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

SERVICE * LARGE S.A E. 28.STAMP F RR LT LI T

 M   W PL R M  'ULE 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
Povver 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 MF1 00 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 f39.99 + £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
0.001%, Input Sensitivity 500mV, S.N.R
-130dB, Size 300 \ 150 X 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 ,-3dB, Damping Factor
350, Slew Rate 60V uS, T.H.D. Typical
0.0008%, Input Sensitivity 500mV,'S.N.R

,,000' -130dB, Size 330' 147 \ 102mm. PRICE
PRICE f79.99 - £4.50 P&P.

NOTE: Mos Fets 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 0 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.

LOUDSPEAKERS'" 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.

RANGE
8" 50 WATT R.M.S. Hi-Fi/ Diseck
20 oz magnet 1'," ally voice coif Ground ally fixing escutcheon Res Frey 40Hz Fred Resp to
6KHz Sens 92dB PRICEf 10 99Avegable with black grille ft 1 99 P&P (1 50 ea
12" 100 WATT R.M.S. HiFi/Disco
50 oz magnet 2" ally'voice cod Ground ally fixing escutcheon Die-cast chassis White cone Res
Freq
25Hz Frey Resp to 4KHz Sens 95dB PRICE (28 60 f3 03 P&P ea

MCKENZIE
12" 85 WATT R.M.S. C1285OP Lead guitar/keyboard/Disco
2" ally voice coil Ally centre dome Res Frei 45Hz Freq. Resp. to 6 5KHz Sens. 98dB PRICE £29.99

£3.00 P&P ea.
12" 85 WATT R.M.S. C1285TC PA/Disco 2" ally voice coil. Twin cone.
Res. Freq. 45Hz Freq. Resp. to 14KHz PRICE E31.49 + £3.00 P&P ea
15" 150 WATT R.M.S. C15 Bass Guitar/Disco.
3" ally voice coil Die-cast chassis Res. Freq. 40Hz Freq. Resp. to 4KHz PRICE £57.87 +£4.00 P&Pea
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/MM. 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. Multiple Array Disco etc.
1" voice coil. Res. Freq. 48Hz Freq. Resp to 5KHz Sens. 92dB PRICE £32.00 + £1.50 P&P ea.
10" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
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.
11/2" voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 94d8 PRICE £47.00 + £300 P&P ea

SOUNDLAB (Full Range Twin Conel
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice coil Res Frey 63Hz Freq Resp to 20KHz Sens 86dB PRICE t9 99 f 1 00 P&P ea
6'/," 60 WATT R.M.S. Hi.Fi/Multiple Array Disco etc.
1" voice coil Res Freq 56Hz Freq Resp to 20KHz Sens 89dB PRICE110 99, (1 50 P&P ea
8" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
114" voice coil Res Frey 38Hz Frey Resp to 20KHz Sens 89dB PRICE f1 2 99 tl 50 P&P ea

10" 60 WATT R.M.S. Hi -Fir Disco etc.
1'/," voice coil Res Freq 35Hz Freq. Resp to 15KHz. Sens 89dB PRICE £16 49 f2 00 P&P

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

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14rnm (9 volt)
Price: £8 62 75p P&P
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled
professional performance. Range up to 3 miles 35 x 84 y 12mm
112 volt) Price: (14.49 + 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMTIPTER/
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.
Receiver output operates relay with tamp/240 volt contacts. Ideal for
many applications. Receiver 90 X 70 y 22mm 19/12 volt). Price:
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: f 1 1.29
P&P + 75p each. S.A.E. for complete list.

OTISt.IPA

3 watt FM
T ansmitter

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENTVISA BODIES, gTC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.O.D. ACCEPTED

BURGLAR ALARM
Better to be 'Alarmed' then terrified
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 t 5 metres adjustable by sensitivity control.
Three position, key operated facia switch - off - test
- armed 30 second exit and entry delay
Indoor alarm - Electronic swept trey siren
104dB Output
Outdoor Alarm - Electronic swept Freq. siren 98dB
output. Hotised in a tamper -proof heavy duty metal
case.
Both the control unit and outdoor alarm contain re-
cnargeable batteries which provide lull protection
during mains failure Power requirement 200/260 Volt
AC 50/60Hz Expandable with door sensors. panic
buttons etc Complete with instructions
SAVE t 138.00 Usual Price £228 85
BKE's PRICE £89.99 + £4.00 P&P

7 Why buy a cnoection of self assembly boards,

IDEAL for Work-
shops, Factories,
Offices, Home,
etc. Supplied
ready built.

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 vynie. 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 Watts 1'10dB. Price f149.99
per pair.
OMP 12-200 Watts 102dB. Price £199.99
per pair. Delivery Securicor (800 per pair

pffl 9" STEREO RACK AMPS -1

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 (100 + 1001W. £169.00 Securicor
MF400 (200+2001W. £228.85 Delivery
MF600 (300+3001W. £322.00 £10.00

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

Price £36.99 £3 00 P&P.

ADC Q4 mag. canridge for above Price £4.99 ea. P&P 50p

1 K -WATT
SLIDE DIMMER

Control loads up
to 1Kw
 Compact Size
4L," 1" 2'2"
 Easy snap in fix-

rI 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&P

PIEZO ELECTRIC TWEETERS  MOTOROLA
Join the Piezo revolution The Mw dynamic mass (no voice coal of 4 Piezo tvveeterproduces an
improved transient response with' a lower distortion level than ordinary dynamic tweeters As a
crossover is not required these units can be added to existing speaker systems of up to 100 Watts
(more if 2 put in series( FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KSN2036A1 3" round with protective wire
mesh, ideal for bookshelf and medium sized Hi-fi
speakers. Price £4.90 each - 40p P&P.
TYPE 'B' (KSN1005A) 342" super horn For general
purpose speakers. disco and P.A. systems etc. Price
f 5.99 each 40p P&P
TYPE (KSN6016A) 2" x 5" wide dispersion
horn For quality Hi-li systems and quality discos etc
Price £6.99 each 40p P&P.
TYPE 'D' (KSN1025A) 2" \ 6" wide dispersion

TYPE c horn Upper frequency response retained extending
down to mid range (2KHz) Suitable for high quality
Hi-fi systems and quality discos Price £9.99 each

40p P&P
TYPE 'E' (KSN1038A) 31;" horn. tweeter with
attractive silver finish trim. Suitable for Hi -ft monitor
systems etc. Price 1'5.99 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

TYPE
TYPE B

TYPE E

YPE

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 5 band L &
R graphic equalisers and twin 10 segment.
L E D. Vu Meters. Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following -
3 Turntables Nag). 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 1'134.99 - (3.00 P&P

DEPT
ETI

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR TEL: 0702-527572
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British customers can now buy
components from Conrad Elect-
ronic, a West German company
which claims to be the largest
specialist mail-order component
supplier in Europe. The complete
range is described in six cata-
logues, one of which describes
the more popular product lines
and is written in English. The
others are in German but the
samples we have seen are well
illustrated and fairly easy to
understand. Prices are quoted in
Deutsch Marks but the order
forms explain how to convert to
Sterling. For details contact
Conrad's distributors, Smith
Electronics, 157 Chapel Street,
Leigh, Lancashire WN7 2AL. Tel:
(0942) 606 674.

In 1990 a new EEC directive will
come into effect requiring em-
ployers to check noise levels and
reduce them where appropriate.
Workers in noisy environments
will also have the right to demand
ear protectors and to have regular
hearing checks. To help us under-
stand the new regulations (and
presumably to advertise its own
services), a company called Noise
Reduction Ltd has prepared a
series of factsheets looking at
various aspects of noise pollution
and the new regulations. Copies
can be obtained by writing to
them at Factory 1, Phoenix Park,
Chickenhall Lane, Eastleigh,
Hampshire SO5 5RP. Tel: (0203) 611
611.

e The British Standards Institu-
tion has published two new
papers relating to broadcast video
tape recorders. BS 6758 covers type
C helical VTRs and is designed to
ensure compatibility between
machines from different
manufacturers. BS 6865 specifies
time and control codes for VTRs,
providing a standard digital code
format in accordance with IEC 461
which allows VTRs to be linked to
one another and to separate audio
recorders. Copies of both docu-
ments can be obtained from BSI
Sales, Linford Wood, Milton
Keynes MK14 6LE. Tel: 01-629 9000.

so 10Tech is based in Cleveland,
Ohio, and manufactures control-
lers, converters, buffers, exten-
ders and software for use with
equipment employing the IEEE488
bus standard. The range includes
interfaces which allow any com-
puter with an RS232 port to com-
municate with IEEE488 equipment
using simple commands in BASIC
or other high-level languages. A
catalogue describing the 10Tech
range is available from the
company's distributors, Keithley
Instruments Ltd, 1 Boulton Road,
Reading, Berkshire. Tel: (0734) 861
287.

Colour Portables On The Way
The race to put a pocket LCD
colour television on the

market is hotting up with both
Sharp and Ferguson due to launch
products in the next few months.

The Sharp model was pre-
viewed at the recent Brown
Goods Show and is due to go on
sale before the end of the year.

Now Ferguson has an-
nounced its PTV01 pocket tele-
vision which has a 2.6in LCD
screen. It receives all four UK
television channels and features
a built-in loudspeaker which can
be disconnected for earphone
listening, a telescopic aerial and
a socket for use with an external
aerial. It offers up to 21/2 hours
continuous operation on alkaline
batteries and can also be powered
by a rechargeable battery pack or

from the mains or a car battery
using optional adaptors.

The screen uses an efficient
backlighting system to ensure
bright pictures even in the dark
and Ferguson says the viewing
angle is large enough to allow
more than one person to watch
the picture simultaneously. The
LCD has a resolution of 56,000
pixels and uses an MIM (metal -
insulator -metal) active matrix
system.

The PTV01 measures 85 x 145
x 35.5mm ( 3.35 x 5.7 x 1Ain) and
weighs 330g (11.8oz). It should be
on sale in November at a retail
price of around £250.

Ferguson, Cambridge House,
Great Cambridge Road, Enfield,
Middlesex EN1 1UL. Tel: 01-363
5353.

Fast Soldering Takes To The Road
rirkit has introduced a

gh... rechargeable soldering iron
which it says is ideal for use on
static sensitive circuitry and in
situations where no mains supply
is available.

The Turbo Solderor is rated at
12W and can be recharged either
from the mains or a car battery.
Features include a 2mm diameter
illuminated tip, fast warm-up time
and a capacity of around 200
standard joints on each 12 -hour
charge.

It comes complete with a
wall -mounting socket, a mains
charger unit and a 12V charging
lead which plugs into a standard
car cigarette lighter socket. A
safety hood is provided for pro-
tection during operation and
Cirkit says it will also be supplying
spare illuminated tip assemblies.

The Turbo Solderor costs
f15.00 plus VAT and postage from
Cirkit Holdings PLC, Park Lane,
Broxbourne, Hertfordshire EN10
7NQ. Tel: (0992) 444 111.

DAT Arrives -
For The Few
The

first digital audio tape (DAT)
recorders are due to go on sale

in this country in the next week or
two.

Manufactured by Sony, the
machines will sell for around f1300
and will include a 'spoiler' to
prevent direct digital copies being
made from compact discs.

The DTC1000ES is described as
a full -function DAT player. It can
record from analogue signals in
the normal way and will also
accept digital signals sampled at
48kHz. It will not accept digital
signals sampled at the 44.1kHz rate
used on compact discs, although
CDs can be copied by going
through an intermediate analogue
stage.

Sony expects the DTC 1000ES to
be bought by professional and
semi-professional recording
engineers and musicians. The
company accepts that the high
price will deter all but the most
affluent of hi-fi enthusiasts.

The launch of DAT outside
Japan follows a long period of
heated debate between the re-
corder manufacturers and the
record companies. Many believed
that DAT would kill off the market
for compact discs, threatening a
technology in which record com-
panies have invested hundreds of
millions of pounds.

In response to this threat some
record companies have an-
nounced that they will not
produce pre-recorded DAT cas-
settes and have urged other
companies to do the same. There
has also been a coordinated
demand for some form of spoiler
system which would prevent
direct digital copying from
compact disc. Without pre-
recorded tapes and with no ability
to record from CDs, the average hi-
fi enthusiast would be unable to
make use of the high quality
offered by the DAT system and
would therefore be more likely to
stick with CDs.

Sony insists the attitude of the
record companies is 'misguided'
but is very careful to stress DAT as
a successor to the compact cas-
sette rather than the compact disc.

It points out that digital tapes
will wear out just as analogue cas-
settes do and also that the access
time for tracks on the cassette is
far higher than on CDs. Because
of this, DAT is seen as complemen-
tary to compact disc with particu-
lar advantages in the car or,eventu-
ally, in Walkman -style tape players.
However, Sony says it will be some
time before DAT players become
as small as present day compact
cassette players.

Sony (UK) Ltd, Sony House,
South Street, Staines, Middlesex
TW18 4PF. Tel: (0784) 67000.
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IC Industry
Short Of Staff
Cenior figures in the UK semi-

conductor industry believe the
current recession may be nearing
an end but fear that a shortage of
skilled staff will hinder future
progress.

These are the findings of a
survey carried out by Plus Four
Market Research on behalf of
Cahners Exhibitions, organisers of
the Semiconductor International
Exhibition held in Birmingham at
the end of September. The survey
found that 76% of senior engin-
eers and managers in UK semicon-
ductor manufacturing companies
expect to invest more in plant over
the next three years and 52%
expect to take on more staff.

Sixty percent felt that the
levels of trained staff in the
industry have risen over the last
three years but over 80% con-
firmed that electronics designers
and engineers are still in short
supply. A significant number
believe the situation is actually
getting worse.

The survey also noted that
22% of respondents are looking at
the use of gallium arsenide.

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

UK Out Of Step
On Robots
The

UK is a 'notable exception'
in the general trend towards

increased use of robots in
industry.

A recent report by inter-
national market analysts Frost &
Sullivan shows that the total
number of robots in this country
in 1986 was only around 3200 -
less than the increase alone in
West Germany in 1985.

Japan and America have both
invested heavily in industrial
automation and the report claims
that Japan in particular has gained
definite economic advantages
through the use of robots. By the
same measure, many of the weak-
nesses in UK industry are attri-
buted directly to our failure to
automate fast enough.

The report predicts that
European countries will increase
their total spending on robots by
around 20% a year in an effort to
catch up with Japan and America.
On present form the highest rates
of growth are likely to be in West
Germany and Italy with the rest of
Europe well behind and France
and then the UK trailing the field.

Frost & Sullivan Ltd, Sullivan
House, 4 Grosvenor Gardens,
London SW1W ODH. Tel: 01-730
3438.

ROM Switching On The Sinclair QL
icro Control Systems says its

v  new Multi -ROM interface is
the first device to allow easy
switching of ROMs on the Sinclair
QL micro -computer.

The Multi -ROM is a 16K RAM
pack which stores the contents of
several ROM cartridges, allowing
the cartridges themselves to be
swopped in and out without hav-
ing to switch off the computer.
Operation is by simple com-
mands which can be loaded into
a boot file so that the correct ROM
is selected for each application.

The device can also be used to

develop ROM -based software,
allowing code to be downloaded
for testing without blowing an
EPROM. It includes a facility
which convinces the QL that it has
only 128K of memory, making it
easy to run programs which do
not like expanded machines.

The Multi -ROM measures 90 x
60 x 20mm (3.5 x 2.4 x 0.8in) and
is backed by a two-year warranty.
It costs f49 plus VAT.

Micro Control Systems, Mita
House, Hamm Moor Lane, Addle -
stone, Weybridge, Surrey KT15
2SB. Tel: (0932) 58266.

Power Meter For Fibre Optics
Anew, low-cost optical power
meter is now available and

should prove of interest to anyone
who is experimenting with optical
fibres.

It's made by Ellmax Electronics
and uses a large analogue scale to
display optical levels from below
1nW up to 1mW. and from
-60dBm up to OdBm. The calibra-
tion wavelength is 820nm and
detection is by means of a large
area silicon photodiode contained
in either an SMA or STRATOS
connector housing.

The unit is battery operated
and has a current consumption of
around 1mA, giving a typical
battery life of some 500 hours. An
output socket is included for use
with a DVM where greater scale
reading accuracy is required.

The meter comes in a carrying
case complete with manual and
accessories and costs £275.00 plus
VAT and postage.

Ellmax Electronics Ltd, Unit 29
Leyton Business Centre, Etloe
Road, Leyton, London E10 7BT. Tel:
01-539 0136.

 Lightning strikes and mains
surges have been responsible for
some rather nasty incidents lately,
as anyone who reads a newspaper
will know. It therefore seems a
good time to tell you about a ritw
designers' guide from Texas In-
struments which explains how to
protect against lightning and acci-
dental mains incursion in modern
telecommunications equipment.
The guide is 40 pages long with
illustrations and is called 'Tele-
communications Protection Cir-
cuits. It is available free -of -charge
from Online Distribution Ltd,
Melbourne House, Kingsway,
Bedford MK42 9AZ. Tel: (0234) 217
9 1 5 .

 Solex International supplies
multi meters, frequency counters,
bench power supply units and
various instruments for measuring
chemical and physical parameters
such as pH, temperature, relative
humidity and even blood pres-
sure. The instruments carry either
the Solex or Soar brand names
and are described in a full -colour
32 -page A4 catalogue. Contact
Solex International, 44 Main
Street, Broughton Astley, Leices-
tershire LE9 6RD. Tel: (0455) 283 486.

 RR Electronics has put together
a quick reference guide to the OP
series of op -amps from PMI.
Plastic laminated for durability, the
guide is A4 size and lists the op -
amps against a range of major
parameters. This makes it easy to
select a device for high output
current, low noise or any other
desired characteristic. For further
details contact RR Electronics Ltd,
St. Martins Way, Cambridge Road,
Bedford MK42 OLE. Tel: (0234) 47211.

 The latest catalogue from I.A.
Crewe and Co lists engineering
materials, tools, electronic
components and various surplus
stock items. Electro-mechanical
components are particularly well
represented and the range in-
cludes solenoids, relays and many
types of AC and DC motors,
among them a 200 step/revolution
miniature stepping motor which
can be supplied complete with a
dedicated development board in
kit form. The catalogue costs 75p
from I. A. Crewe & Co, Dawn
Edge, Spinney lane, Aspley Guise,
Milton Keynes MK17 8IT. Tel:
(0908) 583 252.

 Power Development Ltd manu-
factures a range of ceramic NTC
thermistors specifically designed
to limit high switch -on surge
currents. The latest additions to
the range are described in a new
brochure which is now available.
For further details contact Power
Development Ltd, Cadmore lane,
Cheshunt, Waltham Cross, Hert-
fordshire EN8 9SE. Tel: (0992) 34266
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AN ARGUS SPECIALIST PUBLICATION

INTERNATIONAL

THE HEAT IS ON
The December ETI is the fitting place to find the
electronic answer to your fuel bill problems. Next month
sees the project to computerise your central heating
system. Save money and keep warm this winter with ETI!

No, it's nothing to do with small white radiators despite
the central heating controller. If you know a little about
radio you'll know this stands for standing wave ratio and
you'll know why you want one. If you don't, read ETI next
month and find out.

ESTING TIMES
We all know that some kind of test equipment is a good
idea but with such a bewildering variety around, mostly

I

at mind boggling prices, it pays to know exactly what you
need and how to use it. ETI reveals all next month. If you
spend your last few pennies on the mag you'll also be
pleased to read the article on making your money go
further - what to look for and what to avoid when buying
second hand test gear.

AND FREE VirTH EVF"V COPY.
Of course, next month sees the free components to build
the Dream Machine on this month's free PCB. There's also
all your favourites packing out next month's issue -
Hardware Design Concepts, Circuit Theory, News, Diary,
Open Channel, Playback, Keynotes, Readers' Ads and so
on. Don't miss your copy of ETI - the mag to be seen
reading this winter.

The articles listed are all under way but unforseen circumstances may prevent publication.

DECEMIL. OUT NOVEMBER 6th

Fully programmable with
liquid crystal display

VCount-down, count -up
facility with electronic alarm

V Roll-over facility - indicates
time over -run

V4 separate count -down time
intervals can be stored at anyone time

V Pocket clip adapts to bench stand
with magnet for attaching to steel
cased equipment
V Battery supplied.

THE TIME -
PRECISELY

THE SOLEX MICROCIRCUIT LABORATORY TIMER

44QICILY-£1-4-.557
P&P

cnuwm.

En ill ID
= = SOLEX

lirMODEL S540

Opecial Offer/
Free five function stopwatch worth £10

(inc. VAT) with every timer ordered
before 31st December 1987 93( 7

N-\J\/
VSend no money - we will send 0/0e,

your Solex timer and your free
stopwatch on 14 day approval. ,,?/0,& 60 46

If not completely satisfied .0'7,9'.9
you can return them. 00/4,6`, 4)60

SOLEX INTERNATIONAL 40/.0- ,(c .

44 Main Street, o , Q e0
Broughton AStieV, tp44'
Leicestershire eb

LE9 6RD 1.1)/ \e# \o"'(z)040,oQO
ociz'e

Cf/ 6' e°
,e` 9`"*.zd0

9.°
Po
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NEWS: NEWS: NEWS: NEWS: NEWS: NEWS: NEWS:

Stackable
Display IC

Large, flat -panel graphics
displays can be constructed

with ease using a new 8 x 8 dot-
matrix LED array from Siemens.

Available in orange or green,
the displays incorporate a CMOS
IC which handles multiplexing,
memory, lamp drive and internal
logic. Each dot is separately
addressable via an 8 -bit TTL-
compatible data bus.

Siemens Ltd, Siemens
House, Windmill Road, Sunbury -
on -Thames, Middlesex TW16 7HS.
Tel: (09327) 85691.

City Of London Gets High -Tech 'Craft Guild'
'radition and innovation are to
I meet head on with the forma-

tion of a new Company of Infor-
mation Technologists.

Alongside such ancient
Companies as the Weavers, the
Cutlers and the Grocers, many of
which began their lives as craft
guilds in the middle ages, the new
Company will concern itself with
the setting and maintenance of
standards in business conduct
and with charitable works.

The City Companies are gene-
rally known as Livery Companies
because many of the craft guilds
adopted distinctive dress for use
on ceremonial and other occa-
sions. As with other Companies
formed in modern times, the
Information Technologists will not
be adopting a livery but they have
applied for permission to use
armorial bearings.

In keeping with City traditions
the new Company has 100 founder

members and its management
committee follows the historic
structure with a Master, Senior
and Junior Wardens, Assistants
and a Clerk. All the founder
members have strong connections
both with the City and with infor-
mation Technology, many holding
senior positions in UK computer
and electronics companies.

The Company of Information
Technologists, 25 En ford Street,
London WIH 2BH. Tel: 01;23 5882.

 Those of you who read about
the FLT -101 analogue worksta-
tion in the August issue may be
interested to learn that Flight
Electronics has introduced a

digital version. The FLT -100 has
thirty logic gates with mimic
diagrams and a large solderless
breadboard which allows gates
and other components to be
connected up as required. Also
included are a pulse generator
and dual -rail stabilised power
supplies with short circuit pro-
tection. For further details con-
tact Flight Electronics Ltd, Ascu-
part Street, Southampton SO1
1LU. Tel: (0703) 227 721.

e STC has produced a 4 -page full
colour brochure on its range of
Union Carbide Kemet capacitors.
Among the product lines featured
are two different types of dipped
tantalum capacitors, several multi -
layer ceramic types and a number
of axial and radial moulded capa-
citors. Full product specifications
are included and there are also
some notes on applications for
some of the BT -approved capaci-
tors in the range. Contact The
Capacitor Group, STC Electronic
Services, Edinburgh Way, Harlow,
Essex CM20 2DF. Tel: (0279) 26777.

DIARY: DIARY: DIARY: DIARY: DIARY: DIARY: DIARY: DIARY:
Capacitor And Resistor Technology Sym-
posium - October 6 -8th
Ramada Renaissance Hotel, Brighton.
Organised in conjunction with the American
IEEE and staged outside of the USA for the first
time. Contact CARTS -Europe on (0425) 73578.

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 'IF ET! 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.

Starting Your Own Business -- ctober 16th
The IEE, London. Discussion meeting
featuring speakers from the small firms centre.
Contact the IEE at the address below.

Conference For Young Engineers -- October
16 -18th
Strand Palace Hotel, London. See July '87 ETI
or contact the IEE at the address below.

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

Room Temperature Superconductivity -
October 19th
The IEE, London. For details contact the IEE at
the address below.

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

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

Amstrad Computer Show - October 23.25th
G-Mex, Manchester. For details contact
Database Exhibitions on 061-456 8835.

Analogue IC Design - November 5th
The IEE, London. Tutorial lecture. Contact the
IEE 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.

The Future Of The Personal/Home Computer
- November 10th
The IEE, London. Lecture by Sir Clive Sinclair.
Contact the IEE at the address below.

Elects plays - 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.

Satellite Communications And Broadcasting
- December 1 -3rd
London. For venue and other details contact
Online on 01-868 4466.

The UK Space Programme - December 7th
The IEE, London. Lecture by R. Gibson of the
British National Space Centre. Contact the IEE
at the address below.

The Which Computer Show - January
19.22nd
NEC, Birmingham. Contact Cahners at the
address below.

Electro-Optics And Laser UK - March 22 -24th
NEC, Birmingham. Exhibition which runs
alongside the Optics-Ecoosa '88 conference at
the Birmingham Metropole Hotel. Contact
Cahners at the address below.

HF Radio Systems And Techniques - April
11.13th
The IEE, London. Conference organised by the
IEE and the Institute of Mathematics and its
Applications. Contact the IEE 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 11X. Tel: (0280) 815 226.
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MORLEY ELECTRONICS
TELETEXT
ADAPTER
Would you like access to free high quality software and over
a thousand pages of information, but Prestei access charges
and phone bills too expensive? Then read onl
The answer is Teletext. Yes the sarre system everyone has
seen Incorporated Into television sets, but with a difference.
When Teletext is read by a computer you can actually use the
data.
The MORLEY TELETEXT ADAPTER introduces you to the
world of Teletext at a price that won't break the bank. Inside it
you will find the latest in second generation Teletext chip
technology, which unlike our rivals who are still using chps
designed more than ten years ago, will be fully corrpatble
with any future advances In the Teletext system.
With the Morley adapter you will get a state of the art unit that
automatically tunes itself into the required station (no more
messing around with screwdrivers or twiddling little knobs in
the back of the case), a user friendly menu driven program,
easy to follow instructions and a 12 month warranty. Add to
Nis the free downloadable telesoftware and we are sure that
you will agree that we are offering you one of the beet
bargains on the market today.

FEATURES:
 Advanced design uses the latest technology, will handle

To order please fill in and
Adapter Software
ROM
SWR DISC
40 TRK
80 TRK
Please Tick

For further details

ANY future enhancements to the Teletext system e.g.: full
field; 8 bit data transfer; 2k pages etc.
 Sirrply plugs into the user port.
 Low power consumption, less than 200ma. Optional power
supply available.

User friendly menu driven software including extended
OSCLI and OS Word commands for access from BASIC
programs.
 Supplied with 16k ATS (Advanced Teletext Software) and
16k support ROM software Inc. printer dumps, page
scooters etc.
' FREE Telesofrware, no access charges (updated weekly).

Save selected pages to discrlape for later retrieval.
 Full access to all Teletext services and channels e.g.:
CEEFAX, ORACLE, 4 -TEL.
 Gives you a real-time clock at your disposal (' TIM E).
 Software upgrades to allow for any enhancements to the
Teletext service, e.g.: extra channels, full field data on cable &
satellite systems etc. (only the media charge).
 Easy to follow comprehensive user guides.
' No hardware limitations, it can for example receive virtually
unlimited numbers of channels.

Utils disc available including printer drivers allows pages to
be selected and durrped direct to a printer (no more TV or
Radio Times to buy).

WHAT THE REVIEWERS SAID:

...In terms of price, performance, future expansion
possibilities and those little touches that show thought for the

send order form to: MORLEY ELECTRONICS, Unit 3, Maurice
Please send me
Qty. 0 Morley Teletext adapters @ £119.95 inc. VAT
Qty. 0 Optional PSU OP £9.95 inc. VAT
Qty.  Master Copy ROM @ £13.95 inc. VAT
Qty.  Master Copy Disc @ £11.95 inc. VAT
Qty. 0 Teletext utilities on Disc @ £5.95 inc. VAT

on all products call 091 262 7507 after 4.00pm.

NAME PHONE No.

ADDRESS

end user I would recommend the Morley unit.'-(Acom (.ler.
January, 1986).

..The Morley unit has been designed to ensure that its
operation is simple and smooth. 11 is the ideal Teletext
adapter for school use.* -(48E1 Corrputing, June, 1986).
...Using it over a number of months in drherent schools, it

has proved utterly reliable, and may confidently be
recommended.' -(The Times Educational Supplement
September, 1986).

THIS IS THE BIGGEST SELLING TELETEXT
ADAPTER CURRENTLY IN PRODUCTION
WORLDWIDE, AND COMES WITH A FULL MONEY
BACK SATISFACTION GUARANTEE.

Road Industrial Estate, Wallsend, Tyne
Qty. 1=1 M/B DESIGN7 screen designer
Qty. 0 1 Mbyte RAM disc
Qtv. El 2 Mbyte RAM disc
Qty. 0 Eprom Programmer V.2
Qty. 0 Desfax
Qty. 0 Morley Masterboard "AA"

Total £

and Wear NE28 6BY.
(u £7.95 inc. VAT
(a) £199.95 inc. VAT
@ £349.95 inc. VAT
(a) £27.95 inc. VAT
(a).£23.00 inc. VAT

£45.95 inc. VATEToi

CHEQUE No

Please add £3.00 P+P on Adapters and RAM Discs, £2.00 P+P on PSU's and Programmers, £1.00 P+P on Software.

