.

Mechanical Details
Detailed dimensions will not

be given as these will depend on
what the constructor has available
but we will describe the main
design points for an eight inch
high, three -digit MED. This was
designed to display minutes after
zero hour for an orienteering
club. It had to be weatherproof
and portable, so it runs off two 6V
lantern batteries and is mounted
inside a waterproof cover, as
shown in Fig. 1. The cover was
made from plywood and
hardboard, with a perspex panel
on the front and it was
waterproofed by covering it with
self-adhesive plastic. The ON/OFF
and other switches are mounted
underneath, where they won't get
wet. The display is mounted on a
vertical main panel with the
battery box built onto the back as
a buttress to give rigidity.
Obviously, this design can be
easily altered to suit your own
requirements.

Figure 2 shows the lower case
letters used to identify the seven

,toor.pr'";*-77-- ormatimm.,

BLACK
PAPER
MASK

HOLE FOR FIXING SCREW
(FROM INSIDE)

UPPER
FEET

MAIN PANEL

PERSPEX
FRONT
PANEL

BATTERY BOX
(ENTRY FROM
BELOW)

CONTROL PANEL

WATERPROOF
COVER

Fig. 1 The overall construction of the prototype 3 digit display.

segments used for each digit.
Each segment is driven by a
cheap, permanent -magnet motor
of the type used to drive toy cars.
A piece of thin galvanised wire is
stuck onto the end of the motor
shaft using an epoxy resin and a
short metal sleeve. The end of the
wire is bent at right angles and is
located in a bracket as shown in

Fig. 3. The bend or the bar on the
bracket allows the shaft to rotate
only through half a revolution.
Stuck to the wire is a cardboard
vane, white on one side (typing
correction fluid) and black on the
other (blackboard paint).

When the motor is driven one
way it shows the white side and
when driven the other way it flips
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PROJECT

to the black side. There is no
need to drive it except when
changing and so it is economical
in power. Dry batteries are
suitable so long as no more than
one motor is driven at once and
so they are driven in sequence
over a period of about two
seconds.

Figure 4 shows how the
segments are fitted together. One
set has to be slightly lower than
the other to allow the shafts to
cross. The background is also
painted matt black, and a black
paper mask is fitted over the front
to conceal the motors and wiring.

Electronics
Two boards have been

developed to make it easy to
assemble the components. The
Digit board (Fig. 5.) contains
components for just one digit, so
several of them should be built,
as needed. The first board also
holds any components not
required on the remaining boards.
There is also a divide -by -six option
for applications requiring clock -
type displays which is obtained by
fitting two extra chips and
changing a link.

So, although the PCB is the
same for each digit, its contents
can be quite different. The
between -board wiring diagram
shows how to connect them
together to form a multi -digit
counter.

The smaller Minute board (Fig.
6) provides a negative -going, one
second pulse each minute to
drive the counter if required. To
synchronise this with another
clock, press the SYNC button in
the 59th second and release it at
zero. Check the synchronisation
over several hours. If the Minute
board is running slow, reduce the
value of C3. If fast, increase C3.
The range of control is normally
limited to a few seconds per day
but it can be increased a little by
removing C1 and/or C2.

Fig. 2 The seven segments'
indentification.

SINGLE
BRACKET

Ia1

BAR
STUCK
ON
BACK

1/113ins HOLE
CLOSE TO BEND

CARDBOARD VANE STUCK TO WIRE
BLACK ON WIRE SIDE AND EDGES

WHITE ON OTHER SIDE

"10100.0001

GALVANISED WIRE
STUCK TO SLEEVE
WITH ARALDITE

3V MOTOR

Fig. 3 Mounting the segment vanes and motors.

Ibl

WOODSCREWS

CLAMP PLATE

WOOD -

MOUNTING
STRIP

Using the controls
Each digit has a push ADD

button and a SET/RUN switch. If
the switch is in the SET position,
pressing the ADD button will add
one to the corresponding digit.
This can be used to set that digit
to any desired value. When in the
RUN position the add is disabled
to prevent the count from being
altered by accident but pressing
the button still initiates a drive
cycle and this can be useful for
testing.

Operation
It is best to set all switches to

RUN before switching because the
display will then be driven to
show zero automatically. If the
ripple blanking option has been
used the digits will show blank
rather than zero.

Each digit in turn should then
be switched to SET and the
desired starting number entered
by pressing the ADD button
repeatedly. Once the digit is
displaying the correct starting
point, the switch is thrown to
RUN. This is repeated for the
other digits.

Negative going pulses from the
K input of the first digit will then
increment that digit until the
upper limit (usually ten but
alternatively six if the ÷6 option is
installed) is reached. The next
digit will then increment and the
first digit reset to zero. This chain
continues along the digits in the
normal way with a +10 or +6
action at each digit as appropriate.

The negative pulses can come
either from the Minute board (for
displaying time elapsed) or from
the switch input (for recording
scores and the like). The switch
should be connected between the
K input and the negative rail with
a pull up resistor to the positive
rail.

STRIKER
PLATE
STUCK IN
POSITION

IaI

I b

HOLE
BELOW
PLATE

HOLE
ABOVE
PLATE

Fig. 4 Arranging the seven segments.

Construction
The small motors used often

have a three -segment armature. If
they come to rest with one of the
brushes across a joint, the starting
current flows more or less equally
round each side and the motor
has trouble starting. When
bending the wire to form the
stop, choose an angle which
avoids this condition.

The mounting described is
simple and it does work but it
requires the two bearings in the
motor to be aligned with the
bearing at the other end of the
vane. The wire should be flexible
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Fig. 5 The circuit diagram of the digit board. LK1 and components marked for first digit
only. LK2 and components marked t for +10 only.

CLOCK TO
NEXT STAGE

F"

0 RESET

enough to give some tolerance
but vibration in the back of a
Land Rover was found to upset
the alignment and cause a jam. To
avoid this you could consider
alternatives:

 Fix the stop at the motor
end of the vane and dispense
with the far bearing. This might
do for three to four inch vanes
but larger sizes may need
support.

 Provide the vane with its
own two bearings and connect it
to the motor by a universal joint.
This need be little more than a

crank on the motor shaft hitting a
bend in the end of the vane
spindle.

When glueing the wire to the
end of the motor shaft, make sure
that the surfaces are clean. Since
the diameter of the wire is less
than that of the shaft, give the
wire more length within the
sleeve to make the surface areas
similar. The wire acts like a spring
to reduce the impulse at the end
of the travel so the thinner it is
the better.

The two batteries can be
mounted side by side in one box.

Its internal dimentions should be
2 11/16 by 5 1/4 by 4 1/16 inches,
plus or minus 1/16. Although you
can improvise with pieces of tin
plate for contacts, a proper
battery contact plate PCB will be
much easier to install. A suitable
foil is shown on the foil pages.

The component overlays for
the two PCBs are given in Fig. 7
and Fig. 8. Note the link under
IC4 on the Minute board. This
should be fitted before the socket
for IC4 or on the solder side of
the board.

On the Digit board there is
nothing critical about the
transistors and you may use other
types provided they are PNP for
Q101, 102 and NPN for Q103, 104.
Any small silicon transistor will do
for the drivers but the output
transistors should be able to
supply up to 1A. Note that the
BC212 has different pin
connections depending on the
type suffix.

The common emitter resistors
are difficult to obtain in high
wattage, and are easier to make
from five 1OR 0.6W resistors in
parallel. Holes are provided for
two of them on each board with
the intention of spreading them
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PROJECT: Big Digits

HOW IT WORKS DIGIT BOARD

Negative -going clock pulses are con-
nected to the K input. They are inverted
by IC2a to clock IC5 which is a decade
counter with 7 -segment decoded
outputs. These go high when the
segment should be white. The carry out
is inverted by IC2a and differentiated by
C4,R8 before being connected to the
next stage at K.

The initial reset line at F is normally
negative but when first switched on it is
pulled up by C2 long enough to reset the
counters. The time constant of C2,R2
must be greater than the supply
decoupling time constant (R16,C5 or
R17,C7) if it is to be effective, whereas
C4,R8 and C9,R9 must be less.

For a divide -by -10 stage, link LK2 is
fitted and the reset pulse is applied
directly to IC5. For a divide -by -6 stage,
an extra reset pulse is provided by fitting
IC6 and IC7 instead of LK2. IC7c is a NOR
gate. By inverting its output with IC13d,
the pair become an OR gate applying
either of the positive going reset pulses
to IC5. IC6 is a D -type flip-flop which
makes Q=D when its CLK input goes
positive and otherwise ignores D. The
carry out from IC5 is applied to D, and
it goes negative at the count of five.
Because the clock pulse is inverted in
IC7b, IC5 triggers on the leading edge,
but IC6 waits until the trailing edge
before taking Q negative. Q is one input
to IC7a. When the IC5 clock pulse again
goes positive, the other input to IC7a
also goes negative. The output of IC7a
therefore goes positive and resets IC5 to
zero.

The clock pulse at K is also used to
reset the SR flip-flop formed by IC3a and

b. This removes the inhibit on IC4, which
is a decimal decoded decade counter.
the strobe clock pulses at C now cause
its outputs to go high one at a time from
zero to nine. The output sets the SR flip-
flop once again, which inhibits this
counter via NAND gate IC3c and allows
the strobe clock through to the next
stage. We only have seven segments to
drive, so the zero and one outputs of IC4
are not used.

Each segment requires its own driver
stage. Only one is drawn in full.
Normally the strobe line is negative, so
IC108 pins 3 and 10 will be positive, and
pin 11 will be negative. The transistors
are cut off and there is no motor drive.
The segment data line is taken to IC108,
direct to pin 8 and inverted to pin 2.
When the strobe line goes positive, the
output of one or the other of these gates
will go negative and drive the motor in
one direction.

The motor should be connected so
that a positive input drives the segment
to black, and negative to white. Even
small motors can generate spikes of over
60 volts and diodes D101 and D102 limit
these to protect the transistors. C110
should be mounted directly across the
motor terminals to reduce RF radiation.

The motor DC resistance is very low.
In normal applications the motor runs
fast and the back EMF reduces the
current drawn from the battery. In this
case it no sooner starts than it stalls
against the stop so emitter resistors R10
or R11 limit the current to a safe value.
Since only one is on at a time, they can
be common to all motors on all boards.
While they don't normally even get

warm, under fault conditions a motor
may stay on and the resistors will burn
out unless rated at 3 watts. Even so, there
will be a step of about one volt in the
battery voltage when a motor comes on.
At these low freqencies we cannot stop
this from reaching the CMOS circuits but
enough supply decoupling is provided
to blunt the edges and stop spikes from
triggering the counters.

On the first digit LK1 is open circuit
and IC1 and its associated components
(marked with a ) are included. On the
remaining digits, LK1 is made and IC1
and the * components omitted.

IC1a and b form an oscillator running
continuously at about 10Hz to sequence
the motors. The frequency is determined
mainly by R1 and C1. R3 prevents the
junction of R1,C1 from being clipped by
the protection diodes on the input to
IC1a.

R4 and C3 filter out any interference
present on the clock input to the first
digit. IC1c and d square the clock up
again to give a sharp edge for triggering
105.

For setting up the display each digit
has two switches. When SW1 is pressed,
it resets the SR flip-flop thus initiating a
drive cycle. If SW2 is at SET, it also
supplies a clock pulse to increment the
digit by one. Once set up, SW2 can be
set to RUN and this prevents altering the
count inadvertently. The cycle is still
initiated and this can be useful when
testing. When first switched on, C8
ensures the first digit goes through its
drive cycle, otherwise the motors would
just stay where they happened to be. C8
is only required on the first digit.

over all the boards but for testing
mount them all on the first board.

Start by mounting the IC
sockets, capacitors and resistors,
except for R16 and R17. Then fit
the transistors for the first
segment and connect up one
motor which can be allowed to
free -run for now. C8 and C110, 210,
310, etc are mounted off the PCB.
Connect up the ±6V supply and
check the quiescent current is
less than 5mA. This really needs
two meters, one for the positive
and one for the negative rail.
However, a switch can be fitted to
use one meter in each rail and
directly connect the other.

Temporarily connect R113 to
+6V, and check that the motor
runs smartly in one direction.
Temporarily connect R114 to -6V,
and check the motor runs in the
other direction. If all is well, fit
the remaining transistors and
check the quiescent current is
still less than 5mA.

Next insert the IC's, taking the
usual anti -static precautions. Fit a
10k to 500k resistor from K to +6V

to stop the clock input from
floating. Temporarily connect the
±6V to I and J, and check the
current to all the chips does not
exceed 2mA. If it does, switch off
and check the chips are the right
way round. In this case the supply
is not split, so it does not matter
whether you measure the current
in the positive or negative rail.

These checks over, fit R16 and
R17, and connect the boards
together, as shown in Fig. 9.
Connect the motors to the
boards, taking care each motor is
the right way round. If you have
not got a source of pulses, again
fit a suitable resistor from the first
board K input to +6V, and a push
button from K to -6V. Then
pressing the button will provide a
pulse to increment the counter.

If a fault results in an output
stage sticking on, the motor can
get hot and the plastic
commutator supports may even
melt so you cannot afford to leave
it on for long. The meter is useful
at all stages of constructions for
checking whether excessive

current is being drawn, so you
can switch off in time. Feel the
output transistors to see which
one is getting hot, but watch you
don't burn your fingers! A 100R
resistor could be inserted in the
common motor lead to reduce
the current to a safe value while
investigating the fault, but the
motors will not then run.

BUYLINES

The electronic components are readily
available from companies advertising in
ETI. The most expensive items are likely
to be the motors. Many stockists sell
bargain packs of suitable motors at a very
low price. We were lucky to get some in
a sale at 25p each, so try your local
model shop. That is also the best place
to get the thin metal tubing to fit the
motor shaft. Failing that, Maplin have a
suitable motor (YG13P) at 99p. The shafts
were 0.040in galvanised iron wire from
an ironmongers and this was quite
strong enough.

ETI OCTOBER 1987 33



+12V -T76

RI
3M3

10

IC1a R2
6 1k5

.C4 XTAL1

.C1 IC2

,-12V
X 0

C6
100n

°OV

V

LK IC2

V R 80
8 11

C3 C5

82u OV

R3
120k IC1b

8 11

+12V

C7

D1 T 47P

11111

SYNC
SW1 d

OV

16 F
V CLK

R IC3

IB

3

ICSa

82
14

1024Hz

1Hz

V EN

IC4a

-V CLK 04

V

15

8

9

6

1 '10Hz

10

CLK EN

R IC4b

3 0 '8 3
rn

IC5b

I L. II2

-"AA.A--

D2

1/60Hz

10n

Fig. 6 The circuit diagram of the minute board.

NOTE.
IC1 = 74HC04
IC2,3 = 4040
IC4 = 4518
IC5 = 4011
01,2 = 1N4148
XTAL1 = 4194304Hz CRYSTAL

1/60H/

HOW IT WORKS - MINUTE BOARD

X1 and IC1a form a crystal oscillator
running at 4194304Hz. The output is fed
into IC2 which is a 4040 12 stage binary
counter. This divides by 4096 to give
1024Hz at pin 1.

1C3 is also a 4040, but only the first
10 stages are used, to give 1Hz at pin 14.

IC4 contains two similar four stage
counters, normally forced to divide by
10. If the Enable pin is held high and the
input applied to the CLK, we get a posi-
tive edge trigger. If the CLK is held low
and the input is applied to the enable
pin, we get a negative edge trigger.
Normally either would do, but to reset
properly we use the negative edge
trigger.

The first half of IC4 divides by 10. The
second half has Q2 and Q3 taken to a
two -input NAND gate, IC5b. Its output
goes low when the count reaches six.
This pulls C7 down rapidly via D2 and,
through IC5a, resets the count to zero.
IC5b output goes smartly back up again
but C7 takes a little time to discharge via

R4 and so the reset pulse does have a
finite length.

IC5d and IC5c are connected as a Set -
Reset flip-flop. The inputs are normally
held positive by R5 and R6. The minute
pulses are differentiated into short
spikes by C9, and the negative going
spikes set the flip-flop, causing the clock
board output to go negative. The 1Hz
pulses are differentiated into even
shorter spikes by C8, and these negative
going spikes try to reset the flip-flop.
One of them will occur at the same time
as the minute pulse but the 1Hz pulse
will be overridden because it is much
shorter. However, the next 1Hz pulse will
succeed and the output is a negative
going pulse lasting for exactly one
second each minute.

When SW1 is pressed, both counters
are reset via D1 or IC1b, allowing them
to be synchronised with another clock.
To be absolutely precise, the count
begins when SW1 is released, rather than
when it is pressed.

PARTS LIST
- . ,.... . - ....., ....-

RESISTORS all 1/4W 5% unless specified
R1 680k
R2 3M3
R3,4,7,8,9 120k
R5 470k
R6 1M5
R10,11 2R0 3W (see text)
R112-712,115-715 3k3
R113-713,114-714 6k8
R16,17 1OR

CAPACITORS
C1,2,6,8,110-710 100n ceramic
C3,4,9 InO ceramic
C5,7 100µ electrolytic

SEMICONDUCTORS
IC1,2,108-708 4011
IC3,7 4001
IC4 4017
IC5 4033
IC6 4013
Q101-701 BC212
Q102-702 AC128
Q103.703 BC184
Q104-704 BFY52
D101-701,102.702 1N4001

MISCELLANEOUS
B1,2 6V 'lantern' battery
M100-700 3V DC motor
SW1 SPST push-button
SW2 SPDT switch
SW3 DPDT switch

PCB; case materials; galvanised wire;
metal sleeving; steel plate (for motor
brackets); segment vanes; nuts and
bolts.

PARTS LIST

RESISTORS all %W 5%
R1 3M3
R2 1k5
R3 120k
R4-6 12k

CAPACITORS
C1,2 10p ceramic
C3 5-65p trimmer
C4 47p ceramic
C5 82p ceramic
C6 100n ceramic
C7 1n0 ceramic
C8 10n ceramic

SEMICONDUCTORS
IC1 74HC004
IC2,3 4040
IC4 4518
IC5 4011
D1,2 1N4148

MISCELLANEOUS
SW1 SPST push-button
X1 4194304Hz crystal

PCB; wire; nuts and bolts.
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PROJECT: Big Digits

Fig. 7 The component
overlay for the digit board.
LK1 and components
marked * for first
digit only. LK2 and
components marked -f- for
+10 only.