HART ELECTRONICS are specialist producers of kits for
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 Quality 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
RLH4&5. 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 pre -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 its
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

POSTCODE

Please allow 28 days for delivery

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 Pannalloy 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
H0751 E 4/4 Erase Head for Portastudio etc.... E48.80
Full specifications of these and other special purpose
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 surfae Posf or 5 IRCs for Airmail.
Please add part cost or post, pocking and Insurance as follows.
INLAND OVERSEAS
Orders up to £10 - 50p Please send sufficient to cover
Orders £10 to £49 - E1 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 ALL PRICES EXCLUDE VAT
(0691) 652894 UNLESS STATED
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LETTERS

READ/AA/RITE
Portable Problems

Alan Watling appears to have
things in a slight muddle when

he wired up the speakers for his
portable PA system (ETI September).

He says the ideal loudspeaker
system would be a line source. He
could have achieved that in effect if
he had wired up the five loud-
speakers as shown.

John Tyzzer
Guildford, Surrey.

Mr. Tyzzer's arrangement will give
maximum output in the centre of the
line (C), a lower level of output from the
loudspeakers on either side of the centre
(B and D) and a lower level still from
either end of the line (A and E). This
gives a reasonably close approximation
to ideal line -source characteristics and
works well when the loudspeakers can
be pointed directly at an audience. In
the Portable PA, the loudspeaker column
has been deliberately tilted backwards
by a few degrees to provide mechanical
stability. To counteract this, the
loudspeakers are arranged so that there
is more output in the lower part of the
sound distribution pattern. This involves
a further departure from true line -source
characteristics but works well in practice.

RIAA (Again)

n Read/Write of the August ETI Mr.
I Leach wonders whether the
?qualisation used by record corn-
3anies is sufficiently accurate to
ustify the use of precise RIAA replay
ietworks in hi-fi amplifiers.

The listening chain contains a
lumber of elements (microphone -
ecord cutter - cartridge - amplifier
- loudspeaker, to mention just the
najor ones) and it is possible to take
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the view that highly -accurate equal-
isation at one point in the chain will
almost certainly be compromised by
greater variations elsewhere. I

remember a graph prepared in the
1960s (I forget the source) which
showed wide variations in recording
equalisation from one company to
another, some being as much as 6dB
out from the RIAA standard over
certain parts of the audio spectrum.

Fortunately things have changed
since then. Recording equalisation is
necessarily more complex than
replay equalisation because it has to
take into account the characteristics
of the cutting head but even so the
better record companies aim for an
accuracy of 0.2dB.

Surely Mr. Leach cannot be
satisfied with errors of the order of
1dB in his replay network, especially
when greater accuracy can be
achieved at trifling cost?

Wilfred Harms
Bexhill, East Sussex.

Circuit Theory

I have read many electronics
magazines and books but have

always found them empty. It has
taken me seven years to see this
emptiness.

People read electronics mag-
azines with a goal of understanding
what electronics is about. How It
Works sections of your published
projects help towards achieving this
goal but in themselves are not
enough.

To understand would need more
than giving component values in
circuit diagrams. How they are
arrived at must be shown. It would
be a blessing to show, using
intermediate mathematics (not a

minefield of equations and theory)
where and how component values
are obtained.

This would enable many readers
to do a lot of thinking for you and
contribute projects rather than just
building them parrot fashion.

N. Gharebeigui
Chiswick, London.

It is indeed one of the aims of Ell to
teach an understanding of electronics
and we try to do this in several ways. The
How It Works sections of projects are the
simplest attempts. We run two regular
series teaching the principles behind
electronics design. Circuit Theory is
intended to cover the more funda-
mental end of the spectrum and to
introduce basic mathematical tools.
Hardware Design Concepts is for more
advanced readers and looks at the latest
ICs available and advises on design
techniques when using them. Other
features go into specific topics in more
depth.

A good many ETI projects do include
some history of their design. Many are
arrived at by a good deal of trial and
error which cannot be 'taught. If we
were to include a full mathematical
explanation of every project we would
not only repeat ourselves continually but
only publish around three projects a
year!

Winter's drawing in. The days are
shortening and soon leaves will
bespeckle the otherwise immaculate
tarmac of Golden Square. Now is the
time for settling down of an evening
with a good book, a good electronics
project or even with pen and paper
to compose a letter to bolster those
ever -labouring boys in the ETI office.
Write now and you may catch the
December issue.

Electronics Today International
1 Golden Square
London W1R 3AB.
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TELETEXT
Barry Thurlow, a Systems Designer at Logica, explains the
workings behind the teletext system and delves a little into
future developments.

In its common form, as the Ceefax and Oracle services,
teletext can be seen on display in TV stores and many
homes all over the country but few people really know

its capabilities nor how it arrives at the set. This article
aims to introduce some of the services available now and
some of the exciting services proposed for the future and
to explain the details of how the system works.

Teletext is a digital data signal carried as part of the
broadcast TV signal and arrives in the home via the TV
aerial. The explanation of the teletext signal, then,
depends on the nature of the TV broadcast itself.

In a TV camera the picture is scanned from top to
bottom in 312.5 evenly -spaced lines. Then it is scanned
again making another 3125 lines positioned in the gaps
between the first set. This two -pass scanning is called
interlacing (Fig. 1).

The total number of lines for a full resolution picture
is 625 which is why the system is often referred to as the
'625 -line system. The scanning is interlaced to reduce
flicker in the scanning process. The analogue waveform
which represents the luminous intensity along the lines
is transmitted along with added pulses which mark the
start of each line.

It takes 520 to transmit the picture information for
one line of the picture. A further 120 is allowed for the
receiving monitor to reposition for the start of the next
line. During this time a negative going pulse (the 'line
sync') is transmited (Fig. 2a). So a total of 64µs per line
is required, giving a line rate of 15.625kHz.

The full 3125 lines displayed in one sweep from top
to bottom is called a 'field. The two separate fields in the
interlace system are called 'odd' and 'even.

- - -_-----------____---- . ------
- - -

- - -

Fig. 1 Interlace structure of a TV image.
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When the bottom of the picture is reached, extra time
must be allowed for the receiving set to return to the top
for the next field. This period before the start of each field
is called the vertical blanking interval (VBI). The VBI is
25 lines long leaving 247.5 lines per field for the picture.

To indicate to the receiving monitor when to return
to the top of the picture the regular chain of line sync
pulses is changed. The normal 4.74s line sync pulse is
extended to 27.31.4s with a second pulse occuring in the
middle of the line (Fig. 2b).

Since many old TV sets take a long time to recover
from the return to the top of the screen, the picture
information is held off until line 23, leaving lines 7 to 22
unused.

LINE SYNC

TIME REF

BLANKING
12,,S

52uS PICTURE SIGNAL

40.7V

OV

0.3V

LINE PULSES EQUALISING PULSES BROAD PULSES EQUALISING PULSES LINE PULSES

Fig. 2 The TV signal. (a) Analogue line data and sync pulses. (b) The modification to the line pulse train to signify the
start of the field.
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FEATURE

However, the broadcasters are not ones to let these
lines go to waste. Lines 19 to 21 are usually used for test
signals which allow for constant monitoring of signal path
quality. Line 22 is usually quiet and is used for noise
measurements. Lines 13 to 18 carry a digital signal -
teletext.

The Teletext Waveform
Figure 3 shows the line sync pulse for line 13 and the

digital signal which follows it. The first eight cycles follow
a fixed regular pattern. These 16 alternate O's and l's are
known as the clock run-in. This enables the receiver to
lock -in to the centres of the data bits.

Following the clock run-in is another fixed pattern of
eight bits known as the framing code. These bits read
11100100 (from left to right) and as the data arrives eight
consecutive bits are compared with the expected framing
code. This is done at each bit boundary by shifting the
data through an 8 -bit register and testing the parallel
output.

12uS'IN

CLOCK RUN-IN 2 BYTES FRAMING CODE

Fig. 3 Teletext data following the line sync.
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Fig. 4 Block diagram of the SAA5230 (courtesy Mullard).
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When the 11100100 pattern is seen in the 8 -bit window
the receiver knows it is looking at a whole byte rather
than eight bits from two adjacent bytes. During the rest
of the line, allocation of groups of eight bits into bytes
is done by counting bits from this known reference.

The SAA5230
There are a number of ICs on the market which

perform the task of recovering the teletext data stream
from the video signal. One of the most common is
Mullard's SAA5230 (Fig. 4). The Mullard chip performs all
the video processing functions required to turn the 1V
composite video waveform into serial data and clock.

The main functions of the SAA5230 are sync
separation, 6MHz voltage controlled oscillator (VCO),
adaptive data slicing and data clock regeneration.

Sync separation is the process of recovering the start
of line and start of field pulses from the video signal. The
chip first slices the video signal at about 0.15V to produce
a TTL waveform corresponding to the negative or sync
part of the video. This signal (VCS on pin 25) contains
line sync pulses of about 4.7ps width at 641.is separation
and the field pulse encoded as broad pulses for 2.5 lines
every 20ms.

The 6MHz VCO is used in conjunction with an
external divide -by -384 counter in a phase locked loop to
make a locked dot -clock for a character generator. The
SAA5240 chip (Fig. 5) contains both a suitable divider and
a character generator.

The adaptive data slicer is used to convert the video
data bits to TTL. It comprises maximum and minimum
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detectors and an analogue comparator whose threshold
is the half -way point. The capacitors on pins 5 and 6 store
the signal peak and zero levels respectively. The sliced
data at TTL level is available at pin 15. The use of adaptive
slicing makes the circuit insensitive to changes in
amplitude and DC offset on the input.

A clock signal (TTC on pin 14) is generated using an
accurate crystal oscillator. The oscillator runs at twice the
teletext bit rate and is divided down and re -phased from
transitions in the data. TTC is timed to have a rising edge
in the centre of each valid data bit.

Specification
After successful trials with teletext at the BBC in the

mid 1970's it was realised that commercial teletext would
only take off if the cost of including the decoder in the
TV set was low. The target figure was for the teletext -
equipped set to cost no more than £50 more than a
similar model without.

This meant the set makers would need a special chip
set to do the complex decoding task instead of the 30
or so TTL chips used in the experimental decoders. Such
chips are easily connected to form a complete teletext
decoder (Fig. 6). However, the chip manufacturers needed
a fixed specification to work to before they could commit
to the large development cost required to design and
produce such a chip. Jointly the BBC, the IBA and BREMA
published the 'Broadcast Teletext Specification' in
September 1976.

This document defines the signals and data which are
transmitted and the characters, colours and other
responses which are expected of the receiver. Both the
BBC's Ceefax service and the IBA's Oracle service work
to this specification.

The specification ensured the chip manufacturers
knew what was being transmitted and the broadcasters
knew how their pages would look to the viewer. It is still
the reference document for Level 1 Teletext.

"AZ

g7"7.t.r.
-4

"

H

Fig. 6 A simple single page decoder circuit based on
the SAA5230 and SAA5240 (courtesy Mullard).

The Teletext Page
The photographs show several typical teletext pages.

There are 40 characters per row, with 24 rows including
a page header at the top. Each row (including the header)
is transmitted as a single packet of data filling one TV
line in the VBI.

Each packet contains 45 bytes including the first three
(the clock run-in and the framing code). The next two
bytes contain the magazine number and row address
used to position the row on the screen

For example, the header has an addryffrs of 0 as it is
the top row. Addresses 1 to 23 give the row position down
the page. As there are no rows 24 to 31 packets with these
codes are treated differently and we'll come to these in
a while.

The header (packet 0) is required not only as the top

Eight Hamming code peculiar to page -header

Page number Time coda -'Minutes'

Units Tens Units Tens

Time code -'Hours'

Units Tens

First character
of page -header

1

20 21 22 23 20 21 22 23 20 21 22 23 20 21 22 C4 20 21 22 23 20 21 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14

P M M P M P M M P M M M P M M P M M M P M

Page header
(Row 0)

Row 1

Row 2

Row 3

Clock
run in

Clock
run-in

Framing
code

Magazine and
row -address group

Page
number

units

Clock
runln

Clock
unin

Framing
code

Magazine and
row -address group

Clock
rurvin

Clock
runln

Framing
code

Magazine and
row -address group

Clock
run-in

Clock
run-in

Framing
code

Magazine and
row -address group

Row 47
etc.

M P + M M M P M M P M P P tie + P P

Page
number

tens

Time
'Minutes'

units

Time
'Minutes'

tens

Time
'Hours'

units

Time
'Hours'

tens

Control
group A

0 0 0 0 0 0 0 0 0 0 a 0 M M M P M P M P M P M M

L

20 21 22 20 21 22 23 2

Clock run-in sequence Framing code

Synchronisation

Magazine
number

Magazine and row address group

Hamming codes common to all rows

Row address

M

P

Message bits

Protection bits

Control bits

pp.

Control
group 8

M M M M M M M

>01

Character bytes

C4 Erase
C5 Newsflash
C6 Subtitle
C7 Suppress header
Cs Update
Cg Interrupt sequence
C10 Inhibit display
C11 Magazine serial

C14C123

Languages

Fig. 7 The format of the header (packet 0).
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row containing the familiar service name and date but
also as a key to decoding the rest of the page. It contains
(in binary) the page number and various flags indicating
the type of page display required. It is always transmitted
one field before the rest of the page to allow the decoder
time to act on the information. The format of the header
is shown in Fig. Z

The decoder compares the transmitted page number
with the one selected by the viewer and updates the page
display only if a match is found. Having the page number
only in the header packet is a great saving in bytes over
each row being explicitly addressed.

The price for this is that an error in receiving the
header would render the whole page unreadable. To
alleviate this difficulty the eight control bytes are
Hamming coded for error recovery.

MESSAGE BITS

be b2

S

0.

a
0

0
0

a
I.

0

0

0
0

a
a

0
a

0

0

0

0

0

0

HAMMING CODE BYTES

b0 b. b4 b2 N1

A

C

B

TESTS FOR ODD PARITY

RESULTS OF
PARITY INFERENCE ACTION

A,B,C D

All
COROCtComet No errors Accept cmielle MN

All
comet

Not
COROCt

Error in b2 Accept message bits

coCorrect
NOt *I

M Correct kl"WPWWON Reject messiest bits

Refer to table 1( b )
Not ell Not to identify error.
COM* COMICt SIMI' error COMICt aver if

M bitmem.
DECODING ACTION

PROTECTION BITS

 TESTED BITS

Table 1 Hamming codes and error checking.

Table 1 shows the Hamming codes, how the
protection bits are generated and how they may be
checked. Hamming allows for the correction of single bit
errors and for the detection of two bit errors.

When the Mullard SAA5240 decoder is used, the
Hamming corrections are automatically performed on
the appropriate bytes. If you plan to make your own
decoder the job can also be done using a 256 -byte
EPROM.

Hamming coded data is applied to the 8 -bit address
input. Four of the output bits are programmed with the
message bit patterns corresponding to the Hamming
correction algorithm. Further bits may be programmed
to indicate that an error was found and corrected, that
no error was found or that the byte contains an
unrecoverable number of errors.

As the first eight bytes of the header are used for the
control bytes, the top row is displayed with the first eight
positions blank. This space is usually used by the decoder
to show the keyed -in page number.

Bytes 6 and 7 hold the page number in binary form
and bytes 8 to 11 contain a sub -page code. This code is
usually set to the number of the page within a group.
It is common to group together pages such as the TV
schedule pages. The page changes by itself about every
60 seconds to show first the morning program list then
the early evening and then the late programs.

Such sub -pages are termed a rolling set and have sub -
page numbers 1, 2 3 ... The sub -page code may be
selected specifically on most decoders using the 'timed
page' buttons (so called as the sub -page code was
originally intended only for the time on the alarm clock
page).

Figure 7 shows a number of single -bit flags in the
control bytes of the header. These are denoted C4 to C14.

C4 is the Erase Page bit and is set when the
broadcaster requires the decoder specifically to clear the
old page before showing the new one. This is usually
done between rolling pages or when the contents of a
page have been updated. It gives the editor the flexibility
to have an obvious change of content or (by not setting
the bit) to have a page change only in part. This is also
done sometimes to give an impression of animation.

C5 is the Newsflash bit, set if a page contains
information which the viewer may wish to see
superimposed on the TV picture. Most decoders will
allow the viewer to select the newsflash option in such
a way as to allow continued viewing of the program until
the newsflash occurs.

Pages intended to be seen as subtitles to a program
will have bit C6 set. This allows the decoder to display
them with the text set in a dark background cut into the
picture.

C7 is the Suppress Header bit. Setting this bit causes
the decoder to blank the header row. This feature is used
at the editor's discretion to enhance the appearance of
the page.

Pages in teletext are transmitted repeatedly so
someone who has just switched on will not have long
to wait to see their chosen page. However, once the page
has been read the viewer may wish to go back to watching
the TV program until the page changes. This is part-
icularly true of a rolling page. The transmission computer
will automatically set C8 (the Update bit) for the first
transmission of a page after it has been updated. The
decoder may then signal to the viewer that a new page
is ready (usually by showing the page number in the
corner of the screen).

Some pages in teletext are transmitted more
frequently than can be allowed by sequential trans-
mission of all pages - for example, the index page which
the viewer may refer to more often than any other page.
Transmissions other than the first in a cycle will be out
of sequence and this would have the effect of making
the page number shown in the header roll in an erratic
way if it was not for the use of Out of Sequence bit, C9.

The decoder, detecting that a header is not in
sequence will leave the previous header at the top of the
screen. The rolling page numbers may pause briefly as
the out of sequence page goes past but will remain in
order.

C10 is the Inhibit Display bit. Setting this bit prevents
the page from being seen by a TV set not specially
modified. This is used to avoid showing meaningless
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displays such as would result from a page whose contents
were encrypted.

The Magazine Serial bit, C11 is used by the broad-
casters to allow flexibility in transmission methods
without adversely affecting the quality of the viewer's
teletext display.

Bits C12 to C14 contain a 3 -bit code for the language
of the page. More advanced decoders such as the
Mullard SAA5240 will use these bits to enable foreign
character sets to be used automatically.

Editing
Now we have seen how pages are addressed, we

should consider how these mechanisms are put to work
by the teletext editor when preparing pages for
transmission.

Teletext pages are accessed by the viewer using a three
digit code (000 to 799) and optionally by a sub code. The
editor may use the page number to group together pages
of a particular type. The hundreds digit of the page
number is termed the magazine number and has the
special property of being present in all packets. The
editor may choose to transmit the magazines in serial:

100 101 102...
200 201 202...
300 301 302...

or in parallel:
100 200 300 400...
101 201 301 401...
102 201 302 402...
If parallel transmission is chosen the viewer will see

only page numbers from the selected magazine rolling
round.

On the transmission computer the editor will have a
library of 26 magazines (A to Z) from which he may assign
any eight to the transmitted magazines (OXX to 7XX). (As
the magazine number is three bits long, OXX and 8XX may
be used interchangeably according to taste).

The editor can further control the transmission of
magazines by setting a transmission order in which a
magazine may appear more than once. During Saturday
afternoon, for example, the magazine used for sports (say
300) may be considered to require faster access than the
total number of pages in all magazines would allow. The
editor could therefore choose to transmit the magazines
in the order:

100 300 200 300 700 300...
thus cutting the waiting time for a 300 page to one third
that of the other magazines.

Subtitling
One of the most important uses of teletext is to

provide subtitles on broadcast programmes for the hard
of hearing. The subtitles which we see on foreign films
are inserted into the video signal at the time the film is
edited so there is no choice about seeing them. Not
everyone, however, would want to watch English subtitles
all the time so a choice is provided.

Teletext subtitles are inserted in the picture by the
receiving set and, like other teletext pages, they are only
shown when selected. Insertion is done with boxing
where the text from a specified part of a teletext page
is made to appear on its own background superimposed
on the picture.

The teletext characters 10 and 11 (hex) are placed at
the points on each row where the changes from picture
to text and back are to be made. The subtitle creation
computer will allow the editor to choose whether the box
is rectangular (fitting the widest line of text) or variable
(following the shape of the text). The editor may also
position the boxed text anywhere on the screen so as not
to obscure the action.

Iowa

teletext
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In preparation, teletext subtitles are viewed against
a tape of the program and the tape positioned to the exact
instant the text should appear. The time -code of the tape
position is stored with the text on the computer. This way
the text can be synchronised to a change of scene or a
movement of the lips. It can take several hours to prepare
the subtitles for a half hour show.

In transmission, the subtitles are read on the
transmission computer and their times for appearance
and disappearance compared to the time -code from the
video tape or film. When the times match, the trans-
mission computer schedules the subtitle page for
immediate transmission, out of the page sequence to
preserve the timing accuracy.

A recent development in teletext subtitles is live
subtitling. A news interview or sports event may be
subtitled. Obviously, the difficulty is how to enter the
subtitle into the computer when it is not known what
will be said. The subtitling computer helps greatly by
allowing for the use of 'short forms:

In a political interview it may be a reasonable
assumption that the phrase 'the Conservative
government' may crop up. Before the interview the
computer is given a large number of such phrases and
shortforms such as 'GVT: If the operator uses the
shortform during live subtitling the computer will
automatically expand it up to the long form and fit the
other text after it.

The SAA5240 provides a switching signal (BLAN) which
is used in the colour decoder chip to switch between text
and picture. This signal is used for boxed subtitles and
for superimpose mode where the text is cut -into the
picture.

Full Level One Facilities
So far we have been talking about what is called Level

1 teletext. That is to say, Level 1 as was cost effective to
implement in 1976. It has basic textual features and simple
graphics. Pages are all accessed by three digit numbers
which can take time to get used to.

Full Level One Facilities (FLOF) is the implementation
of several advanced features not very different to level
1 but which could not be economically processed by the
chips of the first generation.

Technology has moved on a great deal since 1976 and
now it is possible to put a lot more intelligence inside
a TV set. Appearing in the shops now are TV sets with
CCT (computer controlled teletext). The Mullard SAA5240
is a CCT device. Much higher integration density than
was previously possible has enabled more functions and
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a serial computer interface to be provided by only two
chips.

Remember the row address number -a 5 -bit number
which only requires values 0 to 23? Some of the missing
codes are used in FLOF. Packet 24 is used to provide an
extra row of text which will contain operational prompts
as defined by the editor. Packet 27 contains link control
information for linked pages. Packet 8/30 (packet 30 of
magazine 8 only) contains various flags and digital
information.

Linked Pages
One of the infuriating facts about teletext is that there

is a wait for the selected page to appear. This problem
could be overcome if there was sufficient memory in the
TV set to hold all the pages, using the live signal only to
update this database. However, as there are typically
about 400 pages on the cycle, this would require a very
large memory. Page linking gets around the access time
problem while requiring only a modest amount of
memory.

For any given page there are a small number of likely
next pages. For a sports page, say, the viewer would
typically want to step on to the next sequential page, go
back to the sports index, go back to the main index or
go to a profile of the goal scorer mentioned in the page
he is reading.

The four associated pages are made the 'linked pages'
for the current page. The editor decides which pages are
to be linked to which and will enter the information on
the computer when the page is compiled. The computer
will also fill in any unused links if possible and inform
the editor of any inconsistancies before allowing
transmission.

Packet 27 contains a list of linked page numbers
readable by the CCT computer. These are used by the
decoder to acquire the linked pages in advance of the
viewer selecting any of them. This requires a memory of
only 4K.

Packet 24 of the current page will be displayed
(normally at the bottom of the screen) to indicate the
contents of the local memory. This might read:

NEXT SPORT INDEX MAIN PROFILE
Each choice is in a different colour corresponding to

four coloured buttons on the remote control. The viewer
may choose one of the linked pages by pressing the
appropriate coloured button and as it is already stored
in the local memory there is no need to wait for the page
to come around.

Of course, if the page the viewer wants is not one of
the four then the page number may be keyed -in explicitly
and the page will be picked up as it is transmitted.

Television Service Data Packet
Packet 8/30 contains information about the broad-

caster whose signal is being received and about the time
and date. It is intended to be processed by the CCT
computer and so the use made of the data will differ from
one set to another depending on the software supplied
by the set maker.

Home Computer Teletext
It is possible to receive teletext data, including the

extra FLOF packets, on a home computer. A special
teletext adaptor is needed and several manufacturers
produce these.

Acorn and Morley produce models for the BBC micro
and a unit from Volex is available for the Spectrum and
Amstrad CPC micros as well as the Beeb.

Morley's decoder for the BBC micro contains the
Mullard CCT chip -set and a tuner making it straight-
forward to connect, requiring only an aerial. The unit

comes complete with software for the BBC micro to load
and display pages.

The use of teletext with a home computer allows more
than just paper printout. Pages can be stored in RAM or
on disk for really fast access. It is possible to have your
morning paper printed for you by your computer
accessing the news pages. Your paper will be hours ahead
of those in the local newsagent.

In the future you could have your computer
controlling the video recorder from the information in
packet 8/30 and record your favourite programe when it
actually comes on - without the 15mins of overruning
cricket causing you to miss the end of your film.

Telesoftware
Telesoftware is the name given to the service by which

free software may be broadcast via teletext. The software
appears as tokenised Basic or machine code bytes
compressed so the lines of the program wrap around the
teletext rows. Telesoftware is intended only for machine
reading and makes use of packets 27 to link pages and
hence allow programs to be longer than 24 lines.

Teletext decoders for home computers are usually
supplied with software to make use of the broadcast
telesoftware.

Datacast
The latest use of Teletext is Datacast - the BBC's data

broadcasting system. This uses teletext packet 31 in a
special format to carry information on behalf of private
data providers.

Packet 31 is not received at all by the SAA5240 so a
purpose-built decoder is needed in order to receive it.
Such a receiver is available from Volex to work with the
BBC micro, Spectrum and Amstrad.

Datacast is intended for retail chains, financial
institutions and the like wishing to send data simult-
aneously to many branches. One newspaper is currently
considering installing a Datacast receiver in each of it's
newsagent shops to be connected to a suitable moving
message display.

The headlines would then be received simultaneously
in all the shops each morning and displayed in large
letters in the window to attract the attention of passers by.

To make use of the Datacast system the data provider
sends data to the BBC in London by landline where the
Datacast computer will format it for transmission. The
BBC is constantly improving the service and will be able
to help with the latest information on how to access
Datacast as a data provider.

For the data user, only a suitable receiver and a
computer is required to decode the special format. The
BBC produce a receiver for professional use which
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contains a Z80 microprocessor to recover the data from
the packet structure and to output it as an RS232 signal
suitable for a printer, computer or display.

This is a sophisticated receiver to allow it to process
the data it receives in an intelligent manner,
programmable to check errors and only send out error
free packets or try for an error free packet and then pass -
on the last copy of that packet error -free or not.

At present the system is using one line on BBC1 and
BBC2 for a combination of real and test data. With a
single line an end -to -end throughput of 19,200baud is
possible. By contrast, a modem directly coupled to the
phone line can only usually achieve a throughput of
1200baud.

The contrast is further emphasised when comparing
the time taken to phone individual destinations with the
time taken on Datacast to broadcast to all at once. Take
a typical news headline of 100 characters which is to be

CLOCK RUN-IN

F._ FRAME CODE

USER DATA

LDL dAM WNW
CI watinuity Weliemax
RI /BMW MIR...

MANN In/DIO
rMnimunv none
maximum- 4i4

AL uldwas WNW
FT tome typa
Fixed Fp, for FEW. 31
OPn chennei group

CRC cyclic redundancy woe Weak

T -

CRC OK

Fig. 8 The format of the Datacast packet (packet 31).

T

sent to each of 1000 shops. A modem would take about
a second to transmit the data and around 10 seconds to
dial. For all the shops this would take around three hours.
Datacast would take about 55ms to send the data plus
the time taken to send the data to the BBC by phone,
say, around 15 seconds. A ratio of over 700:1!

Datacast Packets
Figure 8 shows the contents of the Datacast packet

(packet 31). Individual receivers may be addressed using
an address field which is up to six bytes long giving a
24 -bit address. The packet is further identified within the
users data stream by the continuity indicator (CI) and
repeat indicator (RI). The RI gives the number of a packet,
which has been repeaed, within the set of repeats. The
RI is modulo 16 and uses the lowest four bits of the byte.
The CI is used to check that no packets have been missed
out in case of poor signal quality. It is a modulo 256
number incremented for each new packet.

Following the CI and RI is a data length byte, the data
and finally a two byte cyclic redundancy check (CRC). The
CRC is calculated using feedback on bits 0, 4, 7, 9 and 16.

These provisions make Datacast suitable for financial
and other numerical data where integrity is of utmost
importance.

Full details of the Datacast service are available from
the BBC. For professional consultancy on the use of
Datacast in business readers are recommended to
contact Logica.

Private Teletext
So far we have only considered the source of teletext

to be the two broadcasting companies. It is also possible

to gain the advantages of teletext in a private video
network.

Hotels, chalet parks, large stores and even factories
may have their own network broadcasting video to their
guests, customers or workers. Such institutions can
include teletext in their signal and add to their services
the ability to distribute textual data. The advantage of
teletext over simply using computer terminals are
twofold.

 The network of cables already exists.
 The receiver (teletext TV set) is inexpensive.
It is possible to combine the signal from, say, the BBC

with locally -added teletext so that a hotel guest, for
example, can view the normal programs and also dial up
the latest menu, lists of hotel facilities or local tour
information. Using the newsflash facility a guest could
keep informed about the opening of the restaurant. The
hotel could incorporate a paging service too.

Building Teletext Generators
Level 1 teletext in its simplest form consists of largely

ASCII text with the magazine and row number and the
header added around it. At the hardware level it is merely
a series of black and white dots at a particular frequency
and in a particular position in the video field. A
programmable graphics chip such as Motorola 6845 can
be programmed to produce such a dot pattern (Fig. 9).

To use the 6845 as a teletext generator the crystal
frequency must be changed to 6.97MHz and the device
programmed to output on, say, line 18 only. The data on
the line will be from an area of RAM and at these
addresses bytes corresponding to clock run-in, framing
code, magazine and row address and row or header bytes
must be placed. Some care is required to ensure the
timing is correct. The penultimate cycle of the clock run-
in must be at 12µs from the falling edge of line sync (as
in Fig. 4).

The software must generate complete pages of text
in memory including the header and initial bytes making
45 bytes per row. By incrementing, the starting address
pointer of the 6845 it may be made to generate teletext
from one row after another. It would be best to use
interrupts to increment this pointer after each field sync
but if this is not possible on your computer it does not
matter as teletext rows may be transmitted more than
once without harm.

Full Field Teletext
Normal teletext, more properly known as VBI teletext,

AGE
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OMAX PAGE

043
COUNTER

ROW

BYTE
COUNTER
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TIMEIMBE
GENERATOR

MANSON/I
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1.11:7.1<- ->

CONTROLS 11°

aL.04.
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VIDEO
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0

Fig. 9 Block diagram of a teletext transmission system.
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uses no more than 16 lines of the video field. This limits
the effective data rate to a maximum of 32K per second.
If there is no requirement to have a TV picture at all then
all 263 lines may be used giving a massive data rate of
526K per second.

With 300 pages in the cycle this would cut the access
time from around nine seconds to 0.6s.

This method has been successfully applied in the
Hong Kong Stock Exchange to provide very rapid access
to stock information for some 600 terminals. With teletext
the number of terminals is not important. If they had
been standard computer terminals the computer
servicing the requests would have had only 1ms to
process the request for each terminal in order to
guarantee the same performance.

The Future
To control the cost of teletext while allowing

manufacturers to move with technology, a number of
levels of teletext service have been defined by the DTI
in their document 'The World System Teletext Technical
Specification and an Introduction to Videotext: Each level
is intended to be brought into service as and when
technology permits.

Level 1 and FLOF teletext pages look similar with their
seven bright colours, limited character sets and crude
mosaic type graphics. However, in the future we should
be seeing lots of good things.

Levels 2 and 3 propose more colours for more subtle
effects, lots more characters allowing foreign language
and mathematical symbols to be mixed on a page. There
are also double height and double width characters to
make text displays more interesting (see Fig. 10). One of
the outstanding new features is the possibility of
redefinable characters. This means the bit -pattern for a
character square may be sent to the decoder in advance
of using the character so it can take any shape desired.

This can be used to produce high resolution graphic
images by grouping a number of redefined characters
together as a law bit -mapped area. Images such as the
space shuttle in Fig.10 open the door to better
presentation of title pages and advertisers' products.

The Mullard EUROM chip is a level 3 display
controller. It provides for 32 different colours at a time
chosen from a palette of 4096. It has redefinable
characters on a 10 -by -12 matrix which may be used to
provide graphics with an effective resolution of 400 by
300 pixels or to give a very high quality text display. It has
four built-in character tables which provide a wide variety
of characters, foreign and English, symbols, and shapes
for line drawing. The EUROM can be used to make a
genuinely attractive display.

Further in the future are levels 4 and 5. Level 4 the so-
called 'Alpha -Geometric' presentation level will expect the
receiver to be able to produce many basic graphic
elements from transmitted instructions. A number of
drawing primitives such as ARC, VECTOR, AREA FILL will
be used to produce ever better and more attractive
images.

Level 5 is termed 'Alpha -Photographic' presentation.
This level will require large amounts of memory and will
produce full resolution still pictures. The enormous
amounts of data required may limit this service to the
cable networks where a full channel teletext service could
use level 5 for home shopping for goods which need to
be seen and which previously would have required a visit
to the shop.

The high quality display system which will be in the
TV set of the year 2000 will I'm sure also be used as the
display for other parts of the home entertainment and
communication system. All the settings of the TV
brightness, volume, tuning, and so on, as well as those

EUROM DISPLAY ATTRIBUTE

ABCDEF abcdef 1234567

Fig. 10 Level 2 and 3 teletext screens.

of the radio, amplifier and CD will be shown and altered
using on -screen displays.

The video recorder will be programmed not by
programme times but, through teletext, by names of the
programmes and even actors and actresses. The home
communication system will search the listings on teletext
and automatically record all films starring, say, Peter
Sellers or any program with the word 'gardening' in the
title.

As storage devices become ever lower in cost we may
have our entire library on-line. Teletext could be used to
send us new editions and updates as they are ready. One
could subscribe to the complete Oxford English
Dictionary or Encyclopedia Britannica and have it
constantly updated and available for instant computer
access from your optical disk.

Teletext is really only just beginning. ETI

Contact Addresses
BBC Designs Department
99 Great Portland Street
London, W1

Department of Trade and Industry
Information Technology
Division
29 Bressendon Place
London, SW1

Logica Communications and
Electronic Systems Limited
Attn. Gwyn Morgan
64 Newman Street
London, W1A 4SE

Morley Electronics
1 Morley Place
Shiremoor
Tyneside, NE27 OQS

Mullard Limited
Mullard House
Torrington Place
London, WC1E 7HD

Voles Electronics
Stowell Technical Park
Eccles New Road
Salford, M5 2XH
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HARDWARE
DESIGN
CONCEPTS
Mike Barwise takes an introductory look at emitter coupled
logic (ECL) chips superfast but tricky with it.

The superfast logic family, ECL, of which super
computers like Crays are made, has actually been
around since the mid 1960's but has never caught

on among amateurs. There are many myths about the
difficulties of working with it but I don't think it poses
any insuperable problems for the enthusiast except
perhaps the cost of the requisite fast test gear.

The advantages of working with ECL are phenomenal
speed, noise immunity and the ability to use a wide range
of specialist components only made in this technology,
such as flash analogue to digital converters and content
addressable memory.

The main disadvantaes compared with more familiar
technologies (TTL and CMOS) are considerable power
dissipation and heat generation. Circuits of more than
about half a dozen packages should really be fan cooled.
There is also a need for much more rigorous adherence
to design rules and to some extent a lack of VLSI
components, although this is rapidly being corrected as
new devices appear at an amazing rate.

ECL was first introduced by Motorola in 1962 as
MECL I, which, at a working speed of 30MHz, was by far
the fastest logic family of its day. It has passed through
several alterations up to the present set of three types
or 'families.

ECL is currently available in various types which differ
in speed and use. Briefly, these are:

MECL1OK (125-200MHz, introduced 1971-76)
MECL1OKH (250MHz, 1981)
MECL III (500MHz, 1968)
(Motorola designations).

All of them work on the same basic principle but
differ in internal layout and silicon technology. The faster
types do get increasingly tricky to work with, so the one
I recommend for experimentation is MECUOK. This is the
slowest (a mere 150MHz!) and poses the least problem
to the rule of thumb worker.

Saturated And Unsaturated
The now familiar CMOS and TTL logic families work

by switching internal transistors fully on and fully off
(driving them into saturation and cut-off). The collector -
emitter current of a transistor varies according to the
current applied to its base. However, there is a point
beyond which additional base current cannot increase
collector -emitter current and this is termed 'saturation:

Similarly, with reducing base current, the transistor
will always stop conducting before the base current
reaches zero. The base current at which this happens is
called 'cut-off.

DIFFERENTIAL INPUT AMPLIFIER

INTERNAL
TEMPERATURE
AND VOLTAGE
COMPENSATED
BIAS NETWORK
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Rci
217R
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FOLLOWER
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1194u
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Fig.1 The Basic gate circuit for the MEC1.10K family.

OR
OUTPUT

NOR
OUTPUT

The problem with switching between saturation and
cut-off is that it slows you down. Crudely speaking, the
capacitance of the transistor holds a charge when the
transistor is in saturation and this dissipates relatively
slowly, delaying the passing of the cut-off threshold.

ECL, unlike TTL, uses 'unsatured logic. This means
that the internal transistors are switched within their
linear region, never cutting off or saturating. This is the
main reason why ECL is inherently faster than TTL -
150MHz to 500MHz as opposed to the maximum of
90MHz available from F series TTL.

The ECL Circuit
TTL gate inputs use multiple -emitter transistors which

are in effect a refinement of the simple diode gate. ECL
works on an entirely different principle. Each input is the
base of a separate transistor in a parallel connected bank
which forms one half of an emitter coupled differential
amplifier (Fig.1).

The other half of this differential amplifier is driven
by a reference voltage, creating what amounts to a
comparator. In passing, it is worth mentioning that the
ECL input stage is reminiscent of the 'long tailed pair' of
valve days (dates me doesn't it!).
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Working With ECL
At first sight ECL looks rather odd to anyone familiar

with solely TTL and CMOS saturated logic families. There
are no AND gates in any ECL family, most gates have true
and inverting outputs and the supply and logic levels are
funny, being nominally -5.2V (yes, minus!) supply and
-0.9/-1.8V logic high/low.

However, none of these points constitute any real
problem to the user. They simply amount to a different
convention. Such problems as ECL does pose are not
unique to it. They are the general problems encountered
when working at the high speeds of which ECL is capable.

At switching speeds in excess of about 100MHz, inter-
connections exhibit inductive and capacitative charac-
teristics which must be carefully controlled to avoid
serious degradation of the signals passing along them.
The parasitic RC component of an interconnection
creates a 'characteristic impedance' which must be
matched to the input and output impedances of the
devices connected to either end of the interconnection.

Interconnections with defined characteristic imped-
ance are known as 'transmission lines' and their precise
performance can be defined and predicted by mathe-
matical means.

I do not intend to go into the calculations here, as
they would put you off (and me too!). It is sufficient to
say that without a lot of careful measurement and maths
you cannot reliably use MECL III (500MHz). However, you
can use the slower families (allowing 250MHz operation)
as Motorola have been very crafty in the design of
MECL10K and 10KH.

The two factors which affect overall logic system speed
are risetime (the time the logic takes to make a nominal
transition between high and low) and propagation delay
(the time between a threshold transition at the input of
a device and a resultant threshold transition at its output).

Of these two parameters, propagation delay is the
worst offender in slowing down systems. The propagation
delays of all cascaded logic stages add together, whereas
the risetime of an overall system can be roughly con-
sidered as the slowest component risetime.

However, risetime is the factor which most
significantly affects the requirements for transmission
line impedance matching as the 'squarer' the waveform,
the greater the range of high order harmonics present

85°C
250c-

-0.950- \ OR OUTPUT

A,

NOR OUTPUT

85°C
-1.750* 25°C30°C.

-1.6 -1.4 -1.2 -1.0
INPUT VOLTAGE (VOLTS)

Fig.2 Typical transfer characteristic of the MECL1OK
family as a function of temperature.

and so the greater the bandwidth of the system needs
to be.

MECL III has equal risetime and propagation delays
of 1ns. This means the bandwidth of the device inter-
connections must be greater than 1GHz (1000MHz) by a
factor of at least two. The craftiness in the case of
MECL1OK and 10KH is to make the risetime slower than
the propagation delay.

So MECL1OK has a risetime of 21/2-31/2ns and a propa-
gation delay of 11/2-2ns and 10KH a risetime of 1.8ns and
propagation delay of 1ns. This means the interconnec-
tion bandwidth requirement is substantially relaxed even
to the extent that wire wrapping techniques may be used
(with care).

Design Rules For 10K And 10KH
The following rules are probably adequate for

prototypes and experimentation.
 Use a proto board with a ground plane and copper

power distribution. The board layout for my articles on
the construction of the TTL pulse generator (Fig3) would
be a good starting point.

 All wiring should follow the shortest possible
route. This is called 'point to point' wiring. It may look

  . .            
. .
. .
. .
. .                                  0            

Fig.3 The topside power and ground planes foil of the pulse generator design (ET!, April 1987). A good all-purpose
design for ECL experimentation and prototypes.
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FEATURE: Hardware Design

less tidy but it will dramatically improve performance.
 All wiring should be laid as close as possible to

the ground plane. With wire wrap this means in contact
with the underside of the PCB. If soldered wiring is used,
it should be on the topside in contact with the ground
plane.

 Great care must be taken to ensure the power
supply rails meet optimum voltage specifications. Per-
formance degradation in ECL is much worse than in other
logic families with bad power supplies and will manifest
itself as reduced noise immunity.

 ECL must be adquately cooled. It will blow up if
it is not! Even proto boards should be mounted in some
kind of case and have air blown over them by a fan if there
are more than 5-10 packages in the circuit.

Where To From Here?
For further reading I strongly suggest the MECL

Device Data manual and the MECL System Design
Handbook, both available at about f5 each from Motorola
distributors. The latter book goes into the maths required
for MECL III (if you feel strong!). There is no substitute
for the information in these books - they will be your
ECL bible.

Two of the most interesting components, however, are
the MC10H124 and MC10H125, which are quad TTL-ECL
and ECL-TTL translators. Using these devices, the fastest
flash ADC chips (working at about 50 million samples per
second which TTL can handle) may be used. I will go into
these in more detail very soon, as they open the doors
to a host of really neat designs.

Next month I will take a look at new departures in
analogue signal filtering, including both analogue and
digital solutions.

FEATURE MECL 10KH

MECL 10K

MECL III10100

10500

10200

10600

10800

Year Introduced 1981 1971 1973 1976 1968

Bias Driver VC* 10000 10000 VC' 10000

Output Pulldown Resistors No No No No No

Input Pulldown Resistors Yes Yes Yes Yes Yes

Maximum Input D.C.

Loading Current 265µA 265µA 410pA 3500A 350uA

Specified Output Current =22mA =22mA =22mA =22mA =22mA

Maximum Output Current 50mA 50mA 50mA 50mA 40mA

Transmission Line Drive Yes Yes Yes Yes Yes

DC Loading Fanout 83 83 54 63 68

Input Capacitance 2.9pf 2.9pf 3.3pf - 3.3pf

Output Impedance 7R 7R 7R 7R 5R

Gate Progration Delay

(typical) 1.0ns 2ns 1.5ns 1-2.5ns 1ns

Gate Edge Speed

(10 to 90%) 1.8ns 3.5ns 2.5ns 3.5ns 1ns

Flip -Flop Toggle Speed (min) 250MHz 125MHz 200MHz N.A. 500MHz

Gate Power 25mW 25mW 25mW 2.3MW 60mW

Open Wire Length (Less

than 100mV undershoot) 3in 6in 3in 6in tin

Wire -wrap Capability Yes Yes Yes Yes No

Use of Series Damping

Resistors Yes Yes Yes Yes Yes

Separate Vcc Inputs Yes Yes Yes Yes Yes

Speed -Power Product 25pJ 50pJ 37p1 4.6p1 60p1

Wire or Capability Yes Yes Yes Yes Yes

*Voltage Compensated

Table 1 MECL family comparison ETI

SPECIAL OFFER
FOR SPECTRUM AND BBC MICRO OWNERS

Now your computer can take control for
an affordable price. These tried and trusted
interfaces from DCP Microdevelopments are
offered at £20 off the normal price.

Both units are extremely easy to use from
both Basic and assembler/machine code and
are supplied ready built and complete with all
the documentation you need.

To order by post fill in the form below (or
a copy) and send it with your remittance to

ASP READERS' SERVICES (RO ET5/6)
9 Hall Road, Maylands Wood Estate,

Hemel Hempstead, HP2 7BH
Please make cheques payable to ASP Ltd.
Overseas orders add £5 (Interspec) or £10
(Interbeeb) for airpost.
Access and Visa card holders can also place
their order by phone on (0442) 41221
Allow 28 days for delivery.

[Please supply Interspecs (RO ET5) attl
£29.95 plus £1.95 p&p per order.
Please supply Interbeebs (RO ET6) at
£49.95 plus £1.95 p&p per order.

Name

Address

Please debit my ACCESS/VISA card

No to the sum of

Signed:

INTERSPEC f29.95
The Interspec unit plugs directly onto

the expansion edge connector of the
Spectrum to provide a full range of
interfacing facilities.

The unit is housed in a plastic case
approximately 41/2x3x1in which contains the
top quality double sided PCB and interface
connections.
 8 -bit input port
 8 -bit output port
 four switch sensor inputs
 four relay -switched 12V 1A outputs
 eight channel multiplexed analogue to

digital converter
 15 -way expansion bus

All sections of the interface are I/O port
mapped and designed for maximum com-
patibility with existing Spectrum
peripherals. Power is supplied through the
Spectrum edge connector.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home -built
devices. Connection is by multi -way PCB
connector and all the information required
for adding further devices is given.

INTERBEEB f49.95
The Interbeeb unit connects to the BBC

micro's 1MHz bus expansion connector
and is supplied complete with its own
power supply unit.

The interface unit is housed in a plastic
case approx 41/2x3x1in which contains the
top quality double sided PCB and interface
connectors.
 8 -bit input port
 8 -bit output port
 four switch sensor inputs
 four relay -switched 12V 1A outputs
 eight channel multiplexed analogue to

digital converter
 precision 2.5V reference
 external power supply
 15 -way expansion bus

All sections of the interface are memory
mapped in the 1MHz expansion map for
maximum ease of use and compatibility
with existing peripherals.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home -built
devices. All the information required for
using additional devices is included.
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MINIATURE
PASSIVE

INFRA -RED
SENSOR

Size only 801010x4Omm. Detects intruders up to
12 metres away.

p

ONLY
£23.95

VAT

 12 metre detection range.
 Size only 80x60x4Omm.
 24 Detection zones.
 Wide 85° coverage.
 Swltchable LED indicator.

This advanced new int-halm
petector operates by detecting
the body heat of an intruder

. r moving within the detection
field. The use of a dual element

pyrcelectric sensor means that changes
In ambient temperatures are ignored. thus providing

a stable and reliable performance. Easily installed in a room
halfway, the unit will provide effective detection of any in trusion.

perating from a 12V supply and consuming only 15mA, it is Ideal
use with the CA 1382, CA 1250 or any equivalent high guiallty

.1 unit. Supplied with full instructions. Its performance
i n

CA 1382 ADVANCED CONTROL UNIT that's
simple to Install and operate.

Fully automatic siren
re -set.
Audible entry/exit warning.
Alarm Sounded memory.
2 separate loop inputs
+ 24hr circuits.
Built-in electronic siren.
Easily installed, full
instructions supplied.

The latest control panel
provides effective and reliable
control for all types of security

installations. Its advanced
circuitry checks the loop circuits every time it is switched on,
preventing incorrect operation. Using a simple 'on/off key
switch, it is easily operated by all members of the family. In
addition it provides 24 hr. personal attack protection. Housed in
a steel case, it is supplied with full operating instructions.

_ Available In Idt form wfth hAly-Only £44.95+ VAT bulk electronics, £39.95 + VAT.

= -= Modules
Systems
Accessories

rCA 1250 LOW COST
ALARM C
MODULE

This tried and tested control unit represents
the finest valuator money in control systems.
providing the following features:

 Bullt-in electronic siren drives 2 loud
speakers  Provides exit and entrance delays
together with fixed alarm time  Battery
back-up with trickle charge facility
 Operates with magnetic switches, pressure
pads, ultrasonic or I.R. units  Anti -tamper
and panic facility  Stabilised output voltage
 2 operating modes full alarm ant1 tamper
and panic facility  Screw connections for
ease of installation  Separate relay contacts
for external loads  Test loop facility.

Price £19.95 + VAT

HW 1250 -
ATTRACTIVE
HOUSING plus
HARDWARE FOR
CA 1250to k ftSmbve sloe sae designed

txuae the Cmbd lint CA 1250
tivelher mei the approval. LED nditatcrs and key
Mk% Imitable separately).
Supplied vath theMirealier'? Piers,

longs, end punched
hop panel, Se grain a professional appeerance
by the edietive ask screwed abet

L _A
Sze 200x180x700mm only £9.50 + VAT

r QETE
sus

FRO ,\ut39w

r DP 3570 LIGHTING CONTROLLER
This versatile module
provides timed
switching of loads
up to 3A for pre-set
times between
10 secs and 5 mins,
the timed period being
triggered by the opening
or closing of an external
loop or switch. The built-in
I 2V 250mA power supply
is available for operating external sensors.
Suitable plastic enclosure £2.85 + VAT.

only £13.95 + VAT

SA VE 4L) rE9
BY INSTALLING YOURSEI.

1
FL 500
QUARTZ
HALOGEN
FLOOD
LIGHT
Whilst intended for security lighting
applications, this unit is suitable for
lighting patios, pathways and gardens etc.
Supplied complete with 500W lamp, priced
Protective grill, £1.95 + VAT.

Only £14.95 + VAT

og4

IR 1470 - 50ft. INFRA -RED BEAM SYSTEM
Consists of a separate transmitter & receiver, the system
provides an invisible modulated beam which when broken
operates the built-in relay. For use with security systems, but
also ideal for photographic purposes and industrial
applications. Size: 80x50x35mm. Only £25.61 + VAT

tr

This advanced
module uses digital

signal processing to provide the
highest level of sensitivity whilst
discriminating against potential
false alarm conditions.

Only £1 3.95 + VAT

"% US 5083 DIGITAL ULTRASONIC DETECTOR
 3 levels of discrimination against false alarms  Crystal
control for greater stability  Adjustable range up to 25ft

 Built-in delays  12V operation.

ULTRASONIC MODULE
ENCLOSURE

Suitable steel enclosure for housing
the US q1n3 suppled with the

necessary mounting pillars and fixings

only £2.95 + vAT

RISCOMP LiMiTED.
Princes Risborough BUCKS.
HP17 9DB.

SpeC IalvuvurEoyiStDept 51
Poppy Road eal
The ORDER BY MAIL

OR TELEPHONE Ilk Tel: (084 44) 6326

19" RACK CASES
* Suitable for instruments, high quality amplifiers and many other applications that demand
strength and professional finish * New improved construction and finish * Black anodised
aluminium front panels * Separate front mounting plate, no fixing screws visible on the front
and the side of the enclosure * Heavy gauge 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 finished in black. Rack mounting or free standing. Comes in
quick assembly flat package spare front panels available.

Order Code Panel Size Rear Box Price
W H (inch) W H D Weight

IU-10 19e1.75 17 x 1.5 x 10 2.4kg 23.50
2U-10 19 x 3.5 17 x 3.0 . 10 2.9kg 24.50
3U-10 19x5.25 17 . 5.0 .10 3.5kg 26.50

2U-12 19e3.5 17 3.0 . 12 3.3kg 25.50
19 . 5.25 17 5.0 . 12 41)1113 27.503U-12

4.8kg4U-12 10 7.0 17 8.5 12 29.95

Please add £3.00 P&P for the first Item and £1.50 for each additional item
15% Discount on rack cases with this advert.

TEST EQUIPMENTS

C83A Digital Power Supply:' Voltmeter
C835 Digital Power Supply
C89A Function Generator
C86A Confer/Timer
C87A Autoranging Capacitance Meter
MV338 Metal -mains detector

en

700008L1
-Jilitiab

£39.95
£35.95
£35.95
£45.95
£42.95

£7.99

A new range of quality test equipment at the lowest possible price. The
C89A (£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
Quantity 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.

fr,""\Ale.Zir 19" RACK MOUNTING EQUIPMENT CASES
This new range of 19" rack equipment cases have been designee wiry economy s rd versitility as ineir
objective. These cases are supplied as a flat pack kit with assembly instructions.
The equipment cases feature a black powder coat V," (3rnrn) aluminium frontpanel with the rest of the
case constructed from .7min or .9mm iStelvetite' PVC coated steel. All kits include front panel handles
and rubber tea 
They are available in the following popular sizes with all the units having a standard front panel width of
19". and an enclosure width of 171/." (438mm) by a depth of 10" (254mm).

ORDER CODE HEIGHT
U1 13/," (44mm)
U2 " (88mm)
U3 5,/, (133mm)
U4 7" (178MM)

PRICE
18.00
16.00
20.00
22.00

All prices Exclude V.A.T.
Please include £2.50 Per Item For
Post & Packing.
Flat pack size = 500 x 260 a 32
Maximum weight = 1.5Kgs.

Blanking Panels and Rack Cabinets
also available.
Please send S.A.E. for further details
* TRADE ENQUIRIES WELCOME *
Tel 0275 823983 for AccessNise card sales for
immediate despatch or send cheque with order to:

RACKZ PRODUCTS PO. BOX NO. 1402, MANGOTSFIELD, BRISTOL
ENGLAND. BS17 3RY

Asc..

BINDERS
FOR YOUR VALUABLE COLLECTION
OF ELECTRONICS TODAY /INTERNATIONAL MAGAZINES 0.95 
 SMART  EASY TO USE  TOP QUALITY inc. 1

irTo ASP Readers Services, PO Box 35, P&P
Wolsey House, Wolsey Road, Hemel ,Na-'Hempstead, Herta HP2 4SS (044241221) II

IM MI MN MMI MI =====
Please supply Electronics Today International I
Binders £5.95 inc. P&P

Total £ (Please make cheques payable to ASP Ltd.) I

I Years Required - 198 198 198 198

Name
11111.1211 Address
INNOMMO

gtin w. I

Please allow 21 days for delivery
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CIRCUIT THEORY
Paul Chappell delves further into phasors and finds that
capacitors can't predict the future after all.

Last month we saw how sine waves could be repre-
sented by rotating rods on a phasor diagram. In any
linear network driven by a sine wave, every one of

the resulting voltages and currents will also be a sine wave
of the same frequency, so phasor diagrams come in
handy for displaying the phase relationships between
them. Better than that, they also give a lot of help in
working out the voltages and currents in the first place,
as we'll see in a moment.

First of all, let's take a look at individual components
and see what happens when a sine wave voltage is
applied. For a resistor the current at any instant is
proportional to the voltage, so it comes as no surprise
to find that the voltage sine wave gives rise to a current
sine wave in phase with it (Fig. la).

How about a capacitor? The relationship between
voltage and current is:

i = C dv/dt
For a general sine wave voltage of peak voltage V, v =
sin(Vwt + 8) so the current will be:

i = V.C.d sin(wt + 8)
dt

= co.V.C.cos(cot + 8)
= w.V.C.(sincot + 8 + 90°)

So the magnitude of the current will be (.0C times the
voltage and its phase will lead the voltage by 90° (Fig.lb).

The idea of the current leading the voltage that is
producing it often causes confusion. It seems to suggest
that capacitors have supernatural powers and can predict
the future!

Let's put it to the test. We'll give the capacitor a sine
wave voltage input until point A of Fig. lc, at which point
we'll let it level out. If the capacitor really does have
precognition, it should level out the current at point B.
Does it? Of course not! So much for psychic capacitors.
Figure ld shows what really happens.

The reason for the apparent supernatural power is
that the voltage at any instant gives rise to a current
proportional to its rate of change at any instant.

If the voltage is sinusoidal, it just happens that the
current will also be a sine displaced by 90°. Leading and
lagging is just a convenient way to talk about the phase
relationship between the two.

With other waveforms, the current waveform will not
even be the same shape as the voltage waveform (see Fig.
le, for example) so any talk of leading and lagging is
meaningless. Can you think of a voltage other than a sine
wave that produces a current of the same shape? Don't
spend more than five hours looking for one! (I'm not
allowing exponentials - they don't repeat!)

After that digression, let's return to the business in
hand. Since a sine wave voltage applied to a capacitor
produces a sine wave current, if we only consider the
magnitude of the two sine waves the capacitor seems to
behave in a similar way to the resistor. The voltage
produces a current cot times as big, so the capacitor has
a kind of 'resistance' to sine waves 1/c0C. This 'resistance'
is not fixed - it varies with frequency. It's also different
from ordinary resistance because it only works for sine

lei

(c)

Id)

.
A

lei

A

VOLTAGE

CURRENT

i vii

Fig. 1 (a) The current through a resistor with a sine
wave voltage applied. (b) The current through a
capacitor with a sine voltage. (c) Future prediction by a
capacitor. (d) What really happens. (e) The current
through a capacitor with a complex voltage wave.

waves and gives a shift in phase.
An inductor has a similar sine wave voltage to current

relationship, but this time the current lags the voltage by
90°. The 'resistance' of an inductor is oil_

Do these 'resistances' behave in the same way as
ordinary resistances? For instance, if a resistor R is wired
in series with a capacitor C (Fig. 2a) can we just add the
apparent resistances? Is the 'resistance' of the two
components together R + 1/coC? Let's use a phasor
diagram to find out.

If you remember from last month, the process for
making a phasor diagram is to arrange all the rods in the
correct phase relationship to each other. To make the sine
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-Tc

1/wC

(d)

R

(h)

Cc)

le)

Fig. 2 Phasors to describe the voltage and current
through a capacitor and resistor in series -(a). (b) The
current phasor. (c) The phasor for the voltage across the
resistor added. (d) The phasor for the voltage across the

 capacitor. (e) The phasor for the total voltage drop?
(f)&(g) Differing overall voltage drops with different
frequency. (h) Separating the 'resistance' of the resistor
and capacitor. (i) Separate 'resistances' of a resistor and
inductor.

waves, the machine is started up to spin all the rods
around, still locked in the same angular relationship.

Since all the rods move in a complete circle for each
cycle of the sine waves, we can put the first one in at any
old angle. As long as the others are arranged at the
correct angle to the first reference rod, the sine waves
will all have the proper phase relationship.