ON/OFF

ce'l.v.0 A BATTERY + A

B GNO B'

rt 731" CMOTBOARTDTREIRVYE DC:

MOTOR DRIVE E'

SYNC

Cr
N

V CLOCK
WBOARD

'

SET

RUN

ADD ONE

RESET

STROBE
DRIVE

RIPPLE BLANK- H

SUPPLY +

O

P

SUPPLY-
J'

CLOCK

DIGIT 0
abcde I

MOTOR DRIVE

A'

B'

C" -I
D'-.
E'

F'

G'

H'

I I' --I
J'

O

P

DIGIT 1

ab d fgo
DIGIT N

a bcd g

MOTOR DRIVE MOTOR DRIVE

Fig. 8 (left) The component overlay for
the minute board and Fig. 9 (above) inter-
connection of boards to form a complete
display.
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ov *81
OW

ClOose

ettsli

Send

OS°

50p & SAE
for CATALOGUE

(refundable with first order)
ORDERS: RING (01. 567 HRS

ELECTRONIC GUARD DOG KIT

Phone for
demonstration

One of the best deterrents to a burglar is a
guard dog and this new kit provides the
barking without the biter The kit when
assembled can be connected to a doorbell.
pressure mat or any other intruder
detector and will produce a random series
of threatening barks making the would be
intruder think again and try his luck
elsewhere. The kit is supplied complete
with high quality PPCB. transformer and
all components and instructions All you
need is a mains supply. intruder detector
and a little time. The kit even includes a
horn speaker which is essentail to produce
the loud sound required. The "dog" can be
adjusted to produce barks ranging from a
Terrier to an Alsation and contains
circuitry to produce a random series of
barks giving a more realistic effect
XK 125 Complete kit of parts £21.95
Tel: 579-9794 9am 5.m

POWER STROBE KIT
NEW Designed to produce a high

intensity light pulse at a
variable frequency of 1 to

I I

circuitry to trigger the light
5,5-'7--1 Hz this kit also includes

from an external voltage
source (eg. a loudspeaker) via an opto isolator.
Instructions are also supplied on modifying the
unit for manual triggering. as a slave flash in
photographic applications or as a warning
beacon in security applications. The kit
includes a high quality pcb, components.
connectors. 5Ws strobe tube and full assembly
instructions. Supply: 240V ac. Size: 75x50x45
XK124 STROBOSCOPE KIT £12.50

DISCO LIGHTING KITS
This value loe money 4 -way chase

features by -directional sequence and dimming 1kW
per channel £17.50
DL21000K -A lower cost uni-directional version of
the above. Zero switching to reduce
interference. $9.85
Optional opto in t allowing audio 'bear/light
response (DLA/1)%. . . 70p
DL3000K -3-channel sound to light kit features zero
voltage switching. automatic level control and bum -in
microphone. 1kW per channel

. £14.25
D18000

The D1.8000K is an 8 -way sequencer kit
with built in opto-isolated sound to light
input which comes complete with a pre-
programmed EPROM containing EIGHTY
- YES 80 different sequences including
standard flashing and chase routines. The
KIT includes full instructions and all
components (even the PCB connectors)
and requires only a box and a control knob
to complete. Other features include
manual sequence speed adjustment. zero
voltage switching. LED mimic lamps and
sound to light LED and a 300W output per
channel. And the best thing about it is the
once ONLY £28.50.

MICROPROCESSOR TIMER KIT
Designed to con-
trol 4 outputs
independently
switching on and
off at present
times over a 7 -day
cycle. LED display
of time and day. easily programmed via 20
way keyboard Ideal for central heating
control including different switing time for
weekends Battery back-up circuit
Includes box. 18 time settings.
C76000K £42.90
XK114 Relay kit for CT6000. includes PCB
connectors and one relay. Wilt accept up
to 4 relays 3A/240V c/o contacts .. £4.30
701 115 Additional relays £1.80

VERSATILE REMOTE
CONT L KIT

This kit includes
all components
(0 transformer)
to make a sensi-
tive IR receiver
with 16 logic out -
pots (0-15V) which with suitable interface
circuitry (relays, triacs, etc - details supplied)
can be used to switch up to 16 items of
equipment on or off remotely. The outputs
may be latched (to the last received code) or
momentary (on during transmission) by
specifying the decoder IC and a 15V stabil-
ised supply is available to power external
circuits.
Supply. 240V AC or 15-24V DC at 10mA.
Size (excluding transformer) 9 x 4 x 2 cots.
The companion transmitter is the MK18 which
operates from a 9V PP3 battery and gives a range
of up to 6011. Two keyboards are available MK9 (a-
way) and MK10 (16 -way). depending on the number
of outputs to be used
M1C12 IR Receiver (incl. transformer) C14.85
MK18 Transmitter ,, ..... ........ £750
MK9 4 -Way Keyboard £2.00
MK10 t6 -Way Keyboard C5.95
601 133 Box for Transmitter C2.60

HOME LIGHTING KITS
These kits contain all necessary components
and full kit instructions & are designed to re-
place a standard wall switch and control up
to 300w. of lighting.
TDR300K Remote Control Dimmer . £16.45
MK 6 Transmitter for above .£4.95
TD 300 K Touch d immer £8.50
TS300K Touchswitch £8.50
IDE K Extension kit for 2 -way

switching for TD300K£2.70
LD300K Lampdimmer £4.35

DVM/ULTRA SENSITIVE
THERMOMETER KIT

Based on the ICL
7126 and a 3'/
digit liquid crystal
display. this kit will
form the basis of a
digital multimeter (on y a ew additional
resistors and switches required - details
supplied) or a sensitive digital
thermometer (-50°Cto +150°C) reading
0 1° The kit has a sensitivity of 200mV for
a full-scale reading automatic polarity and
overload indication. Typical battery life of
2 years (PP3) £17.00

TM
ELECTRONICS SEND 9x6" S.A.E.
13 BOSTON RD AND 50p FOR CATALOGUE

OR CALL AT SHOPLONDON W7 2SJ MON-FRI 9-5 pm
Tel: 01;567 8910 SATURDAY 10-4 pm

ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT

FREE P&P on orders over f20 (UK only), otherwise add
75p + VAT Overseas P&P: Europe £2.75. Elsewhere

£6.50. Send cheque/PO/Barclaycard/Access No.
with order. Giro No. 5293 14002.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

lG`Zenith Electronics.°
Kits Modules - Hardware

* High quality TOUCH DIMMER
R/Built. finished in white plastic and
Brass touch plate. £12.99 inc. VAT &

P&P.
The following are examples of our proven product designs in
kit form:
* 10 Channel Variable Speed Running Light; Drives

LEDs or mains lamps. Kit £14.97*3 Note Electronic Door Chime unit; 9 volt operation,
3 melodious tones; variable frequency. Kit £9.83

* Miniature FM Transmitter; 60-145MHz. Kit £6.95
R/Built £8.95

*3 Watt FM Transmitter, 80-108MHz. Kit £13.99
R/Built £18.99* 300 Watt Light Dimmer unit for 240 volt mains lights. Kit £6.95

*4 Code Digital Code unit plus Key Pad -select own
code; 9 volt. Kit £15.95

* 5-100 Watt Electronic Loudspeaker Overload
Protector, adjustable. Kit £11.11

* VU Meter 10 LED indicator; -5 to +12dB range. Kit £12.59
* Automatic light controller; automatically turns on and off

lights at pre-set times and triggered by darkness. Kit £25.08
* Mains Wiring and Metal Detector. R/Built £11.00
* Digital Clock module; 12-24 hour timing; LED type £17.49

or LCD type £22.80
* Amplifier Power Meter; 10 LED indicator from

0.25-100 Watt Input -9 volt operation. Bit £9.52
* Light sensitive relay unit; variable sensitivity trigger

control; senses light or dark -selectable. Kit £8.45
ALL KITS CONTAIN FULL INSTRUCTIONS: P.C.B.s AND COMPONENTS
ALL PRICES INCLUDE VAT AND POSTAGE & PACKING.
OVERSEAS ORDERS -ADD 10% TO ABOVE PRICES.
PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER.

SAE.For
-FREE-

Data Pack

Zenith Electronics, 14 Cortlandt Business Centre,
Hailsham, E. Sussex, U.K. BN27 1AE.

Tel: 0323 847973

OSCILLOSCOPES
TELEPUIRMENT 063 Dial Trace 50MHz Delay Sweep Large
Tote e375

TELEQUIPMENT 075 Dual Trace 50MHz Delay Sweep With
Manual £325
S E LABS 1111111 Dual Trace 18MHz Solid State. Portable

SPECIAL OFFERS

COSSOR OSCILLOSCOPE CDU150 Dual Trace 35MH7
Delay Sweep Solid State Portable 13 10cm Display With
manual NOW ONLY !Mr
Optional Front Protection Cover Containing 2 Probes 8
Viewing Hood f 10

AC or External DC operation 8x10cm display with SOLARTRON OSCILLOSCOPE CD1400 Dual Beam 15MHz
Manual figs With Manual ONLY f85es
SCOPEX 4010110ml Trace 10MHz Solid State with AVO VALVE TESTER CTI60 Suitcase style 22
Manual ewe Bases ONLY £25r ler f71
rEtrOlhimpli 061 Dual Trace 10MHz With Manualt 150

DISK DRIVE PSU 240V 1N- 5V 16A 812V 1 56 out Sire
TELCQUIPMENT DO Dual Trace 15MHz With Manisalf100

W125mrn H75mm 0180mm Cased Un-used . ONLY £10TELEOUIPMENT S518 Single Trace 10MHz Solid State op, ri)
With Manual 1110 OWERTY KEYBOARD (as in LYNX MICRO) Putt to make
PHILLIPS P83200 Single Trace 10MHz

"113 Cased ONLY f/n109 f21
MULTIMETERS SWITCHED MODE PSU +/- 12V 0 25A: 5V 159 etc.220.4

AVO 8 Complete with Batteries & Leads from £50 I* £31
AVO 8 MkV Complete with Batteries Leads & Case £90 DATRON 3000 PROM COPIER (copies tip to 10) £150..
AVO TFST SET No 1 (Military version of AVO 8) Complete 1101 271
wth Batteries Leads & Case £65 COMMUNICATION RECEIVERS
TEST LEADS suitable for AVO METERS Redd Black with 2 RACAL RA17 500KHZ.30MHZ with Manual .. ray f150
nor -cups 6 2 prods (p&p £21 £5 Eddystone 730/4 480KH7-30MHz only £110 each with
;IVO Model 7x Complete with Batteries. Leads & carrying manual
rase f40

980 TRANSISTOR TESTER TT169AVO Model 72 Pocket Multimeter (Analogiel 30 ranges
Handheld GO/NOGG for In -situ Test/no Complete withWith Batteries & Leads £10

ANALOGUE POCKET MULTIMETERS Philips/Taylor etc Batteries Leads & instructions (POP £31 unusedil8 each

ISOLATING TRANSFORMERS 2100 INPUTWith Batteries & Leads tram 210
240V Out 50000 f1510, £5) 100VA £61(&p f2)

ADVANCE/GOULD DVM5 24V Out 500VA £61p4 £51 200VA £41p5p f4)Auto ranging. max reading 20.000 AC/DC volts -

resistance only BO MI £5 B . K Precision CRT Restorer/Analyser Model 467

.
GENERATORS

Supplied with 2 bases and Manual (P&P £7) ONLY
f125 each

MARCONI TF10660 AM/FM 10-470 MHz £350 LABGEAR Colour Bar Generator KG1. 8 Test Patterns
MARCONI TE995AI5 1 5.220 MHz Narrow Deviation£250 (P&P CO ONLY £40 each
FARRELL SINE/SOUARE type LFM2 1f17-1MH7 NEW EQUIPMENT
Compact RIO HAMEG OSCILLOSCOPE 605 Dual Trace 60MHz Delay
ADVANCE SG62B AM 1501017-220MH7 £45 Sweep Component Tester £583Many others available

HAMEG OSCILLOSCOPE 203 6 Dual Trace 20MH;

STEPPING MOTORS Component Tester & 2 Probe £314
All Other Models AvailableType 1 200 Steps per rev. 4 Phase (5 wire) 12 24V

Torque 25oz inch will um on 5V with reduced
torque £15 r

Type 2 6/12 Steps per rev .3 Phase. 12/24V(will work

BLACK STAR FREQUENCY COUNTERS P&P £4
Meteor 100-100MHz 099,_,n,

t126Meteor "-
on 5V) n , 5 off £710 Meteor 1000-1GHz - £175

Type 3 NORTH AMERICAN PHILIPS 24 Steps per rev. BLACK STAR JUPITOR 500 FUNCTION GENERATOR
4 wire 5V 3.3Amps 0.250rpm Sine/Square/Triangle 0 1112-500KHz P&P £4 £110
0.200 PPs fe al BLACK STAR ORION PAL TV/VIDEO COLOUR PATTERN

Type 4 200 Steps per rev 120V (3 wire) Torque 25 07 GENERATOR £199
inch £4 ea HUNG CHANG DMM 7030 35, digit Hand held 28 ranges

Tyne 7 WARNFR 24 Steps per rev 3 Phase (6 wire) including 10 Amp AC/DC 016 Complete with batteries 8
28V Holding Torque 45 or inch £5 ea leads P&P £4 £39.50

Used equiprnent  with 30 days guarantee. Manuals supplied if possible.
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability before

ordering,CARRIAGE all units £16 VAT to be added to Total of Goods & Carriage.

READINGSTEWART OFIE 110 WYKEHAM ROAD, READING, BERKS RG6 1PL Irl
Telephone: 0734 68041C alters welcome 9 am - 5.30 pm Mon. -Fri. (until 8 pm Thurs.)
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PROJECT

ETI CONCEPT
Robert Stevenson has built what has to be the ultimate
mains controller project.

There are a number of mains
controllers on the market
and indeed many have

appeared as projects in the pages
of electronics magazines such as
ETI.

However, the ETI concept is
different. As well as comparing
favourably with the cost of
commercial devices, the Concept
(COst meter aNd Computerised
Electronic Programmable Timer)
has many extras.

This device is based around a
timer with four output channels,
each programmable with up to
seven on and off times to occur
on any day of the week. A
'countdown' facility turns on or
off an output after a preset time
of between 1 and 99 minutes.

A software lock is also
provided. This disables all normal
keyboard functions until a
programmable four digit TIN'
number is entered.

A battery -backed RAM
memory stores the software key,
the programmed times and so
forth.

The Concept doesn't even end
there. This device also has four
isolated digital inputs. When
enabled from the keypad, these
can overide the programmed
switching on each channel.

Unique to such controllers is
the Concept's cost measuring
facility. The total power drawn by
appliances plugged into the
Concept can be displayed at any
time. The charge rate is
programmable and so the
accumulated cost or the projected
cost for that usage over a period
of a day or a week can also be
calculated and displayed.

Design Considerations
The initial design used no

CPU. It consisted of a CMOS
counter circuit with a DIP switch
programmed rate multiplier and a
couple of op -amps.

Although this was a
potentially workable design, the
cost seemed out of proportion to
the facilities. A timer facility
seemed the answer. Although
basing the circuit around a timer

IC such as the TMS1121 is
straightforward enough, cost and
simplicity demand the timer and
cost circuitry share the same
display and this complicates
matters considerably.

Eventually the Concept was
based around a cheap 1MHz 6502
microprocessor and as few
peripheral chips as possible.

The power measurement
circuitry of the concept is directly
connected to the mains. So, for
safety reasons two separate power

are provided for this and
the CPU board.

Multi -tapped transformers are
both more expensive and
inherrently less safe than two

separate standard mains
transformers.

Construction
The Concept is straightforward

to build. The major decision
required is that of a case. The
type used will be partly
determined by the front panel
arrangement (See Fig. 1) but more
so by the number and type of
output sockets required. Domestic
mains sockets take up a lot of
room on the case back panel.

Whatever case is chosen,
make sure the two preset resistors
on the power board are easily
accessable when the whole device
is assembled.

TIME

LOCKED
0

DAY
0

RATE
0

COST POWER

C0.9N cc ,,N PROG
0

HOUR
M4

TRIM

ON 0(,F C.Flq

0
ION 20N 30N 40N
0 0 0

Fig. 1 The Concept front panel and keypad.
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PROJECT: Concept

OUTPUTS

E SK1 SK2 SK3 SK4

R1-4
ALL OR22

2.5W

R5
620 R

R8
100k

Di D2v
14

R7
100k--"\A/V-V-

WIRE
TEST
LINK

CALIBRATE

C1
470n

NORMAJ

FS1

R6
270k

+12V

IC1

7

4

R9
100k

OV R13 0
220k

-18V

0.55V
CALIBRATION
VOLTAGE

12-0-12V
TRANSFORMER

L N

MAINS INPUT

1,T1

a
O

0 0
TO 9V

TRANSFORMER

ENCAPSULATED
BRIDGE

C7
C8 470u

100u 25V

1-40-10. 18V

25V

IN

R14
2M2

IC2

4

-18V-o-

NOTE.
IC1,2 = 741
IC3 = 78L12
IC4 = 4151
IC5 = OPTO-ISOLATOR
BR1 = W001
D1,2 = 1N4148
FS1 = 500mA FUSE

IC3
OUT

12V

COM
TC6

100n

Fig. 2(b) The circuit diagram of the power board.
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Figure 2a shows the circuit diagram for RAM and IC11 is very small - when fully utilise port B as a simple I/O port but the

the CPU board. The 7805 regulator (IC6) charged, the NiCd battery has the VIA has an internal counter which can

supplies the power. The unusually high capacity to preverve the contents of the be configured to count down every time

value capacitors across the main 5V RAM for at least a year. PB6 is pulsed low. The Concept utilises

supply rail and the RAM supply (C7 and The relay -driving transistors (Q8-11) are this feature to provide a means of mea-

C2) ensure that any relay switching switched by the lower four outputs of an suring the frequency of pulses from the

surges or mains 'brownouts' do not crash eight bit addressable latch 741.5259 (IC7). power measurement circuitry. The freq-

the processor. Diodes D2 -D5 protect the transistors uency is directly proportional to the
The 74LS138 chip (IC5) performs the from inductive spikes when the relays power consumption of the appliances

address decoding. The software resides are switched off. connected to the Concept. The pulses

in a 2764 EPROM which occupies the top The multiplexed LED display is driven come from an opto-isolator on the
8K of memory. The battery backed RAM by another addressable latch (IC8) via six power boards (Fig. 2b). R26 pulls up the

is located at the bottom of memory, from transistors (Q2-7) which supply current open collector of the isolator, and IC4f

&0000 to &0800. to the common anodes. converts the signal to TTL specifications.

C1, R1, and D6 form a reset circuit that The cathodes are connected via 47R Power consumption is determined by

is used by the 6502 CPU and 6522 VIA. resistors to IC9, which is an 8 -bit D -type measuring the AC current being sup -

The processor requires a 1MHz clock latch. The software latches a bit pattern plied to the appliances. A very low value

signal and this is provided by IC2 and into IC9 then switches on the appro- resistor, consisting of four 0.22R resistors

IC4. IC4a and b form a 4MHz crystal priate anode driving transistor. Every 5ms in parallel, is connected in series with
oscillator, the output of which is divided the transistor is switched off, a new bit the neutral lead. The voltage drop across

by IC2 to produce the 1MHz signal. The pattern is latched and the next transistor this resistor is amplified and precision

clock input of the 6522 is taken from the is turned on. rectified by two operational amplifiers,

CPUs anti -phase clock output 02 (pin The 6522 VIA chip is the Concept's ICI and IC2. The output from the second

39). only input IC and it is used to generate amplifier is smoothed by R10, C2, R11

The RAM select line from IC5 is ORed interrupts which among many other and C3.

with a SUPPLY AVAILABLE signal derived things, form the basis for the software's RV1 provides a fine offset adjustment

from the transistor circuit of Q1. This OR real time clock. to zero the output and compensate for
gate arrangement ensures that the CE The software contains a large any circuit noise.
input of the RAM is held high when the proportion of interrupt service code, of The smoothed output voltage, which

main 5V supply rail is switched off. This widely varying priorities. The real time varies from about 1mV to 5V, is

puts the RAM in standby mode and clock is the highest priority, followed by connected to a voltage -to -frequency

prevents memory corruption. the display multiplexing routines. Lower converter, IC4. The open collector
D1 is a germanium device rather than priority routines include checking the output from this device is used to drive

a silicon type because it has a lower programmed timer memories and the opto-isolator. RV2 is used to calibrate

forward voltage drop which allows the scanning the inputs from the conditional the converter. Calibration sets the full

RAM to work at very near the same switching port. scale frequency of the converter to ten

voltage as the rest of the memory and The keyboard is connected to the VIA times the power consumption in watts

provides an optimum charging potential I/O port A. Four lines of port B (PBO-PB3) so a power consumption of 3000W
for the NiCd battery. are connected to the conditional swit- produces a frequency of 30kHz.

The current consumption of the ching socket SK1. Most 6522 applications
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All the internal mains wiring
should be rated at 10A at least.
The power measurement circuitry
of the Concept can cope with the
full 13A available from a standard
domestic mains socket. Do not
use PCB pins for connection of
the mains wiring to the power
board. These are not designed for
these kind of currents. Solder the
wire directly to the PCB track.

It is a good idea to use many
colours of wire for all the internal

connections (both mains and
signals) and to approach the
whole wiring process in a logical,
planned manner.

Some tracks on the power
board (Fig. 3) may carry very high
currents. You should therefore tin
the whole board with copious
quantities of solder. The tracks
requiring special attention are the
thick ones connecting the 0.22R
resistors (R1-4), the common live
connection to the relay and the

T1

MAINS TO
CHASSIS

TRANSFORME

NEUTRAL

NEUTRAL otaaf JOV
ITO ALL
SOCKETS

CHI LIVE SKI

CH2 LIVE SR2

CH3 LIVE

CH4 LIVE

Fig. 3 The power board
component overlay. aaaaa

FROM DISPLAY
BOARD

PARTS LIST POWER BOARD

RESISTORS ('41W 5% unless specified)
R1-5 0.22R 21/2W
R5 620R 1%
R6
R7-12
R13
R14
R15
R16
R17
R18
R19-22
RV1
RV2

270R 1%
100k
220k
2M2
1k0
3k3
6k8
680R
2k2
10k horiz. preset
1k0 multiturn preset

CAPACITORS
C1 470n polyester
C2 2w2 16V radial electrolytic
C3,6 100n ceramic
C4 10p 16V axial electrolytic
C5 560p polystyrene

C7 470w 25V radial electrolytic
C8 100w 25V radial electrolytic

SEMICONDUCTORS
IC1,2 741

IC3 78112
1C4 4151
IC5 6 pin opto-isolator
BR1 W001
D1,2 1N4148

MISCELLANEOUS
FS1 500mA fuse and PCB

mount holder
RLA1-4 12V 16A relay
SK1-4 13A 3 pin mains sockets
T1 12-0-12 3VA PCB mount

mains transformer

PCB; connecting wire; mains cable; nuts
and bolts.

live output from each relay.
As the power board carries

live mains voltages when plugged
in, it is recommended that a piece
of insulating plastic is stuck in
place over the fuse (but not too
firmly - you may have to replace
the fuse!).

If you want only the timing
facilities of the Concept (what a
waste!) omit the power board
altogether and use an alternative
method of mounting the relays.

If less than four outputs are
required, the relevant relays, LEDs
and so forth can be omitted.
However, it is worth keeping all
the relay driver transistors as the
'unused' ones can be connected
to another relay to increase the
number of programmed times per
output.

PARTS LIST - CPU &
-DISPLAY BOARDS

RESISTORS (NW 5%)
R1-7 10k
R8,9
R10-19
R20
R21

R22.25
R26
R27-34

470R
2k2
5k6
1k5
1k0
6k8
47R

CAPACITORS
C1,2 10µ 10V tantalum
C3 10n ceramic
C4 1000w 25V radial electrolytic
C5,6 100n ceramic
C7 2200 16V radial electrolytic

SEMICONDUCTORS
IC1 6502
IC2 74LS74
IC3 2764 EPROM
.IC4 74LSO4
IC5 741S138
IC6 7805
IC7,8 741S259
IC9 74LS373
IC10 6116
IC11 74HC32
IC12 6522
Q1-11 BC548
LED1-2 common anode dual

7 -segment digit display
LED3-5 green LED
LED6-17 red LED
LED18-21 yellow LED
BR1 WO1
D1 0A47
D2-6 1N4148

MISCELLANEOUS
PAD1 16 key switch pad
T1 9V 20VA mains transformer
XTA L1

SK1

B1

4MHz crystal
5 pin DIN socket
3.6V PCB mounting NiCd
battery.

PCBs; case; connecting wire; keypad
connector; IC sockets; T05 heatsink for
BR1; nuts and bolts.
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Fig. 4 The overlay for the display board.

The insides of the Concept prototype.
Panel mounting mains sockets were
chosen for the prototype because they
take up less room on the back panel
than normal pattress-mounting
sockets. Alternative design, non-
standard sockets could also be used to
make the Concept more compact.
Make sure the two calibration preset
pots on the power board (RV1 and RV2)
are easily accessible when the whole
unit is assembled, as they are here.

Fig. 5 The CPU board overlay.
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PROJECT: Concept

The display board (Fig. 4)
contains the 19 display LEDs and
the two dual digit 7 segment
displays. The latter should not be
directly soldered to the board but
mounted in 'soldercon' type
sockets.

Note that three links are
required underneath the digital

displays and should be soldered
in first of all.

Solder all the LEDs at the
same height above the board. The
case should have a rectangular
cutout for the digital display and
19 holes drilled for the LEDs. The
display board will then sit in
position, largely held there by the
LEDs.

The CPU board (Fig. 5) is
double sided and requires
through connection pins. Some
through connections are made by
the leads of components. Look at
both sides of the board as you
solder in the components and if a
pad is provided on both sides of
the PCB, solder both sides.

DU! LIINCJ

Despite its complexity, the vast majority
of the components used in the Concept
are easily available from usual sources.

The prototype used case 501.597 from
Electromail (Tel: (0536) 204555). The PCB
mounting transformer for the power
board also came from Electromail (part
207-835) as did the relays (part 346-269).

Any 4x4 keypad may be used or one
made up from individual key switches.

The PCBs are available from the ETI
PCB service. The software is available
from the author. A programmed EPROM
is available for £15. A BBC micro disk
(specify 40 or 80 track) containing the
source and object code also costs £15.
Both EPROM and disk cost £20. Please
address all orders and enquiries to
Robert Stevenson, 229 Vicarage Road,
Leyton, London E10 7HQ.

Note that all the ICs,
electrolytics and other polarised
components are not orientated
the same way. Take care and
check before soldering.

The 5V regulator (IC6) must
be fitted with a good heatsink or
bolted to the (metal) case. A blob
of heat transfer compound is also
recommended.

The final component to install
on the CPU board is the EPROM
(IC3). This can be either a 2764 or
27128 and an IC socket should be
used. The EPROM should, of
course, be first programmed with
the Concept's operating system.
Programmed EPROMs are available
from the author (see Buylines).
The hex dump of the EPROM and
calibration and operation details
will be given next month.

ETI
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AN EXPANDABLE DISK -BASED
Z80A DEVELOPMENT SYSTEM
YOU CAN BUILD YOURSELF!

Universities, Colleges, Industry, Enthusiasts:
Unlike home computers, development systems have enti rely
"open" architectures, use standard TTL etc. chips (ie no
ULA's!), and are built in a proper engineering fashion. Usu-
ally these superior products carry a correspondingly
superior price tag, but you can build Interak yourself board
by board and thus afford a system which would normally be
out of your reach and/or understanding.
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was first made in 1977 so (unlike almost all other computers)
it has stood the test of time.
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detailed descriptive leaflet, specification, prices, etc.
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It's no secret...
.. that there is a real difference at Cricklewood Electronics.

That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service

from the U.K.'s number one 100% component shop. No gimmicks, no gadgets or
computers. just components, millions of them, all easily available by mail order.

calling or credit card telephone orders. Just pick up the phone (or a pen) to get your
FREE copy now (no SAE required) You have nothing to lose

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel: 01-450 0995/01-452 0161
Telex: 91 4977
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HYPER -FUZZ
Not another fuzz box! 'Fraid so but Charles Dancer's design
brings a whole new meaning to distortion effects.

The Hyper -fuzz is a new type
of distortion effect which
should be of interest to

musicians who like to experiment
with the sound of electric
and electronic instruments.

Distortion or fuzz units are
used to make the sound of a
musical instrument more
'interesting' by adding harmonics
to it. This is usually achieved by
using a non-linear amplifier of
some kind to clip or round -off the
peaks and troughs of the audio
signal. The resultant distortion
consists of a wide range of
harmonics at multiples of the
input frequency.

The input/output characteristic
of the Hyper -fuzz is shown in Fig.
1. Each half -cycle of the audio
signal is 'folded over' three times
before being clipped. This gives
rise to a narrow band of
harmonics, the frequency of
which is dependent on the
amplitude of the input signal.
When used with a guitar a filter -
sweep effect is produced as each
note dies away.

In addition, the circuit can
produce conventional clipping
distortion and an intermediate
effect, selected by a three position
toggle switch, SW1. These extra
characteristics are also shown in
Fig. 1.

The circuit board is mounted
in a small diecast box fitted with a
foot switch (SW2) which is used to
switch between the effect and a
'straight through' signal. A metal
box was chosen in preference to a
ready-made foot switch case
because of it's lower cost and
better screening properties. The
other controls on the unit are
DEPTH (RV1) which varies the
severity of the distortion, and
LEVEL (RV2) which is used to
match the distorted and straight -
through signals in volume.

Power for the effect comes
from a PP3 battery, or from an
external 9V supply, the current
consumption being only about
2mA. The internal battery is
connected when a jack is plugged
into the input socket, so there is
no need for an on/off switch.

OUTPUT

SW1 POSITION 1

SW1 POSITION 2

INPUT

SW7 POSITION 3

Fig. 1 The input/output characteristic
of the circuit with the effect switch in
each of its three positions.

Construction
If the recommended case is

used, it should be drilled as
accurately as possible as shown in
Fig. 3. The positioning of the
holes is fairly critical. The PCB
should be assembled (Fig. 4)
starting with the smaller
components ensuring that all
leads are cropped close to the
board.

When the two pots are
mounted, their spindle centres
should be about 15mm above the
top of the PCB.

If the jack sockets have break
contacts fitted, the tags for these
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Fig. 2 The circuit diagram of the Hyper -Fuzz.
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The input signal is fed to a pre -amplifier
comprising Q3, which provides the gain,
a constant current source (Q1), and an
emitter -follower (Q2) to buffer the out-
put. With SW2 in the 'Through' position,
the gain of the pre -amp is set at about
one by negative feedback through R10
and R6 and its output goes to the output
socket (SK2) via C6. With SW2 switched
to 'Effect RV1 is used to vary the amount
of feedback and hence the gain of the
pre -amp.

The distortion -generating part of the
circuit uses an LM358 dual op -amp,
which was chosen because of its low
current consumption and wide output
voltage range. R33/34 and C7 provide a
stable 3.5V mid -rail for the op -amps. The
signal from the pre -amp is further amp-
lified by IC1a. The op -amp is prevented
from clipping by D2 and D3, which limit
its output to about 6V peak to peak. With
SW1 in position 3, the output of IC1a will
drive the four pairs of diodes, D4-11, to
produce four waveforms clipped at ± 0.5,
1, 1.5 and 2V. These are then fed to
alternate inputs of a difference amplifier
(IC1b). So, as each diode begins to con-
duct, the gain of the circuit reverses
polarity.

With SW1 in position 1, only the
lower pair of diodes is driven, so the
circuit produces 'ordinary' fuzz. For the
intermediate effect, R19 is used to
attenuate the signal reaching the upper
diodes. R23 is necessary to match the
three effects in volume.

should either be cut off or bent
under the socket. The sockets
should then be attached to the
board by 15mm lengths of flexible
wire. The toggle switch and RV2
case can then be connected to
the board along with the battery
clip and six 45mm pieces of wire,
for the foot switch.

The PCB spacer is a piece of
4mm thick perspex, wood or
paxolin, 22x26mm, with a 1/tin
central hole. To make assembly
easier the spacer can be lightly
glued to the track side of the
PCB. Before the unit is assembled
an insulating grommet should be
fitted to the hole for the power
connector.

The PCB assembly can then be
inserted into the case. To do this,
the output jack and the two pots
should first be located in their
respective holes (the pots may
need to be bent back a little).

Once the pots are pushed
through, the board should fit
neatly inside the case and the
other socket and toggle switch
can then be fitted. The foot
switch should be fitted through
the holes in the board, spacer
and case so that it holds them
together, and it's leads soldered as
shown on the component overlay.

If you intend to drill the base
plate to take screw -mounting feet,
make sure that the screws will not
interfere with the jack sockets.
With care, they can be positioned
so that the feet slightly overlap
the retaining screws, thus
preventing them getting lost. The
battery can be cushioned using
strips of draught excluder stuck
inside the case and on the side of
the switch, and held in place by a
piece of foam rubber glued to the
base plate.

100

a-23 ik.[

.11-11.
11.5

ALL DIMENSIONS IN inn,

Fig. 3 Drilling the case for the Hyper -Fuzz.
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DV I LIME.,

All the components are available from
Maplin with the exception of the LM358.
This is stocked by Technomatic and other
major suppliers.

The case used in the prototype (Type

5004, 120x65x40mm) is available from
Maplin as part LH71N.

The PCB is available from our PCB
Service. See the back of this issue for
details.

ETI OCTOBER 1987

PARTS LIST
RESISTORS
R1,33 22k
R2,22,12 39k
R3 10k
R4 IMO
R5,19 330k
R6,7 150k
R8 3k9
R9 2k2
R10 1k0
R13 180k
R14,15,26,27 680k
R16 6k8
R17 1k5

R18,31,34 15k
R20,21,22,24 27k
R23 100k
R25,28,30 1M5
R29 2M7
R32 4k7
RV1 100k lin PCB

mounting
RV2 4k7 log PCB

mounting

CAPACITORS
C1,7 100w 16V radial

electrolytic
C2,4,6 4p7 63V radial

electrolytic
C3,5 100n polyester
C8 24 63V radial

electrolytic

SEMICONDUCTORS
IC1 LM358

Q1 BC558
Q2,3 BC549
D1 0A91
D2-11 1N4148

MISCELLANEOUS
SW1 SPDT centre -off

toggle
SW2 DPDT foot switch
SK1 %in stereo socket
SK2 %in mono socket
SK3 2.1mm power

socket (PCB
mounting)

PCB; case; battery clip; knobs; feet; PCB
spacer; %in grommet; foam rubber; M10
washers.

Operation
The unit should be set up in

the same way as a standard
distortion unit. Adjust RV1 and
SW1 until the desired effect is
heard, then adjust RV2 so that
there is little change in volume
when the foot switch is pressed.
Because of the severity of the
distortion, the full Hyper -fuzz
effect (Setting 3) works best with
simple 'pure' signals. Playing
chords produces harsh ring -
modulator -like effects which are
interesting but not exactly
musical. Although the unit was
designed for use with electric
guitar and bass, it can also be
used to alter the sound of
keyboard instruments, drum
synthesisers and even vocals. ETI
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THE ETI EEG
MONITOR
Paul Chappell continues his alpha training with a
how to put last month's monitor to good use.

Having built the brainwave
monitor last month and
admired the sound of your

alpha rhythms, you're no doubt
wondering - what next? This isn't
the kind of project where we can
just leave you to your own devices
so this month I'll be talking about
various ways the monitor can help
you to improve your mental
powers and feel good.

I will also be going into more
detail on the subject of
electrodes. Last month I gave
some fairly detailed instructions
for making them but didn't
explain why the process was
necessary. If you've tried blobs of
damp cotton wool on the end of
croc clips or some such short cut,
you will have discovered for
yourself that it doesn't work. But
why not?

This is not a 'lego' project, to
borrow J. Bird's infamous phrase.
Although you can probably get by
if you follow the instructions to
the letter a 'feel' for what's going
on will help you get the best
results from your monitor and to
sort out any problems that may
arise. All will be revealed.

Improvements And
Additions
The first experimental circuit

was built way back in January but
I have become rather obsessed
with brainwaves and EEG and I
have used the monitor intensively
over the past month. There are a
few minor modifications and
additions I have made to the
prototype that you may find
useful.

When I designed the filter
section of the monitor my aim
was to make it as solid and
reliable as possible and to avoid
the need for 'tweaking: The circuit
exceeded my expectations in this
respect but one little niggle was
the inclination of the filter to
become excited by background
activity, causing a certain amount

of 'burble' to the sound.
Both filter sections are

resonant, which means that they
have a tendency to be stimulated
by transients, rather like a pistol
shot echoing round a bathroom.
(I've never heard one but I can
imagine what it's like!) Since the
filters perform very well in other
respects I was reluctant to change
them and eventually hit upon the
simple solution of interposing a
pair of anti -parallel diodes
between IC4 pin 8 and C15.

Although it's most annoying to
have to hack a perfectly good PCB
about, the surgery in this case is
quite minor. Since C15 and C16
are next to each other on the
board, with C16 being fed first, it's
just a matter of cutting the track
between them and soldering the
diodes to the back of the board
(Fig. 1).

The improvement is well worth
the effort! If you make your own
PCB, you may prefer to alter the
tracking to accommodate the
extra diodes - there's plenty of
room.

Although the filters don't really
need any 'tweaking, perfectionists
may like to tune up the value of
R24 for best interference rejection.

look at

1N4148

CUT TRACK

THROUGH LINK

C16%,0 )

Fig. 1 A modification to cut down
background noise.

Replace it temporarily with a 27k
resistor in series with a 10k
preset. Dangle the electrode leads
over the bench top to pick up the
CEGB's free test signal (mains
hum), set 'direct' mode and 'beta'
on the controls, turn up the gain
and adjust the preset for
minimum 'burble: There will be a
certain area of rotation where the
burble decreases dramatically. Set
the preset to the centre of this
area, then take out the resistor
and preset and measure the
combined resistance on your
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Fig. 2 Circuit of the battery checker.

multi -meter. Find a resistor which
gives the same reading and solder
this in the R24 position. This
process should be carried out
before fitting the two extra diodes.

A small worKsnop tip: when
using a multi -meter to compare
resistances, it's best not to have
too much faith in the readings. A
factory fresh analogue multi -meter
will rarely give better than 5%
accuracy on resistance ranges and
unless it is re -calibrated regularly
the chances are it will be much
worse. By using the meter to
compare resistors directly you rely
on the meter's repeatability (how
closely the two readings match
when the same resistance is
connected on two different
occasions) which will be much
better than its accuracy. Choosing
two resistors which give the same
scale reading will probably match
them to within 1% although you
may not know the actual value
even to within 5%! Digital meters
give the illusion of great accuracy
by giving readings with several
significant figures. When they
leave the factory they are often
very accurate but after a year....

For safety it is essential to
power the monitor from batteries.
Having found that everybody who
set eyes on it wanted to have a go
at developing their alpha and
theta rythms and with a set of
alkaline batteries costing near on
.£8, the upkeep soon became
rather expensive! One thing I
quickly stopped doing was
throwing away all four batteries at
once. Some would still be
perfectly OK when others were
completely flat. To save the bother
of taking them out and testing
them, I built a simple battery
checker (Fig. 2).

If the voltage of any battery
drops below about 61/2V on load,
the corresponding LED will not
light. The circuit takes its power
from the two healthiest batteries,
which also have the burden of the
LEDs, so the weakest batteries are
loaded by the two 220 ohm
resistors which draw about 15mA
when the LED is at the point of
turning off. If they can't cope with
this, they're ready for the bin.

The on/off switch on the
original circuit is replaced by a
4 -pole 3 -way rotary switch, giving

'on, 'off' and 'test' functions. You
may prefer to wire the 'test'
between the 'on' and 'off'
positions to give a check on the
batteries every time you use the
monitor. Since there is very little
room on the front panel, the
circuit will have to join the switch
at the back.

Electrodes
The electrodes are the most

critical part of the monitor. If you
have built it and find that the
circuit is working (touching the
input with a finger gets it all
excited, for instance) but it won't
register your brainwaves, the
problem is almost certainly the
electrodes.