Let's begin with the current phasor for Fig. 2a. Just to
make the calculations easy, we'll give it a length of 1,
making the current waveform peak at 1A. Quite a lot really
but imaginary components don't burn so it should be
OK. The current phasor is shown in Fig. 2b.

The voltage across the resistor is an easy phasor to
add. It will be in phase with the current and R times as
long (Fig. 2c).

The voltage across the capacitor will have an
amplitude of 1/c0C and will lag the current by 90° so let's
put that one in next (Fig. 2d).

Finally, we can work out the voltage across the whole
circuit. It will be the sum of the capacitor and resistor
voltage phasors (Fig. 2e).

The amplitude of the voltage is V R2+1/(0C2 and since
the current has an amplitude of 1A, this is also the
effective resistance of the circuit to sine waves. It's not
quite the same as the R + 1/(0C we were hoping for!

The current in the circuit as a whole leads the voltage
by somewhere between the 90° lead for a capacitor and
the zero phase shift for a resistor. The contribution the
capacitor makes to the phase shift varies with frequency.
If the frequency increases, 1/(0C becomes smaller and the
circuit looks more and more like a resistor to the driving
circuit (Fi&.2f). For low frequencies the opposite is true
and the circuit looks more like a capacitor (Fig.2g).

There's another trick we can do with this diagram. If
someone gave us the voltage and current phasors of the
circuit for a particular frequency, we could deduce the
values of R and C.

If the current phasor was of unit length and assumed
to be along the positive x axis, all we'd need would be
the voltage phasor. The resistor's resistance would be the
'shadow' on the horizontal axis and the capacitor's
'resistance' (from which we could work out its value)
would be the shadow on the vertical axis (Fig.2h).

What would we make of the voltage phasor shown
in Fig.2i? Obviously the circuit can't be a resistor and
capacitor because the voltage is leading the current. A
resistor and inductor would do the trick.

It's usual to split the apparent sine wave 'resistance'
of a circuit into two parts. The part that gives a voltage
in phase with the current (the shadow on the horizontal
axis) is the resistance, the part that gives a 90° phase shift
(the shadow on the vertical axis) is the reactance. The sum
of the two is called the impedance. Resistance and react-
ance are both measured in ohms.

To distinguish between phase lead and phase lag, the
capacitive type of reactance, where the voltage lags the
current, is given a negative sign. The reactance of a
capacitor (X) is -1(0C. The inductive type of reactance
(voltage leading current) is given a positive sign. The
reactance of an inductor is (0L.

The impedance of any combination of resistors,
capacitors and inductors can be split into reactive and
resistive components and so they will appear to the
driving circuit to be a resistor and an inductor or
capacitor. In general the driving point impedance will
change with frequency in a way that can't be matched
by a pair of components, so the idea is not quite so useful
as reducing a resistor network to a single resistor. Having
said that, it is often useful to know how the driving point
impedance changes with frequency, so we'll have a look
at that next month. ETI
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THE UNUSED
OSCILLATOR
Neville Croucher finds innumerable uses for the humble
CMOS Schmitt trigger gate.

An oscillator is one of the most common building
blocks in electronics. There are hundreds of
different designs ranging from atomic references

to simple RC circuits. Ever since the introduction of the
555 timer many years ago millions have been used, along
with the newer generation of low power equivalent
devices. However, there are another couple of ICs which
offer a choice of either four gated or six free running
oscillators. Combined with the extremely low power
consumption and near perfect output characteristics
these must be among the most underused devices
available.

The devices in question are the CMOS 4093 quad
NAND gate and the 40106 hex inverter. What makes these
special is that the inputs use Schmitt trigger switching
and while most designers are aware of the application
of these as a waveform shaper it is not always known how
easy it is to produce an oscillator out of just one of these
gates as shown in Fig. 1.

To understand why the circuit works it is necessary
to understand what happens in a Schmitt trigger circuit.
Figure 2. illustrates the schmitt action.

When the input voltage rises above the upper
threshold point, the output changes from a high to a low
level. However, as the voltage falls below the upper
threshold the output does not change until the lower
threshold point is reached. This affect is called hysteresis
and the symbol used to represent a Schmitt trigger is a
representation of a hysteresis loop.

Once the action of the Schmitt is understood, it is
easy to appreciate the operation of the oscillator. When
the supply is first connected the capacitor will be
discharged and so the input voltage will be zero (Fig. 3).
This will cause the output to go high and so the capacitor
will start to charge through the resistor. When the voltage
on the capacitor reaches the upper threshold voltage at
point 1, the output will then go low and the capacitor
voltage will fall. When the capacitor voltage reaches the
lower threshold voltage point 2, the output will go high
and the action continues indefinitely.

It will be noticed that the time from start to point 1
is longer than that from 2 to 3 but this only occurs on
the first cycle.

The frequency of the oscillator is dependent on the
threshold voltages and the values of the timing
components. Because the output voltage and the
threshold voltages are both dependent on the supply, the
actual frequency is difficult to predict as the threshold
levels vary from one device to another although as a
rough guide the complete time period is approximately
equal to the time constant RC.

For a frequency of 1kHz a good starting value would

1/6 00106

Fig. 1 The Basic Schmitt oscillator.

Vcc

UPPER
THRESHOLD

LOWER
THRESHOLD

OV

0V

Fig. 2 The Schmitt trigger action.

UPPER THRESHOLD
Vc

LOWER THRESHOLD

OV

Vcc

Vout

OV

Vin

Vout

Vcc

Vout

OV
Vin

OV

Fig. 3 The oscillator action.

Vu

be 100n and 10k. When choosing these values it is
sensible to keep the resistor between 3k3 and 10M. The
capacitor should ideally be chosen so that a resistor value
between 10k and 100k can be used. If this is done there
is plenty of tolerance in the resistor value to allow for
fine adjustment if necessary.

If the oscillator is to be battery powered it is worth
bearing in mind that the low power consumption
available using CMOS is only an advantage if the rest of
the circuitry is not going to take a lot of power. This will
only be the case if quite high value resistors are used.

The pinout of the 40106 is shown in Fig. 4. This chip
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OV

4093

OV

40106

Fig. 4 Pinouts of the Schmitt trigger chips used.

1/4 4093

GATE

Fig. 5 A gated Schmitt oscillator.

Fig. 6 Variable duty cycle Schmitt oscillators.

Vcc

1k0

Fig. 7 An efficient method of driving a loudspeaker
or other load.

Fig. 8 A digitally selected two frequency oscillator.

Fig. 9 A simple pulse generator built
around a single chip.

contains six separate inverters and so six different
oscillators can be made from one single chip. The 4093
is a quad NAND with Schmitt inputs which allows us to
gate the oscillator very simply as shown in Fig. 5. When
the gate input is connected to OV the output of the gate
is forced high and does not oscillate. When the gate input
is taken high the oscillator is enabled. If the output is
required to be low when the oscillator is off then the
output should be inverted using one of the other gates
in the package. As always with CMOS, unused inputs
must be connected to either OV or the supply.

With the oscillators shown so far the duty cycle is
always 50%, allowing for tolerances within the device
itself. If a different duty cycle is required this can be
achieved in two ways as shown in Fig. 6.

In the first circuit, the capacitor is discharged only
through R1. When the capacitor is charging the diode
conducts and the resulting pulse width is dependent on
R1 and R2 in parallel. If a short off period is required it
is simply a case of turning the diode the other way.

In the second circuit the two time periods are each
controlled by a separate resistor by use of the two diodes.
R1 affects the high output and R2 affects the low output.

If the output is required to drive a loudspeaker or an
LED it is possible to drive the output directly. If however
a power efficient circuit is required, a useful technique
is to use the stored energy in the capacitor to power the
load. In Fig. 7 the capacitor charges from the supply
through the resistor. When the upper threshold point is
reached the transistor is turned on and the capacitor
discharges through the speaker (or LED or whatever). In
this way it is possible to build circuits for battery
operation that consume a minimal amount of power.

Figure 8 shows a circuit which selects between two
different output frequencies depending on whether the
input is high or low. This is useful for applications
requiring tone encoding for transmitting digital signals.

Finally, Fig. 9 shows a a simple but versatile pulse
generator circuit. The output may be continuous or gated
by the built-in modulator. The output frequency is in
three ranges covering approx 1-33Hz, 33-1000Hz, and
1-33kHz. The modulation has separate on and off times,
each variable between 10ms and 1s. The whole pulse
generator uses just one chip!

With all of these circuits the aim is to show how
simple to use and how versatile these devices are. They
are intended as examples only but should give plenty of
ideas for experimentation. ETI
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DISK DRIVES  COMPONENTS  CONNECTORS  ELECTRO-MECHANICAL, PCB AND CABLE ASSEMBLIES ;--,sA ,

E
. . More Transistors. Thyristors, Trines, Diodes,
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Unit 2, Wessex Industrial Estate, Station Lane, Witney, Oxfordshire. Telephone (0993) 75827 or 76605 TF 1886351. 47726A; 53t n IEGLAMpE2C

BBC Price [En VAT! P and P

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

Range of Accessories Available

AMSTRAD
New AMSTRAD 1512 Series
Amstrad PCW8256
Amstrad PCW8512

£395.00
£440.00
£319.00
£102.00

£7.00
£7.00
£7.00
£2.50

Ask for Details
£389.00 £7.00
£489.00 £7.00

MEMOTECH
MTX 512 80K £6000 £500
MTX ' 512 Series II 256K £87.00 £5.00
Doc Drive Packages
MCL System 1 combined 1 megabyte
3.5" drive and oontrcaer + system disc £139.00
MCL System II combined 1 megabyte
3.5" drive and controller + 512K silicon
<Mc + 80 col CPM system disc +
nanw4ord + super oak £225.00 £5.00
Full range 01 expansions available
NEW MTX Computer Manua £495 £1 .50

EMI DISC DRIVE RANGE
BBC DISC DRIVES
All supplied with Leads, Manual 8 Utilities Disc

Price (Ex VaTI

5.25" DRIVES, WITHOUT POWER SUPPLY
Single 200K dove, 40 Track D/S
Single 400K drive. 40/80 Switchable
Dual 400K drive, 40 Track D/S
Dual 4006 drive, 40/80 Switchable

£9500
£11200
£183.00
£214.00

5.25" DRIVES, WITH POWER SUPPLY
Single 2006 drive, 40 Track D/S £108.00
Single 400K drive, 40/80 Switchable £125.00
Dual 400K drive, 40 Track D/S £196.00
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. £95.00
Dual 400K drive £165.00

3.30" DRIVES, WITH POWER SUPPLY
Single 400K drive, as above £110.00
Dual 400K drive, as above £100.00

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

CASED/UNCASED
FLOPPY DISC DRIVES
5.25" FLOPPY DISC DRIVES Price (Ex VAT) P and P
500K 48 TPI D/S 40T £75.00 £2.00
IMB 96 TPI D/S 807 £80.00 £200
 500K 40 T 48 TPI Cased with PSU 8 Leads £105.00 £3.00
 1MB 80 T 96 TPI Cased with PSU 8 Leads £110.00 £3.00

3.50" FLOPPY DISC DRIVES
1MB 135 TPI D/SSlimline £75.00 £1.50

I MB 80 T 135 TPI Cased with PSU 8 Leads £95.170 £3.00
 Twin 1MB 80 T 135 TPI
Cased with PSU 8 Leads £165.00 £5 00

DISC DRIVE ACCESSORIES
DISKETTES
5.25" Double Sided/Double Density £0.90
3.50" Double Sided/Double Density £2.00
3" CF2 £.399
3" CF2DD £5.00
Regulated PSU (state 5.25" or 3.50") £8 .50
5.25" Drive Case Takes 1 5.25" H/Height Drive £9.00
3.50" Drive Case Takes 2 3.50" Drives £1500
Drive Interface Cable - Single £5.00

£7.00Drive Interface Cable - Double
5.25" Drive Case and PSU assembled -
Takes 1 H/H Drive
3.50" Drive Case and PSU assembled -
Takes 2 Drives

 Available in 110 8 220V Versions

£1 50
£200
£200
£050
£0.50

£20.00 £3 03

£24.00 £3 00

MONO/COLOUR MONITORS
PHILIPS
High-res Green screen monitor. Model No:BM7502
High-res Amber screen monitor. Model NaBM7522
IBM compatible (Green) with Leeds. Model No:BM7513
Dark glass, White screen monitor. Model No:BM7542

MITSUBISHI - Colour
Med. Res. BBC Compatible Model 1404
Med. Res IBM Compatible Model 1404E
Med. Res. IBM Compatible Colour Card Model 1404EC

HANT REX
SPECIA HX 12 HI-RES MONO GREEN
OFFER CT9000 MED RES 14" COLOUR RGB, RGBI

MODEMS
Nightingale plus Comstar software
Answer cell mini modem MD101, V21
Miracle Technology WS2000 V21,V23
Miracle Technology WS3000 V21,V23 AA AD
Miracle Technology WS3000 V22,V21,V22 AA AD
Miracle Technology WS3000 V22BIS,V22,V21,V23 AA AO

£5.00 P and P per Dual Drive
Modems

Price
[Ex VAT)
£72.50
£77.50
£95.00
£77.50

£232.00
£264.00
£391.00

£6500
£179.95

£120.00
£73.00
£95.00
£275.00
£471.00
£595.00

SPECIAL) 51/4' 500K DS/DD MITSUBISHI DISC DRIVE £75.00
51/4 IMB DS/DD MITSUBISHI DISC DRIVE £80.00OFFER PHILIPS 8833 COLOUR MONITOR with BBC lead£225.00

0 type CONNECTORS
PLUGS way 9 15 25
SOLDER 0.45 0.60 0.90
PCB .65 75 1.05
PCB R/A .95 150 205
SOCKETS
SOLDER 65 90 1.25
PCB .75 1.10 175
PCB R/A 1.30 1.90 260

COVERS 60 65 68
IOC PLUG ails 375 300

SOCKET 340 ado 300

RIBBON CABLE
37 per metre Grey Colour

1.25 10 way 0.40 0.70
16 way 0.65 1.10
20 way 0.80 130
26 way 1.00 1.70
34 way 1.35 2.30

ZOO 40 way 1.65 2.60
50 way 195 130
64 way 200 4.20

CENTRONICS CONNECTORS
36w IDC Plug 2.95 Slit 4.10
36 way Pkv Solder 3.00

eo

IOC CONNECTORS
PCB R/A EDGE

SKT Plug Plug Plug
10 way 0.61 065 065
16 way am arts 0.85
20 way 0.88 1.10 1.10
26 way 0.98 120 120
34 way 1.12 150 1.50 3.20
40 way 1.35 165 1.65
50 way 165 2.50 2.50

PRINTER LEADS 01 E85
Memotech 8.50 Dragon 7.95
Amstrad 8.80 BBC 7.40

MODULATORS
UM1286 2.00
UM1233 3.00

HEADER PLUGS

OIL 10C
14 PIN 0.72 28 PIN 143
16 PIN 0.80 40 PIN 195
24 PIN 1 10

OIL SWITCHES
4 way 0.68 8 way 0.80
6 way 075 10 way 0.95

74LS&74F 7415175
7410181

7415374 0.65 7415182
74LSOO 0.17 7415183
74502 0.18 7415190
741003 0.18 7410191

0.17 7410192
741508 0.18 7410193
741309 0.18 741.01944
741510 0.18 745198
7415107 0.30 745197
7415109 oso 74520
74511 0.18 74521
745112 0.30 741022
7410113 0.30 745240
7410114 0.30 745241
7410122 0.35 74L0242
7415123 0.40 7410245
7415125 0.30 74L5244
7410126 0.30 745247
741.012 018 745248
7415132 035 745249
745133 ass 745251
7415136 0.28 745253
745137 070 745256
7415138 0.30 7415257
7415139 030 745258
741013 0.28 7415259
74514 040 74526
7415145 080 7415260
745147 1.10 745266
7410148 100 74527
74515 0.113 7415273
7415151 0.45 745279
745153 055 745280
7415155 0.45 745283
7415158 0.45 745290
745157 045 745293
745158 045 7415295
745160 050 745298
745161 050 745299
7415162 055 741530
745163 050 74532
745164 0.50 7415322
745165 080 745323
7415168 075 741533
7415188 1.20 7410352
745189 075 7418353
745170 160 745365
7415173 0.60 7415366
745174 050 741_5367

0.50 7415368
1.80 741537
200 7415373
150 7415378
055 741538
0.65 7415360
0.65 7415393
0.65 74153954
065 741040
055 741542
0.65 741047
065 745413
0.18 741549
0.18 741551
070 741554
0.70 7415541
0.70 741555
0.70 7410840
0.60 7415641
0.60 7410642
0.90 7415843
090 741.5644
0.45 7410645
0.50 7415668
080 7410803
045 7415870
0.45 74L5673
0.80 74L5874
0.18 7415882
0.60 7415684
0.22 7415885
0.18 7415686
0.65 7415687
0.50 7410689
1.60 741573
0.60 74LS74AN
0.70 74L575
0.70 741576
1.10 74L578
095 74L083
200 741085
0.18 741586
0.18 741590
300 741592
2.75 741393
0.22 7415950
1.00 741596
0.80 74FC0
0.35 74F02
035 74F10
035 74F14

2.35
2.75
2.75
5.00
175
175
0:28
0.22
0.27
0.27
0.27
0.45
0.55
0.28
0.30
040
035
0.50
075
0.38
038
0 38
0 75

035 74F74 0.40
18 741:85 1.95

065 74F125 1.05
0.75 74F138 1.05
0_18 74F161 295
0.50 More Amiable
0.45

:9°18 TTL74
0.40 7400 0.22
0.60 7401 022
260 7402 an
000 7404 0.30
0.20 7406 0.40
0.20 7407 040
0.90 7403 033
220 7409 0.25
136 MO 0.30
125 74100 220
1.20 74114 0.20
1.75 7412 0.25
I75 74121 t 75

25 74123 065
0.80 7413 0.35
0.80 7414 0.60
120 74141 0.70
7E0 74147 1.50

74153 065
74155 0.68
74157 0.99
74159 160
74180 0.80
74161 080
74163 0.85
7744;657

0.40
085

74170 155
74173 0.99
74174 0.813

74180 0.85
741131 2.00
74182 0.80
74184 1.55
741860 110
74190 1.05
74191 2.00
74193 1.20
7420 0.30
7422 030
74251 I 10

74284 250

7430
74387
7438
7440
7441
7442
7443

030
0.75
0.35
030
0.80
062
oao

7448
7448
7450
7470
7474
7475
7476 i 1485

085 71813

140 74904
0.25 7491
0.90 7492
036 7493
045 7494
090 7496

0.60
0.50
060
0.30
0.50
0.85
060

TRANSISTORS
AC128
AC142
ACI76
AC187/8
40149
40161
40182
AFI24-127
AF139
AF239
BC107B-110
BC114
BC140
S C147-1503
BC170
BC182-239C
802565
SC307E1-338
BC441/461
50477
80516/7
8054711559
BD124P
80131
BD132
BD133
80135
130136-140
002455
130517
BF115
BE154
B F167
13E177

BE178
BF181
13F184
13E185

8E196
8E197
13E1950

0.30 F200 0.35 MPS455
0.33 F244 035 MPSUO5
025 F25613 045 TIP234
0.23 F257/8 0.40 TIP29C
0.75 F259 0.30 TIP2955
040 F324 0.25 TIP30
040 F336 0.30 TIP30C
0.55 F337 035 TIP3055
0.38 F421-423 0.22 T1P314
0.50 1:489-472 0.40 TIP31C
0.11 F870-872 030 11P324
020 FR41 0.22 TIP32C
030 FR51 020 TIP33C
0.12 FR90 0.33 TIP344
007 FR91 0.75 TIP34C
0.09 FR94 088 TIP38
030 FX29 028 TIP414
020 FX84 0.33 TIP41B
0.33 FX85 045 T1P424
0.20 FX87/88 045 TIP4213
0.30 FY17 030 T1P42C
011 FY41 030 TISSO
0.85 FY50 030 T1S91
0.50 F651 030 2022194
0.50 FY52 0.33 2022214
048 FY90
045 SX20/21
030 0%26
055 5029
070 0104
0.40 U105
0.25 SY95
030 UY69
0.30 JE2955
0.35 JE3055
025 JE340
0.30 1E370
0.30 JE520
013 J2955
0 18 15405

16 PSA12

0.25
0.50
0.32
0.32
0.50
0.32
0.35
050
0.45
0.40
045
0.40
0.85
0.80
0.90
1.25
0.45
0.50
0.50
0.50
0.50
0.20
0.30
0.27
0.27

078 262368 0.24
025 2623694 0.15
0.30 262483 0.22
0.30 262646 0.55
1.70 262904A 025
1.50 292906/7 025
0.35 262926 all
210 263053 0.25
003 263054 0.55
1.60 203055 0.48
0.35 2/43819 035
095 263904 015
045 263905/3906 015
050 314128 099
0,35 MANY MORE
0.35 AVAILABLE

LINEAR ICs
4Y-3-10144 2.75
AY -3-1015D 275
AY -3-8470 2.00
AY -3-8475 3.00
AY -3-9710 3.15
AY -19725 4.00
CA3011 1.10
C43018 0.75
CA30284 1.00
CA3046 0.80
CA3052 1.90
CA3054 100
043065 2.00
CA30804 2.00
C430130E 0.55
083005 1.30
CA3088 0.50
0430881 2.00
CA30890 2.00
04309040 230
CA31005 2.00
CA31301 015
CA31007 070
CA3161E 1.50
CA3162E 5.00
CA31891 2.25
CA3193E 1.50
0432401 0.90
CA3260E 2.60
CA32901 1.10
001366W 1.70
LA3300 1.90
LA40320 2.45
LA4400 3.50
LA4420 2.25
LA0422 3.20
LA0461 3.50
LC7120 3.00
LC7,30 100
LC7131 300
LM188914 250
M515131_ 2.00
M515151 100
MB3712 1.80

MC1315P 2.90
MC1330P 1.90
MC13498 1.50
MC1460G 2.90
MC1463R 4.80
MC1469R 3.00
MFC6040 090
ML237B 2.50
ML2388 4.50
NE535T 1.10
NE550151 0.90
NE5534N 100
SA83209 3.75
5676008N 2.25
0076110N 1.20
SN76115AN 1.60
56761316 125
SN76396N 1.65
051768001 130
SN76660N 0.80
SN76707N 2.10
55176708N 3.00
TA7204P 130
TA7205AP 0.90
TA7208P 130
747222P 130
TA7310P 1.30
CA3020 2.00
HA1388 250
1.141357P 1.95
543014N 0.30
LM3104/ 240
LM.311 045
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FEATURE

DESIGNING FOR
EFFICIENCY
Switching on a switch mode power supply isn't as easy as it
sounds. Les Sage explains why.

The operating principles and the various waveforms
found in modern switch mode power supplies
(SMPS) were described in last month's article.

A number of design problems were highlighted, and we
will now see how modern thinking has managed to
overcome these problems to produce SMPS offering very
high efficiencies and high reliability.

Switch On
Now that the normal running operation is understood

it is necessary to look at what happens at switchon. As
we know, very little dissipation occurs in the transistor
when it switches on provided there is zero energy (a small
step in the collector waveform) in the transformer. The
collector current begins to ramp upwards linearly at the
rate of 1 = tV/L (where I is in amps, t in seconds, V in
volts and L in Henrys). As this forward phase is storing
energy in the core no output voltage will occur. The
feedback loop detects this and treats it as a heavy output
load requiring more input energy, so the control signal
to the drive circuit continues to increase the on -time still
further.

The point is that there will never be any output whilst
the chopper transistor is conducting because energy is
only transferred to the output when the transistor
switches off. The feedback loop is in fact holding off the
output energy so long as it senses low or zero output
volts. The net result is that the collector current continues
to rise until the core saturates. With a saturated core the
inductance disappears, the transistor comes out of
saturation and exceeds its safe operating area (SOAR)
turning into a now useless piece of scrap metal. The
feedback loop essential for normal correct operation has
in fact destroyed the transistor at switch on. This also

MAINS

01 CHOPPER
TRANSISTOR

Pd in R=Y2 Vmeins2

= 2.5W for 23mA supply current

Fig.1 Start-up power for the SMPS is derived from the mains
via R, C and ZD. Once normal operation is established, the
power can be taken from winding on the transformer (1, 2).

happens should the output be short-circuited or if the
mains input level falls dramatically (brownout), all
resulting in long on -times destroying the chopper
transistor.

There are two important points to get right regarding
these problems. The first is that the drive circuit must
be free -running (ie. self oscillating) with a frequency
sufficiently low to ensure that the free running period
is greater than the maximum on -time plus the off -time
required under worst case conditions, this occurring at
maximum output power and minimum mains voltage.

The second point is that at first switch on, only short,
low repetition rate pulses should be available. These are
not under loop control and serve to establish a small
output potential. If this potential does not appear the
logic circuitry detects this and provides the PSU with a
very short, safe, pulse width which can be maintained
indefinitely. This is the short circuit protection mode.

If the small output potential does appear, then the
pulse width is gradually increased until at a threshold
point a flipflop switches control over to the normal
feedback loop. Normal regulatory operation is now
resumed, although circuitry is normally included to
continuously monitor the input :nains and the output
DC. If the mains falls below a predetermined level
(undervoltage lockout) then the protection cycle is
re-entered.

This type of circuitry is not normally built in discrete
component form although some manufacturers have
tried. There are several modern integrated circuits which
perform all the functions required, although a lot of ICs
are only basic types which lack some or all of the features
discussed. Throughout this article I will at times refer to
discrete circuitry in an attempt to give a fuller and more
easily understandable explanation.

A Supply For A Supply
Drive circuitry can be quite complex, including linear

and logic circuits, and all this circuitry will need its own
power supply at, say, 12V.

It would be silly to include a separate 50Hz mains
transformer to supply 12V for the drive circuitry. It would
be nice if the drive and control circuit could be driven
off the mains direct via a dropper resistor and zener.

The problem is that although modern technology
allows us to build all sorts of logic and linear circuitry
with a total consumption of only several milliamps, the
switching transistor itself requires much higher base
currents. As an example, a typical 150W switcher
operating at 30kHz would have a transistor collector peak
current of

Ic = 2.PoNs.Ton.f = 3.6 amps max.
High voltage, high frequency chopper transistors with

low Vsat characteristics are notoriously very low gain. A
BU208A for instance has a current gain of just 3 at 3.6
amps, requiring over 1A base current to remain in

ETI NOVEMBER 1987 27



3.6A --

NORMAL MAINS INPUT
la) 0 FULL LOAD

3.6A - -

HIGH MAINS
FULL LOADlb) 0

LOW MAINS
FULL LOADla) 0

I I

NORMAL MAINS
Id 0 LOWER LOAD

Fig.2 The collector current ramp varies with input voltage
and load, and the base drive must closely match the height
and angle of this ramp.

saturation. To supply 1A base current direct from the
mains is clearly impractical.

Earlier it was stated that the initial turn on phase uses
very short pulses to establish correct operation. Figure
1 shows that power for this can be obtained initially from
the mains via a dropper resistor storing charge on a
decoupling capacitor. This capacitor then supplies the
required short high current ouput drive pulses required
by the transistor's base. As soon as the PSU has
established an output voltage, this output voltage itself
can supply the power required to fully drive the chopper
transistor under normal conditions. This scheme is
almost universally adopted.

Collector Current Proportionality
It has been stated a few times that the key to modern

SMPS design lies in the base drive. We haven't quite
finished with drive yet as there is one more very neat trick
used to give quite a substantial increase in overall
efficiency. This is called collector current proportionality
and is achieved in a surprisingly simple way.

The normal DC power supply for most ICs is 12V.
Much less than this and the control loop comparator will
have insufficient headroom for complete control. How-
ever we have already seen that the chopper transistor
requires around 1A base current to fully saturate in a
typical application. Even though this current is supplied
by the SMPS transformer itself, 1A at 12V is 12W wasted
as heat, and this is almost 10% of the maximum output.

Worse still, if the IC is to drive the chopper transistor
direct (for low parts count) all this 12W drive power is
dissipated within the IC, requiring an expensive 'power
package' device. Figure 2 shows that the collector current
rises linearly with time, starting from zero and reaching
a maximum of 3.6A at the turn off point. It follows that
it's not necessary to supply the full 1A base current all
the time. 1A is required only at the end of the conduction
on -time phase. If the base current is therefore made to
rise linearly as well as the collector current, with just
enough current to maintain the transistor in saturation,
a considerable saving in drive power and IC dissipation
will result.

A typical value would be around 15W compared to
12W, allowing a low-cost copper leadframe-type DI L IC
to be used.

Collector Current Simulation
The base current must ramp upwards exactly in line

with the collector current, otherwise the transistor may
never saturate resulting in very high chopper dissipation.
The problem is that the collector current varies from

condition to condition. Figures 2a -c show the collector
current for various loads and mains input voltages.

It is therefore necessary to vary the base current ramp
in proportion to the collector current. The collector
current cannot itself be monitored very easily since the
collector is busy swinging up and down from 0 to +800V.
The emitter current is not a reliable means of collector
current monitoring since it includes the base current and
this is not constant since hFE varies with current and
saturation level.