Dry electrodes are unsuitable
for most bio-monitoring purposes.
You can get an idea of the contact
resistance between dry electrodes
and skin by grabbing the
terminals of your multi -meter on a
high resistance range. A resistance
of 10k between any two electrodes
is considered to be just on the
borderline of acceptability for EEG
purposes and you'll find from
experience that interference and
noise will increase enormously if
this is exceeded. There is also the
question of the chemical effects
of sweat on the metal and the
mechanism of conduction of tiny
currents (around 10pA for EEG
signals).

Some form of metal to liquid
contact is always involved - either
from a deliberately introduced
electrolyte in the case of surface
electrodes or from body fluids in
the case of 'needle' electrodes,
which are inserted under the skin,
or other types which are
implanted in the brain (and are
outside the scope of this project!)

Electrode potential
When an electrode is in

contact with an electrolyte, a
difference in potential is
developed between the metal and
the solution. If you think about it
for a moment, you'll see that's it's
impossible to say exactly what this
voltage is. The only way to
measure it would be to insert
another electrode to measure the
voltage of the solution and you
end up measuring that electrode's
potential too!

A hydrogen electrode (usually
hydrogen dissolved in a platinum
compound) is arbitrarily taken to
represent OV and other electrodes
are measured with respect to this.

In theory, two electrodes with
the same surface material should
end up at the same voltage with
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respect to the solution, so the
voltage between them should be
zero. In practise, variations and
impurities in the surface of
electrodes will always result in a
voltage difference between them
and one reason for choosing one
electrode material over another
(but not the only one!) is the
stability of its potential. Silver-

silver chloride electrodes are
better than most in this respect.

The monitor can cope with a
maximum voltage difference
between the two sense electrodes
of about 5mV. If your monitor
appears to be 'dead' it is almost
certainly because the electrode
potentials are too far apart.

There are two ways to get
around this problem. The
preferred one is to take great care
with plating and chloriding the
electrodes and to store them in a
way that will maintain them at the
same voltage.

The chloriding process using
household bleach works fairly
well (and was recommended by a
hospital EEG technician!) but for
the perfectionists there is another
way to go about it. You'll need
some de -ionised water (sold in car
shops for topping up batteries. It's
often called 'distilled' water but
you can bet your life it isn't) some
sodium chloride (analar grade)
from your chemist (table salt is
not pure sodium chloride - it
contains other compounds to
help it flow freely), a piece of
silver wire (any jewellers shop
with a repair department should
be able to sell you some).

Make up a weak saline
solution - between 2- 5g per
100m1 of water. Pour some of the
solution into a suitable container
(a small cereal bowl will do) to a
depth of about 1/2in. Dip the
business end of the electrodes
into the solution, keeping the
stems dry.

The chloriding is best done
with the muslin bags in place -
they will protect the coating.
Connect all the electrodes
together with wire and crocodile
clips (Fig. 3a) and connect to the
positive terminal of a battery via a
100k resistor. The negative
terminal of the battery connects
to the silver wire which dips into
the saline solution at the opposite
end of the bowl from the
electrodes. The electrodes can be
cleaned prior to chloriding by
reversing the connections for a
minute or so.

Chloriding by this process
takes about 30-60 minutes and
should ideally be done in the

SILVER WIRE CARBON ROD

Fig. 3(a) Chloriding the electrodes. (b) Storing the electrodes. A reasonable
substitute for a carbon rod would be the lead from a soft pencil.

dark since silver compounds are
light sensitive. The general rule is
the slower the chloriding process,
the more even will be the final
coating, although beyond a certain
level the law of diminishing
returns comes into effect. But
don't let me stop you using a WO
resistor and leaving the electrodes
in all night!

The same apparatus can be
used for storing the electrodes
and keeping them at the same
potential. This time, instead of a
battery and silver wire, a cabon
rod is dipped into the solution.
Carbon is slightly electropositive
with respect to the electrodes and
will maintain just enough current
flow to keep the surface in good
condition.

Don't forget to top up the
water every now and again or
you'll find all the electrodes
covered with a crusty mess of salt
next time you come to use them.
If you intend to take this
seriously, you might consider
making a container with a suitable
electrode support and a lid to cut
down on evaporation.

The Bodge
The other method for

maintaining the electrodes at the
same voltage is an electrical 'fix'
applied to the monitor. If there is
a path to ground, the flow of
current will alter the iron
concentration around the
electrodes and keep them within
the monitor's range. Connecting a
WO resistor between each input
and ground is quite acceptable
and the monitor will still work
effectively with resistors as low as
100k, which should pull the most
stubborn electrodes into line! The
resistors can be soldered to the
input jack.

A very useful addition to the
monitor is a circuit to indicate

FROM
TEST
POINT'

NOTE.
ICI = MC1458

LED2

Fig. 4 Circuit of the electrode tester.

when the electrodes are within
acceptable limits. The circuit is
shown in Fig. 4. The input is
connected to the output of the
bio-amplifier (the 'test point' on
the main PCB) and the circuit
checks to see that the DC level is
within the middle third of the
supply range. Both LEDs will be
off if all is well, so the additional
current drain will be small.

If either LED lights up, the first
thing to check is that the
electrodes are making pod
contact. If your hair is in the way,
they won't be! If you can't make
the LEDs go out by moving the
electrodes slightly or parting yo"ur
hair (and the chances are that you
can) then it's time for
re-chloriding.

Too much salt solution is no
substitute for good electrode
positioning. Two adjacent
electrodes can easily be sorted
out by drips of saline and at best
you'll get a confused signal from
the whole of the surrounding area
and salt solution down your neck!

Electrode Characteristics
Conduction between the saline

solution and electrodes takes
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place in one direction when
chlorine ions combine with the
silver to form silver chloride. The
chlorine ions carry a negative
charge from the solution to the
electrode. In the opposite
direction, silver chloride
dissociates into silver and chlorine
ions. The chlorine ions pass into
the solution, once again carrying
a negative charge. The process is
reversible and electrodes of this
type are called, naturally enough,
reversible electrodes.

There are other types of
reversible reaction that can be
used. A metal in a solution
containing its own ions (tin in
stannous chloride or zinc in zinc
sulphate, for instance) will give
current flow via the cations rather
than the anions. Oxidation and
reduction of ions with two
valence states is another
possibility. In practice, the range
of chemicals that are actually
useful is limited by the substances
people would be willing to have
on their heads! Stannous chloride
and zinc sulphate both cause skin
irritation, so would only be
considered where there is a
pressing need to use the
corresponding electrode type.
Sodium chloride is cheap,
harmless and can be left for long
periods without causing irritation,
so is the most commonly used
electrolyte.

An unfortunate characteristic
of some electrode types is the
tendency to polarise. If a DC
voltage is applied, positive ions
migrate to the negative electrode
and negative ions to the positive
one. A back EMF is developed,
which interferes with the signal.
To slowly changing signals, the
effect is similar to wiring a

capacitor in series with the
electrode. On faster signals, with
highly polarised electrodes, the
effect is almost like rectification
since they favour current flow in
one direction rather than the
other.

Chlorided silver electrodes are
relatively immune from
polarisation effects (Fig. 5) but it is
not a good idea to provoke them
by measuring the contact
resistance with a multi -meter.
Commercial EEG equipment is
usually fitted with a resistance
checker which applies an AC
voltage of a few mV to the
electrodes and measures the
resulting current. If you have a
signal generator and AC current
meter, you can follow the same
procedure.

Commercial electrodes
You may be interested to know

how the electrodes specified for
the monitor compare with
electrodes which would be used
in hospitals or EEG laboratories.
Figure 6 shows some of the types
in common use. The pad
electrodes (Fig. 6a) are similar to
the home made electrodes but
would normally be made of solid
silver. Since it is the surface layer
that is important, the only
disadvantage of using plated
electrodes is the possibility that
defects in the plating or wear of
the surface will allow the
electrolyte to make contact with
the metal underneath. If this
happens, large, fluctuating
potentials can be developed by
chemical action so once again I

wag my finger at you and say
'Take care!'

Chlorided silver is also
available in the form of discs,

CHLORIDED SILVER

PLATINUM

GOLD

STAINLESS STEEL

20 secs

CHLORIDED SILVER

b

GOLD

STAINLESS STEEL

Fig. 5(a) The response of various electrode materials to a slow square wave.
(b) The response to a DC level.

I

Fig. 6 Various commercial
electrode types. (a) Pad electrode.
(b) Disc electrode. (c) Cup
electrode. (d) wire electrode. (e)
silver/silver chloride pellet
electrode.

cups and wires. For the very
stringent requirements of DC
recording, porous pellets of silver
- silver chloride are used. It is
generally agreed that for good
recordings and stable bias
potentials a large surface area is
desirable, and the pellet
electrodes have a huge area of
contact with the electrolyte.

Apart from surface area, the
only other distinction between
the electrodes is the way they are
held in place. Pad types would
normally be fitted to an elastic
harness and held against the scalp
by pressure. Other types can be
held in place by self-adhesive
pads or by a type of glue called
'collodion: Electrodes fixed by
collodion will stay in place for
long periods but it's very messy
stuff to get off afterwards. Usually
it is dissolved in acetone, then the
final traces removed by a
thorough shampooing. Pad types
were chosen for this project
because they are the easiest to
apply and don't need electrode
creams or glues.

Because of the difficulty of
making good contact on the hairy
areas of the scalp, needle
electrodes which slide under the
skin are occasionally used. They
are usually made of stainless steel
and give poor recordings. Other
types (not recommended for
home experiments!) include
nasopharyngeal electrodes which
are inserted through the nostrils
to make contact with the lower
surface of the temporal lobe,
sphenoidal electrodes which are
inserted through muscle tissue,
and intercerebral electrodes which
are implanted in the brain.
Perhaps I'd better not say any
more - I don't want to put you
off your supper!

Why Worry?
If I've made it all sound

impossibly complicated - don't
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worry. The electrode requirements
for the monitor are much less
stringent than for recording an
EEG trace. Most EEG users have
favourite electrode types (whatever
they happen to be used to) and
develop procedures for applying
them that owe more to practical
experience than to text book
theory. You'll probably find the
electrodes a bit fiddly to apply
the first few times, after that you'll
wonder what all the fuss was
about. So, don't worry. Worrying
spoils the alpha signal!

The Second Step
Last month I described how

you might connect up the
monitor and wait for your alpha
rhythm to arrive. Now it's time to
go a stage further and learn to
control it!

The first major study to show
that voluntary control of the alpha
rhythm was actually possible was
undertaken by a research
psychologist by the name of Joe
Kamiya. His results were
published in 1969 under the
rather forbidding title 'Operant
Control of the EEG Alpha Rhythm
and Some of its Reported Effects'
Kamiya's research is now very well
known and a brief description of
his experiments has even
appeared in the pages of ETI
(Biofeedback Monitor, November
1986). Since it is an excellent
introduction to alpha training and
something you can easily do
yourselves, I'll run through it
again.

Kamiya's first aim was to train
his subjects to distinguish
between the 'feeling' of two
different brainwave states. He
would connect his subjects to an
EEG monitor which he could see
but they couldn't. On a signal (the
ringing of a bell) his subjects had
to say whether they thought they
were in state A or state B. Since
Kamiya hadn't actually told them
what these states were, they had
no choice at first but to make a
wild guess. He would then tell
them whether they were right or
wrong. After some time, his
subjects would begin to recognise
the difference between the two
states and the guesses would
become more and more accurate.
Some people became so sensitive
that they could get it right every
time!

The A and B states were, of
course, states where the alpha or
beta rhythms were present. How
long do you think the sensitivity
took to develop. Weeks? Months?

Not at all. After only three hours,
most of his subjects were right 75
to 80 percent of the time!

Once Kamiya's subjects had
learned to recognise the alpha
and beta states, it was not long
before they learned to stay in one
state or the other. Concentrating
on the alpha rhythm, he used a
modified EEG machine which
produced a tone whenever alpha
activity was present (just like the
ETI monitor). Eventually he taught
people to produce alpha on
command - one ring for stop
and two for go!

Kamiya's first experiment has
the disadvantage of requiring two
people - a 'subject' and an
'experimenter' but with the
monitor you can do it all yourself.

- Set the controls to 'alpha' and
'integrate' and adjust the gain
control until the sound just stops.
Close your eyes and let the alpha
rhythm come, just to check on
the gain setting. If all is well, set
the output switch to 'mute'. Now
you have no clue from the
monitor to tell you whether or
not you're producing alpha.

Settle back in your chair and
place the monitor so that you can
flick the output switch without
having to move more than a
finger. Every time you feel
particularly relaxed and your mind
is not thinking of anything in
particular, flick the output switch
to 'integrate. If you are producing
alpha the monitor will sound, if
you're not, it won't.

If you are training someone
else, you can duplicate the
experiment more precisely. It is a

simple matter to add a
headphone socket to the monitor,
and by listening to the sound
while your trainee hears nothing
you can take Kamiya's place as the
experimenter. There's no need for
a bell - this was used because
the experimenter and subject
were in different rooms to avoid
any distractions.

When you have had reasonable
success at guessing your alpha
state, learning to control it should
be easy. Often, this kind of
training is done in less than an
hour. How long you practice is
determined only by the amount of
control you want to achieve.

The first thing to try is to keep
the alpha rhythm going for as
long as possible. At first you will
probably find that the slightest
distraction will turn it offg- even
the sound from the monitor!
You'll get a beep every five
seconds or so but after a while
you'll be able to keep the monitor
sounding for longer and more
frequently.

Having trained yourself to
produce long trains of alpha, the
final step is to increase the
amplitude. Set the gain control
lower and try to make the monitor
sound. When you have succeeded
in producing a five second burst
of alpha, set the gain control a
little lower still and try again.
After the next five second burst,
set the gain even lower, and so
on.

Although it is possible to
achieve a good level of control in
a surprisingly short time, it's best
not to push too hard. Three hour
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long sessions are OK for research
laboratories but not sensible or
desirable at home. Take it easy
and do one or two half -halt
sessions a day. Don't be too
impatient. Even if it takes a week,
it's not that long out of a whole
lifetime, is it?

Dr. David Shapiro of the
Harvard Medical School
discovered an interesting way to
speed up the learning process.
Every time one of his (male)
subjects built up a score of
twenty correct responses, he
would be rewarded with a five
second flash of a Playboy nude!
Shapiro's experiments were
actually for blood pressure control
rather than EEG but a similar
principle no doubt applies.
There's no record of how high his
subject's blood pressure rose
during the reward!

One thing that seems to
emerge from many biofeedback
studies is that learning proceeds
faster if the feedback is given in
an interesting way, possibly in the
form of a game. Sterman used a
projector to display a picture
which was slowly completed as
his subjects produced more of the
appropriate type of brainwave.
This could be duplicated quite
easily with the aid of a home
computer and the monitor's
output sockets.

Dr. David Lewis chose an
electric train set as the feedback
from his EEG machine. The more
alpha produced, the faster went
the train! Dr. Lewis's work was the
subject of a recent QED television
documentary, so you may have
seen this yourself.

Why Do It?
If you haven't built the monitor

yet, you may be wondering why
you should want to control your
alpha rhythm in the first place. If
you have built the monitor, you've
got the answer already. It feels
good!

The people who will get most
benefit from alpha training are
those under stress - which
applies to an awful lot of us if the
figures for stress -related illnesses
are anything to go by. From my
own experience I can say that it
leaves you feeling calm, peaceful
and clear-headed, which is a state
I can highly recommended! Many
other people report similar
effects.

If feeling good seems too
frivolous an objective, there have
been numerous studies in relating
alpha to some of its secondary
effects - everything from pain

control to curing bruxism
(excessive grinding of the teeth).
The clinical application of alpha
training is much too wide a
subject to even begin on here, but
at the end of the article I've
suggested a book which gives an
excellent overview of the topic.

One interesting line of
research I would like to mention
is Dr. David Lewis's 'Alpha Plan:
Dr. Lewis regards alpha not as an
end in itself, but as a stepping
stone to re -programming your
mind. This is an almost unique
departure since most clinical
application of biofeedback has
consisted, in essence, of finding
people with some kind of
problem, teaching them to
produce alpha, and seeing if they
get all better again. Sometimes it
works well, sometimes not so
well, and sometimes not at all.

The Alpha Plan takes the alpha
state as a starting point and uses
it to create a 'mind map' which
sums up your current state of
performance. Then the new
'program' is mentally rehearsed in
alpha until it becomes something
that Must happen. The whole
procedure is almost on a
production line basis, with forms
and charts to fill in at all stages
and scoring systems. (In learning
to 'mind -mirror', for instance, you
score six points for an experience
'as clear and vivid as if I had
actually been there' and only two
for a 'fleeting impression'). If it
will do a tenth of what Dr. Lewis
claims, it has to be worth a try!

Theta Control
The case for learning theta

control works in both directions.
Theta seems to be strongly
associated with creative thought,
so the aim of increasing it is to
become a more imaginative and
creative person. On the other
hand, it is also associated with
drowsiness and research suggests
that being able to suppress the
theta rhythm will help you to
cope with boring, repetive tasks
without losing concentration. If
you learn to control the rhythm,
you should be able to do
whichever you choose according
to the circumstances.

Theta training can take place
on two levels. At the borderline
between waking and sleep, theta
activity is at its most intense. If
you start off at this 'deep' level,
the aim is to maintain the state
for as long as possible without
drifting off into sleep or being too
alert to your surroundings. If the
creativity theory is correct, you

should find that just remaining in
the state for long periods will give
you new insight into your life or
new ideas about your current
projects and schemes.

One way to prevent yourself
from falling asleep is to sit in a
chair with no head rest (although
it should be fairly comfortable). If
you begin to nod off, the
movement of your head will
probably wake you up again. It
also has the advantage that you
won't disturb the electrodes.
Turning up the volume on the
monitor may also help to keep
you awake.

'Twilight learning' is an
interesting application of the theta
state. Some of you may remember
the fad for sleep learning of ten
years or so ago. It soon fell from
favour - mainly because it didn't
actually work! Budzynski tried out
a variation of this with a tape
recorder triggered by theta waves
so that learning would take place
in the state of reverie before
sleep. He had some success with
the method and you can try it for
yourself if you connect a tape
recorder via the on -off output
socket of the monitor.

Theta does not only occur
close to sleep - some activity is
present during the normal waking
state. Theta training on the
'shallow' level can be used to
increase your flashes of creative
thought throughout the day and
decreasing it may aid your
concentration.

Further reading
An excellent guide to the

current state of the art in
biofeedback is 'Biofeedback -
Potbntial and Limits' by Robert M.
Stern and William J. Ray. In 1978 it
was awarded the American
Psychological Foundation's Media
Award as an 'identification of what
is fact, fantasy and fiction about
biofeedback: The authors write in
a clear and interesting way (we
might even consider them as
contributors to ETI!) and the book
covers the history of biofeedback,
how to go about 'doing' it, how it
can help with migraine, high
blood pressure, asthma, and so
on. It also contains an extensive
bibliography for even further
reading on all the topics it covers.
Published by Bison Books, price
f3.95.

Dr. David Lewis's Alpha Plan is
detailed in his book called,
naturally enough, 'The Alpha Plan.
Published by Methuen, price
f250.
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OPTIONAL CIRCUIT IF
TAPE LINE INPUT USED

Tape Loader For
The Spectrum
S.L. Jones
Anglesey

This circuit was designed to enable
I programs to be loaded into a

Spectrum computer from the line
output of a hi-fi tape recorder, thus
avoiding the use of an extra portable
tape recorder.

The low level output from a hi-fi
tape recorder requires amplification
to give a suitable level for driving the
ear socket of the Spectrum. The
signal also needs to be of a low

impedance. If the microphone input
of the tape recorder is used then this
can be directly connected to the
Spectrum mic output. However, if
the line input is used this signal will
also require amplification.

The output from the tape recorder
is first passed through RV1 which
acts as a volume control. The signal
is then amplified approximately fifty
times by IC1. A LM311 is used as it
is capable of driving TTL loads. If the
tape line input is used then the extra
amplification can be provided by the
optional circuit around IC2. SW1 is
used to switch the connections to
the ear and mic sockets of the
Spectrum. This is necessary to pre-
vent feedback when saving programs
and saves having to plug and unplug
the leads to the computer.

The power for the circuit can be
provided from the Spectrum power
supply. An extra lead is then required
to connect it to the computer 9V
socket.

For saving programs the mic
output is selected by SW1 and the
recorder level controls are set as
required. For loading programs the
ear input is selected and the signal
level (RV1) is adjusted in a similar
manner to the volume control on a
portable tape recorder. It has been
found that, in use, loading of
programs is more reliable than with
a portable tape recorder.

It may be possible to adapt this
circuit for use with other computers.

Direct -Ion
Improvement
A.P. Towner
London

D eaders may be interested in
II%some modifications made to
the Direct -Ion air ioniser (ETI, July
1986). The author suggested having
the neon lens on one end of the case
with the bulb behind it. There is not
enough room in the case to allow the
bulb to fit inside the lens if it is
mounted in this way. However, if the
neon is soldered to the back of the
PCB, the lens can be mounted on the
top of the case with the neon bulb

inside it, giving a brighter glow
without having to fill the lens with
Araldite (although you can still fill it
with Araldite if you prefer the
diffused light effect).

As suggested in the article, I used
a PB22 rifle cleaning brush as the
emitter, and mounted it as shown.
The brush is threaded and will screw
onto a 4BA bolt. After a few months
of continuous use, the brush picks
up a lot of dust and dirt and with this
arrangement it can easily be
removed for cleaning. The 4BA bolt
also provides a useful connection
point for EHT experiments, and for
some of the outrageous activities
suggested in the article! To improve
the appearance, I surrounded the nut
with the plastic ring from a 5mm LED
clip. CASE

20mm

PB22 RIFLE
CLEANING

BRUSH

NUT LED CLIP
RING

RESISTOR
LENS 4BA PANHEAD LEAD

BOLT
SOLDER TAG
SMOOTH JOINT
WITH NO SHARP
POINTS
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Variable Mark -to -
Space Generator
L. Robinson
Aberdeen

This circuit produces a square
I wave output with a variable mark -

to -space ratio selected by means of
a rotary switch. The ratio can be
adjusted between 9:1 and 1:9 in nine
precise steps.

The 0 output of the 4017 decade
counter is used to reset the NOR
gate latch. One of the remaining
nine outputs then sets the latch after
the selected period. With the
number 7 output selected as shown,
the latch is reset after seven clock
pulses have been received at the
clock input, giving a mark:space
ratio of 7:3.

Two Transistor
Latch
L. Robertson
Aberdeen

This circuit operates in a similar
I way to an SCR. When the trigger

input is held high Q2 is turned on
and, in turn, this turns on Q1. The
collector current of Q1 provides the
base current of Q2, developing a
voltage drop of 07V across R1.

When the trigger voltage is
removed the transistors will remain
on because of this base current. The
only way to reset the circuit is by
removing the supply momentarily by
means of the RESET pushbutton
switch.

VDU Sync Sorter
L. Sage
Bingley

The circuit will accept either posi-
tive or negative sync pulses, and

either composite or separate line and
field sync, at TTL or CMOS levels. It
produces a negative -going composite
sync output. This greatly enhances
the versatility of a monitor allowing
it to be connected to a wide variety
of different signal sources without
the need to fiddle with sync
switching.

This is particularly useful for
schools and colleges where the
person setting up or operating the
video equipment may not be techni-
cal and just expect the various pieces
of equipment to work without adjust-
ment when connected up.

Separate line and field sync
pulses are fed to Q1 via the two
diodes. These isolate the pulse
sources ensuring they cannot

interact with each other. Q1 is con-
nected as a phase splitter and
together with the bias at the base
D1,2 set the sync slicing level at
around 2.7V. Opposite polarity sync
pulses appear at the collector and
emitter of Q1. Q2, 3 are biased off.

Positive sync causes Q2 to con-
duct resulting in negative sync out-
put. With negative sync input Q3
(connected to Q1's collector) receives
positive sync, again resulting in
negative sync from the collector. The
output is always negative -going
regardless of the polarity of the input.

An input level greater than 1.7V
peak will be accepted, the diodes
slicing off any input greater than
around 3V. R6 ensures Q2, 3 do not
saturate and can operate at high
speed.

The unit can be built into a mon-
itor itself and the prototype was built
into a TV converted to a monitor. If a
composite sync is available (as with
many home computers) then this is
simply fed into one of the diodes, the
other remaining open circuit.

FIELD SYNC I/P 01

EVE OR -VE
POLARITY

LINE SYNC I/P
OR COMPOSITE I/P D2

E 0

R2 R3
100k 2k2

R7
6806

01 02

Cl
4o7

R1 R4
47k 2k2

0 +12V

0 11-OUTPUT
NEGATIVE -GOING
COMPOSITE

03 C2
4u7 NOTE.

4- 01,2.3 = 2N3904

R5 R6 R6
10k 330R 10k

00V
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OPEN CHANNEL
MI

MI MI IN
OM IN IN

Shock, Horror: Sun -spots
Prevent Telecommunications!

Ain't life strange? Here I sit on a
wonderful sunny Sunday after-
noon, high on a cliff -top camping
site in North Yorkshire, over-
looking the incoming tide, with
the sounds of cattle lowing and
sheep baah-ing in the fields close
by and bees buzzing around the
clover.

With us and two other caravans
on the site it's hardly crowded. I've
just packed away the barbeque
(sausages and beefburgers for
Sunday lunch) and the missus has
just dozed off in her deckchair.
She'll be mad when she wakes up
and realises she's missed the
Eastenders repeats on the telly.

With a start I realise that the
price of this holiday is that I can't
doze off too because there's work
to be done. Although a writer's
lifestyle is generally pretty
advantageous there are times
when work gets in the way and
this month's Open Channel
proves to be one of them.

It would be nice to say that I step
into the caravan, pull out my word
processor from its hidden flap to
type in my tome, connect my
cellular phone to the word
processor and call the ETI office,
connecting via the ETI auto -
answer modem to download the
article.

It would be nice to say that, but
I can't. The site hasn't got mains
supply facilities so my word
processor can't be used (I can't
afford a battery -powered portable).
I haven't got a cellular phone (I can
afford one but refuse to have one
on the grounds that the phone
interrupts my life enough when
I'm at my desk, without doing so
when I'm driving or when I'm on
holiday) and I didn't bring my
word processor anyway.

ETI hasn't got an auto -answer
modem capable of downloading
magazine copy, so my word pro
cessor, cellular phone and modem
wouldn't be of much use anyway.

Better By 1st Class Design
Instead, all I have is a pencil, an

M pad and an old portable type-
writer. After a rough first draft on
paper, I shall bash out the article
on the typewriter and post it with
a first-class stamp in the village
post-box later today on our
evening stroll.

Even with the vagaries of the
Royal Mail first-class service it will
land on the Editor's desk no later
than Wednesday.

Oh sure, with a lap -top portable
computer, modems and cellular

phone it could have been received
one or two days sooner. I'm not
disagreeing with that. But all that
costs a lot of money -a first class
stamp costs 18p.

The whole point I'm making is
that anything is possible with
modern-day communications sys-
tems -we all can use them to give
the great advantage of speed.

On the other hand, unless that
extra speed is vital (which I would
venture to suggest, in most cases,
it is not) then the cost of the
telecommunications systems pro-
bably makes the whole thing
economically unviable.

It's not that I'm a Luddite. Far
from it, I am always among the first
to welcome change for the better
when it's instigated by electronics
developments. What I do disagree
with, however, is change for
change's sake - which seems to
occur far too regularly, these days.

In industrial marketing and sales
terms, companies must be
'market -led' - the products which
the company offers for sale must
be those wanted by the customers,
at a price the customer is prepared
to pay.

New Heights
A recent report on 1985-86

growth of world semiconductor
companies shows that most Japa-
nese companies must have it right.
Sony, the fastest expanding com-
pany in the world almost doubled
in size. Even the slowest growing
Japanese company, Hitachi, in-
creased by about a third. In
contrast the fastest growing
European semiconductor com-
pany, Philips, grew by only 26% or
SO.

New Heights II
From the spring of 1988, a small

number of British Airways trans-
atlantic Jumbo jets will be fitted
with on -board telephones for
passenger use, on a preliminary
trial basis.

Outgoing calls will be possible,
linked via an I nmarsat satellite and
Goonhilly ground station into BT's
telephone network. One wonders,
is this an example of market -led
philosophy. Brings down to earth
my objection to having a cellular
phone, doesn't it?

Now, back to my holiday. The
sun is still shining, Eastenders is
long over, the missus has just
woken up and the tide is in. I think
I'll take a wander down to the
shore to do a spot of fishing.
Perhaps I'll catch some supper -
red herring no doubt.

Keith Brindley

PLAYBACK

When I consider attempts to
produce radical improve-

ments in sound quality I am
reminded of the story of the man
who lost a marble. He searched
high and low in well lit places but
not in dark corners. When asked
why, he explained that he wouldn't
be able to see it in the dark.

Arguably, the loudspeaker is the
weakest link in the audio chain, so
there would seem little point in
expending money and effort to
improve the quality of the rest of
a sound system until good loud-
speakers have been installed even
if other parts of the system are
easier to find.

Compare two different but good
quality amplifiers and then do the
same for two sets of loudspeakers.
The difference between the
amplifiers will hardly be
detectable while the loudspeakers
will usually sound very dissimilar.
At least one pair of speakers must
be giving inaccurate reproduction.

Let's assume that the ideal loud-
speaker should give an accurate
acoustic replica of the electrical
signal from the amplifier. There
are several good technical reasons
why most loudspeakers cannot.
First of all, the force applied to the
loudspeaker cone by the coil is
proportional to the strength of the
magnetic field. It is almost
impossible to avoid small
variations of field strength along
the gap between the pole pieces.
As the coil moves, it experiences
different magnetic fields and
hence responds differently.

The cone of the loudspeaker
must be suspended (or it will fall
out!) and the suspension itself
adds distortion. There must
obviously be a restoring force
tending to centre the coil in the
magnetic gap or else there is
nothing to stop it gradually
drifting to one end or the other.
This restoring force inevitably
compresses the peaks and troughs
of the waveform.

Even if the magnetic field and
cone suspension were perfect, the
speaker is mounted in a box. As
the cone moves back into the box,
the air inside is compressed which
resists further motion. If it moves
outwards, the air inside is rarified,
with the same effect. This also
compresses the tips of the
waveform. Internal box reson-
ances increase the effect at some
frequencies and reduce it at
others. Ported enclosures reduce
this problem and maintain the low
frequency response down to a
cutoff frequency, below which the
response tails off very rapidly. The
infinite baffle (closed box) design

GO I=P8

starts to lose low frequency
response from a higher frequency
but the rolloff is gentler.

Lack of rigidity in the box adds
its own 'colouration' (distortion) to
the sound as well.

The frequency response of a
loudspeaker would not be flat
even if it were perfectly linear. The
coil has both inductance and resis-
tance, and therefore does not
work with the same efficiency at
all frequencies.

Mechanical resonance due to
the mass of the cone allied with
the suspension and box pressure
effects also adds peaks and dips
to the graph of the frequency
response. This is reduced to some
extent by the back EMF generated
by the loudspeaker coil as it moves
which opposes the motion - if
the amplifier's output impedance
is low enough not to resist this.
Even so, the self resistance of the
loudspeaker coil limits the
effectiveness of this damping no
matter how low the output
impedance of the amp or how
thick the loudspeaker cable.

Audiophile CD

Sony has introduced a new top
end compact disc player, the
CDP-555ESD which will give you
5p change out of a cool grand. The
design advantages claimed should
satisfy the testiest hi-fi tester if they
work out in practice. In particular,
the analogue power supply is
separate from the digital one to
avoid low level digital noise on the
sound and the left and right
channels are completely isolated
to give the best possible channel
separation.

Sony also claims the use of non -
inductive electrolytic capacitors
and plastic moulded carbon film
resistors with gold plated end
caps. Surprising, as I understood
current thinking to favour metal
film resistors for hi-fi.

One aspect which I hadn't
thought of before I saw it on
Sony's press release is that the
digital output is synchronously
latched to avoid any traces of jitter
on the samples, which I suppose
might cause intermodulation.

Sony says this model replaces a
two box player costing much more
but the bits which must be kept
separate have been separated
while fitting them all in one case.
Now we can all afford one!
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BOOK LOOK

This month I'm taking a look at
I a couple of books for readers

in their second childhood. There
are many people who think that
adults playing with train sets is a
display of immaturity (my wife for
one). Now you and I know that
great fulfillment can be had at the
controls of an electric train!

Whether you play trains for your
own benefit or it's your kids who
spend the time on the tracks,
these two books will help you get
that little bit extra out of the train
set with the help of a little electro-
nics and a home computer.

Electronic Circuits for the
Computer Control of Model Rail-
ways by R. A. Penfold (Babani)
£2.95.

Yet another work from the
ubiquitous Mr. Penfold.

The circuits are nominally aimed
at owners of the BBC micro
although it is only the 8 -bit user
port which is used so other
machines are equally applicable.

The book is divided into two
sections of power control and
position sensing - the two main
ingredients of model train control.

The power control section starts
with a simple relay driver and
works through a ramping con-
troller, a digital to analogue
converter and various smoothed
power supplies to a pulse width
modulated control.

Unlike most of the Babani
books, this one does have some
constructional details for the
circuits, but only for a couple of
them. A PCB foil and overlay is
provided.

The ramping controller is not
the most exciting circuit in this
section so it is rather strange to
find this one singled out for the
full treatment. However, anything's
better than nothing.

The second half provides two
simple optical detectors (broken
beam and 'shadow detector') and
a magnetic reed switch sensor.
These are not new, of course, and
can probably be found in
innumerable other Penfold/Babani
books.

The shadow detector (a light
threshold switch meant to be
placed pointing upwards between
the tracks so a passing train casts
a shadow on it) is given the full
construction treatment with a PCB
foil and overlay. However, as the
circuit is one chip and two
transistors, any method not using
stripboard has to be overkill.

The second section also has a
few miscellaneous circuits thrown
in for good measure - an LED
signal lights driver and a points
controller.

For hardened fans of the Babani
genre this book should please
well. It raises no eyebrows and
covers next to no new ground.
There's little practical help either
and absolutely zero software
backup. It is cheap, though.

Computer Projects for Railway
Modellers by Roger Amos and
Martin Cock (Patrick Stephens)
£4.99.

When the title talks about
'railway modellers' and not trains
sets or toy trains, you know you're
into the serious stuff.

Regular ETI readers may remem-
ber Roger Amos' columns in this
mag around a year ago.

This book is aimed at Beeb and
Spectrum owners and includes
many program listings to use the
hardware. Of course much of what
it says can be applied to other
machines too but your own soft-
ware will have to be written for
that.

This book is far less specific
about particular arrangements of
circuits than Penfold's but it is also
more in line with the accepted
ideas of 'railway modellers'

It concentrates on the normal
method of train control of splitting
the layout into sections and
switching each section under the
control of the main controller as
a train passes onto it. The circuits
given are for the computer control
of the switching, involving both
train detection (by monitoring the
track section's conductivity) and
power control (relays and ADC
methods).

Some straight computer pro-
grams requiring no hardware at all
are also listed - a timetable dis-
play and sound effect generator,
for example.

No details of construction of the
circuits are given. This is par-
ticularly strange (and rather a
shame) as so much other basic
explanation is given.

It's obvious this book was
written by train enthusiasts
dabbling in computers and
electronics, whereas Mr. Penfold
is an electronics enthusiast
venturing into the realm of train
sets.

Nevertheless, both books can
serve a useful purpose. Penfold's
is better for the mere enthusiast.
It gives plenty of scope for ex-
perimentation with both electro-
nics and trains. The book from
Amos and Cock is far more for the
dedicated train enthusiast who
wants to get his layout that bit
more up to date.

Malcolm Brown

KEYNOTES

I
The utopian goal of a music
I creation/editing system based

entirely on software running on a
personal computer is still a long
way off. The gist of computer
music is to replace hardware with
software, rather than to augment
existing hardware.

The excellent software packages
now available for MIDI sequenc-
ing, sample editing and synth
parameter editing do not con-
stitute computer music, strictly
speaking, since they do nothing to
reduce the cost of a set-up, while
versatility and upgradeability
remain limited mainly by the
hardware itself.

Open Options

The ideal is to perform all
synthesis and processing in
software, which is by its very
nature open-ended and non-
restrictive. Hardware should take
the form of a personal computer
equipped with no more than a
keyboard interface and an ADC
and DAC convertor or two or a
serial digital link to, say, an R-DAT
recorder.

Given that interactiveness and
thus instantaneous response (real-
time operation) are what music
and musical instruments are all
about, the current generation of
microprocessors and hence per-
sonal computers are quite simply
too slow to turn the computer
music dream into reality at
present. Real-time computer
music is actually a reality at
establishments such as Stanford
University and IRCAM but only at
the expense of resorting to VAX
11/780 mainframes supplemented
by floating-point array coproces-
sors, pressurized fuel tanks, wide
wheels, you name it.

Most of us will have to contend
with varying degrees of compro-
mise for the time -being.

Music For Desktops

One such degree of compro-
mise is being offered by the CDP.
This is not a new political party but
an acronym for the Composer's
Desktop Project, which is closely
associated with the electronic
music studio of York University.
What they have done, or are still
in the process of doing, is to port
the impressive CARL audio
software (mentioned last month)
to the Atari 1040ST. The CARL
programs are designed to run
under a full-blown UNIX operating
system which would seem to make
the choice of the non -UNIX Atari

1.1111.311

4 17jVS,
not on y ambitious but even
unwise, in light of the spirally -
decreasing cost of true UNIX
workstations.

Non -real-time audio processing
requires some form of temporary
bulk memory for storing sound
sample data prior to playback.
This means a hard disk, with
about 1Mb of capacity for every 11
seconds of required sound. York
ran into another problem here -
the Atari's built-in hard disk
interface is unsuitable for the fast
transfer of data from disk to an
output interface at playback time
and so it was found necessary to
add an extra SCSI -standard board
to achieve this.

The output interface itself is not
of the ADC, DAC variety but
instead a serial EIAJ-format link to
a Sony PCM adaptor which con-
tains the necessary convertors,
also allowing digital recording on
a Betamax video recorder.

The PCM unit requires the
surgical implant of a small PCB
and DIN socket in order to gain
access to the convertors. Total cost
of the CDP system with a 40MB
hard drive is over £3,500 (not
including Betamax).

Quick, Quick, Slow

At the March launch of the CDP
at London's Royal College of Music
a duophonic jingle lasting about
two seconds took four minutes
and 22 seconds to generate.

CDP promised the future avail-
ability of a 68881 maths copro-
cessor for the Atari, an unworthy
vessel if ever there was one since
the machine makes no provision
for such a thing. CDP fully
recognized, however, that the
main priority was to get the soft-
ware fully running first. It still isn't
and development of the 68881
board, which should increase
throughput by a factor of up to
ten, is now scheduled to com-
mence next year.

A paper presented by two mem-
bers of the project at the London
AES conference, the week before
the launch, claimed 'The large gap
between what is possible theore-
tically and technically and what is
affordable and practically useable
by the individual composer is one
which the Composer's Desktop
Project aims not to fill, but rather
to short-circuit.

If the CDP get their act together
before the next election then they
stand to win some votes but in the
meantime there are alternatives to
consider.