A simple piece of circuitry designed to simulate the
collector current is used. Since the collector load is
almost a pure inductor the collector current is
proportional to the supply voltage Vs with respect to time.
It is only necessary to monitor the supply voltage and
to integrate this over a time period to determine the
actual collector current at any given moment. This can
then be impressed upon the base current drive, giving
a base current proportional to the actual collector current
which will increase or decrease with supply variations,

350V

R1

C1
Vbia

OSCILLATOR,
START UP
LOGIC AND
M/S CONTROL
CIRCUITRY

R3 R2

12V

CHOPPER
TRANSISTOR

C2
100u 4.7

350V

Fig.3 Basic elements of a drive circuit incorporating collector
current simulation. R1, C1, Q1 and Q2 monitor and integrate
the supply voltage while R2 and R3 shift the DC level before
feeding it to the totempole output stage, Q3/Q4. Output
coupling capacity C2 provides a negative off -drive signal and
R4 is included to increase the Vceo to Vcer. The circuitry
within the dotted lines would normally be contained within
an IC.

and load on -time variations exactly following the collector
current variations.

A discrete circuit block achieving this for those
intrigued is shown in Fig. 3 while Fig. 4 indicates the
collector/base current waveforms. The base current ramp
is stood on a small pedestal thus ensuring collector
saturation at all times. The short spike at the beginning
of the collector current just as the transistor turns on is
due to the snubber capacitor energy discharge and
represents a small waste of energy.

The output driver stage consists of a high current
TotempoleLstyle stage (Q2) acting as an emitter follower
for the forward phase whilst Q3 is the drive transistor
for the off phase. Remember we said that the most
important time is the off phase: that's why Q3 is
configured as a common emitter amplifier which turns
on very quickly since it provides current and voltage gain
over the control drive current. The base drive is
capacitively coupled to the base so as to give the required
off drive potential.

The on phase, controlled by Q2, is actually very slow
compared to collector current, so Q2 acting as an emitter
follower will follow the signal at its base without adding
voltage gain. The output stage then satisfies the earlier
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3.6A

le

VbassORIVE

OV

INITIAL PEAK
CAUSED BY
SNUBBER ENERGY

AADISCHARGE

TRANSFORMER j._ZERO FLUX TIMEMAGNETIZING-
CURRENT I

PRODUCING A STEP

I WORMCOLLECTOR

FigA Typical waveforms in a proportionality SMPS.

exacting requirements. Also shown in Fig. 4 for the first
time is the transformer's magnetizing current and as can
be seen it returns to zero on each phase creating the now
familiar step in the collector waveform.

Zero Energy Switching
The ideas put forward so far have enabled the

development ofpa very efficient, low cost and very reliable
SMPS of the type most common nowadays. There's one
more significant and quite recent development which can

COLLECTOR V

_tee).............,4MAGNETIZING I

NORMAL OPERATION I a I

PERIOD OF ZERO FLUX

HIGH LOAD b I

SHORTER BUT ACCEPTABLE
PERIOD OF ZERO FLUX

VERY HIGH LOAD
OR LOW MAINS

SQUAREWAVE DRIVE
SHOWING INSUFFICIENT

I TIME FOR FLUX TO
I RETURN TO ZERO

Fig.5 A comparison of collector voltage and magnetising
current waveforms for various load conditions.

further improve the efficiency and reliability. Fig. 5a shows
the now familiar collector waveform with a small step
time and also the transformer's magnetizing current. It
soon occured to designers that this step time was actually
wasted time, time in which nothing at all is happening.

Unfortunately it is required for regulation in a fixed
frequency SMPS and varies inversely with load/line
variations. Figures 5 b,c show the variation of this time,
and the effect on magnetizing current for changes in
load. Note particularly Fig. 5c which shows a squarewave
collector voltage without step time and indicates the
result. The effect is that the magnetizing current has not
returned to zero, and you will recall that this
straightforward squarewave drive leads to unreliability.

However, if the maximum load occurs where the step
time and the flux just tend to zero, maximum switching
efficiency occurs. The reason for this is twofold. First, at
all times action is occuring, so time is not wasted by
concentrating the switching into a shorter time period
than necessary. Secondly, at the step corner there is zero
energy, so switching on at this moment could in theory
result in zero switching dissipation.

If the circuit is still to be capable of regulation it is
necessary to have circuitry which detects this zero energy
point (termed zero crossing on the voltage waveform). A
signal must be sent to the control circuit telling it,
regardless of what it thinks, that it's now time to switch
on the chopper transistor. The result will be a shorter
overall time period (ie, higher frequency operation) but
successive cycles will shorten the on -time to maintain the
correct output energy. As the load varies the overall
period/frequency varies to maintain regulation and,
ensure that switch on always occurs at the zero energy'
point.

Since the on and off times are now no longer fixed,
the frequency varies with load and line variations. The
SMPS cannot, as in fixed frequency units, be
synchronised to an external clock, so it is termed non -
synchronous. In practice we find that for varying output
loads the mark -to -space ratio remains virtually constant
whilst the frequency varies inversely with load level (ie.,
high loads = low frequency). For mains line input
variations we find that the frequency remains fairly
constant but the mark -to -space ratio varies in proportion
to the input volts. This continuous, complex variation of
both mark -to -space and frequency ratio whilst maintain-
ing continuous core magnetizaton is termed 'Mesh'
operation.

These ideal waveforms do not occur in practice so we
have to turn our attention back to the real switching
waveform. At switch off it was stated that the snubber
capacitor slows down the Vce dv/dt, improving transistor
power dissipation in the all important off phase. This
dissipation is traded for dissipation during the on phase
since all the energy stored in the snubber has to be
removed by the transistor prior to the following off phase.

Figure 6 shows the mesh waveform in more detail -with
the now familiar ringing due to transformer inductance
and snubber/stray capacitance. The capacitor's stored
charge is dissipated at the point of transistor turn on, but
looking at the entire ringing waveform shows that it is
a resonant circuit with the Tx inductance. In a resonant
circuit energy is repeatedly cycled back and forth from
the inductor to the capacitor. Looking at the first quarter
cycle, point x is where all the capacitor's charge has been
transferred to the transformer. If the transistor is driven
on at this point there will be no energy in the capacitor
to dissipate since it's stored in the transformer. Therefore
it will be added to the following on -time energy storage
phase. The resulting efficiency is extremely high due to
the transistor switching on and off at the moment of zero
energy.
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The delay required between zero magnetic energy
and zero snubber energy is normally quite small and
fairly constant regardless of the load/line conditions.
Therefore a simple short delay in the zero -crossing
detector will allow for this.

To prove the validity of this technique it is quite simple
to wire up a standard power supply with a fixed load and
to vary the frequency via the sync input terminal whilst
monitoring the collector waveform on a scope and also
monitoring the mains input power. As the frequency is
varied so that the switch on cycle occurs anywhere either
side of point x (Fig. 6) for a given output load the input
power will increase. Switching on early before zero core
flux is reached causes large increases in input power and
increased transistor temperature.

As no circuit is ideal, most SMPS will not be capable
of transferring all the snubber energy into the trans-
former so the transistor will still have to discharge the
remaining snubber energy indicated by x,y, in Fig. 13. To
further improve transistor reliability the snubber usually
incorporates a paralleled resistor and diode in series with
the snubber. The resistor limiting the peak discharge
current allows lower base drive power requirements
whilst the diode ensures the capacitor conducts the full
transformer current at turn off, so maintaining correct
snubber action.

It is obviously necessary to design the inductance and
total collector capacitance with care so as to maximise
this energy transfer/switching cycle. Otherwise its benefits
will easily be lost. ETI

la) vs

TRANSFORMER/
SNUBBER
RESONANCE

POINT OF ZERO
CORE ENERGY

I

- 44:0-

;
POINT OF ZEROJr y SNUBBER
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DISCHARGE ENERGY
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INCLUDING R,DIODE
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Fig.6(a) One cycle of a zero -energy non -synchronous mesh -
converter showing resonant quarter cycles between the
snubber and the transformer inductance and (b), without
wasted 'step' time each cycle follows directly on from the
preceding one and the frequency is thus under loop control.
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FROM VIP READERS SERVICESDIY
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* NO ELECTRICITY REQUIRED

*HOSE CONNECTOR & 32oz SOFT SUDS
SUPPLIED

Connect Turbo Wash to a garden hose and use its unique telescopic jet
with 3 interchangeable nozzles for fine spray, power jet and angle spray
to cut through the dirt using controlled detergent dispenser facility and
clean water rinse in one continuous operation. Its super dirt cutting blade of water
cleans cars, caravans, patios, engines, 'too high to reach windows', lawnmowers,
gutters, etc. With no parts to rust the Turbo -Wash will last for years and years.

PSST!
Turbo Wash makes a
great Christmas gift.
A.S.P. Readers Service, 9, Hall Road,
Maylands Wood Estate, Hemel
Hempstead, Herts. HP2 7BH tel: 0442
41221

To A.S.P. Readers Services, 9, Hall Road, Maylands Wood Estate, Hemel Hempstead
Hells HP2 7BH Please supply Turbo Washers + £23.95
I enclose my cheque/P.O. payable to A.S.P. Ltd., Please debit my Access/Barclaycard
A/c. No.

I 11111111 11111111111
Signature
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Please allow 28 days for delivery. This offer is available to readers in U.K. only. Overseas
enquiries in writing to the above address. Jrr
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cA4 ELECTRONIC GUARD BOG KIT

One of the best deterrents toe burglar is a guard
dog and this new kit provides the barking without
the Ntel The kit when assembled can be connect-
ed to a docebell, pressure mat or any other
intnater detector end will produce a random series
of deadening bede making the would be intruder
think !vein end try his luck elsewhere . The kit I.
supplied complete with high quality PCB, trans-
former, all components and instruct... AN you
need is a mains supply, intruder detector and a
little time. The kit even includes a hom speaker
which is essential to .produce the loud sound
required. The "dog" can be adjusted to produce
barks ranging from a Terrier to an Alsatian and
contains circuitry to produce a random series of
barks giving a more realistic effect.

XK125 Complete kit of Perts £21.95

DISCO LIGHTING KITS
01.1000K - This vein -for -money 4 -way chasar
features bi-directional sequence and dimming.
1kW per clunnel £17.60
0121000K -A lower met uni-directional version
of the above. Zero switching to reduce
interference £9.85
OLA/1 ffor DI.. 6 0121000K) Optional opto input
Mowing audio 'beat /light response 70p
01.3000K -3 -channel sound to light kit features
zero vohage switching, automatic level control
and buitt-in microphone. 1 kW per channelf 14.25

Thel3L13000K is an 8-wey sequencer kit with built
in opto-isolated sound to light input which comes
complete with a pre-programmed EPROM con-
taining EIGHTY - YES 801 different sequences
Including standard flashing and chase routines.
The KIT includes full instructions and all compon-
ents (even the PCB :onnectors) and requires only
a box and a control knob to complete. Other
features include menu* sequence speed adjust-
ment, zero vohege switching. LED mimic lamps
and sound to light LED and a 300 W output per
channel.

And the best thing about it is the price.

ONLY £28.50

TEN EXCITING PROJECTS
FOR BEGINNERS

This Kit has haw spedally dmi tor the begimer
end contains a SOLDEFILESS AID, COM-
PONENTS, ride ananci with instruCtiOnt to
enable the absolute novice to build TEN Inciwting
projects including a light operated switch, intercom,
burglar alarm, and electronic lock. Each peceect

ktcludas a circuit diagram, descretion of operation
and in easy to follow layout diagram. A section on
component identification and function is included,
enabling the beginner to toad the circuits with
confidence.

ORDER NO XK118 £13.75

alt

Tit
VERSATILE REMOTE

CONTROL KIT
This kit includes
ell components
14. transformer)
to make a sensi-
tive IR receiver
with 16 logic
outputs (0-15V) Which with suitable Interface
circuitry (relays, discs, etc - details supplied)
can be used to switch up to 18 items of
equipment on or off remotely. The outputs
may be latched (to the last received code) or
momentary (on during transmission) by spe-
cifying the decoder IC end a 15V stabilised
supply is available to power external circuits.
Supply: 240V AC or 15-24V DC sit 10mA.
Size (excluding transformer) 9 x 4 x 2 cms.
The companion transmitter is the MK18
which operates from a 9V PP3 battery and
gives a range of up to 60ft. Two keyboards
are available-MK9 (4 -way) and MK10 118 -
way), depending on the number of outputs to
be used.
MK12 IR Receiver (incl. transformer)

£14.85
MK18 Transmitter £7.50
MK9 4 -Way Keyboard £2.00
MICIO 18 -Way Keyboard £6.96
601 133 Box for Transmittals' E2.60

'HOME LIGHTING, KITS
These kits contain all necessary compon-
ents and full instructions and are de-
signed to replace a standard wall switch
and control up to 300W of lighting.
T1513001( Remote Control Dimmer t111.411
MKS Transmitter for above VIM
TD300K Touchdimmer £3.60
113300K Touchswitch 0310
TDE/K Extension kit far 2 -way

switching for T £2.70
LD 300K Light Dimmer £4.33

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 programme a

way keyboard . Ideal for central heating
control including different wilting time for
weekends. Battery back-up circuit.
Includes box. 18 time settings.
CT6000K £42.90
SK114 Relay kit for CTB000, includes PCB.
connectors and one relay. Will accept up
to 4 relays. 3A/240V c/o contacts .. £4.30
701 115 Additional relays £1.80

POWER STRQBE:KIT
Designed to produce a

N high intensity light pulse
ate variable frequency of

tir'41,-...1 to 15Hz this kit also
inckides circuitry to bp-

i ger the tight from an ex-
ternal voitage source leg. a loudspeaker) via
en opto isolator. Instructions are also sup-
plied on modifying the unit fix manual
triggering, as a slave flesh 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: 80 x 50 x 45.
SKI 24 STROBOSCOPE KIT £12.50

0, HIGH SECURITY LOCK KIT
ismOmped he we teed ex lath
el.dramt (7011501.w kit wl
med. hoe s in to 15V Mee
treeing s garb, cumint d eily
561A. Team tee 5000 pserF

els 4-dipt cotemoons me Ws seponcs con bio swat dome.
To Res dens own man difficult foi s unwheiwil war at
Woo an to mead sheIto8 mama esitat drzdYea
mews of  Ink. Tim ewe can wee faro foe wenelonisoar3
rooms ewe while ter tho 1044 is aeAMl prewilig
fuser sale. A laded sr owasiany rpm i web* rift
Ou est WI kr Mx locks. le* arm

wearier *Wad or waibritlen media Mg be and sod s
bow sane who a key I doomed. re =WM ligh pally
PCS, el onsponens, connetwa. kiati pow owe hoer ore NI
awe* are LW mown.
XK121 LOCK KIT £15.95
350 118 Sot of Krobero Setclas £4.00
701 150 Desk lad Warm.

12 wet £18.50

PROPORTIONAL TEMPERATURE

CONTROLLER KIT

Uses "burst tire" tech-
nique to maintain tem-
perature to within
0.51C. Ideal for photog-
rephy, incubators,
wine-rnekIng, etc. Max

bad 3kw (240V ad Temp. range up to 901C. Size-
7.4.2.5cms
MK4 £7.10

PACK A
6150 x XVI

I ean 4811.10.1
14.26

PACK 17
X Notiamial Rowe

lEtolM
13.00

PACK
25 Bee LEO.

bee
92.00

PACK K
411o1111M1P Tamen
emand Inert Pape

£2.25

PIERS * TOMS,* IDOLS

PACK II
Oat B=s
13.21

PACKS
313k1C5oW0

8421r

PACK H
X or few LIDS
fleAullowoiree

mg4;z4CV
Good quality tools selected to offer outstanding
value for money.

660 004 511n MN. Snipe Na,. Piers. Serrated
laws and restart spring. £2.10
660 008 tlin lap jointed side cutters. Insulded
handles end return spring. £2.10
660 006 light duty cutters. Cutting capacity
0.22-1.2rnm copper wee. £1.60
TOOL KIT - Contains: aide diners, snipe nose
pliers, wire strippers, flat blade scre.vdrkrer, pha
less screwdriver in black textured, reinforced and
padded cam which when opened out measures
240.205rnm £6.80

660 007 Selfeidtustable automatic wire stripper
with bust -in cable cutter. E3.915
630 012 Watchmaker. Screwdriver Set.
1.0/1.4/2.0/2.4/3.0/3Imm £1.76
660 019 Set of 4 Steinima Steel Tweezers.
Straight mood, straight noosed-reworsa action,
bent nosed, flat nosed. 110mm long. [3.611
6150 602 Reliant 9-12V do D e. £6.90
6501500 Titan 12V do Dr6. £10.25
660 670 Saturn Main. Drill. E111.150
WE ALSO STOCK ANTES IRONS AND

ACCESSORIES

SECURITY PRODUCTS

Install your own burglar alarm and save
pounds. All parts available separately.

950 120 Stair Pressure Mat 1.70
950 125 Floor Mat 29x16 ins. 2.60
950 130 External bell box - an ideal

deterrent on its own! 10.00
950 130 Xenon Beacon (12v) 10.50
950 140 Flush door/window contacts 1.22
950 143 Surface mounting contacts 1.05
950 162 Alarm Control Unit
This unit incorporates all the features
required to form the
basis of a complete
Security system for
the home or business
Operating off a 24v
AC supply with
facility to charge a
12v lead acid standby
battery. The unit is
housed in a white Steel box 225X225x80mm
closed sensors, bells and 24hr. Personal
attack alarms. Apply for more
details. £39.95

PACK C
or Pstruf

4.80

PACK F
25 Be Mb

saw
11.76

PACK J
50,11111411

S. OWN
1E1.00

FREE
SOLDERLESS
BREADBOARD

(verobloc type) when
you buy KSALL

10

NOT JUST A MULTIMETER
A professional
quality 3i/2 digit
multimeter with 34
ranges. As well as
the usual current,
voltage & resist-
ance this meter
features transistor
and diode test,
continuity AND
CAPACITANCE
and TEMPERATURE ranges. Basic accuracy is
0.25%. Size: 170.87.42mm. Includes test leads,
thermcouple and full instruction & recalibration
manual.
AC Volts 200m-2-20-200-750
DC Volts '200m-2-20-200-1KV
AC Current 100u -2m -20m -200m -2A -10A
DC Current200u-2m-20m-203m-2A-10A
Resistance :200.2K -20K -200K -2M -20M
Capacitance '2000p-2uF-20uF
Temperature *-10° to 1370°C
Conductance '200nS
hFE '0-1000 (NPN & PNP)
Continuity Buzzer less than 200 ohms
(405208) £55.00

IOGIC PROBE

A MUST for wodeng with TTL  CMOS de/Ices.
Crisp** logic levels and puleas down to 21MS
with LEDs and sound. Comprishenehm Inittruction
booklet supplied.
Working voltage 4-16V do
Input Impatient* 1M
Max. lip fraosoancy 2014Na

RECHARGEABLE SOLDERING IRON
Powerful cordless Iron complete with table -top/
well -mounting charging bracket. Reaches solder-
ing temp...tuts et 10 ascends. Includes lamp
which lights when soldering. Cornea with meta
charging unit end 12V car battery
adaptor. £17.55

ELECTRONIC WEIGHING
SCALES

This kit contains a Single Chip Microprocessor,
PCB, displays and all electronics to produce a
digital readout of weight in Kgs. or Sts. and Lbs.
In normal use a toothed wheel (pattern
provided) is made to rotate when a weight is
placed onto the scales, interrupting two infa-
red beams. The processor counts the number
of teeth passing the sensor (up or down,
depending on which beam is broken first) and
shows the reading on the LED display in Sts. &
Lbs., Lbs. or Kgms. A PCB link selects the scale
for bathroom or two types of Kitchen Scales. A
linear version of the toothed wheel could also
be used. Other uses include up/down counters.
A low cost digital ruler could be made by using
a wheel with the correct tooth to diameter ratio.
ES1 £5.50

ELECTRONICS SEND 9-x6" S.A.E.&

13 BOSTON RD 5 FOR
OR CAR CALL AT SHOP

CATALOGUE

LONDON W7 3SJ MON-FRI 9-5pm
Tel: 01-567 8910 SATURDAY 10-4pm

ORDERING INFORMATION:

:111:
ALL PRICES EXCLUDE VAT

emiFREE P&P on orders over £20 (UK only), otherwise add
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere

£6.50. Send cheque/PO/Barclaycard/Access No.
with order. Giro No. 629314002.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY
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THE DREAM
MACHINE
Paul Chappell looks into the complexities of sleep and finds
it can do with an electronic helping hand. This is such stuff
as dreams are made of.

Free gift time has come
around again and this year
we've got something rather

special for you - a dream
machine! You will already have
found the printed circuit board
on this month's cover and next
month there will be the
components too.

Imagine this: you are in the
middle of a particularly exciting
adventure when you suddenly
recognise it for what it is - a
dream. Since it's a dream, you
have the power to do anything
you choose. You can go anywhere,
do anything, break the laws of
physics, defy social conventions -
you have supreme authority! What
will you do?

If you've ever had this ex-
perience, you may be interested
to know it's not uncommon. In
the psychology trade these are
known as 'lucid dreams: They
often occur spontaneously during
nightmares - suddenly you
realise that nothing in real life
could be quite so bad, so you
must be dreaming. Having turned
your enemies to toads, you can
get on with conjuring up more
pleasant scenes for yourself! You
may have had a recurring dream
that becomes so familiar that you
recognise it.

Often, lucid dreams are
brought about just by reading
about them - knowing that it's
possible - so who can tell what
might happen to you tonight?

When lucid dreams happen
spontaneously you usually lose
control after a while and slip back
into a normal dream. With a little
practice they can be sustained
and become ever more frequent
and powerful. With the Dream
Machine by your bedside, some
very strange experiences are
waiting for you. This is not a
project for the faint hearted!

Dreams are such personal
things that they are not really
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PROJECT
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Fig.1 Our sleep pattern changes
with age but we always require
sleep.

amenable to the methods of
scientific investigations. Most
people have trouble recalling their
own dreams with any accuracy, so
the difficulties in trying to make
sense of second hand accounts
are almost insurmountable.

Much has been written about
dreams with apparent authority,
which on closer investigation
turns out to be little more than
opinion and prejudice. Some
claim that dreams can be
prophetic or didactic, others that
they are composed of fragments
from the day's activities put
together in a bizarre way. Others
still would claim that they are
merely rubbish churned up as the
brain sorts out its internal filing
system during the night.

Coleridge claimed to have
heard the poem 'Kublai Khan'
word for word in a dream. Jung
saw dreams as a 'hidden door' to
the secret recesses of the mind.
Joseph saved Egypt from famine
after interpreting Pharoh's dream.
Was Coleridge a liar? Was Jung
and all the present psychiatrists
who borrow from his techniques
merely misguided? Was Joseph's
shrewd intervention in the
Egyptian economy a lucky
accident?

Any theory put forward to
explain the purpose of dreaming
has a great variety of factors to
take into account!

Sleep (Perchance
To Dream)

The reason for sleep is still
something of a mystery. The
problem is that the obvious
explanation (that the body and
mind need rest to recover from
the day's activities) just doesn't
hold up under close scrutiny.

Any period of inactivity (sitting
in an armchair in front of the TV
will do) is quite enough to give
the skeletal muscles all the
relaxation they need. As far as the
mind is concerned, the electrical
activity certainly changes during
sleep, but far from decreasing it
becomes considerably greater!

In the search for an alternative
explanation, scientists spent a
great deal of time and energy
searching for substances known
as 'hypnotoxins. The idea was that
these toxins (poisons) would build
up during the day until they
reached a certain preset level

66

BEFORE
DEPARTING

64- FROM USA

62

60-
DAY AFTER
ARRIVAL IN
GERMANY

58-

56  
O

HOURS

Fig.2 Even with a short
time displacement (jet lag from
travel to a new time zone) efficiency
is severely impared by the change
in sleep pattern.

which would trigger the sleep
mechanism. During sleep, no
more poisons would build up and
those accumulated during the day
would be gradually eliminated
until they reached a lower
threshold which would signal
'time to get up'.

This attractively simple idea
was spoiled by the complete
failure to find any sign of
substances that would fit the
description of hypnotoxins and so
now it's been largely abandoned.

Perhaps sleep is not necessary
at all? Maybe an occasional period
of physical inactivity would be just
as good? This doesn't work either
(Fig.2). The evidence that sleep is

AWAKE

STAGE 1

STAGE 2

STAGE 3

STAGE 4

STAGE REM

Fig.3 The different levels of sleep as demonstrated by
EEG recordings.
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absolutely vital to survival comes
mainly from circumstances where
sleep deprivation is used as a
form of torture.

Destructive testing of human
beings under these conditions
show they can rarely last more
than ten days without sleep.
Death is preceded by intense
hallucinations and often by
insanity. Those who have survived
long periods of sleep deprivation
are not keen to recommend it and
often suffer periods of depression
and mental disturbance for
months or even years afterwards.

So what is known about sleep?
The hard facts are interesting but
not particularly enlightening.
Sleep is arbitrarily divided into
levels, mainly on the basis of EEG
recordings. The normal sleeping
pattern is to sink through the
various levels of sleep to reach
the deepest level within about 45
minutes. This deep sleep is
broken roughly every hour and a
half by paradoxical sleep, so
called because the brain waves
take on a pattern that would
normally be associated with alert
wakefulness (Fig.3).

As the night progresses, the
trend is for sleep to become
lighter and the periods of
paradoxical sleep to become
longer, from about ten minutes
early in the night to half an hour
or so later on.

Paradoxical sleep is also known
as rapid eye movement (REM)
sleep. In the early 1950's it was
discovered that this phase is
accompanied by bursts of eye
movement behind the closed lids.

As this is clearly visible,
particularly in babies (where it
was first noticed) it's astonishing
that it took so long for anyone to
discover it!

Dreams seem to occur with far
greater frequency during REM

sleep than at any other time. This
was discovered by the simple
expedient of waking people up
during REM and non -REM phases
and asking if they'd just been
dreaming. Those woken from REM
sleep almost invariably reported
having a dream, whereas those in
the non -REM stage rarely did.

In several experiments sleepers
have been denied the opportunity
for dreaming by being woken at
the onset of each REM phase.
They were allowed to sleep again
immediately but would be woken
at the first sign of any eye move-
ment. The total sleep period
allowed was the same as usual
but it was a broken and dreamless
sleep.

One result was that sleepers
were so keen to enter the REM
phase that it would begin almost
as soon as their heads touched
the pillow. The second was that
the sleep period just didn't seem
to refresh the subjects. After a few
days they would show similar dis-
turbances to those who were
deprived of sleep altogether.
Other groups of sleepers woken
just as often (but always during
the non -REM phase) showed
hardly any effect at all.

It is tempting to draw the con-
clusion that sleep deprivation is
really dream deprivation - that
the whole purpose of sleep is to
allow dreaming. Some have said
just this. Others would claim that
dreams are an incidental product
of some essential activity which
takes place during REM sleep.

Whatever the truth of the
matter - whether dreams are the
essential ingredient or a manifes-
tation of some other vital process
- it seems likely that the study of
dreams can make a valuable con-
tribution to the understanding of
sleep. Very little seems to be
forthcoming from other sources!

.JONSMIlyiYyPIA1461#46,RIGHT REM

LEFT REM

EEG 1000144,4014,141040.06440004Ariologrikipolikoft040440,

FigA Correspondence between REM and dream imagery. The subject
showed a regular series of left then right eye movements. On waking
(arrowed) he reported dreaming of a table tennis match.

Improving Your
Dream Life
Did you dream last night? You

almost certainly did but there's a
good chance that you don't
remember a thing about it. If
you're keen to know whether your
dreams have a message for you,
whether they can help with your
day to day problems or if they're
simply the result of last night's
supper or TV viewing, the first
step is to recall them in the
morning.

Your dream memories will be
at their sharpest when you are
just in the process of waking up.
Let the dream run through your
mind in this state and it will
remain fixed in your memory for
some time. When you are fully
awake, you can jot down the
details if you like.

Fig.5 Noise - it's hard to imagine
this could be beneficial!

After that comes the fun of
trying to analyse the results. A
single dream is not much to go
on but if you keep a 'dream diary'
you may see all kinds of patterns
emerging.

Many people have claimed to
be able to decide on the subject
of their dreams by thinking about
it just as they drift off to sleep.
Some claim to be able to return
night after night to a favourite
dream to watch the next episode
unfold.

A strange effect is the ability of
dreams to weave external events
into their own fabric. An interest-
ing experiment (it can hardly be
dignified by calling it 'research')
was carried out by a certain Major
Wellesley Tudor Pole who hit
upon the charming idea of waking
people from sleep by firing a
pistol close to their ears. In every
case where a dream was reported,
the pistol shot was somehow built
into the story as the natural
culmination of the dream.
Whether the good Major's friends
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PROJECT: Dream Machine

ever spoke to him again after-
wards is not recorded.

The Dream Machine
The Dream Machine was con-

ceived as a project that everybody
can have fun building and experi-
menting with and one which can
also serve a useful purpose. One
of its functions is to bring about a
state of relaxed drowsiness
conducive to having a good
night's sleep. Being something of
an insomniac myself, I had a
definite personal interest in its
success!

We tend to think of sleep as a
time of relaxation but most
people spend the night in such a
state of tension that the ex-
perience is nowhere near as
refreshing as it ought to be. I

want to bounce out of bed in the
morning feeling totally renewed
and full of energy, not groggy and
bleary eyed. So, you see, the
project was really made for me,
but I'll share it with you!

The principle of the Dream
Machine is this: it produces pink
noise. The sound of pink noise is
similar to the sound of surf on
the beach, wind in the trees or
light rain. Quite poetic, really.
Although noise 'looks' pretty
angry (Figs) it's a very relaxing
sound to listen to.

Some extravagant claims have
been made for the effects of pink
noise. I remember reading some
years ado that people became so
hypnotised by prolonged exposure
to it that they could have their
teeth pulled out without
anaesthetics! Just the thing to
amuse you on a rainy afternoon.

Noise
In most circuits the aim is to

keep noise to a minimum but for
this project we want to increase it!
Luckily, we don't have far to look
for sources of electrical noise. All
kinds of things produce it -
resistors, transistors, wastepaper
baskets, ashtrays...everything on
earth produces thermal noise
voltages (Fig.6).

Thermal, or Johnson, noise is
produced, as its name suggests,
by heat. Heat agitates the
electrons in any substance and
causes minute voltage fluctuations
across it. The actual voltage
produced depends on the temper-
ature, the resistance of the
substance and the bandwidth. It
is given by:

Vn = 41)/7-FRI3

C -C. III
ZENER DIODE RESISTOR

Fig.6 Any electronic device - even
an ashtray - will produce thermal
noise.

k is a constant very popular with
physicists. It's Boltzman's constant
and its value is 138x10-23.

The bandwidth (B) is a tricky
one. If we have a resistor on the
bench it's clear that it must be
band limited in some way, other-
wise it would be producing light
frequencies (in considerable
quantity too, if you work it out)
and would glow in the dark! But
it's not clear just what the band-
width is. For the purposes of the
project we are only interested in
noise voltages produced within
the audio band - anything
beyond that we won't hear anyway
- so we'll use a generous value of
2x104 (20kHz).

The temperature, T, is the
absolute temperature - based on
zero being the point where all
thermal processes come to a halt.
At absolute zero there's no
thermal noise at all. Absolute zero
is so cold that even the toughest
brass monkeys stay indoors! On
the Centigrade scale it works out
to be about -273°C!

Assuming a room temperature
of 20°C, the absolute temperature
would be 293°C. (Absolute
degrees are the same size as
Centigrade degrees. They just start
earlier. Have you ever wondered
why slow drivers are at the front
of every traffic queue and not at
the back? They start earlier too).

To work out the voltage
produced by (say) a WO resistor
at room temperature, all we need
now is a calculator:
Vn (RMS)=44x138x10-23x293x106x2x104

WHITE

PINK

FREQUENCY
LINEAR SCALE

Fig.7 Power/frequency characteristics
of white and pink noise.

This works out to near as
damn 18µV. This is usable (and
quite enough to cause problems
in hi-fi amplifiers and brainwave
monitors) but not much of a start
for the Dream Machine. The noise
from a 10,000M ceramic ashtray
would be better. 100 times as
good, in fact. But the currents
would be much too small.

Luckily for us, thermal noise is
not the only source of noise in
electronic components (though it
is for most ashtrays). Ask a
resistor to do some work like
passing a bit of current and up
goes the noise (for most types,
anyway). The Johnson noise is the
lowest possible noise, sometimes
called the noise floor. On top of
that comes 1/f noise (the noise
carpet?). In semiconductors there
are other odds and ends too -
mostly shot noise with a touch of
partition noise (a bad habit picked
up from valves).

How these noise mechanisms
work (and how to put them out of
action) is something I have in
mind for a future Circuit Theory
article. For the moment we'll just
give thanks that they exist.

Other components can be
even noisier. A zener diode on the
point of conduction will produce
enough noise to wake the neigh-
bours and it is this I have chosen
as the generator for the project.

Thermal noise has a spectrum
with the same power in a given
bandwidth no matter what the
centre frequency may be. Between
50Hz and 100Hz there's just the
same amount as between
1,000,000Hz and 1,000,050Hz, all
things being equal (which they
never are). It is called white noise
by analogy with white light (which
has an entirely different dis-
tribution - Its not really a very
good name).

If the power varies inversely
with frequency, the noise contains
more of the low (red) frequencies
and is called pink noise (Fig7). In
semiconductor devices, 1/f (pink)
noise tends to predominate up to
about 1kHz. Above that, the spec-
trum is fairly flat (on a linear
frequency scale).

The noise from a zener diode
is already tinged with pink, so
judicious use of a capacitor and
pot can vary it from pale pink to
almost red (close enough for our
purposes, anyway).

Next month you'll be getting
the components and I'll start on
the construction details. In the
meantime, sweet dreams!

ETI
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LM2917

EXPERIMENTER SET
Consists of LM2917 IC. special printed circuit board and
detailed inStruCtr0115 with data and circuits for eight
different protects to build Can be used to experiment
with the circuits in the 'Next Great Little IC Mature
IETI. December 19661

LM2917 Experimenter Set £5.80 + VAT

Are we about to create a race of Supermen?

Brainwave
rj BETA Concentration, In ALPHA - Relaxation, ri THETA - Imagination,

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

0
Input

cs,

monitor
8RAINWAVE
JOONITOR
ffAONLYrirs

29.90
aT

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-Fi.
' Bio-electronic circuits and electrodes.
LARGE BOTTLE (150m1) SILVER SOLUTION £11.20 VAT!
N B The solution will take to brass. copper. etc but not to steel or pre -plated 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 waiting.

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 I 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 and 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 amplifier,s, 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 accessories, professional electrodes, books. etc
Please send a stamped, self-addressed envelope if you lust want the lists. Otherwise, an SAE + £2 will
bring you lists, construction details and further information.

Complete Parts Sets fa ETI Projects
POWERFUL AIR
IONISER
FEATURED IN ETI,
JULY 1986

Ions have been described
as 'vitamins of the air by
the health magazines,
and have been credited
with everything from
curing hay Myer and
asthma to improving concentration and pulling 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 deal of
excitement when it appeared as a constructional protect
in ETI. Al last, an ioniser that was comparable with
(better than') commercial products. was reliable. good
to build and fun' Apart from the senous applications
some of the suggested experiments were outrageous,

We can supply a matched set of parts, fully
approved by the designer. to build this unique voted
The set includes a roller tinned pnnled circuit board.
66 components. case. mains lead, and even Me parts
for the tester According to one customer, the set costs
'about a third of the once of the individual cooiponents
What more can we say,

DIRECT ION PARTS SET Instructions
WITH BLACK CASE £9.50 VAT :are
WITH WHITE CASE £9.80  VAT included

KNIGHT RAIDER
FEATURED IN ETI, JULY 1987

ire ulirmate in horror, enects lOr your Larnoorghin, base,. Bow
any other car for that matter! ecture Inrs egKI powedul lughto

1,ne tne IrCol and eight along Ine rue' Lou bra a Leach on the
OaShebard centre cox and a p.n.- 'ore rn0,03. 1rt, 101110

point ol !sent becomes a Oar pouncing trachea,. and forwards
line v' fad pne v. paneens

;1M'clirecblwayPrOrrt:gctrt'aoni'D'or:
are oang
Tne Knight Raider can be lined to any car Irt makes an excellent fog
ught,i or wet row powered wlbe ,t can turn any .11(11 pedal car or
O,cycle info a spectacular TV -age hay'
Tile cetera box pans set cons.sts or case swnches LEDs PCB
components hardware and instructions The sequence board
n,luaes PCB. ICs. power FEls components. hardware aria

KNIGHT RAIDER CONTROL BOX ONLY
£6.90 n VAT,
KNIGHT RAIDER SEQUENCE BOARD ONLY
E11.90 VAT

PROJECT BOX
PROJECT CASE
WITH PP3 BATTERY
COMPARTMENT

ONLY £2.60! + 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.

BUILD YOUR
DREAM
IN STYL

CHINE

Our expansion parts set contains all you need to turn the ETI Dream
Machine into a very special project.
The parts set contains'
 PRESTIGE CASE
 MAINS POWER SUPPLY

COMPONENTS
(transformer, rectifiers, capacitors
regulator.)
HIGH QUALITY EXPANSION
COMPONENTS
(TBA820 IC, resistors, capacitors.
preset transistor, loudspeaker)

ALL CONTROLS AND
ACCESSORIES
(pots, switches, knobs, neon lamps,
fuse holder, fuse, mains cable, etc.)
FULL INSTRUCTIONS

(You will need the free components and
PCB from the November and December
issues of ETI to complete the project).

Og,© igTA
LIMITED

FOUNDERS HOUSE
REDBROOK
MONMOUTH
GWENT



PROJECT

ETI CONCEPT
Robert Stevenson continues his description of the
mains controller.

The construction of the
Concept controller was
covered last month. In this

issue the calibration and
operation of the controller will be
described.

The Concept's operating
system software is held in EPROM
on the CPU board (IC3). The
EPROM used can be either a 2764
(8K) chip or a 27128 (16K) chip
depending on availability. Only
just over 7K of the EPROM is used
and the hex dump of the used
portions is given in Listing 1.

Alternatively, pre-programmed
EPROMs and the source and
object code on a BBC micro disk
are available from the author. See
last month's Buylines for details.

Calibration
When the Concept is fully

assembled and all the wiring
checked carefully, plug in and
switch on.

All the display LEDs should
light for a second and then the
Concept should go into time
display mode. As this is the first
power -up this should show 00.00.
The centre decimal point should
flash at 1Hz and the top left LED
should light to indicate time
mode.

Press the mode (MDE) key and
the Concept should go into cost
mode and display 000.0. Another
press puts it into power mode.
The display may show a figure
now. This is meaningless until the
unit is calibrated.

Switch off and connect the
'normal' link on the power board.
Switch on again and allow at least
a half hour for the unit to 'warm
up. Press the MDE key twice to
enter power mode.

With an insulated trimmer tool
and some care adjust RV1 to give
a reading of 0005 on the display.
Now press SET and MDE to
initiate the auto -zero routine
which takes about ten seconds.
The offset value calculated is
stored in the battery backed RAM
and so this procedure should not
need repeating.

Switch off again and change
the link to 'calibrate: After switch -
on and warm up, the multi -turn
preset RV2 should be adjusted to

give a reading of 2450. The last
digit may fluctuate but this is
quite normal.

Switch off and return the link
connection to the 'normal'
position. The Concept is now
calibrated and ready for use.

In use, slight drift of the power
measurement circuitry can cause
a reading of 1W when nothing is
even connected to the Concept.
This is quite normal and although
it can create a cumulative cost
error, this is unlikely to exceed
1/2p a day. If a permanent drift is
experienced, the calibration
procedure should be repeated.

Certain types of appliance may
give unexpectedly low power
readings. This is particularly true
of TVs and computers which use
switch mode power supplies. The
Concept measures the in -phase
power that the domestic
electricity meter counts on. The
cost displayed is therefore the
cost you pay.

Problems?
If the Concept fails to work

first time, try switching it off and
then on. If that doesn't solve the
problem make another check on
the orientation of all the ICs and
for broken and shorted tracks on
the PCBs.

Using an oscilloscope or logic
probe check for address and data
bus activity. If this is okay,
monitor the 6502 IRQ line (ICI,

ultimate

pin4) for a low pulse every 5ms
with a longer pulse every second.

If the CPU appears to be
working, check that the relays can
be switched on manually. If they
cannot, examine the driving
circuitry.

If the battery is not fully
charged, the RAM can become
corrupted causing occasional
strange functioning of the
Concept. The best cure for this is
to switch off and short out the
RAM, erasing it totally. Short
across pins 12 and 24 of IC10.

Operation
In general, the Concept is

programmed with the sequence
SET -function -data -SET. Pressing
CE/C will cancel data entry or a
selected function. The status LEDs
light when a function is operating
and flash when data entry is
expected.

The time is set by pressing SET
and then key 5 (HR). This blanks
the hours digits and flashes the
hour LED. Type in two digits for
the hours in 24 hour format. A
further press of SET stores the
setting.

The minutes and day are set in
the same way using keys 6 (MIN)
and 4 (DAY). The day required is
entered using the numbers 1 to 7
(Sunday to Saturday).

The mains outputs are turned
on manually using the MAN key
followed by keys 1 to 4. This
toggles the output from its
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Listing 1 The used sections of the 2764 EPROM (1C3 on the CPU board).
IC90
IFF0

FF FF
FF FF

FF FF
FF FF

FF FF
FF FF

FF FF
FF FF

FF FP
FF FF

FF FF
FF FF

FF FF
00 EC,

FF FF
40 El
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PROJECT: Concept

previous state. All four outputs
can be toggled using the key 7
(ALL).

The countdown timer is started
with SET -1 (CDN) followed by one
of the keys 1 to 4 or 7 to select
the output channel. Then enter
the delay required (up to 99)
followed by SET again to start the
countdown.

At the end of the timed period
the selected output is toggled.
The countdown may be cancelled
at anytime by pressing SET-CDN
again.

The timer is programmed
using the PRG key. Each channel
can be programmed with seven
separate on/off time program
pairs. Select channel one (key 1)
and the display will show either
P1 1 or u.1. 1. The letter indicates
if that on/off time has been
programmed. The first number
indicates the channel and the
second the on/off time program
number (1 to 7). The seven time
programs can be selected by
further presses of the PRG key. A
seventh press exits the
programming routine.

When the required program is
selected, SET allows the on/off
time to be programmed. The
display shows the previously set
on time (00.00 if unprogrammed).
A four digit number (hours then
minutes) should be entered SET
pressed and then the day number
followed by SET to store this time.
The off time day is then entered
in the same way. The display will
now show P.1. 1. If you are not
programming another on/off time
you must exit the routine by
successive pressing of the SET key
and not by using CE/C.

Needless to say, the other
channels can be programmed by
selecting the relevant channel
number at the start of the
procedure.

To set the same on/off time for
each day of the week, program
the first time program with the
required times (the day is
unimportant), exit the routine in
the normal way and enter SET -0
(ED) followed by the channel
number. This copies the set times
into each time program for each
day of the week.

Entering SET -9 (CAP) and then
a channel number clears all the
time programs assigned to that
channel.

The output channels can also
be turned off by external trigger
signals applied to the DIN socket.
The signal should be from a TTL
type circuit with open collector

outputs. A logic low on the inputs
will turn off an output and
prevent it from coming on if a
programmed on -time occurs.

The external controls are
ignored by default and should be
enabled first by entering
SET-MAN (C -SW). The C.SW LED
lights when the conditional
switching is enabled.

The Concept's real time clock
will run slightly slow. This can be
compensated for by the software.
The trim factor is entered after
pressing SET -3 (TRM). The
number entered should be
between 0 and 999 and represents
the number of Tol S to add every
hour.

By carefully monitoring the
Concept's timekeeping and
adjusting the trim factor
accordingly, an accuracy of better
than five seconds a week can be
achieved.

Cost Power
The Concept can display both

the instantaneous power drawn by
the outputs and the cumulative
cost. Pressing the MDE key
switches the display between the
three modes of time, power and
cost.

The cumulative cost is zeroed
by entering SET-MDE (RST) when
the display is showing the cost.

The rate at which the power is
'charged' is set by entering SET -8
(RTE). The cost in pence per kWhr
is then entered as three digits up
to a maximum of 99.9p.

The projected cost per day or
per week can also be displayed.
Entering PROJ.COST-4 and
PROJ.COST-2 displays the cost
per day and week, respectively,
based on the instantaneous power
consumption. PROJ.COST-3 and

PROJ.COST-1 display the daily
and weekly cost based on the
power consumed during the past
hour. PROJ.COST-7 displays the
average power over the past hour.

The last function of the
Concept is the software lock. The
keypad of the Concept can be
disabled to prevent unauthorised
use. When locked, the MAN, PRG,
MDE and PROJ.COST keys cannot
then be used. Press SET -2 (LCK),
enter a four digit number and
remember it! The SET key should
then be pressed and held for four
seconds until the display shows
Loc. The lock can be used in any
of the three modes - time, power
or cost.

To unlock the Concept simply
enter the four digits and press
SET. After three failed attempts at
entering the code, the Concept
displays STOP and totally locks up
for five minutes. If the power is
removed during this period, the
lock -up period starts again on
power -u p.

The Concept software also
includes extensive error coding. If
an invalid input is entered the
display shows Err. followed by a
number identifying the error. The
error display can be cleared by
pressing C/CE. The error codes
are as follows:

0 time minutes>59
1 time hours>23
2 timer hours>23
3 timer minutes>59
4 countdown=0
5 CAP with all channels selected
6 PRG with all channels selected
7 ED with all channels selected
8 overflow on projected cost
9 overflow on compensation

(requires re -adjustment)
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QUIZ CONTROLLER
Andrew Armstrong and Ron Keeley
time at the Trivial Pursuits board.

Aquiz has an endless
fascination. Is this because
we enjoy displaying our

knowledge? For the challenge? Is
it some kind of masochistic
holdover from our schooldays
when quizzes were more of a
torture than a pleasure? Or is it
the sheer satisfaction of getting it
right?

Whatever the reason, in recent
years the quiz has become almost
a way of life. In the week this
article is being written, there are
no less than ten quiz games of
one kind or another appearing on
our TV screens, two of them
running every night of the week.

All over the country this
weekend, people will be sitting
down to play Trivial Pursuit,
Quizwrangle or one of the look-

alike quiz board games.
Even our most treasured

leisure hours down at the Three
Ferrets are now threatened by an
invasion of electronic quiz
machines (they are best played in
teams, if you want to win!).

Many of the most popular
games on TV pit teams or
individuals against each other,
with the first person to indicate
that they know the answer being
given the opportunity to reply to
the $64m question.

Usually a system of buttons,
buzzers and flashing lights is
used, with a function which locks
out all other buttons after one has
been pressed. The advantage of
this, of course, is that the
quizmaster avoids contentious
decisions concerning who pressed
which button first!

Many such designs have been
published in various places and
there is nothing new about the
principle. However this design is
probably the most neat and
compact quiz controller ever, with
an easy wiring system that
eliminates the most tedious
difficulty with these things, that of
connecting the players to the
central control unit (we don't all
have expensive stage sets to mask
the wiring runs!). Up to eight
players can participate in the quiz,
with a further person acting as
quizmaster.

strive for peace in our

HOW IT WORKS
Figure 1 show the circuit diagram. A pair
of NAND gates (IC3c,d) are configured
as a simple clock producing a square
wave output at around 2kHz. The clock
signal drives IC4, a 4029 4 -bit binary/BCD
up/down counter. This has both pin 10
(U/D) and pin 9 (BIN/DEC) tied to the
+9V rail, which sets up the IC to count
up in binary. It is permanently enabled
by the C/E terminal, pin 5, tied to OV. The
lower three bits of the counter output
are used to sequence the channels of a
4051 eight -channel analogue switch.

This has eight independent analogue
switches with eight independent
input/outputs, YO - Y7, and a common
input/output, Z, on pin 3. The outputs
are connected via individual jack plugs
and two wires to an LED and a push-
button switch wired in parallel. Each
switch is selected in turn as the binary
counter clocks the address pins 9, 10 11
and in turn each LED is connected to the
9V rail via pin 3 and resistor, R1. At this
stage the LEDs will be dimly illuminated
as each is on for just Vs of the time.

However if one of the push -buttons is

selected, the Z input on pin 3

immediately goes to OV, triggering IC2,
a BIFET op -amp wired as a comparator.
With the inverting input biased at just
under 2V, the output on pin 6 will go low,
tripping the latch configured from IC3a,b
which in turn locks up the clock.

The 4051 remains switched to the
channel on which the button was
pressed and when the button is
released, the corresponding LED comes
on at full brightness. Until a switch is
pressed, the forward drop of the LEDs
is greater than the voltage on the
inverting input of the comparator, so its
output is normally high.

The latch is reset by a master switch,
SW9, in the hands of the quiz master.
This releases the clock and re -starts the
sequencing of the quiz stations by IC1.

Although the voltage on the compar-
ator input is momentarily dropping
below the comparator threshold due to
charging up the capacitance of the
wiring, it does not stay low long enough
to trigger the comparator.
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Fig. 1 The circuit diagram of the quiz controller.

OV

Construction
The PCB measures just

75x35mm and can be built into
any convenient sized case, but be
sure it has a surface wide enough
to take the eight 2.5mm sockets
leading to the quiz stations.

Begin construction with the
resistors (all six of them), the
single capacitor and the two wire
links (see Fig. 2). The master reset
switch SW9 should be soldered in
too, along with the leads for the
PP3 battery connector.

You could, at this stage, also
solder in short lengths of wire
from the IC1 switch outputs and
one short lead from the OV rail,
ready to hook up to the eight
2.5mm jack sockets.

The ICs can be soldered in
(there are only four of them)
observing the usual precautions
when handling the CMOS types.
Wire a switch and LED across one
of the quiz station outputs, fit a
PP3 battery to its connector and
the board should be operational.

The LED should be glowing
dimly until the reset button is
pressed at which point it should
come on at full brightness. Press
SW9 on the PCB and the LED
should revert to the dimly lit state.
If you fail to achieve these results
check the board for the usual
misconnections, solder bridges
across tracks, dry joints and so
on. The circuit and construction
are so simple that very little can
go wrong!

The enclosure will need a
cutout on the top through which
SW9 can protrude and eight holes
drilled for the 2.5mm sockets. The
prototype did not include a power
switch, but a miniature toggle can

easily be installed and wired in
series with the +9V battery lead
as shown in Fig. 1. Alternatively
another 2.5mm socket could be
fitted and a shorted jack plug
used to switch the +9V lead.

Finish off the construction by
wiring up the jack sockets. The
board can be mounted on top of
the PP3 battery with a small
square of double -sided tape, using
sufficient to lift SW9 through the
top cut-out. Another piece of tape
will keep the battery firmly fixed
to the bottom of the box.

-PARTS LIST
RESISTORS (all '4W 5%)
R1 1k2
R2 10k
R3,4 1k0
R5 100k
R6 22k

CAPACITORS
C1 10n polyester

SEMICONDUCTORS
ICI 4051
IC2 3140
IC3 4011

IC4 4029

LED 1-8 5mm LEDs, any colour,
preferably high efficiency.

MISCELLANEOUS
B1 9V PP3 battery and connector
PL1-8 2.5mm jack plug
SK1-8 2.5mm jack socket
SW1-8 SPST push -to -make
SW9 Push -to -make rocker switch
SW10 SPST toggle switch

PCB; cases; connecting wire.

BUYLINES
The components are all readily available
from a variety of sources. None are
critical except, perhaps, SW9 as the PCB
is laid out to accept an RS switch which
is available from Electromail (part
337-368). Suitable boxes for the con-
troller and the quiz stations are available
from Cirkit. The PCB is available as ever
from our own PCB Serv.ice.

The individual quiz stations are
connected to the controller via
2.5mm jacks and twisted pair
cable of required length. Another
option is to use one pair of a
length of two -pair telephone
cable.

All that remains is to set up
your quiz game. Fingers on your
buttons please; you have two
minutes starting from ... NOW.
Football has been banned in
England on at least four separate
occasions. When was the first
such occasion?

I've started so I'll finish ...
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TEST INSTRUMENTS
LARGEST IN -STOCKUK's

RANGE

DIGITAL MULTIMETERS
f,1132 Digit LCD,

'41/2 Digit °With
Case, t Case t391)

(R = Rotary
Pb = Push Button

S =Slide)
\\.!1-.1

K13051125 range plus
Hie test 10A AC/DC

20meg buzz 0.5'0011 £37.00

R1101131 range
incl. 5 range CAP

10A AC/DC 20meg
buzz 05N1Fil £36.00

1E15005 1'1 4,,,2 digit 28 range plus
We 10A AC/DC

20meg 0.01'0 lP81 £83.00

rd
K050811-115 range

AC/DC volts 0.2A
BC 2 meg IS1

£19.96 , io"

60578 0120 range
10A AC /0C auto

range display
hold 0.8°0,1131

£34.50 -z-----

6010 Itl 28 range
10A AC/DC 20 meg 0.25'01P81

03.50

Itl 34 range incl.
CAP Me temp etc

025° a 1111
£52.13

range
rangerange CAP plus

We 10A AC/BC 05181
£53.00 ;',1

M3800 t 130 range
plus Hle TOA

AC/DC 213 meg 0.5°0161
05.00 8 8 1,g

M36501 130 range
incl. Hle CAP !reg.

count. 208 AC/DC
0.3°'0, till

£57 .00

SCOPES (*with probes)

NAMES- all With component testers

*263/6 Dual 20MHZ
£314.000

204/2 Dual 20MHZ 
sweep delay

£418
£527

.000
.

*205/20605
Dual12160MHMZ

20lil
sweep

digitdelayalstore
£583.00

HUNG CHANG
t6 FLAT screen

6153y, CRT)

*620 Dual 20MHZ 
comp test

£295.00

*635001 35MHZ
sweep delay

099.00

*650 Dual 50MHZ
sweep delay

£579.00
4,

*615 Dual 15MHZ Ran/mains
£399.00

Also stockists
fortitachi and Crotech.

Scope Add mss.
rage T0201.

8C11 adaptor OM
358. Logic analysers

LM60. Ask for prices
and details.

*K19051 Range Digital
Cap Meter

 555 20HZ to 150KHZ Audio
Generator

2030E127 Range
multimeter 108

AC/DC  Hle .0 Cap

5050E41 Range
PET meter 0.100

A.1000 meg etc.

- 10261 19 Range Meter
200.14.108 DC. Buzzer

07 20 MHZ Logic
Probe. TTL. cmos

625 50 MHZ Logic
Probe' Logic Pulse

with

05/400Hccess

Al /X10 Scope/Inst.
Probe 250 MI12

a

. Plitt 200A
200MHZ LEO 8 digit Prep counter

K0m6 1.5MHZ to
250MHZ TR Diameter

£32.83
*S7300 0/300

AMPS AC 5 range
0/6001.1 AC 4 ranges

IKON Res

*501 Electronic
insulation tester

5000 DC 100 meg
ES5.00

clamp meter

6060 Digital power
meter 210/4 /41(W

true power 10A AC/DC

E59.50
volts LCD

£68.00

 1H301 Digital temperature
meter with probe LED

(

OCKET INSTRUMENTS1319Te.£40.00
£47.50
£35.00
£2 8.65
£12.61

£9.52
£22-95
£11.50
£75.00
£43.04

MEASURING
INSTRUMENTS SECURITY

COMMUNICATIONS
PUBLIC AOMIES____.ts

AUDIO /TY /VIDEO/COMPUTER
ACCESSLIm

SEE CATALOGUE

3V, digit LCO
1000 V AC/DC

100nA 1000'

OHN con buzzer
ban operated 20A

AC/DC

32250.25°k basic
£89.00....

3210 True RMS
Version 0.1°,0

ET 19.yRI

y m355 3', digit
LED 10A AC/DC

0.25° k

tRatt operatedl

TAB

1m351 LCD 0.1N
C115.00: Tm356 LCD11.25°.,

015.00

:DIMINO P.
0,0-*

COUNTERS & TIMERS
ALL BENCH MODELS

FREQUENCY
COUNTERS

/
MET100

229/240Y AC 8 digit £99.00

MET600
LED 0.11i2

£126.00

MET
RESOLUTION

£175.00

ttin 1 500 5my min Sensitivity
£199.00

1F200 6 digit LCD
batt 200 MHZ

£175.00

COUNTER/TIMERS a
DIGIT LED

APPOLLO 10
STANDARD MODEL

£219.00

APPOLLO 100 PLUS
DISPLAY HOLD RPM

STOP WATCH ETC.

£285.00

TV - VIDEO

PAL VIEF/t1HF.
AtA/FM. 5.5/6/55

MHZ Sound,

£5626 FIG8 and Sync 0/Ps.
colour 8/V4 etc. £199.00

FUNCTION SINE/SQ/TRIANGLE/TTL
o/p£11u.uu

Jupiter 500
0.1HZ to 50KHZ £110.00

16101 0.0210 to 2001011 £161.00
TG102 0/111 to 2MH2

Jupiter 2000
02112 to 2MHZ

£14.4.00

PLEASE ADO VAT !UK ONLY)

CATALOGUES SEND 12" x 9" SAE
WITH £1.00 STAMP UK - TRADE CATALOGUES

FREE ON WRITTEN REQUEST. QUOTE CAT/E tat=
(HIDER BY POST OR PHONE  OPEN 6 DAYS A WEEK FOR CALLERS
I

ei0s

4o4L NWINA2RIEETI A D

DC POWER
SUPPLIES
2404 AC input_

Stabilised variable.

output voltages.
1:111.50

meter reading
volts and

amps.

243 0/24 volts
0/3 amps DC

245 0/24 volts
0/5 amps DC

154 5/15 volts
0/4 amps DC

Also 13.84 DC .3 amps man.

Fined Inn melerl
oisne 1 56 DC with volt meter

0/300/2 amps DC LCD display

AUDOOKOTS PrecNon Compounnfts

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 Foi,1 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 Del 3GU

Tel: 0332-674929

R N c op
Pr, Da
Pr, Da
Pe C/a
001010

e9p
rep
95p

MEL 12
MOC 3020

Its no secret...
. thatthere 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 getyour
FREE copy now (no SAE required 1 You have nothing to lose.

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel 01-450 0995/01-452 0161
Telex 91 4977= -..r71 ET!
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MULTI -STANDARD
PRINTER BUFFER
Leycester Whewell's micro is quick off the mark thanks to
this 256K printer buffer with Centronics and RS232
interfaces.

Amost irritating feature of
many printers is their data
acceptance rate. Many have

sufficient capacity to hold only a
single line of text, although some
can store 2K, 4K or 8K of data. So,
when listing a program or
document of any reasonable size,
the computer is effectively slowed
down to the speed of the printer.

A printer buffer appears as a
very fast printer to the computer,
storing its output so that the
operator can get on with the next
task without an enforced coffee
break. Meanwhile, the buffer
outputs data to the printer at its
normal speed.

Features
Although the idea of a printer

buffer is not a new one (and
designs have appeared in ETI
before) this device has an ample
memory capacity of either 64K or
256K - approximately 20 or 80
pages of A4 text respectively.

The buffer also allows parallel -
parallel, serial -parallel, parallel -
serial and serial -serial data
transfers with a serial data rate of
either 1200 or 9600 baud. This
should accommodate just about
any combination of printer and
micro.