Bruno Hewitt
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FT! PCB SERVICE
Build your projects in style with a properly designed PCB.

se the form below (or a
photocopy) for your order.
Please fill in all parts of the

form.
The board reference number tells

you when the PCB foil was published.
The first two numbers are the year
and the next two the month. The
number after the dash indicates the
particular project in that issue.

The terms are strictly cash with
order. Make cheques payable to
ASP Ltd. We cannot accept official
orders but we can supply a pro -
forma invoice if required. Such an
order will not be processed until
payment is received.

Orders can also be made by tele-
phone on (0442) 41221 for Access
and Visa card holders.

Please allow 28 days for delivery.

Price Price (inc VAT)
Code

C 1.80
D 2.50
E 3.23
F 4.00

4.75
H 5.50

6.62
7.20

L 8.80
M 10.60
N 13.10

15.80
P 17.90
Q 21.80
R 23.90
S 25.90
T 29.00
U 32.20
V 35.80

37.90
40.70

TO: ETI READERS' SERVICES DEPARTMENT
Argus Specialist Publications Ltd,
9 Hall Road, Hemel Hempstead,
Herts HP2 7BH

Please supply:

No. required Board reference
per type number

E

E

E

E

Price
letter

Price each Total for
board type f

p f . p
P f p
P E . p
p f . p

POSTAGE & PACKING

TOTAL ENCLOSED

0.75p

ORDER TO BE SENT TO: (BLOCK CAPS PLEASE)

Name

Address

Postcode

(Make cheques payable to ASP Ltd)
ACCESS and VISA credit card orders can be taken on (0442) 41221
(office hours only).

I -

E8107-1 System A Disc Input bd
MC -MM

E8107-2 System A Preamplifier Main K

E8108-1 System A Power Amp
E8109-2 System A PSU
E8201-2 Infant Guard
E8202-5 MM Stage Disc Preamp

(Tilsbrook)
E8206-5 Logic Lock
E8208-1 Playmate Practice Amp 3bds

SA1
E8212-1 ELCB
E8301-2 Analogue to digital cony (ZX81/

Spectrum)
E8305-3 Dual Audio Power Supply,

Linsley Hood
E8305-5 Balanced Input Preamplifier

E8307-2 Flash Trigger -sound or FR
E8308-1 Graphic Equaliser

1/3 Oct/Chnl
E8308-2 Servo Fail-safe
E8309-1 NICAD Charger/Regenerator

F

E8310-3 Typewriter Interface - EX42 F

E8311-1 Mini Drum Synth
E8311-8 Moving Coil Pre-Preamp
E8312-3 Light Chaser EPROM Controlled

(2 Boards)
E8402-1 Speech Board
E8402-2 Modular Pre -amp Disc Input

Mono
E8402-3 Modular Pre -amp Stereo

Output
E8402-4 Modular Pre -amp Relay,

PSU
E8402-5 Modular Pre -amp Tone Main

Mono
E8402-6 Modular Pre -amp Tone Filter,

Stereo
E8402-7 Modular Pre -amp Balanced

Output
E8402-8 Modular Pre -amp Headphone

Amp
E8404-2 Mains Remote control Receiver

F

E8405-1 Auto Light Switch
E8405-2 ZX81 EPROM Programmer... N
E8405-3 Mains Remote Control

Transmitter
E8405-4 Centronics Interface
E8405-6 Drum Synth
[8406-1 Oric EPROM Board 0
E8406-2 Spectrum Joystick
E8406-3 Audio Design RIAA Stage G
E8406-4 AD Buffer/Filter/Tone
E8406-5 AD Headphone Amp
E8406-6 AD Preamp PSU
E8406-7 AD Power Amp
E8406-8 AD Power Amp PSU
E8406-9 AD Stereo Power Meter
E8406-10 AD Input Clamp
E8407-1 Warlock Alarm M
E8408-2 EPROM Emulator
E8408-3 Infrared Alarm Transmitter ... E
E8408-4 Infrared Alarm Receiver
E8409-1 EX42 Keyboard Interface
E8409-2 Banshee Siren Unit
E8410-1 Echo Unit
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E8410-2 Digital Cassette Deck
E8410-3 Disco Party Strobe H.
E8411-5 Video Vandal (3boards)
E8411-6 Temperature Controller
E8411-7 Mains Failure Alarm
E8411-8 Knite Light
E8411-9 Stage Lighting Interface
E8411-10 Perpetual Pendulum
E8412-1 Spectrum Centronics Interface

F

E8412-4 Active- 8 Protection Unit
E8412-5 Active - 8 Crossover
E8412-6 Active - 8 LF EQ
E8412-7 Active- 8 Equaliser
E8501-3 Digital Delay (2 boards)
E8502-1 Digital Delay Expander
E8502-2 Data Logger
E8503-1 Combo Preamplifier
E8503-2 TH D Meter mV & oscillator

bds (2 boards)
E8503-3 TH D Meter Mains PSU
E8504-1 Framestore Memory
E8504-3 Framestore Control
E8504-4 Buzby Meter
E8504-5 CCD Delay
E8505-5 Stereo Simulator
E8506-1 Audio Mixer Main
E8506-2 Audio Mixer PSU
E8506-3 Audio Mixer RIAA
E8506-4 Audio Mixer Tone Control D

E8506-5 EPROM Prog MKII 0
E8508-1 RCL Bridge
E8508-2 EX42/BBC Interface
E8508-3 EPROM Emulator
E8509-1 Spectrum
E8509-2 Direct Injection Box
E8510-9 Sunrise Light Brightener
E8511-1 MTE Waveform Generator H

E8511-2 Millifaradometer
E8511-3 Cymbal Synth
E8511-5 Chorus Effect
E8511-7 Enlarger Exposure Meter
E8511-8 Switching Regulator
E8511-9 Second Line of Defence
E8512-1 Specdrum connector
E8512-2 MTE Pulse Generator
E8511-3 Specdrum
E8601-2 Walkmate
E8601-3 MTE Counter -timer
E8602-1 Digibaro 0
E8603-2 Programmable Logic Evaluation

Board
E8603-3 Sound Sampler Analogue

Board
E8604-1 JLLH PA PSU
E8604-2 Matchbox Amplifier
E8604-3 Matchbox Amp Bridging

Version
E8604-4 MTE Analogue/Digital

Probe
E8605-1 Microlight Intercom
E8605-2 Baud Rate Converter
E8605-3 Baud Rate Converter

PSU Board
E8605-4 Portable PA
E8606-1 Midi -CV Converter Board H

E8606-2 Midi -CV Converter PSU
E8606-3 Troglograph
E8606-4 80m Receiver
E8606-5 Sound Sampler
E8607-1 Direction
E8607-2 Upgradeable Amp, MC stage

(Stereo)
E8607-3 BBC Motor Controller
E8608-1 Digital Panel Meter
E8608-2 Upgradeable Amp, MM stage

(mono)
E8609-1 Mains Conditioner
E8609-2 Experimental preamp
E8609-3 Upgradeable amp, Tone board

(mono)

E8702-5
(2 bds)

E8703-1 Capacitometer
E8703-2 Geiger Counter
E8 7 0 3-3 Credit Card Casino
[8704-1 BBC micro MIDI interface L

E8704-2 ETI Faker patch box
E8704-3 24Hr. Sundial
E8705-3 MIDI Keyboard keyswitch

boards (3 boards)
E8705-4 Batlite
E8705-5 Budget Power Meter
E8706-1 Hi-fi Power Meter
E8706-2 MIDI Keyboard CPU
E8706-3 MIDI Keyboard Front Panel 0
E8706-4 Flame Simulator
E8707-1 MIDI Keyboard PSU
E8707-2 Telephone Alarm
E8707-3 Nuclear Strategy Simulator
E8708-1 Remindalite
E8708-2 Rear Wiper Alarm
E8708-3 Rev Counter
E8708-4 Car alarm
E8708-5 Knight Raider
E8709-1 Boiler Controller
E8709-2 Amstrad Sampler (2 bds)
E8709-3 Portable PA
E8709-4 EEG Monitor (2 bds)
E8710-1 Concept CPU board
E8710-2 Concept Power board
E8710-3 Concept display board
E8710-4 Hyper -Fuzz
E8710-5 Big Digits digit board
E8710-6 Big Digits minute board
E8710-7 Big Digits battery board

E8609-4 Upgradeable amp, Output
board (mono)

E8610-1 Audio Analyser Filter
Board

E8 61 0-2 Audio Analyser Display
Driver

E8 61 0-3 Audio Analyser Display
E8 6 10-4 Audio Analyser Power

Supply
E861 1-1 Audio Switcher (2 bds)
E8611-2 PLL Frequency meter (4 bds) Q
E8611-3 Upgradeable Amp PSU
E8611-4 Call meter, main bd 0
E8611-5 Call meter, interface bd
E8612-1 Bongo Box
E8612-2 Biofeedback monitor

(Free PCB)
E8701-1 RGB Converter
E8701-2 Mains Controller
E8701-3 Flanger
E8701-4 Audio Selector main board M
E8701-5 Audio Selector PSU
E8701-6 Tacho-Dwell
E8702-1 Ratemeter main board
E8702-2 Ratemeter ranging board
E8702-3 Photo Process Controller

(3bds) 0
E8702-4 LEDline display board

(2 off)
LEDline PSU and controller

H

F

G
F

P

G
L

N
K

G

N

G

FM Stereo Tuner (February -April 1987)
In the parts list on page 49 of the February
issue, C2 and C3 are listed as 270n types. This
line should refer to C2 and C23 and the value
should be 470n. In Fig. 7 the un-labelled PCB
pad in the top right-hand corner is the +15V
input from the power supply. In Fig. 1 in the
April issue there is an un-labelled arrow
leading from the top of the diagram. It should
be marked CONTROL VOLTAGE OUTPUT TO
MUTING CIRCUIT. The arrow to the right of
the un-labelled one is marked '+5V IN' and
should read '+15V IN: In Fig. 6 in the April
issue, C63 and C64 should be shown as 330p,
not 3300p.

Power Meter (May 1987)
The foil for the budget power meter was given
50% full size on the foil pages. The correct size
foil appeared in the June issue.

MIDI Master Keyboard (June 1987)
The foils for the CPU board were given 64%
full size on the foil pages. Photocopies of the
correct size foils can be obtained by sending
a SAE to the Editorial address.

Flat Alarm (June 1987)
In the circuit diagram Q2 is shown as an NPN
transistor. It should be a PNP device as given
in the parts list. IC4 is given in Fig. 2 as a
74LS260 and C5 as 470n. They should be
74LS132 and 4p7 as in the parts list. R13 is
incorrectly given as 280R in the parts list
instead of 270R.

Nuclear Strategy Simulator (July 1987)
The bridge rectifier (BR1) on the overlay
diagram has no polarity markings. It should
be positioned with the positive at bottom left,
connected to the track which connects to IC8
IN and C4 positive.

Telephone Alarm (July 1987)
In the component overlay (Fig. 2) ICI and IC2
should be swapped. In addition the capacitor
to the right of IC1,2 is C1 and the inductor
between them is L1. The unmarked resistor to
the left of L1 should be a wire link.

Kappellmeisters (July 1987)
The position of the speaker port in the front
panel was omitted from Fig.2. This should be
a 71/4x41/2in ellipse centred across the panel
with its top edge 21/2in below the panel top.

Knight Raider (August 1987)
In Fig.1(a) pins 4 and 5 of ICI are swapped.
IC2-3 show the correct pin -out.

Car Alarm (August 1987)
In Fig. 1 Q7 is not numbered and its emitter
is shown unconnected. This connects to earth.
The transistors in the parts list went a little
awry. Q2-6 are BC237 and Q7 is a TIP31.

Boiler Controller (September 1987)
In Fig. 2 (a) the primary of T2 is shown
connected to Earth. This should be neutral. In
Fig. 2(b) one of the bridge rectifier diodes,
D6-9, is shown the wrong way around. This is
correctly shown in Fig. 5.
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MULTIMETERS

TM357 £39 + VAT
3.5 digit 0.4" LCD hand-held. 0.5% basic accuracy; 30 ranges.

TM358 £65 + VAT
3.5 digit 0.5" LCD hand-held. 0.5% basic accuracy; 31 ranges.
Conductance and hFE measurement.

TM452 £138.50 + VAT
4.5 digit 0.4" LCD hand-held. 0.05% basic accuracy; 31 ranges.
Conductance and frequency measurement.

TM355 £85 + VAT
3.5 digit 0.5" LED bench/portable. 0.25% basic accuracy;
29 ranges.

TM356 £95 + VAT
3.5 digit 0.5" LCD bench/portable. 0.25% basic accuracy:
29 ranges.

TM351 £115 + VAT
3.5 digit 0.5" LCD bench/portable. 0.1 % basic accuracy;
29 ranges.

thandar
ELECTRONICS LIMITED

MAIL- ORDER- METAL

ALUMINIUM
BRASS

COPPER
TIN-PLATE

SHEET
PLATE

ROD
BAR

COPPER -CLAD TUBE
INSULANTS ANGLE

EXPORT
WITH PLEASURE

ANY QUANTITY

ARGOSY LTD.
TIR LLWYD INDUSTRIAL ESTATE

ST. ASAPH AVENUE
KINMEL BAY CLWYD LL18 SJA

CALL : 0745 2202 & 0492 517500

Thandar Electronics Limited,
London Road, St. Ives, Huntingdon,
Cambridgeshire PE17 4HJ, England.
Telephone (0480) 64646 Telex 32250 Test.

THE LOGICAL CHOICE

It's easy
to complain about
an advertisement.

Once you know how
One of the ways we keep a check on the

advertising that appears in the press, on
posters and in the cinema is by responding to
consumers' complaints.

Any complaint sent to us is considered
carefully and, if there's a case to answer, a full
investigation is made.

If you think you've got good reason to
complain about an advertisement, send off
for a copy of our free leaflet.

It will tell you all you need to know to
help us process your complaint as
quickly as possible.

The Advertising Standards Authority.
If an advertisement is wrong, were here to put it right.

ASA Ltd, Dept 1 Brook House,
Torrington Place, London WC1E 7HN
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This space is donated in the interests of high standards of advertising.
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PCB FOIL
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The Big Digits minute board foil.
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CONCEPT

CONTROLLER

The Concept power board.

Go ld
oao
.04

GO:
.0:
046
0-crrip

044

03:05

oe

POWER

BOARD

DANGER
HIGH VOLTAGE

CO -E.
C11-0.

re-e.00
owe
0=4

1.111/
40 ET I

o

E 8710-1s

CONCEPT
CONTROLLER

T rig%

14110 0-0

The Concept CPU board solderside foil.
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The Bio-amplifier solderside foil
incorrectly given last month the wrong
way round.
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PCB FOIL PATTERNS
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FREE READERS' ADS
Buy, sell or exchange through our free service to readers
SCOPE. TEKTRONICS 545A. Full working order. Type L
plug-in. Full manuals supplied. £100. No offers. N. Platts.
Tel: (0666) 52067.
WANTED URGENTLY: Photocopy or original of service
manual for Novex NC1414CL-UK colour monitor. Tel: Jeff
01-453 0412.
ORGAN GENERATOR PCB. 8in x 4in complete 96 note.
5 footages + 5 drawbars. £40 - post paid. Tel: (0436) 71181.
SYSTEM A Curtis Class A power amplifier information
needed. Biassing of constructed amplifier incorrect. D.
Heaton, 5 Sibley Road, Heaton Moor, Stockport,
Cheshire.
WANTED: PCB or foil patterns of disco mixer ETI July/
August/Sept 1981. J. Anderson, Krokliveien 3, 0584, Oslo
5, Norway.
WANTED: ETIs. May to November 1985 inclusive and
January, February and June 1986. Phone (045382) 5330.
WANTED URGENTLY - circuit plants for Hilspin STL
controller four channel model. Phone 041-423 1001 after
6 pm.
KEF 8139 and T15 Concord enclosures. Pair as new.
Offers: Hawkhurst Way, Bexhill, Sussex.
APRICOT PC twin discs 900K RAM, mouse, turbo pascal.
Cost £2000 + extras. Sell f700. Tel: Steve on (0383) 822131
ext 3545.
WANTED: Any Sony reel -reel tape recorder. 17 Chapel
Lane, Upwey, Weymouth, Dorset.
CRT TESTER/REJUVENATOR, never used, Leader
LCT910-A, worth £365 new. Still new at £200. Tel: (0749) 3964.
WANTED: wooden base and perspex cover for dual 1219
or 1229 turntable. F. Cosgrove (0202) 432973.
MAGAZINES. Popular Home Computing volumes 1-5.
Approx 250 issues. VGC f30 lot. Tel: 01-699 1146.
EXPLOSION of Dragon 64! 1/2 dozen tapes software
(serious/games) free to good home. Phone Nick: Glasgow
339 1575.
WANTED: CIRCUIT DESIGN for any recent remote
control projects. Photocopies please. D. Furby, 57
Windham Avenue, Croydon.
INFORMATION WANTED about suitable current makes
of FM signal generators for band II radio alignment. Mr
Davies, Glos (0452) 770624.
SYNTHESISER: ROLAND SH101. 21/2 octave monophonic
with built-in sequencer. Battery or mains. £150. Tel:.
Inverurie (0467) 23033.
WANTED: MANUAL and circuit diagram for Cossor
CDU110 scope. Tel: (0594) 23982.
DISKS 25 DSDD 51/4in 96TPI. Only f20 brand new. M.
Edmonds, Richings, East End, Fairford, Glos. GU 4AP.

WANTED: GRUNDIG 1400 satellite professional or other
good multiband. Write to Victor McKaig, 15 Islandranny
Rd, Bushmills, Co. Antrim. BT57 8YE.
WANTED: SOURCES, INFORMATION, circuits of micro-
wave oven leakage detectors. G. Lewis, 79 Kingston Rd,
New Malden, Surrey, KT3 3PA.
ELECTRONIC LABORATORY HANDBOOK by M. G.
Scroggie. Hardback practical guide for enthusiast. £150.
Tel: Cooden (04243) 4932.
WANTED: INTEGREX AMBISONIC DECODER kit form or
assembled. Peter Curran, 48 Oxgangs Farm Grove,
Edinburgh. Tel: 031-441 5959.
WANTED: SERVICE SHEET/MANUAL for Rediffusion
(Shannon) B&W TV type MU2430 (for OAP) to buy or
borrow. Tel: 061-653 8275 (evenings).
OSCILLOSCOPE Iwatsu SS5702 dual beam 20MHz scope,
manual and probes. Excellent condition £200 or exchange
Cortex or CBM64. L. Millhouse, 7 Bentick Street,
Mansfield, Notts.
EPROM PROGRAMMER for Commodore 64. Handles
2764/27128 with program on tape/disk. Also two cartridges.
L20. Tel: Havant (0705) 454 352 evenings.
8088/Z80 microprocessor and peripheral boards from
obsolete equipment. All VGC. Offers invited. For details
telephone: 061-998 077Z
DISK DRIVES. 1Mb dual 3'/tin Mitsubishi drives suitable
for Atari, QL, BBC Micro. As new. £175 ono. Tel: (0206)
866736.
ASTEC SWITCH MODE POWER SUPPLY. +5V 3A, +12V
2.9A, +18V 1.0A, -5V 0.2A. £25. Tel: (0742) 745027.
TERMIPRINTER 60CPS LQ printer. L25. Solidisk 4Meg
256K sideways board. £75. Tel: 01-578 9136.
ENTERPRISE 64 TECHNICAL MANUAL WANTED: Will
buy manual or photocopies. Contact Niall Keegan, 63
Carysfort Downs, Stillorgan, Co. Dublin, Ireland.
WANTED: Complete set of ETI from first to latest. Please
telephone Gordon: (0945) 589867.
WANTED: Circuit diagram of 6 volt digital speedo for
bicycle, 26in wheel. LED/LCD. Postage refunded. P. Collins,
20 Hinton Street, Splott, CF2 2EU.
WANTED: BURGLAR ALARM. Cost plus airmail package,
to J. Samuel, PO Box 11295, Windhoek 9000, South West
Africa.
MICROBOX 2 complete and working, also Dennis system
with high-res video card. R. Allen, South View, Forncett:
End, Norwich. Tel: (095389) 420.
WANTED TEXAS TMS1000NLP-MPOO27A pre-programmed
24 tunes IC used in 'chromatronics' chroma-chime
musical door chime. Tel: (0909) 733680 C. Hodgkinson.