The unit is driven by an 8 -bit
microprocessor, the 6803 (see Fig.
1). This is a 6800 with the added
features of 128 bytes of zero page
RAM, a timer, a serial
communications interface, parallel
I/O and some additional
instructions.

Since the 6803 has only one
serial interface, with I/O
handshaking, one half is used to
receive data and the other to
transmit data. This combination
prevents the use of XON and
XOFF handshaking as an
alternative to RTS and CTS. The
same clock source drives both the
receiver and transmitter, so serial -
serial transfers must be at the

MODE
SWITCHES

AND
STATUS

LEDs

LEVEL
SHIFTERS

RS232
INTERFACE

MAINS
SUPPLY

A8-157

> PORT 1

6803 CPU I

AS

ADO -7

> PORT 2
R/W.E

CLK

A8

DO -7

EPROM

ACI-7

A0-7

LATCH

DATA

ADDRESS
DECODER

HIGH
ADDRESS

OUTPUT

LOW
ADDRESS

MULTI
PLEXER

CLOCK &
TIMING

TRANSFORMER
RECTIFICATION
& REGULATION

POWER
SUPPLY

RAS/CAS
LOGIC

M'PLEXED
ADDRESS

DYNAMIC
MEMORY
64 or 256K

BYTE

DATA

RAS/CAS

DATA
6522 VIA

BUFFER

CENTRONICS IN

CENTRONICS OUT

Fig. 1 Block digram of the printer buffer.

same baud rate.
A rotary switch selects the

desired transfer combination with
an eighth position reserved for a
self test mode. This checks the
memory and the parallel and
serial interfaces. The status of
each is indicated by flashing the
LEDs on the front of the unit.

A PAUSE switch halts the
output to the printer although
data is still accepted from the
host micro and the RESET switch
resets the entire unit, clears any
data present and allows a new
operating mode to be selected.

Four LEDs indicate when the
pause is active, when the buffer
unit is empty of data and when
the unit is full and the fourth
flashes at about 1Hz with a duty
cycle proportional to the fullness
of the buffer memory.

The software checks the state

of the interfaces in turn in a
continuous loop. Whenever a data
transfer has been acknowledged
then the next character is
processed. This allows the
asynchronous supply of data and
retrieval of data from the buffer.

At the end of each loop the
status LEDs are updated. A regular
timed interrupt is used to initiate
a software refresh of the DRAM
and test whether the PAUSE
switch is pressed or not.

Construction
A soldering iron with a fine tip

is needed to prevent solder
bridges between the fine tracks of
the PCB. Solder all the through
pins first.

Unless you are an experienced
constructor and have a
temperature controlled iron, it is
recommended that sockets are
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HOW IT WORKS

Whenever a microprocessor has to
address more memory than it was
originally intended for, there is always
the problem of how to split it up. The
buffer RAM is divided into 32K blocks -
two for the 64K version and eight for the
256K version.

Three of the I/O lines on the 6803
(P1/0-2) act as extra address lines. The
main difference between the 64K and
256K DRAM chips is that pin 1 is used
for refreshing on the former and address
line A8 on the latter. To prevent refresh
cycles occuring on the 64K chips during
a normal memory access cycle, the two
I/O lines which are multiplexed to
produce A8 are always kept at logic 1.

The paged DRAM is located between
&4000 and &BFFF in the memory map
with the EPROM occupying the space
from &C000 to &FFFF. The only other
memory mapped component, the 6522,
is addressed at &100 to &10F in the
partially decoded space below &4000.
All the 6803's internal RAM, timer, serial
and parallel data registers are located in
page zero:

&00 Port 1 Data Direction
Register

&01 Port 2 Data Direction
Register

&02 Port 1 Data Register
&03 Port 2 Data Register
&04 - 07 Unused, External Memory
&08 Timer Control and Status

Register
&09 Counter High Byte
&OA Counter Low Byte
&OB Output Compare Register

High Byte
&OC Output Compare Register

Low Byte
&OD Input Capture Register

High Byte
&0E Input Capture Register Low

Byte
&OF Unused, Exernal Memory
&10 Rate and Mode Control

Register
&11 Transmit/Receive Control

and Status Register
&12 Receive Serial Data

Register
&10 Transmit Serial Data

Register
&14 RAM Control Register
&15 -1F Reserved
&20 - 7F Unused, External Memory
&80-FF Internal RAM

In order to fit I/O lines onto the 6803
CPU without departing from a 40 pin
package, the low order address bus and
data bus have been multiplexed. As a
consequence each memory access cycle
is split in two. During the first half, when
the Data Strobe (E) is low, the low order
address is placed on the multiplexed
bus. The falling edge of the Address
Strobe (AS) is provided to latch the data
into a transparent latch (1C18).

The non -multiplexed upper address
lines and signals such as Read/Write are
also stable by this time. The data to be
read or written is transferred during the
second part of the cycle, when E is high.
It is important that the data buffers in
peripheral devices are not activated until
E is asserted otherwise bus contention
will occur.

To keep the DRAM chips as small and
cheap as possible, their address lines are
multiplexed. Two strobes, Row Address
Strobe (RAS) and Column Address
Strobe (CAS) are used to latch each half
of the address.

The strobes are so named because
each DRAM chip has its memory cells
arranged as a square matrix of n rows
and n columns, where n is 256 for 64K
chips and 512 for 256K chips. Strict
timings between these signals and the
periods of valid data must be adhered to
in order to achieve correct operation.
See Fig. 3.

The time delay from E rising to RAS
falling is different for read and write
cycles. During a read cycle, data from the
DRAM must be set up in time for it to
be accepted by the 6803 and during a
write cycle, the DRAM must wait until
data from the 6803 is valid before
accepting it. The input clock to the 6803,
which is divided by four to produce E,
is used with a dual D type latch K16 to
generate the different RAS/CAS timings.
No data has been published by the
manufacturers as to the relationship
betwen the clock input and the data
strobe E. However, tests on several
devices show that there is typically a 5Ons
delay from the falling edge of the clock
to a transition of E.

The Read/Write signal is used to
modify the time when the IC16 latches
are clocked. This is done with an
exclusive -OR gate. When reading, the
RAS signal is sent low on the first clock
transition after E is high - this is the low
to high edge. The low half of the address
is latched into the DRAM at this point.
Two logic gate delays provide the interval
between RAS going low and the select
signal of the 74LS257 multiplexers
changing, so that the other half of the
address is ready for when CAS goes low.

On the next clock transition of the
same phase, if the correct address is
decoded then CAS is sent low. Sufficient
time is allowed for the data to be read
by the CPU - which latches it on the
falling edge of E. RAS and CAS are sent
high again when E goes low and thus
completes the read cycle.

During the write cycle, the same
process as above occurs, but the
Read/Write line now makes IC16 clock
on the high to low edge of the input
clock. This delays the production of RAS
and CAS by half a clock period (about
100ns), ensuring the data from the CPU
is valid by the time that it is latched into
the DRAM by the falling edge of CAS.

Since the period of E is fixed, the active
part of a DRAM write cycle is 100ns
shorter than for a read cycle.

Each time that the DRAM is accessed,
all the locations in the column of the row
that is addressed are refreshed. To
refresh the whole chip, every row must
be accessed at intervals of not more than
4ms.

A background program accesses every
row once in 4ms. Timed interrupts
trigger a program that runs through 256
consecutive bytes of EPROM. By
arranging the low order address to be
latched by RAS and strobing RAS on
every memory access cycle even if the
DRAM is not being accessed, the
program in EPROM will keep the
memory refreshed. A loss of just 5%
processing speed results.

Interfaces
The centronics interfaces are

connected to a 6522 Versatile Interface
Adapator 1C20. Port B is used for parallel
data output and Port A for parallel data
input. Each centronics interface has
three handshake lines. When the data
has been set up and is stable, the
sending unit pulses the STORE line low
for a minimum of 0.5kts. The BUSY line
is then sent high by the receiving device
until it is ready to accept more.

At this point the ACKNOWLEDGE line
is given a low pulse by the receiving unit
to indicate that the current transfer is
complete. The 6522's handshake lines
are set to act as STROBE and
ACKNOWLEDGE signals for each port
although an additional RS flip-flop is
required to generate the BUSY signal.

Parallel output data is buffered by a
K21 and the handshake lines are
buffered using spare gates from ICI. This
enables long cables (over 3m) to be
used.

The 6803's Serial Communications
Interface is programmed to operate in
the standard mark/space format with one
start bit, one stop bit and no parity. The
clock source is derived from the
processor clock. A 4.9152MHz crystal
must be used to generate the common
baud rates of 1200 and 9600.

Consequently, the processor clock is
1.23MHz which requires a 1.25MHz
version of the 6803, or better, and a
1.5MHz version of the 6522. It is unlikely
a 1MHz 6803 and 6522 will fail to operate
under these conditions.

The RTS and CTS handshaking lines
are used with no facility for XON/XOFF
handshaking. So, a full duplex interface
can be split in two, one half to receive
data only from the computer and the
other to send data only to the printer.
This enables serial -serial data transfers
to take place concurrently without plug
changing. If serial -serial transfers will
never be used in a particular application,
there is little point in using two D -type
connectors.
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1-71113 LI31
RESISTORS (all '/4W 5%)
R1,13 4k7
R2,12 470R
R3,9 3k3
R4 10k
R5-8 240R
R10,11 1M0
R14,15 1k0
R16 6k8

CAPACITORS
C1,2 47p4 6V tantalum
C3-28 100n ceramic
C29 10n ceramic
C30 4700µ 16V radial electrolytic
C31 4701.4 16V radial electrolytic
C32 100p ceramic

SEMICONDUCTORS
IC1 7407
IC2 751S138
IC3-10 4164 or 41256
IC11,12 74LS257
IC13 2764
1C14,22 741500
IC15 741586
IC16 74LS74
IC17 741SO4
IC18 7415373
IC19 6803
IC20 6522
IC21 741S245
IC23 MC1489
IC24 MC1488
IC25 555
IC26 7805
LED1,4 Green LED
LED2 Red LED
LED3 Yellow LED
D1-4 1N4001
D5-8 1N4148

MISCELLANEOUS
CON1 64 way DIN 41612 plug &

socket
SK1,2 36 way Amphenol Centronics

socket
SK3,4 25 way RS232 D socket
SW1 1 pole 8 way rotary
SW2,3 1 pole push button
T1 9-0-9V 30VA toroidal mains

transformer
XTAL1 4.9152MHz crystal

PCB; IC sockets; case; PCB standoffs;
T0220 mounting kit; nuts and bolts.

used for all the ICs. However,
note that all the holes must be
soldered both sides to connect
the two PCB foils. In any case a
socket should be used for the
EPROM (IC13) in case a modified
program is ever required.

Figure 5 shows the component
overlay for the PCB. Before
soldering in the DIN 41612
connector, it should be properly
seated on the PCB and then fixed
to it with 2.5x1Omm bolts.

To ensure that the case of the
crystal does not short circuit the
tracks on the component side of
the board, a piece of insulating
material should be fixed to the
downward facing side.

-4 CPU READ CYCLE
EXTAL 4.9152MHz

F4-50ns TYPICAL
E (DATA STROBE)

360ns MIN-II. -4-360ns MIN -1.1

8Ons 8Ons MIN
AS (ADDRESS STROBE) 170ns MIN

3Ons

CPU WRITE CYCLE

203nr1

_FL

7Ons MIN 20ns MIN 1.0-11.120Ons MAX
MULTIPLEXED DATA

AND LOW ADDRESS DON'T CARE DON'T CARE
M11111101111111111

DATA
DO 7

220ns MAX FA WI ADDRESS A0.7 220ns MAX

RW READ-WRITE

RAS

CAS

DRAM DATA
(200nS VERSION)

1.4-350ns TYP

25Ons TYP
A

ADDRESS A0.7

25Ons TYP

15Ons TYP

100ns MAX 1.4-1.1-HHI-Ons
MIN

OUT DON'T CARE ) IN 1---
50ns MIN 411.1

TIMING DATA REFER TO 6803.1 WHICH CAN ACCEPT CLK INPUT OF UP TO 5MHz

Fig. 3 Timing diagram for the 6803 CPU.

The freshly soldered PCB
should be carefully cleaned of
flux on the underside of the
board using a small brush and
paraffin, with a finer solvent used
afterwards to wash away the
paraffin.

Finally, insert the ICs. Avoid
wearing man-made clothes so as
to keep static to a minimum and
always rest ICs on a conducting
surface such as the non -painted
side of a biscuit tin lid.

Either 4164 or 41256 ICs may be
used for IC3-10 to give a buffer
size of 64K or 256K. The correct
first byte of the EPROM software
for the buffer size must be used.

The printer buffer has been
designed to fit into a pressed
sheet metal box approximately
160mm wide, 80mm tall and
200mm long. The voltage regulator
(IC26) bolts to the side of the
case.

In the prototype the
Centronics connectors are
mounted on each side of the box,
the RS232 connectors on the back
with the switches and LEDs on
the front. All connections to off-

board components are made via a
64 way DIN 41612 connector
located at one end (Fig. 6). Three
support locations have been
provided on the PCB so that it
can be fixed to the base of the
box, straddling the mains
transformer.

Before drilling any holes,
satisfy yourself that the
components will all fit together in

their intended positions.
Remember to allow enough space
for the DIN connector to be
removed from the PCB with all
the wires attached to it.

For greatest safety, the earth of
the mains cable should be bolted
directly to the base of the case
using a spade terminal. If the
signal ground potential of any of
the units likely to be connected to
the buffer is not floating or Earth,
then the 7805 regulator must be
insulated from the case using
standard TO220 insulating
washers.

Software
Finally, a programmed EPROM

should be plugged into position
as IC13.

The EPROM can be either a
2764 or 27128 type and it should
be programmed according to
Listing 1. For use with a 64K
buffer the first byte should
contain the number 06. For a 256K
buffer the first byte should be 00.

This arrangement also allows a
64K buffer to be upgraded to 256K
by replacing the RAM chips and
over -programming the first byte
with 00.

Testing
Before using the unit a series

of checks must be made. Run
through the connections to the
DIN plug and make sure that all
are correct. Take particular care
with the supply wires from the
transformer. Turn the unit on
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PROJECT: Printer Buffer

Fig. 4 The component overlay for the printer buffer board.

Pin Row a Row b 29 D1 (OUT) D1 (IN)

Pin Row a Row b 30 DO (OUT) DO (IN)

1 ground ground 31 +5V +5V

2 +5V +5V 32 transformer ground transformer ground

3 mode 7 select LED anodes
4 mode 6 select EMPTY LED cathode Table 1 DIN 41612 connector pin -out.

5 mode 5 select FULLNESS LED
cathode Pin Function

6 mode 4 select FULL LED cathode 1 Strobe
7 mode 3 select PAUSE LED cathode 2 DO
8 mode 2 select PAUSE switch 3 D1
9 mode 1 select PAUSE/RESET common 4 D2

10 mode 0 select mode select return 5 D3
11 TxD RxD 6 D4
12 CTS RTS 7 D5
13 IC24 +V IC24 -V 8 D6
14 RS232 ground RESET switch 9 D7
15 +V rectified output +V rectified output 10 Acknowledge
16 7805 regulator ground 7805 regulator ground 11 Busy
17 -V rectified output -V rectified output 12-18 Not connected
18 T1 secondary I T1 secondary I 19-28 Ground
19 T1 secondary II T1 secondary II 29-36 Not connected
20 Centronics data

ground BUSY (IN) Table 2 Centronics interface connections.

21 ACKNOWLEDGE ACKNOWLEDGE (IN)
(OUT) Pin Function

22 STROBE (OUT) STROBE (IN) 2 TxD

23 D7 (OUT) D7 (IN) 3 RxD

24 D6 (OUT) D6 (IN) 4 RTS

25 D5 (OUT) D5 (IN) 5 CTS

26 D4 (OUT) D4 (IN) 7 Ground
27 D3 (OUT) D3 (IN)
28 D2 (OUT) D2 (IN) Table 3 RS232 interface connections.

ETI NOVEMBER 'no -
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PROJECT: Printer Buffer

Software
The 128 bytes of zero page RAM are

used both for the stack and program
variables. The main requirement of the
stack is to store registers during a refresh
interrupt - using seven bytes at a time.
This leaves the entire DRAM free to hold
data.

After the buffer has been reset it must
decide which operating mode it is in. In
order to save components, the CPU I/O
lines connected to the LED outputs also
drive the mode select decoder (IC2). The
decoder is enabled and each output is
selected in turn until the return
connection causes an NMI interrupt.

The selected output at that time
determines the mode. The I/O lines then
revert to their normal operation.

The main buffer program selected by
the mode switch consists of a never
ending loop. If the buffer has spare
capacity, the input source is checked and
if more data is ready it is read and put
into the buffer. In the case of serial input,
if there are less than 64 bytes free then
the CTS handshake line is negated. The
loop then checks the status of the output
port. If there is data in the buffer and the
printer is ready to accept it (either by
acknowledging the previous byte sent to
the Centronics output or asserting the

RTS serial handshake line) the next byte
is sent.

Again, for serial inputs, the CTS output
is asserted if there are over 128
bytes free in the buffer. A branch back
to the start of the loop is then made.

This alternate sampling ensures the
printer is kept supplied with data even
if the computer is sending data very
rapidly. When receiving serial input, any
characters that result from a framing
error are ignored. It is less annoying to
find a character missing in a pice of text
than to have a corrupted character ruin
a printout by changing one of the
printer's internal settings.

0000 38 38 38 3B 39 96 02 84 F7 97 02 96 BA BA 80 03130 06 86 DE 87 08 BC CO 00 26 OA CE 40 00 5C CI 080010 97 BA 313 86 FF 4C 81 OS 27 13 97 BA 16 58 58 58 03C0 26 02 D6 82 9C 84 26 OC DI 83 26 08 96 02 84 OF0020 38 58 CA 08 D7 02 01 01 70 00 BA 2A 88 96 BA 84 0300 97 02 20 32 B6 01 OD 84 02 27 28 B6 01 01 D6 020030 07 97 BA 39 86 FF 87 01 02 4F B7 01 00 97 01 03 03E0 C4 F8 DA 86 D7 02 DE 87 A7 00 D6 86 08 8C CO 000040 86 41 87 01 08 86 AC 87 01 OC 86 AA B7 01 OC 7F 03F0 26 OA CE 40 00 5C CI 08 26 02 D6 82 DF 87 D7 860050 01 04 86 09 87 01 05 86 FF B7 01 OD 86 CO 87 01 0400 96 02 BA 80 97 02 86 02 93 03 26 84 B6 20 95 110060 OE 7F 00 89 39 OF BE 00 FF BD EO 34 86 FF 97 00 0410 27 9E D6 83 DE 84 9C 137 26 OC DI 86 26 08 96 020070 86 76 97 02 86 01 97 01 97 03 B6 E0 00 97 82 97 0420 84 7F 97 02 20 AE 70 00 8F 2B 85 D6 02 C4 FB DA0080 83 97 86 CE 40 00 DF B4 OF 87 7F 00 88 7F 00 8C 0430 83 D7 02 A6 00 97 13 D6 83 08 BC CO 00 26 OA CE0090 7F 00 BD 7F 00 BE 7F 00 BF OE BD 80 13 86 76 97 0440 40 00 SC CI 08 26 02 D6 82 OF 84 07 83 96 02 8410080 02 D6 BA 26 03 7E El F8 Cl 07 27 19 58 86 06 54 0450 20 97 02 7E E3 BO 86 OA 97 II 96 03 84 FE 97 030090 24 02 86 05 97 10 513 CE 80 BF 3A EE 00 68 00 E2 0460 DC 87 C3 00 40 37 D6 86 81 CO 26 09 80 80 5C CI00[0 A7 E3 96 E4 56 BD EO E8 26 06 96 02 88 80 97 02 0470 08 26 02 D6 82 36 38 9C 84 26 12 DI 83 26 OE 960000 BD El B3 26 06 96 02 88 40 97 02 BD El CC 26 E5 0480 02 84 DF 97 02 96 03 BA 01 97 03 20 36 96 11 8400E0 96 02 88 20 97 02 20 DD BD E0 F4 CE 06 DB 09 26 0490 CO 27 FA 28 04 96 12 20 2A 96 12 D6 02 CO FB DA00F0 FD 7E El 33 D6 02 C4 FO DA B2 D7 02 86 EA C6 08 04A0 86 D7 02 DE 87 A7 00 06 86 08 8C CO 00 26 OA CE0100 CE 40 00 4C 87 00 BB 2D 87 01 BB 20 Al 02 88 2D 0480 40 00 5C CI 08 26 02 D6 82 DF 87 D7 86 96 02 BA0110 87 03 BB 2D 87 04 88 2D A7 05 BB 2D 87 06 BB 20 04C0 80 97 02 86 02 95 03 26 97 66 20 95 II 27 91 D60120 87 07 BB 2D 3A 8C CO 00 26 D9 4C 7C 00 02 D5 02 04130 83 DE 84 9C 87 26 OC DI 86 26 08 96 02 84 7F 970130 27 CE 39 06 02 C4 FO DA 82 D7 02 86 EA C6 08 CE 04E0 02 20 AA 70 00 OF 28 40 D6 02 C4 F8 DA 83 D7 020140 40 00 4C Al 00 26 3B BB 2D Al 01 26 35 BB 20 81 04F0 86 00 97 13 06 83 OS BC CO 00 26 OA CE 40 00 SC0150 02 26 2F 88 2D Al 03 26 29 88 2D 81 04 26 23 88 0500 CI 08 26 02 D6 82 DF 94 D7 e3 96 02 88 20 97 02
0160 2D Al 05 26 ID 89 2D Al 06 26 17 BB 20 Al 07 26 0510 DC 87 C3 00 80 37 D6 86 81 CO 26 09 BO 80 5C CI
0170 11 88 2D 3A 8C CO 00 26 C9 4C 7C 00 02 D5 02 27 0520 08 26 02 D6 82 36 38 9C 84 26 OA DI 83 26 06 960180 BE 4F 39 C6 06 813 04 26 F9 C6 05 D7 10 C6 OA D7 0530 03 84 FE 97 03 7E 84 60 86 01 OD 84 01 OE 85 400190 11 96 03 BA 01 97 03 C6 02 D5 03 27 2C 96 03 84 0540 27 45 C6 40 F7 01 OD BD 70 8D 3D 96 BA 131 07 270180 FE 97 03 D5 03 26 22 70 00 II 7D 00 12 4F C6 20 0550 36 DE BB 9C 131] 26 06 D6 02 CA 40 D7 02 08 DF BB0180 D5 11 27 FC 97 13 D6 II C4 CO 27 FA C4 40 26 09 0560 BC 02 00 26 22 7F 00 BB DC 87 93 B4 16 07 58 06
OICO D6 12 II 26 04 4C 26 E6 39 B6 FF 39 C6 3F F7 01 0570 96 86 92 83 7D 80 00 26 02 04 04 84 01 DD BD 270100 OE 87 01 OD 4F 87 01 00 01 01 C6 02 F5 01 OD 27 05130 06 96 02 84 BF 97 02 38 86 04 95 03 26 24 86 0801E0 14 F6 01 01 11 26 OE C6 10 F5 01 OD 27 07 F7 01 0590 95 BF 26 ID 7C 00 8F 95 BF 27 16 D6 BF 17 C4 BO01F0 OD 4C 26 El 39 Cb FF 39 86 02 85 01 OD 27 FB B6 0580 54 54 54 D7 90 88 80 97 8F D6 02 C4 EF DA 90 D70200 Cl 01 87 01 00 D6 86 DE 87 08 BC CO 00 26 OA CE 0590 02 39 96 BF 84 80 97 8F 39 73 00 B9 2B 7F CE 00
0210 40 00 5C CI 08 26 02 D6 82 9C 84 26 OC DI 83 26 05C0 OC CE 00 01 CE 00 02 CE 00 03 CE 00 04 CE 00 050220 08 96 02 84 DF 97 02 20 32 86 01 OD 84 02 27 29 0500 CE 00 06 CE 00 07 CE 00 08 CE 00 09 CE 00 OA CE
0230 Bb 01 01 D6 02 C4 F8 DA 86 D7 02 DE 87 87 00 D6 05E0 00 OB CE 00 OC CE 00 OD CE 00 OE CE 00 OF CE 00
0240 86 08 8C CO 00 26 OA CE 40 00 5C CI 08 26 02 D6 05F0 10 CE 00 11 CE 00 12 CE 00 13 CE 00 14 CE 00 150250 82 DF 87 D7 86 96 02 88 80 97 02 B6 01 OD 84 10 0600 CE 00 16 CE 00 17 CE 00 18 CE 00 19 CE 00 IA CE
0260 27 83 D6 83 DE 84 9C 87 26 OC DI 86 26 OB 96 02 0610 00 113 CE 00 IC CE 00 ID CE 00 1E CE 00 IF CE 000270 84 7F 97 02 20 B3 70 00 8F 2B BA 06 02 C4 FS DA 0620 20 CE 00 21 CE 00 22 CE 00 23 CE 00 24 CE 00 250280 83 D7 02 86 00 B7 01 00 D6 83 08 BC CO 00 26 OA 0630 CE 00 26 CE 00 27 CE 00 28 CE 00 29 39 CE 00 000290 CE 40 00 5C CI 08 26 02 D6 82 OF 84 D7 83 96 02 0640 CE 00 01 CE 00 02 CE 00 03 CE 00 04 CE 00 05 CE02A0 88 20 97 02 7E E2 05 86 08 97 11 96 03 84 FE 97 0650 00 06 CE 00 07 CE 00 08 CE 00 09 CE 00 OA CE 000290 03 96 II 84 CO 27 FA 2B 04 96 12 20 F4 96 12 87 0660 OB CE 00 OC CE 00 OD CE 00 OE CE 00 OF CE 00 1002C0 01 00 DC 87 C3 00 40 37 D6 86 81 CO 26 09 80 80 0670 CE 00 II CE 00 12 CE 00 13 CE 00 14 CE 00 15 CE
02100 5C CI 08 26 02 D6 82 36 38 9C 84 26 12 DI 83 26 0680 00 16 CE 00 17 CE 00 18 CE 00 19 CE 00 IA CE 0002E0 OE 96 02 84 DF 97 02 96 03 BA 01 97 03 20 36 96 0690 18 CE 00 IC CE 00 ID CE 00 IE CE 00 IF CE 00 2002F0 II 84 CO 27 30 2B 04 96 12 20 2A 96 12 D6 02 C4 0680 CE 00 21 CE 00 22 CE 00 23 CE 00 24 CE 00 25 CE0300 FB DA 86 07 02 DE 87 87 00 D6 86 08 BC CO 00 26 0690 00 26 CE 00 27 CE 00 28 39 00 00 00 00 00 00 000310 OA CE 40 00 5C CI 08 26 02 D6 82 DF 87 D7 86 96 1E00 2A 28 2A 28 28 2A 28 28 2A 2A 2A 2A 2A 2A 2A 2A0320 02 BA 80 97 02 B6 01 00 84 10 27 96 D6 83 DE 84 1F10 50 72 69 6E 74 65 72 20 42 75 66 66 63 72 20 200330 9C 87 26 OC DI 86 26 08 96 02 84 7F 97 02 20 AF 1E20 68 61 72 64 77 61 72 65 2C 20 20 20 20 20 20 200340 7D 00 8F 28 4E D6 02 C4 F8 DA 83 D7 02 86 00 87 1E30 73 6F 66 74 77 61 72 65 20 61 6E 64 20 20 20 200350 01 00 D6 83 08 8C CO 00 26 OA CE 40 00 5C CI 08 1E40 50 43 42 20 64 65 73 69 67 6E 20 62 79 20 20 200360 26 02 D6 82 DF 84 D7 83 96 02 88 20 97 02 DC 87 1E50 4C 65 79 63 65 73 74 65 72 20 20 20 20 20 20 200370 C3 00 80 37 D6 86 81 CO 26 09 80 80 SC Cl 08 26 1E60 57 68 65 77 65 6C 6C 20 20 20 20 20 20 20 20 200380 02 D6 B2 36 38 9C 84 26 OA DI 83 26 06 96 03 84 1E70 33 72 64 20 413 61 72 63 68 20 31 39 38 37 20 200390 FE 97 03 7E E2 C2 86 02 97 11 95 01 OD 27 FB B6 1E80 2A 2A 28 2A 2A 2A 2A 28 2A 2A 2A 28 2A 2A 2A 2A0380 20 95 11 27 FC B6 02 95 03 26 FC 86 01 01 97 13 IFFO CO 01 E0 02 E0 03 E0 04 E5 38 EO 05 E0 06 EC/ 65

Listing 1 Hex dump of the used sections of the EPROM (see text for first
byte).

DU T LIIINC3

The printer buffer uses components Programmed EPROMs are available for
which are for the most part easily £6 (reader's 2764 or 27128 EPROM) or £9
obtainable from usual suppliers. The (EPROM supplied). Please specify
case used for the prototype is available whether the 64K or 256K version is
from Maplin (part no. XB71N). The 6803 required.
can be bought from Midwich (Tel: (0379) The author will also build and test
4131). boards purchased from the PCB service

The PCB is available from the ET! PCB for £70. This includes all on -board
Service see the back of this issue for
details.

components but not the case, switches,
connectors and so forth. Please address

The author can supply the source code all enquiries and orders to Leycester
(£7.50) or the source code and a 6803
assembler (f15) copied onto formatted

Whewell, St. Just, Berrington Road,
Tenbury Wells, WR15 8EJ.

BBC micro disks supplied by readers.

without the PCB plugged in and
check that each of the supply
inputs read 9V relative to ground
and that they are at 18V relative to
each other.