ME NM - MBE NM 1111111 MEM BM OEM MEM OM mom um - - Imo mom me - mom mum
CONDITIONS

These ads are only for ETI readers not engaged in buying or selling the same items or services
on a commercial basis.
Ads will be inserted as and when space permits. Insertion in a specific issue cannot be
guaranteed.
ETI reserves the right to alter or refuse ads whenever this is judged necessary.
All ads are accepted in good faith. Neither the magazine nor its publishers can be held
responsible for any errors in the reproduction of ads, nor for untruths or misrepresentations,
nor for the activities of advertisers or respondents.
Advertisers submitting ads for this section shall be deemed to have accepted these
conditions.

Ads should be ZU words or less including the address and/or telephone
number. Please write in black block capitals or type in the grid provided
on this form or a photocopy.

Send the form to:
FREE READERS' ADS
Electronics Today International
1 Golden Square
London W1R 3AB

Enter your advertisement below

I
I
I
I

11111M 11111M MEN MUM ME ONE MO M1111111 MEM MEM MEM MEM MEM
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everal circults providing dtfferent light effects. from
 the

sim
ple lightorgen to real lightcom

putara. have already
/m

ew
ed on the m

arket
T

his kit is som
ething new

a m
anl V

U
 m

eter w
ith 240V

bulbs T
he 12 bulbs are m

ounied as a Irghicolutnn w
hich

T
he

cording to T
he sound level

0001ac is galvanically separated and the 'em
otivity os

adtuslahle. so thete ts no danger w
hen connected to a pre-

am
plifier or to a pow

er am
tnifiet

12 trim
 outputs 400W

 each (non -cooled)
Input im

pedance ca 20 K
ohm

Input sensitivity adtustable horn ca 100m
V

 to 3V
 at full

scale
P

ow
er supply 9 V

A
C

A
0.5A

P
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p&
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T

his kit contains a 7 -segm
ent display consim

ing of 12 lem
per segm

ent and 4 lads for the decim
al point W

rth the aid of
a supplem

entary pow
er supply. it is possible loconneci this

kit to any m
isting circuit equipped w

it
com

m
on anode

displays of any brand and any dim
ension

If the died and segm
ent drivers of the circuit can supply

sufficient current. it w
ill be possible to connect in parallel

tw
o or rnore displays. or even leave the sm

all display of the
circuit In place and connecl the 20cm

 display in parallel
T

his latter w
ill not effect the brightness of the 20cm

 display
due to the specila concept of the driver circuit

C
om

m
on anode

P
ow

er supply 22 to 26V
D

C
 non -stabilized

M
inim

um
 anode ininput voliage Ion) 2V

M
axim

um
ode

put voltage loffl
1 2V

S
egm

ents input
i
m
p
e
d
a
n
c
e

106
S

egm
ent current static (R

6 001.40m
A

 m
ullipies

R
E

 -22011m
) )75reA

T
otal current consum

ption el static m
ode m

axim
um

400m
A

M
axim

um
 pow

er IL) 22V
I 8 M

au
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T
hus lot is in term

s of appearance and appltcation dent,.
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T
his unique tim

er is In principle a 24 -hour clock provided
w

ith 4 relaysw
ilched outputs and a program

...on period
011 w

eek 20 sentchong program
s can be m

em
orized and vra

m
e m

erobtane keyboard be program
m

ed O
utputs or

A
llperiods can be selected at

random
A

ll program
 steps are indicated be leds

A
 printed alu frontplate Is included in the kit. m

aking
M

ultiuse -In of this tim
er a sim

ple affair
T

his m
icroprocessor lim

e, w
as prim

arily designed for
industrial and labo purposes, but the am

ateur can use it on
dozens of applications as w

ell
20 daily or w

eekly program
m

able um
erfunctions

M
em

ory display of program
m

ed tim
er funcirons per output

nr per day
4 independent relay outputs (1 relay includedl
D

isplay of day of w
eek - A

M
/P

M
 - output - clock

O
N

 O
F

F
.

sleep
T
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er is based on the T

IN
S

 1122 m
icroprocessor

T
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A

C
 1A
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A
m

ens, a lot of tape/slide synchronizers are available on
the m

atte! T
he price of these devices varies from

expensive to very expensive
T

hose ow
ning a T

ape or cassene recorder can w
ith this

sim
ple and inexpensive device. record synchronizing pulses

and use these pulses to connol autom
atic slide protectors

T
he orcuit is sm

all In size and con easily be housed
P

ow
er supply 9 to 13V

D
C

C
urren) consum

ption 40m
A

O
uT

pui frequency (tone) 0 51(H
z

O
utput am

plitude )250m
V

Input sensitivity A
 m

inim
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 1.5V
 peak to peak

Input sent...Ilya m
inim

um
 100rnV

O
scillator A

M
V

 N
ee

Input im
pedance (B

)
1 K

O
hm

O
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O

hrn
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rice f12.75 a p&
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T
hree different tim

e intervals m
ay be selected by using a

m
ultm

ole rotary sw
itch W

ith sm
all com

ponent changes. the
,ntervals m

ay be vaned
S

om
e applications w

indscreen w
iper delay

draprolector

In
- hazard w

arning via the bralunglighis of the car
In the m

anual you w
ill find a com

plete description how
 10

build this 5111n a car w
ith w

iring tnstruettons to connect 1110
the existing w

e., installation
P

ow
er supply 12 15V

 D
C

Intervals 5 -10 -15 -seconds
R

elay output. 240V
, 24.4

R
elay output w

ith tw
o change-oyer contacts

C
urrent consum

ption
O

utput' F
F

' 25m
A

O
utput O

N
 100m

A
D

im
ensions 82.56.41 m

m

P
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an Interface S

ystem
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easure, convert

and control signals.

T
his universal Interface links your com

puter w
ith everyday

devices such as light and heat

sources, audio am
ps, pum

ps, w
aterheaters, etc._
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e have 10 function cards in our system
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com
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REF: ETI 6

ELECTRONICS TODAY INTERNATIONAL CLASSIFIED
Lineage:
44p (VAT excl) per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£1 2.20 per single column centimetre + VAT
Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card (available on request)

01-437 0699 Ext 292

Send your requirements to:
Julie Capstick
ETI Class. Dept.,
ASP Ltd.,
1 Golden Square,
London Wl.

COURSES

Start training now for the following
courses. Send for our brochure -

without obligation or Telephone us on
06267 79398

0 City & GuildsNAME Exam 271
O Radio Amateur

Licence
0 Micro-

processor
 Introduction to

Television
Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. TC)14 9UN.

COMPONENTS

PROMs - EPROMs - PALs
ANY PROGRAMMABLE IC SUPPLIED

OR BLOWN
Typical prices (excluding VAT) (Data

Entry and P&P extra)
2716 £4.20 2732 £3.85
2764 £2.85 27128 £4.40
BIPOLAR PROMs from £1.35

e.g. 82S123, 18S030, 74S288
PALS, PLDs etc. from £3.26
e.g. 82S153, 16LB, EP310

Full design and prototyping service.
Any quantity programmed - SAE or

phone for details.
P.L.S., 80 Central Road,

Worcester Park, Surrey. KT4 8HU
Phone: 01-330 6540

I.G.S. COMPONENTS Dept ETI. No18
Oueensway. Shelley. Ongar. Essex

CM5 OBN.
RESISTORS 1/4W 5% carbon film E12
10 off each value 4R7 to 10M £3 40 140
ceramic plates 50V £4 20 200 Ceramic
discs 50V 23 99 90 miniature polyester
caps f5 85 110 radial electrolytic caps
£8 30 65 horizontal carbon presets

f3 55
All packs contain full range of values at
useable voltages Full details in list free
on reouest Prices include VAT Orders

under £10 00 50p extra

01-437 0699
= RESULTS

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre. Cedar Electronics,
Unit 12, Station Drive. Bredon.
Tewkesbury. Glos. Tel. 0684
73127.

3" CF2 disks £2.20
3 5" unbranded DS disks £1.26
5 25" unbranded disks DS 96tpt £0.44
Resistors 25W 5% E12 values £0.01
25 way D plug. socket or shell £0.74
Cent printer cable. PC1512/IBM

£7.95
BBC printer cable £4.95
DIN plugs & SKT's 5,6.7 pin £0.20
LED's 5mm red. girt. amber £0.10
All prices inc. p&p. please add VAT

at 15% Te1-0689 22196

T -systems Ltd, The Signal Cabin,
61 High Street. Orpington, Kent.

BR6 OJF.

JOIN OUR
EXPANDING

"COMPONENTS"
SECTION. RING

01 437 0626

ENGINEERING

DESIGNERS
Making Your Own Software/

Hardware?
Need special Standoffs, Riv
Brushes, Boxes or Panels?

For FREE estimate contact:

ANDREWS ENGINEERING
Unit 42,

Middlefield Industrial Est.
Sandy, Bedford.
Tel: 0767-81518

ALARMS

FREE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440
AD ELECTRONICS

217 WARBRECK MOOR
AINTREE, LIVERPOOL L9 OHU

WANTED

Turn your surplus
transistors, IC's etc., into

cash. Immediate settlement.
We also welcome the

opportunity to quote for
complete factory clearance.
Contact:

Coles Harding & Co.
103 South Brink
Wisbech, Cambs.

ESTABLISHED OVER 10 YRS
Tel: 0945 584188

BOOKS

PARAPHYSICS Journal (Russian
Translation): Psychotronics,
Kirlianography, Heliphonic
Music, Telekinetics. Computer
Software. S.A.E. 4 x 9", Paralab.
Downton, Wiltshire.

PLANS & DESIGNS

ear ISO m

I t.":

Design and build your own electronic
dashboard.

Plans. instructions. circuits. parts lists
E4.95 inc p&p

BURLINGTON MOTOR CO. LTD.
(G6) ARCH 39M, BATH PLACE,
LEAMINGTON SPA. CY3 3A0.

SECURITY ALARMS - compre-
hensive, professional training
courses for those wishing to
further their career in the Alarm
Industry. Send or phone for full
prospectus. Castle Alarms &
Electronics, North Street,
Winkfield, Nr Windsor. Berks 0344
886446.

01 437 0699
= RESULTS

TERMS &
CONDITIONS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Our terms for new advertisers (semi -display
and lineage) are strictly pro -forma payments
until satisfactory reference can be taken up
(excluding recognised advertising agencies).
Cheques and P 0.'s should be crossed and
made payable to ARGUS SPECIALIST
PUBLICATIONS LTD. and sent together with
the advertiser -ant to,

-The Classified Dept..
No. 1 Golden Square,
London WI R 3A8.

There are no reimbursements for can.
celletions. Advertisements among too hoe for
a particular issue will to inserted in the
following issue unless accompanied by
instructions to the contrary. It is the res-
ponsibility of the advertiser to ensure Mal the
first insertion of every series is published
correetry and corrections must be notified in
time for the second insertion. otherwise the
publishers will not accept any liability or offer

any reduction in charges.
Alt advertising sales are subiect to Govern'
went Regulations concerning VAT.
Advertisers era responsible for complying with
the various legal requirements in force eg. The
Trade Destro' on Act. sex discriminat an act &
the business advenisements (disclosure)

order f 971.
Full Terms & Cortdrttons of Adverusing

treolable on request.
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EQUIPMENT AUDIO

w

WOULD YOU BUY A CAR
WITHOUT A TEST DRIVE?

THEN WHY BUY A MIXER
WITHOUT A TEST DRIVE?

hinking about a new project - from a small
fixer to a large studio complex - come and talk
ver ideas with the people who offer manufac-
Jring and user experience at our new premises.

Unit D. 318 High Road,
Benfleet, Essex SS7 5HB
TO TAKE THAT TEST DRIVE -

Committee visits
PHONE 0268-793381

Kcome by prior arrangement)

DARTRIDGE
U ELECTRON ICS

Nice, 56 Fleet Road. Benlleet. Essex SS7 5JN
Telephone 0268-793256

KITS AND
READY BUILT

ETI KITS assembled and tested*
by electronic trainees under
supervision within a purpose built
electronic workshop for as little as
£10* (* depending on type of kit
and complexity). Contact:- A.J.
Smith, Dept K.A. Electronics
Workshop, Lincoln I.T.E.C. Dean
Road, Lincoln LN2 4JZ. Tel. 0522
43532.

SWITCHES
VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P.C.B's available:
Herrington, 63 Home Fehr' Rd,
Hanwell, London W7 1NL.

RESULTS =
01 437 0699

FOR SALE

S
12
St
P.

Solar Powered Battery Charger £4.95
Universal Battery Charger £5.00
otk Battery £0.85

Terminal Blocks 5 amp £0.25
Rotary Potentiometers £0.45
Soldering Iron Kit 15 watt £8.50
Red L.E.D.'s £0.06
/.8mm/1.0mm PCB Carbide
Drills £1.00
3A Mains Rocker Switch £0.22
ABS Project Boxes from £1.00
C's from £0.15
Full range of Disco/PA Chassis
Speakers in stock. Call/write for best
)rices on all Disco/Group Equipment.
Postage & Packing cost on request.

PROJECT SOUND & LIGHTING
Unit One, St. Andrew's Street,

Greenock, PAIS 1HG.

l'ATIC SHIELDING bags 10" x
". Large quantity (Surplus
ocks). Open to serious offers.
E. Ltd. 0505-22391.

PLUGTOP transformers (Britich),
6 V 1 A AC (ideal for building PSU),
£5. kWh ("electricity") meters,
reconditioned, 40 A, £5. VACUUM
PUMP, rotary, needs oil, with 230V
single phase motor, belt, trolley
frame - any offers (buyer collects).
Bill Jarvis, Salewheel, Ribchester,
Preston PR3 3XU; tel Ribchester
215 (answering machine when
out).

PSUs, 16W Triple, 5V 2A, ±
12/15V 0.4A, Open Frame, Linear
unused, high quality, £10. Details I.
Mercer 01-941 5166.

RING JULIE
CAPSTICK ON

01 437 0699
FOR DETAILS ON

SERIES DISCOUNTS

SPECIAL OFFERS

FREE MEMBERSHIP to a new
NATIONAL ELECTRONICS

CLUB.
For details and a free gift of
components worth over £10

send only £1.00 p&p to
Woodside, Dowsett Lane,

Ramsden Heath,
Essex CM1 1 1JL.

F
T

III

S
T

M

Pt

C

REE..." Full -Spec" NE555
merl! + Projects...Return ad + 50p
)in (P&P)to...Kia-8, Cunliffe Rd,
oley...LS29 9DZ. Variable Power
Jpplies £6...12-40v stabilised
D3-Heatsink & Electrical cutout!!

?v/300W INVERTER Driver
odule. (Wiring diagram supplied).
).99; P&P £1.00 Chataigne
'oducts, Green Lane, Great
orkesley, Colchester, Essex,
D6 4HD (Pron. J A. Richmond).

CASSETTE MOTORS large and
small 2 for £1 00 Mono and stereo
cassette tape heads 2 for £1 00
Microphone small for cass tel etc.
2 for £1.00 Solar Cells at 35p each.
Please add 75p p&p, no VAT.
Access card accepted. Golden
Orange Supplies. Brockhollands
Road. Woodside. Bream, Lydney.
Glos. Tel: 0594 563009.

CONQUER ELECTRONICS
OFFERS A WIDE RANGE OF

COMPONENTS
(Resistors, Transistors, Capacitors.

Diodes, Valves, IC's, Etc.)
AT UNBELIEVABLE PRICES!

DISCOUNTS ON LARGE ORDERS
MANUFACTURE. DESIGN & REPAIRS

UNDERTAKEN

®For more information ring:
WOKING (04862)' 71897

or write to.
CONQUER ELECTRONICS,

25 Windsor Way, Maybury, Woking.
Surrey GU22 8DJ.

See review
ETI May 87

Are you
120mm x

Integral heatsink, no
external components
needed. Simply
mounts onto a flat
panel.

SUPERMOS ae.41=
Made in Great Britain

still listening with a class B amp/ Switch to SAGE CLASS A and you'll never
75mm x 50mm switch again,

50W to 150W real Class A

No other modules offer ANY of these
features-
* Active class A MOSFET 0/P (cool running)
* THD 0.0002% (2ppm), IMD unmeasurable.
* Slew rate > 250V/us.
* High output current @50amps, suits any

load.
* Very low, nested feedback for true Hi-Fi.
* Unique balanced i/p stage with exceptional

PSU ripple rejection for ultra clean sound.
Listen to the ultimate in CLASS A sound. SAGE CLASS A amps are unique in that we
guarantee they will not switch to class B under high drive or with complex loads as

conventional class A amps will.
SUPERMOS (MOSFET) £65. SUPERAMP (bipolar) £55 total inc. Full PSU details

supplied with modules. available separately £2.50. refunded on purchase.
To order send a cheque payable to SAGE AUDIO. export orders please draw cheque in

STERLING & add appropriate postage, weight 800grmsimodule
'Upgrade your upgredeable preamp with the Sage Super -regulator. A dual PSU module

with 1000 limes lower output noise 8 ripple than 78/79 regulators, £20. P 8 P £1.'
For further information on these and our other products send SAE or IRC's to

SHOE
Construction House, Whitley St, Bingley, Yorks BD16 4JH

fican Export Facilities Worldwide TEL. (0274) 568647 TELEX. 517783 Beton Group

CHRISTMAS COPY DEADLINES

DECEMBER ISSUE - 28th September
JANUARY ISSUE - 29th October
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EDINBURGH

OMNI ELECTRONICS]
stock a wide range of electronic components at

174 Dalkeith Road
Edinburgh EH16 5DX

Tel: 031 667 2611
situated midway between

Commonwealth Pool and Cameron Toll

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street Tel: 051 236 0154

47 Whitechapel. Tel: 051 236 5489

Liverpool 2

'THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

LONDON

ADVERTISE YOUR
BUSINESS HERE -
RING 01 437 0699

TYNE AND WEAR
ELECTRONIC COMPONENTS AND KITS

STATION ROAD, CULLERCOATS,
NORTH SHEILDS, TYNE & WEAR NE30 4P0

081 251 4363
MON-SAT 9.30 to 5.30

CLOSED THURS.

E
L
E
C
T
R
0
M

R
T

ETI OCTOBER 1987
65



r

El ALARMS 11 KITS

Lineage 51p per word (inc. VAT). Min 15 words. Semi -Display £12.20 per single column centimetre
+ VAT. Minimum 2cm. No reimbursements for cancellations. All ads must be pre -paid.
Write your advert in BLOCK CAPITALS in the grid below, ticking the section you wish it co appear
under, INCLUDING YOUR NAME AND ADDRESS IN THE WORD COUNT and send it to:
ELECTRONICS TODAY INTERNATIONAL, ADVERTISEMENT DEPARTMENT, NO: 1 GOLDEN
SQUARE, LONDON W1R 3AB.

r-1 SPECIAL I-1 ELECTRO- OTHER.0 FOR SALE I_j OFFERS LJ MART LJ PLEASE STATE

CLASSIFIED COUPON
ALL CLASSIFIED ADVERTISEMENTS MUST BE PRE -PAID.
THERE ARE NO REIMBURSEMENTS FOR CANCELLATIONS.
In enclose my Cheque/Postal Order for £ for
insertions, made payable to Argus Specialist Publications.
(Delete as necessary)
PLEASE DEBIT MY ACCESS/BARCLAYCARD NO

EXPIRY
DATE

INSERTIONS
VISA

1

Name

Address

POST CODE

DAYTIME TEL NO.

Signature Date

IF YOU DO NOT WISH TO CUT YOUR MAGAZINE, PHOTOCOPY THIS FORM

ADVERTISER'S INDEX

Argosy Electronics 58
ASP Binders 22
Audiokits Ltd 29
BK Electronics IFC
Cirkit Distribution 29
Cricklewood Electronics 42
Display Electronics IBC
Electromech Industries 8
Greenbank Electronics 42
Hart Electronics 17
Henry's Audio Electronics 29
ICS 22
Maplin Electronic Supplies OBC
Riscomp 22
Specialist Semi Devices 10
Stewarts of Reading 36
Thandar Electronics 58
TJA Development 66
TK Electronics 36
Velleman Kits 63
Zenith Electronics 36

RACK STYLE CABINET
Suitable for instruments, high quality amplifiers and many other purposes that demand

strength and professional finish.* New improved construction and finish.* Black anodised
aluminium front panel* Separate front mounting plate. no fixing screws visible on the front of
the enclosure* Heavy guage front panel is of brushed aluminium finish enhanced with two
professional handles* With ventilation slits and plastic feet* Rear box manufactured from
1 1mm steel painted in black. Rack mounting or free standing. Comes in quick assembly flat
package spare front panels available.

Order Code Panel Size Rear Box
W H (inch) W H D

ice

NME19101 19 x 1 75 17 x 1 5 x 10 2.4kg 23.50
NME19103 19 x 36 17 . 30 . 10 2.9kg 24.50
NME19105 19 . 5 25 17 x 5 0 . 10 3.5kg 26.50

NME19123 19 x 3 5 17 x 3.0 . 12 3.3kg 25.50
NME19125
NME19127

19 . 525
19.70 17 x 5 0 x 12

17 .65 .12
4 Bkg
4.6kg 27.50

29.95

Please add £3.00 P&P for the first item and £1.50 for each additional item. 15% discount on rack
mounting cabinets with this advert.

TEST EQUIPMENTS

C83A Digital Power Supply/Voltmeter £39.95
C83B Digital Power Supply £35.95
C89A Function Generator £35.95
C86A Conter/Timer £45.95
C87A Autoranging Capacitance Meter £42.95
MV338 Metal -mains detector £7.99

A new range of quality test equipment at the lowest possible price. The
C89A (f..29.95) and C86A (£39.95) are also available in kit form with full
construction details. Please add £3.00 p/p per item (£1.00 for MV338).

Special introductory offer, C83B (U9.95). A fully protected digital power
supply at the price of a digital panel meter. Offer ends 31 December 1987.

To order send cheque/postal order -- please allow up to 7 days despatch for cheque clearance.
Quality discount available. Customers who require further information please send S A E

Trade and overseas orders welcome Mail order only.

T.J.A. DEVELOPMENTS
Dept. ETI, 53 Hartington Road,

London E17 8AS.
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teOMPUTER WAREHOUSE
THE

1000's OF
BARGAINS
FOR CALLER

ALLADINS CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT
NOT LINE DATA PAH

*DISTEL°P
The ORIGINAL FREE OF CHARGE dial ur3 data
base. Buy, browse or place YOUR OWN AD for
goods or services to sell. 1000's of stock items,

spares and one off bargains. Updated daily.
ON LINE NOW. CCITT, 8 bit word, no parity.

For 300 baud modems call 01-679 1888
For 1200-75 baud modems call 01-679 6183

FREEYonoulyr mo9n9it5oritfrboemcoitsmceosmapsuutepriE! RFoBr

HIGH QUALITY  COLOUR* TV SET
The fabulous TELE BOX an INVALUABLE MUST f or t he owner of
ANY video monitor with a composite input colour or monochrome
Made by a major UK Ca as a TOP QUALITY, stand alone UHF
tuner and costing OVER £75 to manufacture, this opportunity to
give your monitor a DUAL FUNCTION must not be missed! The
TELEBOX consists of a compact, stylish two tone charcoal
moulded case, containing ALL electronics tuner, power supply etc
to simply plug in and convert your previously dedicated computer
monitor into a HIGH QUALITY COLOUR' TV SET, giving a real
benefit to ALL the family!! Don't worry if your monitor !doesn't have
sound -THE TELEBOX even has an integral 4 watt audio amplifier
for driving an external speaker, PLUS an auxiliary output f or superb
quality television sound via your headphones or HI Fl system etc
Other features include Compact dimensions of only 15.75" w x
7.5" d x 3.5" hi, latest technology, BRITISH manufacture, fully
tuneable7 channel push button tuner, AutoAGC circuit, SAW filter,
LED status indicator fully isolated 240v AC power supply for total
safety, Mains ON -OFF switch etc Many other uses

LIMITED QUANTITY- DON'T MISS THIS OFFERIll
ONLY £29.95 OR £24.94 if purchased with ANY of our
Video monitors Supplied BRAND NEW with full instructions and 2 YEAR
warranty. Host and packing £3.50 'When used with colour crt.

COLOUR & MONOCHROME
MONITO SPECIALS

'SYSTEM ALPHA' 14 COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features to suit your immediate and future
requirements Two video inputs RGB and PAL Composite Video allow direct
connection to BBC/IBM and most other makes of micro computers or VCR'
including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound -quality. Many other features
PIL tube, Matching BBC case colour, Major controls on front panel, Separate
Contrast and Brightness - even in RGB mode Separate Colour and audio
controls for Composite Video input, BNC plug for composite input, 15 way 'D'
plug for RGB input modular construction etc etc

This Must Be ONE OF THE YEARS BEST BUYS. PC USER
Supplied BRAND NEW and BOXED, complete with DATA and 90 day
guarantee ONLY £159.00 as above OR IBM PC Version £165.00
15 Day 'D' skt £1.00, BNC skt 75p BBC interface cable £5.50
DECCA 80 16" COLOUR monitor. RGB input
Little or hardly used manufacturer's surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard o!! Our own interface,
safety modification and special 16" high definition PIL tuba coupled with the
DECCA 80 series TV chassis give 80 column definition and quality found only
on monitors costing 3 TIMES OUR PRICE. The quality for the price has to be
seen to be believed! Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL RGB output Other features
are: internal speaker, modular construction, auto degaussing circuit, attractive
TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day
guarantee Although used units are supplied in EXCELLENT condition.
ONLY £99.00 + Carriage.
DECCA 80 16" COLOUR monitor. Composite video input Same as above
model but fitted with Composite Video input and audio amp for COMPUTER,
VCR or AUDIO VISUAL use ONLY £99.00 + Carr.
REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 75 ohm
composite video input and sound amp This large screen colour display is ideal
for SCHOOLS SHOPDS, DISCOS CLUBS and other AUDIO VISUAL appli-
cations Supplied in AS NEW or little used condition ONLY £1 45.00 + Carr.

BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.
All units are fully cased and set for 240v standard working with composite video
inputs Units are pre tested and set up for up to 80 column use Even when
MINOR screen burns exist - normal data displays are unaffected 30 day
guarantee
12" KGM 320-1 B/W bandwidth input, will display up to 132 x 25 lines £32.95
12 GREEN SCREEN version of KGM 320-1. Only £39.95
9 KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00

Carriage and insurance on all monitors £10.00

filfrilil'Ari4.7i1L1,147L1141:144
GOULD OF443 enclosed. compact switch mode supply with DC regulated
outputs of +5v @ 5 5a, +12v @ 0.5a, -12v @ 0.1a and -23v @ 0.02a -Dim 18 x
11 x 6 cm. 110 or 240v input. BRAND NEW only £16.95
GOULD G6 -40A 5v 40 amp switch mode supply NEW £130.00
AC -DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v
@ 3 amps, -5v @ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage
protected 100 or 240v AC input. Dim 28 x 12.5 x 7 cm NEW £49.94

Carriage on all PSU's £3.00

Manufacturer's BRAND NEW surplus
DEC LA34 Uncoded keyboard with 67 quality gold plated switches on X -Y
matrix- ideal micro conversions etc £24.95
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB
with 116 keys Many features such as On board Micro Single 5v rail full ASCII

coded character Set with 31 function keys, numeric keypad cursor pad
and 9600 baud SERIAL TTL ASCII OUTPUT.! Less than half price

Only £69.00 with data Carriage on Keyboards £3.50

DON'T MISS THE CPM Deal
OF the CENTURY

The FABULOU CPM TATUNG 2000
Professional Business System

A cancelled export order and months of negotiation enables us to offer this professional
PC, CPM system, recently on sale at OVER £1400, at a SCOOP price just over the cost of
the two internal disk drives!! Or less than the price of a dumb terminal!!
Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
PC2000 comprises a modern stylish three piece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of proven, tested and available CPM software packages such as
WORDSTAR, FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT
BE BEATEN!!
The central processor plinth contains the 64K, Z80A processor, DUAL TEAC 55F 51/4"

Double sided 40/80 track disk drives (1Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, RS232,
CENTRONICS and system expansion ports, and if that's not enough a ready to plug into STANDARDS" DRIVE pod for up to FOUR
8" disk drives either in double density or IBM format The ultra slim 92 key, detachable keyboard features 32 user definable keys,
numeric keypad and text editing keys, even its own integral microprocessor which allows the main 280A to devote ALL its time to
USER programs, eliminating" lost character" problems found on other machines The attractive, detachable 12" monitor combines
a green, anti -glare etched screen, with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM
2.2, user manuals and full 90 day guarantee Full data sheet and info on request PC2000 Worderocessor System

PC2000 System PC2000 Business System with CPM with CPM and T C FP25 daisywheel
with CPM Etc. and 'Ready to Run' FAST Sales and printer

COST OVER £1400 Purchase ledger, supports up to
9000 Accounts, VAT etc.

COST OVER £1700Nily £399 NOW only £499
Carriage & InsuranMITIZ=

PRESTEL - VIEWDATA - TELEX
PLESSEY VUTEL, ultra compact unit, slightly larger
than a telephone features A STANDARD DTIVIF
TELEPHONE (tone dial) with 5" CRT monitor and
integral modem etc. for direct connection to PRESTEL,
VIEWDATA etc. Designed to sell to the EXECUTIVE at
over C600!! Our price BRAND NEW AND BOXED at
only £99.00
DECCAFAX VP1 complete Professional PRESTEL
system in slimline desk top unit containing Modem.
Numeric keypad, CPU, PSU etc. Connects direct to
standard RGB 'colour monitor. Many other features
include: Printer output, Full keyboard input. Cassette
port etc. BRAND NEW with DATA A FRACTION OF
COST only £55.00
ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard. Just add a domestic TV
receiver and you have a superb PRESTEL system and
via PRESTEL the cheapest TELEX service to be
found!! Many features: CENTRONICS Printer output,
Memory dialling etc. Supplied complete with data and
DIY mod for RGB or Composite video outputs. AS
NEW only £125.00

Post and packing on all PRESTEL units £8.50

EX -STOCK INTEGRATED CIRCUITS
4164 200 ns D RAMS 9 for £11 4116 ns
£1.50 2112 moo 2114 £2.50 2102 £2.00
8116 £2.50 EPROMS 2718 £4.50 2732 £3.00
2764 £4.95 27128 £5.50 6800 £2.50 6821 £1
68A00 £8 6131309 £10 8085A £5.50 8086 £15
8088 £8 NEC765 £8 WD2793 £28 8202A
£22 8251 £7 8748 £15 Z80A DART 4:6.50
Z80A CPU £2.00. Thousands of IC's EX STOCK
send SAE for list.

DISK DRIVES
Japanese 51/4-- half height, 80 track double sided disk
drives by TEAC, CANON, TOSHIBA etc
Sold as NEW with 90 day guarantee ONLY £85.00
TEC FB-503 Double sided HH 40 TRK NEW £75.00
SUGART SA400 SS FH 35 TRK £55.00
SIEMENS FDD100 SS FH 40 TRK £85.00
carriage on 51/4" drives £5.50
Brand NEW metal 51/4" DISK CASES with internal PSU.
DSKC1 for 2 HH or 1 FH drive £29.95 +pp £4.00
DSKC 2 for 1 HH drive £22.95 +pp £3.50
DKSC 3 As DSK1 LESS PSU £12.95 +pp £2.50
DSKC 4 As DSK2 LESS PSU £10.95 +pp £2.00
8' IBM format TESTED EX EQUIPMENT.
SHUGART 800/801 SS £175.00 +pp £8.50
SHUGART 851 DS £250.00 +pp £8.50
TWIN SHUGART851'2 Mb total capacity in smart case,
complete with PSU etc £595.00
MITSUBISHI M2894-63 8" DS 1 Mb equiv. to SHUGART
SA850 R. BRAND NEW at £275.00 +pp £8.50
DYSAN 8 Alignment disk £29.00 + pp £ 1 .00
Various disk drive PSLIs Ex Stock SEE PSU section.
HARD DISK DRIVES
DRE/DIABLO Series 30 2.5 Mb front load £525.00
Exchangeable version £295.00. ME3029 PSU £95.00
DIABLO 44/DRE4000A, B 5+5 Mb from £750.00
CDC HAWK 5+5 Mb £795.00. CDC 976280 Mb RM03
etc. £2500.00.
PERTEC D3422 5+5 Mb £495.00
RODIME WA" Winchesters ex -stock from £1 50 CALL
Clearance Items- Sold as seen- No guarantee
ICL 2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over £2000 with data ONLY £99.00
BASF 6172 8" 23Mb Winchesters £199.00
Unless stated all drives are refurbished with 90 day
guarantee Many other drives and spares in stock - call

sales office for details

NOW only £799

MODEMS
Join the communications revolution with our super
range of DATA MODEMS prices and specifications
to suit all applications and budgets
BRAND NEW State of the art products
DACOM DSL2123 Multi standard 300-300, 1200-75
Auto answer etc. £268.00
DACOM DSL2123A0 Auto dial, smart modem with
multi standard AUTO SPEED detect and data butter
with flow control etc £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems auto dial, auto call index, buffer
etc etc £498.00
Steebeck SB1212 V22 1200 baud FULL DUPLEX,
sync or async, optional auto dial £465.00
TRANSDATA 307A Acoustic coupler 300 baud full
duplex, originate only, RS232 interface £49.00

Ex BRITISH TELECOM full spec CCITT, ruggedised,
bargain offers. Sold TESTED with data Will work on
any MICRO or system with RS232 interface.
MODEM 13A 300 baud unit, only 2" high fits under
phone CALL mode only £45.00_
MODEM 20.1. 75-1200 baud Compact unit for use
as subscriber end to PRESTEL, TELECOM GOLD,
MICRONET etc £39.95 +pp £6.50
MODEM 20-2 1200-75 baud Same as 20-1 but for
computer end £65.00 +pp £6.50
DATEL 2412. Made by SE Labs for BT this two part
unit is for synchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc Many features
include 2 or 4 wire working, self test, auto answer etc
COST OVER £800. Our price ONLY £199 +pp £8.00
DATEL 4800, RACAL MPS4800 baud modern, EX
BT good working order, ONLY £295.00 +pp £8.00

SPECIAL OFFER
MODEM TG2393. Ex BT, up to 1200 baud full
duplex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp £10.00

For more information contact our Sales Office.rllrMFgjdri:H
SPECIAL BULK PURCHASE o these compact, high
speed matrix printers. Built in Japan for the Hazeltine
Corporation this unit features quality construction
giving 100cps bidirectional, full pin addressable
graphics, 6 type fonts, up to 9.5 single sheet or
tractor paper handling, RS232 and CENTRONICS
parallel interface. Many other features BRAND NEW
and BOXED. COST £420 Our price Only £199.00

Orrfirl=r1171111
Dry Fit MAINTENANCE FREE by SOnnenschein
& Yuasa.
A300 0719131512v 3Ah NEW £13.95
A300 071913126v 3Ah NEW £9.95
A300 071 91 202 6-0-6v 1 8Ah TESTED Ex

Equip £5.99

VDU TE MINUS
Standard VDU data entry terminals

at give away prices!!
OUME OVT108. Current product, state of the art
terminal with detachable keyboard, 12 Green screen,
2 page RAM, TVI 925, Hazeltine, ADMSA emulations,
software setup. 25 x 80. Clock. Swivel and tilt base.
Printer port, Function keys etc BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJ510 - EX RENTAL, Z80 controlled, 15" green
screen 24 x 80 display, graphics, cursor addressing,
printer port etc. Very good condition TESTED complete
with manual only £225.00
ADDS 520 - Dumb terminal, used, 12" b/w screen
RS232 interface and printer port. TESTED.
ONLY £125.00. Carriage on terminals £10.00
100's of other terminals in stock, CALL for more details.

All prices quoted are for U.K. Mainland. paid cash with order in Pounds Sterling PLUS VAT Minimum order value E2.00.
Minimum Credit Card orderE /0.00. Minimum BONA FIDE account orders from Government Depts.. Schools, Universities and
established companies E20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon -Fri
9.30-5.30. Sat 10.30-5.30. We reserve -the right to change prices and specifications without notice. Trade, Bulk and Export

Cl ri-Trirlllfrr 32 Biggin Way, Upper Norwood, London SE19 3XF
LLLL I I\ US II Telephone 01-679 441 4 Telex 894502 Data 01-679 1888



DIGITAL LCD
THERMOMETERS!

'ual Scale Thermometer
A neat digital thermometer with internal and
external sensors displaying `C or °F. The
external sensor is a waterproof probe (max.
length 3m). Temperature range - 5°C to
50°C (internal), -20°C to 70°C (external).
Includes a 12 hour clock.
Order Code FD25C trice £9.9.

Pocket Thermometer
A well made temperature meter displaying
°C and a 12 hour clock. Temperature
range -5`C to 50°C (internal), -20-C to
70°C using external probe (max. length
900mm). High and low temperatures can be
set and an alarm sounds when these are
reached. A set lock switch prevents
accidental resetting.
Order Code FD26D .rice £14.95

Temperature Module
Versatile thermometer module displays in °C or °F,
includes a 12 hour clock and serial data output.
Temperature range -5°C to 50°C (internal),
-20°C to 70°C with external probe. Overall size
68 x 35 x 23mm deep. Probe (max. length 3m) and
bezel also available.
Module Order Code FE33L Price £6.95
Probe Order Code FE34M Price £2.50
Bezel Order Code FE35Q rice 15p
All prices include VAT. Please add 50p towards postage.
Prices firm until 6th November 1987. Subject to availability.
If order below £5.00, please add 50p handling.

/1h1 h ELECTRONIC SUPPLIES LTD.

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) Sales: 554161,
Enquiries: 552911: Trade sales: 554171, Trade enquiries: 552961.

Shops
Birmingham: Sutton New Road, Erdington, Birmingham. Telephone: 021 384 8411
London: 159-161 King Street, Hammersmith W6. Telephone: 01 748 0926.
Manchester: 8 Oxford Road. Telephone: 061 236 0281.
Southampton: 46-48 Bevois Valley Road. Telephone: 0703 225831
Southend-on-Sea: 282-284 London Road, Westcliff-on-Sea. Essex. Tel: 0702 554000.
All shops except Manchester and Birmingham closed all day Monday.

Pick up a copy of our 1987
catalogue from any branch of
W.H. Smith for just £1.50.
Or to receive your copy by
post just send £1.50 + 40p
p & p to Mail Order address.
If you live outside the
U.K. please send £2.50 or 11
International Reply Coupons.