Plug in the PCB and run the
unit in the self test mode. The
memory test involves writing to
every byte of RAM, waiting 10ms
to check the refresh system and

then verifying that data. If
successful, the EMPTY LED is
toggled and next time the process
is repeated with a different
arrangement of data. A full check
on 256K of RAM takes a couple of
seconds.

To check the parallel ports, a
lead with a Centronics connector
at each end is required. By
connecting the output to the
input, a check is made on the
transfer of 256 bytes of data.
When the data is verified and
separate tests on the handshake
lines are satisfactory then the
FULL LED is toggled.

The serial interface is checked
in a similar way - by connecting
the data lines and the handshake
lines together. Tests are performed
at 1200 and 9600 baud and if
successful, the FULLNESS LED is
toggled. If all is well, the buffer is
now ready to earn its keep. ETI
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Interak 1
AN EXPANDABLE DISK -BASED
Z80A DEVELOPMENT SYSTEM
YOU CAN BUILD YOURSELF!

Universities, Colleges, Industry, Enthusiasts:
Unlike home computers, development systems have entirely
"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.

.

g
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(Y.
0

Inter/Pc is greatest asset - space tor expansion

. . . .

1=1 0
(Up to 7 more cards. each 4,/," x 8") o 1:=1

I t% I 4.- t&r , . ....cs=i 2=117.1=4 0. ,..K .n,..ntv 4,,S ' ' IMIX'c,'"'
,..,,,, os, ot. INTEKEACING ETC ETC I

The 'nitial development system has 64K of RAM, a 4 MHz
MIA CPU, parallel ASCII keyboard interface, VDU Interface
(TV set or monitor), and a floppy disk drive interface for up to
4 drives. Any size (including 8" double density) can be used,
but our 1 Megabyte 3.5" drives are proving very popular
because they can fit into the system rack, (and they only
cost £94.00 each + VAT). CP/M Plus is available, giving

access to thousands of "public domain" programs.
The system can be described as "future proof" because it
uses plug in 4.5" x 8" cards in an industrial quality 19" 3U
rack. We have been established since 1970, and this system
was first made in 1977 so (unlike almost all other computers)
it has stood the test of time.
Send two second class stamps, or telephone for a
detailed descriptive leaflet, specification, prices, etc

Greenbank
Greenbank Electronics (Dept T11E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391

0

OSCILLOSCOPES
SPECIAL OFFERS

TELEQUIPMENT 083 Dual Trace 50MHz. Delay Sweep. Large COSSOR OSCILLOSCOPE COU150 Dual Trace 35MHz

Tube 6360 Delay Sweep. Solid State Portable 8x10cm Display With

TELEQUIPMENT 075 Dual Trace 50MHz Delay Sweep With manual NOW ONLY f 1110m

Manual £325 Optional Front Protection Cover Containing 2 Probes &

S.E. LAOS SMIII Dual Trace 18MHz Solid State Portable Viewing Hood fl 0

AC or External DC operation 8x10cm display with SOLARTRON OSCILLOSCOPE CD1400 Dual Beam 15MHz

Manual 2166 With Manual ONLY £85.

SCOPEX 4£110A Dual Trace 10MHz. Solid State with AVO VALVE TESTER CT160 Suitcase style 22

Manual FAO Bases ONLY £25. (p&p £71

TELEOUIPMENT 061 Dual Trace 10MHz. With Manual£150 DISK DRIVE PSU 240V 1N: 5V 1.6A& 12V 1.5A out Size'
TELFOIIIPMENT 043 Dual Trace 15MHz With Manual£100 W125mm. H75mm. D180mm. Cased Un-used . ONLY £10
TELEQUIPMENT S54A Single Trace 10MHz. Solid State to, £21
With Manual £50 SWEATY KEYBOARD (as in LYNX MICRO). Pust to make
PHILLIPS PM3200 Single Trace 10MHz MO Cased ONLY no. IMP £21

MULTIMETERS SWITCHED MODE PSU +/- 12V 0.25A: 5V 15A etc £20ea

AVO 8 Complete with Batteries & Leads from £50 Ipap £31

AVO 8 MkV Complete with Batteries Leads & Case £90 DATRON 3000 PROM COPIER (copies up to 10) £150s.

AVO TEST SET No 1 (Military version of AVO 8) Complete (P&P ti)
with Batteries Leads & Case £65 COMMUNICATION RECEIVERS

TEST LEADS suitable for AVO METERS Red & Black with 2 RACAL RA17 500KHZ-30MHZ with Manual .. only f150
croc-cups & 2 prods (p&p £2) £5 Eddystone 730(4 480KHz-30MHz only £110 each with
AVO Model 7x Complete with Batteries. Leads & carrying manual
case £40 ARO TRANSISTOR TESTER MN
AVO Model 72 Pocket Multimeter (Analogue) 30 ranges Handheld GO/NOGO for In -situ Testing. Complete with
With Batteries & Leads £10 Batteries. Leads & instructions (P&P £3) unused£18 each
ANALOGUE POCKET MULTIMETERS. Philips/Taylor etc

ISOLATING TRANSFORMERS 240V INPUTWith Batteries & Leads Iron £10
240V Out 500VA £1544 £51 100VA £6(e&p £21

WIDE RANGE OSCILLATOR 24V Out 500VA £6(Mp £51 200VA £41p&p £4)
10H7 - 1MHZ Sine 8 Square range

only £60 ea PAP £4 0 + K Precision CRT Restorer/Analyser Model 467
Supplied with 2 bases and Manual. (P&P f 71 ONLY

£125 eachGENERATORS.
MARCONI TF1066B AM/FM 10-470 MHz £350 LABGEAR Colour Bar Generator KG1 8 Test Patterns.

MARCONI TF995A/5 t 5-220 MHz Narrow Deviation£250 (P&P £4) ONLY £40 each

FARNELL SINE/SQUARE type LFM2 1Hz-1MHz. NEW EQUIPMENT
Compact £00 HAMEG OSCILLOSCOPE 605 Dual Trace 60MHz Delay
ADVANCE SG62B AM 150KHz-220MHz £45 Sweep Component Tester £503
Many others available HAMEG OSCILLOSCOPE 203.6.Dual Trace 20MHz

STEPPING MOTORS
Component Tester & 2 Probes £314

Al) Other Models Available
Type 1 200 Steps per rev 4 Phase (5 wire) 12 24V BLACK STAR FREQUENCY COUNTERS P&P £4

Torque 25oz inch will run on 5V with reduced Meteor 100-1COMHz £99
torque 115 so Meteor 600-600MHz £126

Type 2 651 tens per rev.3 Phase.12/24V (will work
on 5V) £2 la 5 off .... £7.50 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 1Hz-500KHz. PAP £4 £110

0.200 PPs £11 m BLACK STAR ORION. PAL TV/VIDEO COLOUR PATTERN

Type 4 200 Steps per rev. 120V (3 wire) Torque 25 -oz GENERATOR £199

inch £4 ea. HUNG CHANG DMM 7030 3% digit Hand held 28 ranges
Type 7  WARNER 24 Steps per rev. 3 Phase (6 wire) including 10 Amp AC/DC 0 1% Complete with batteries &

28V Holding Torque 45 oz inch £5 ea leads P&P £4 £39.50

Used equipment - 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 & Ganigge.

STEWART OF READING
BERKS RG6 1PL En1= 110 WYKEHAM ROAD, READING,

Telephone: 0734 68041Callers welcome 9 am - 5.30 pm Mon. -Fri. (until 8 pm Thurs.)

GENERATORS
TG101 £110 + VAT

0.02Hz to 200kHz Function Generator. Sine, square, triangle,
DC offset. 6005 and TTL outputs: ext. sweep input.

TG102 £160 + VAT

0.2Hz to 2MHz Function Generator. Sine, square, triangle,
DC offset. 5062. and TTL outputs; ext. sweep input.

TG105 £105 + VAT

5Hz to 5MHz Pulse Generator. Free -run, gated and triggered
modes; squarewave, complement. 500, TTL and sync outputs.

TG401 £1290 + VAT

0.004Hz to 4MHz Programmable Function Generator.
Sine, square, triangle, DC offset. Continuous, triggered or gated
modes. Internal and external sweep. 500 and TTL outputs. All
functions GPIB programmable.

TG501 £325 + VAT

0.005Hz to 5MHz Function Generator. Sine, square, triangle,
ramp, pulse, haverwave and DC offset. Continuous, triggered or
gated modes. Variable starUstop phase; 19:1 symmetry range;
ext. sweep. 5060 and TTL outputs.

TG502 £545 + VAT

All TG501 features plus 1000:1 lin, 10,000:1 log sweep with
adjustable sweep rate and marker.

TG503 £545 + VAT

All TG501 features plus variable width pulse mode. Normal,
double, or delayed pulses; 10MHz in double mode.

thandar
ELECTRONICS LIMITED

Thandar Electronics Limited,
London Road, St. Ives, Huntingdon,
Cambridgeshire PE17 4HJ, England.
Telephone (0480)64646 Telex 32250 Test.
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THE ETI EEG
MONITOR
Paul Chappell describes how to connect up your computer
and your train set to the brainwave monitor.

Igot so carried away on the
subject of electrodes and bio-
feedback last month, I had no

space to tell you about the output
sockets. I'll put that right in this
final article.

The circuits I have suggested
later on are in the nature of Tech
Tips - ideas for you to
experiment with and adapt for
your own use. Half the fun of
electronics is in getting your own
circuit designs up and running
and since the interface
requirements of the monitor are
quite straightforward (and the
outputs pretty indestructible
unless you try really hard) it's the
ideal place to start.

Before starting on the circuits I

should say a few words about
safety. In the earlier articles the
monitor has been used as a stand
alone, battery powered instrument
and as such can't do you any
harm. The outputs have been
designed to allow the connection
of mains powered equipment
without undue risk but there are
a few precautions to be aware of.

Safety
Electronic equipment can and

does go wrong. If this happens
with a bio-medical device where
your body forms part of the
circuit, the consequences could
be unpleasant and possibly fatal.

The current necessary to harm
you depends very much on where
the electrodes are placed. From
two electrodes on the same hand,
for instance, you could take a
considerable current without
lasting effect. With electrodes on
opposite hands, allowing a current
path through the heart, a few tens
of milliamps may be enough to
put you out of action for good.

A rough guide is that lmA will
produce a tingling sensation (like
a 9V battery touched to your
tongue), 20mA will cause muscle
contractions which may mean that
you are unable to let go of the

conductor, 50mA and above may
interrupt the heart rhythm or stop
it altogether, cause tissue damage
and stop you from breathing.

For safety, the EEG monitor is
powered from batteries and all
connections to external circuitry
are optically isolated. A few
simple rules must be observed for
your own protection:

 The monitor must not be
operated from a mains power
supply or 'battery eliminator'.

 The case of the monitor or
any part of the circuit or
electrodes must not be connected
directly or indirectly to earth.

 An indirect connection to
mains earth might happen if
external equipment is plugged
into the monitor's outputs and
connection is made to the shell of
the plug. Only the pins of the
plug should be connected. If you
use screened wire, the screen
should be connected to the
ground pin and not to the plug
shell.

 The monitor should not be
probed with mains powered
equipment (an oscilloscope, for
instance) while you are wearing
the electrodes.

Household earthing systems

are not always as good as they
might be, particularly in older
properties. Connecting the
monitor to mains earth could put
you at risk if a fault develops in
an appliance anywhere in the
house. There is also the possibility
that the earth wire may become
disconnected and allow leakage
currents from (say) a capacitive
mains filter to flow through you if
you happen to touch a grounded
metal object (a central heating
radiator, perhaps).

Household safety regulations
are made on the assumption that
any contact with faulty equipment
will be casual and through dry
skin. Strapping electrodes to your
head and reducing your skin
resistance,to a low value with
saline solution is a different
matter altogether!

Please take care. We don't want
to lose any readers!

The Switching Output
The output from SK3 switches

at a level set by R45 and R46. If
you set the monitor to alpha, this
outut will be high when you are
producing a small amount of
alpha and low when you produce
a lot. It can be connected directly
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...PROJECT

to a home computer in place of
the usual fire button on the
joystick. Figure la shows how. The
other joystick controls can be left
connected in the usual way.

You'll have to be a pretty agile
alpha producer to play ordinary
computer games like this but
don't let me discourage you from
having a go. Otherwise, you can
write programs for yourself which
run at a slower pace.

If you saw the BBC's QED
program on alpha a few months
ago, you may remember Dr. Lewis
had his trainees connected to an
electric train set. When they
produced alpha the train would
go, when they didn't it would
stop. The easiest way to do this is
shown in Fig. lb.

To select the 'on' speed of the
train, short across pins 2 and 3 of
the monitor's output socket and
set the transformer control to give
the speed you want. A small
heatsink will be needed for the
power FET.

Switching of other low voltage
circuits can be achieved in a
similar way (Fig. lc). The capacitor
Cl of Fig. lb will not usually be
necessary. It is included in the
train controller because train set
transformers usually have little or
no smoothing.

The 1N4001 rectifier can also
be left out. It is included to
prevent damage to the circuit if
the train set control is reversed.
The only components necessary
are the FET and a resistor!

The supply voltage for Fig. lc
can be anywhere between 9V and
40V - whatever the load requires.
The specified FET will switch
currents up to 4A, which should
be enough for most purposes! A
heat sink will be needed for
currents above about 1A. You can
use the circuit to give a practical
demonstration of mind power by
turning a light bulb or radio set
on and off!

The switching threshold can be
roughly set by varying the
monitor's gain control but if you
intend to make frequent use of
this output, you may like to
consider wiring a 47k log pot in
place of R46. This will give more
direct control over the switching
point. The track of the pot is
connected across the R46 position
and the slider goes to IC6 pin 2.
You may have trouble finding
room for the extra control on the
front panel!

The Analogue Output
The analogue output from SK2

gives a much finer control over

SOCKET SK3

(a)

(*5V(40 I FIRE')
(GNDI

PLUG INTO
COMPUTER
JOYSTICK
SOCKET

c

NOT
CONNECTED

+V}
TO

ov CIRCUIT

SOCKET SK3
IRF212

OV

12V ELECTRIC TRAIN SET TRANSFORMER

b(

Fi$. 1 Interfacing with the switched output. (a) Connecting the monitor to a
micro's joystick fire input. (b) Controlling a model train set. (c) The circuit
for general switched control.

(o 0 0 0 0)
0

FIRE +5V OV

(a)

y
ANALOGUE FIRE OV +5V

0 IN INPUT

b

Fig. 2 Joystick pinouts for (a) Atari/Commodore standard (switch joysticks,
also found on many Spectrum interfaces) and (b) the BBC micro pinout.

computer games than the
switching output. A general
purpose monitor -to -computer
interface circuit is shown in Fig.
3a. The circuit will work with
almost any computer with an
analogue input port (either built
in or as an add-on).

The interface circuit adjusts
the output voltage range of the
monitor to one which suits the
computer. The LM358 was chosen
for this circuit because it will
operate from the low voltage
supply, it takes very little current
(less than 2mA) and has an output
which will go all the way down to
OV (with the help of R7!)

RV3 sets the gain of the circuit

so that a given increase in alpha
can make a small or a large
difference to the output voltage.
RV1 and RV2 set the lower limit of
the output voltage. It's useful to
have RV2 as a pot rather than a
preset - it can then be used as a
kind of Y -shift control for the
computer screen.

Setting the pots is best
explained with reference to an
actual game, and by a strange
coincidence we've got one for you
in Listing 1. The game runs on the
BBC micro and will stretch your
mental powers to the limit!

Your player starts at the left of
the screen with the same aim as
the chicken when it crossed the
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SCORE 0050

10 MODE1
20 ON ERROR RUN
30 DATA 1,15, 1,10, 1,5, 2,4,15, 3,4,

11,17, 4,3,8,13,17
40 VDU19,0,4.0.23,1,0.0.0.0.
50 VDU23,240,254,254,254,254,254,254,

0,0,23,241,239,239,239,239,239,239,0,0,2
3,255,0,-1,-1,-1,-1,-1,-1,0,23,254,0,127
,127,127,127,127,127,0

60 VDU23,242,60,126,219,255,189,219,1
02,60

70 8$=STRING$(9,CHR$240+CHRS240+CHR$2
40+CHR$240+CHR$8+CHR$8+CHRS8+CHR$8+CHR1.1
0+CHR$241+CHR$241+CHR$241+CHR$241+CHR$8+
CHR$8+CHR118+CHR$8+CHR$101

80 inc%=2
90 SC=0:FOR screen%=0 TO 5
100 COLOUR130:CLSRCOLOURI.GCOL0,2
110 V01124,8;104;1271;1016;16
120 READN7..FORI%=ITON7.
130 READAX.PRINTTAB(A%.2,11.((screen%+

1%)MOD2))13$.
140 MOVEA%.64-4,448-352.((screen%+I%)M

002):DRAWA70.64-4,1020-352*((screen%+MM
002):DRAWA%.64+124,1020-352.((screen%+1%
)MOD2):DRAWA%*64+124,448-352e((screen%+1
%)MOD2)

150 NEXT I%
160 COLOUR128:PRINTTAB(1,30)SPC(21)
170 COLDUR130.COLOURO:PRINTTAB(25,30).

SCORE 0000'
180 PRINTTAB(37-LEN(STRIO(INT(SC))),30)

INT(SC)
190 GCOL3,3.FX=FALSE
200 X%= -32,Y%=500
210 I%=INKEY(50)
220 REPEAT
230 SOUND2,-5,100+screen%e10,1
240 I%=INKEY(5)
250 OX%=X%:X%=X%+inc7.:0Y%=Y%
260 Y%=ADVAL(1)/73+128
270 VDU4,23,1,0.0.0.0;
280 COLOURI.COLOUR128
290 PRINTTAB(1,30)CHR$254.STRINGS(V7/5

1-1,CHR$255);SPC(21-Y7./51)
300 COLOUR130:COLOURO
310 SC=SC+0.125
320 PRINTTAB(37-LEN(STRS(INT(SC))),30)

;INT(SC)
330 VDUS
340 VIK125,4,0X7..0Y74242,25,4,X7.;YX.242
350 IF POINT(XY.+32,YX)>0 OR POINT(X%+3

2,Y7.-32)>0 PROCBOOM
360 UNTIL F% OR X%>1279
370 VDU4,23,1,0;0;0;0;
380 IF F% G0T0430
390 FORN%=0T050.I%=INKEY(4)
400 SOUND1,-10,200+N%O.SC=SC+1
410 PRINTTAB(37-LEN(STR*(INT(SC))),30)

;INTISC)
420 NEXT NY.
430 I%=INKEY(80)
440 NEXT screen%
450 COLOUR130:CLS
460 VDU24,80;1271;1016;16
470 COLOUR128.COLOUR3
480 PRINTTAB(14,10).SCORE ..INT(SC)
490 TX=TIME:REPEAT UNTIL TIME>T%+100 

R INKEY(0)=32
500 inc%=Inc7s2:RESTORE.GOTO 90
510 END
520 DEF PROCBOOM
530 FX=TRUE
540 SOUND1,-10,5,20.SOUND0,-15,6,20
550 I%=INKEY(100)
560 ENDPROC

Mill.RERMMINNI SCORE 455

Listing 1. The BBC Basic alpha
wave controlled computer game.

SK2

SET ZERO COARSE

(a)

)b)

SK2I

R1
100k

RV1
100k

0 OV (8)

R5
2k2

R2
1MO

3

2

8

ICI

0 5V(L

RV2
100k 6

!Gib

RV3
SET GAIN

R6
10k

O
TO COMPUTER (151

PIN NUMBERS REFER
TO CONNECTIONS ON
BBC ANALOGUE INPUT

4
R7
41,7

R4 SET ZERO FINE
lkO cl

T100n

NOTE:
01,2 = TIP110
01,2 = 1N4001

Fig. 3 Interfacing with the analogue output. (a) The circuit for connection to
a micro's analogue joystick input. (b) A more sophisticated train set
controller.

road. (To get to the other side -
right?) Sad to say, somebody has
built a wall in the way, so your
player must jump over it. You help
him by giving a burst of alpha
which makes him light as a
feather. Stopping the alpha lets
him sink back to earth again.

The first screen has only one
wall and moves slowly, so use it to
set up the interface. Connect up
the electrodes, set the monitor's
mode switch to alpha, the output
switch to integrate and the gain
control to mid position. The
sound output may be a
distraction, so set it to mute or
turn down the volume.

Set all the interface pots to
mid position. Adjust RV1 to put
the player fairly close to the
bottom of the screen. If you've
learned to produce alpha, try a
burst now and see how far the
player moves up the screen.
Adjust RV3 to increase or decrease
the responsiveness as necessary.

If you haven't learned to

produce alpha and you're using
the game to train yourself, leave
RV3 at mid position and adjust
RV2 until the player is just a little
below the top of the wall. See if
you can get your player to float
just that bit higher to get over it.
The first screen moves very slowly
and will give you plenty of time to
compose yourself. When you
manage to get over the wall, don't
go on to the next screen yet.
Press Escape to re -start and try
again with RV2 adjusted to start
your player a bit lower down.
Carry on until you can float him
from somewhere near the bottom
of the screen. You'll need to do
this before tackling any of the
downward pointing walls or you'll
never het underneath!

A simple circuit for speed
control of an electric train set is
shown in Fig. 3b. The more alpha
you produce, the faster goes the
train! Q2 will need a substantial
heatsink. Set the monitor to
alpha, integrate, and about half
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gain to begin with, and away you
go. Choo choo!

That completes the tips on
using the monitor but if you
invent an interesting circuit or
application, don't forget our Tech
Tips page - we'd all like to have a
go! If you develop exceptional
alpha -control abilities we'd like to
hear about that too.

Commercial EEG
Equipment
Just to put things in

perspective, you may be interested
to know what you'd get for your
money (f5,000 for a cheap 'n'
cheerful one) if you bought a
commercial EEG machine. Photo 1
shows an elderly EEG recorder of
about mid -sixties vintage (kindly
lent by Mr. J. Fleming, research
physicist at the Queen Mother's
Hospital, Glasgow) and Photo 2
shows a currently available model.

The differences between these
and the ETI monitor are much
less than you might think. The
essential distinctions are that EEG
recorders produce output in the
form of a trace on paper and they
usually have several channels to
make simultaneous recordings
from different areas of the scalp.

The essential ingredients of an
EEG machine are the electrodes,
head box, montage selector,
amplifiers and chart recorder.

When an EEG recording is
made, the subject or patient will
usually be sitting or lying down.
The head box is fixed to the chair
or couch or to a support close to
the subject's head. The box is
marked (usually in relation to the
10-20 electrode system) to label
each signal that is fed into it.

In the older machine the head
box is nothing more than a group
of 4mm sockets connected to a
cable - there's no electronics
inside. The modern trend is to at
least buffer the signals at the
head box and often to incorporate
an electrode tester (an AC
resistance meter) and calibration
signal source.

Once the signals arrive at the
recorder, there's a slight problem.
There may be twenty or so inputs
and, on a small machine, only
eight recording channels! Traces
are made from eight electrodes at
a time, the selection being
changed (say) every five minutes.
This requires some kind of
switching for different electrode
combinations, or 'montages' in
the jargon.

It's a little more complicated
than just selecting electrodes -
there are a number of ways that

Photo 1. An elderly EEG recorder - the ultimate in hi -tech in its day!

signals can be combined to
produce a recording. The most
common is the 'bipolar' recording
where the traces show the
difference in signals from selected
pairs of electrodes. The ETI
monitor has a bipolar input - it
responds to differences between
the signals at the two active
electrodes.

The other possibility is to
make a unipolar recording, where
the signal from each electrode is
taken relative to some arbitrary
zero reference. The OV signal may
be taken from an electrode
connected to, say, an earlobe
(often both earlobes connected
together), or may be an average
signal from all the active
electrodes.

In the older EEG machine, the
left hand half of the box is
entirely taken up by a huge multi -
way switch which allows various
montages to be set up and
selected in sequence. At the
switch the EEG signals have still
not been buffered or amplified!

In modern EEG machines, the
Montage selector would very
likely consist of a microprocessor,
memory and analogue switch ICs

After the montage switching
comes the amplifiers and filters.
The amplifiers will usually have
switched gain to give a calibrated
trace of the selected number of
microvolts per centimeter. There
will,be a high pass filter, usually
calibrated in terms of the time
constant, and a low pass filter
giving a gentle roll off above the
frequency range of interest. There
will also be a 50Hz notch filter for
each channel which can be
switched in or out as required.

After the amplifier section
comes the chart recorder. This
will have various switched paper
speeds from 15mm/s to 60mm/s
and possibly even faster. EEG
machines are not economical on
paper! The recorder may have
facilities for adding a time marker
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Photo 2. An EEG recorder in
current production. You'll need a
very understanding bank manager
to buy one!

and possibly an extra channel for
a heart signal so that any
interference with the EEG can be
detected.

Where next?
Our description of the project

has now come to an end, so any
further experiment is up to you.
You may like to develop a fine
degree of alpha or theta control
or to devise better ways of putting
them to use. Whatever you do,
we'd like to hear about it - either
for our Tech Tips or letters page
or for inclusion in a future article.

Just for fun we are offering a
prize for the most spectacular or
original brainwave feat reported
before the end of December 1987.
Be prepared to prove it! The prize
will be f50 of ETI project kits from
Specialist Semiconductors (See
the ad in this issue) with extra
prizes of f10 each for the two
runners up. Prizes will consist of
vouchers to be used in full or
part payment for the kits and will
be awarded at the discretion and
whim of the ETI editorial staff.
Winners will be notified early in
the new year and reports of any
exceptional feats may be featured
in future issues of ETI. ETI
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ast month I had a look at the
L.coarser points of loudspeakers.
This month I will look at some of
the problems associated with mul-
tiple speaker systems, which is
what most hi-fi loudspeakers are.

It is almost impossible to make
a single drive unit perform well
over the entire audio range so
different sized drivers are used for
different frequency bands. 'Full
range' units are available but they
generally don't cope with
extremes of frequency too well.

For example, one 10in full range
unit I tested had a resistance of
3R8 and an inductance of 16144H.
This gives an electrical corner
frequency of 37kHz. If this were
the whole story the performance
would be terrible because the self-
inductance of the loudspeaker
would act as a first order low pass
filter. However, the unit is de-
signed to be more acoustically
efficient at high frequencies, so it
performs reasonably well.

Crossovers
For a long time the preferred

method of obtaining a uniform
response over (almost) the whole
audio frequency range has been
to use two, three, or even four
drive units, each optimised for a
certain range. The signal from the
amplifier is split into suitable
frequency bands by the use of
capacitors and inductors.

However the crossover units
which split the sound into bands
introduce their own distortion.
Some designs I have seen have
used non -polarised electrolytic
capacitors to split off the treble
signal. These capacitors can
change their value with voltage,
the phases of the moon, you name
it. In addition, they often have
non-linear leakage currents.

This is an application in which
capacitor quality matters because
the capacitor has a substantial
signal voltage across it. Good
quality polyester capacitors work
quite well but paper or polypropy-
lene types are even better.

The inductors used to split off
the bass signal can add further dis-
tortion. They are normally wound
on a ferrite or iron dust core and
unfortunately even the best of
them exhibit slightly non-linear
magnetic responses. Air cored
inductors, or ones with an air gap
reduce the non -linearity but the
penalty is that they use more turns
so that the resistance is higher.

To do a good job of designing a
crossover unit to match the drive
units' own sometimes quirky
impedance (and tolerance) can be
difficult. Even if you succeed, the

=I =I I=PM

impedance presented to the amp-
lifier, and hence the speaker
efficiency, can vary dramatically
with frequency.

In theory it would be possible
to design a frequency splitting net-
work which presents the correct
impedance to both loudspeaker
units and amplifier to a reasonable
degree of accuracy. The phrase
'fearsomely difficult' comes to
mind and I don't think that many
(if any) loudspeaker manufacturers
go to these lengths. Some do
provide separate earth connec-
tions for treble and bass units,
presumably to reduce the inter-
actions caused by common cable
resistance. However, this would
seem to be a minor aspect of the
problem. It's amazing that
loudspeakers work as well as they
do!

One proposal would be to split
the signal into frequency bands
before the power amplifier and
then to use a separate power
amplifier for each speaker unit.
This would separate the problems
of frequency splitting and
impedance matching. In addition,
each speaker unit would be well
damped because it would be
connected directly to the output
of its amplifier without intervening
components. This really can kill
mechanical resonances.

A small further improvement
could be gained by designing the
bass and middle amplifiers to have
a small negative incremental out-
put resistance, almost enough to
cancel the resistance of the coil.
The coil would then be virtually
incapable of moving in any way
not specified by the amplifier. Try
it. It really can make a small, grotty
pair of speakers sound like a quite
reasonable pair!

1,1-,er Sound
For the 'ultimate' hi-fi

loudspeaker, take a good wide
range loudspeaker design and add
a positional feedback system,
perhaps using laser optics, to
measure the cone displacement
very accurately. Now design a
servo system that will allow the
cone to follow an input signal over
the entire audio frequency range.

The electrical output of the
servo amplifier may not be much
like the input but if the cone
reproduces the input signal under
all circumstances it doesn't matter
a fig what the servo amplifier is
doing internally.

Of course, even with the
ultimate loudspeaker system you
are still left with the room
acoustics which becomes the
dominant extraneous effect.

Andrew Armstrong

OPEN CHANNEL
1

Fir la MI  
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A recent decision by British
ASatellite Broadcasting (BSB),
the British franchise holder for
DBS television services, puts into
doubt the hope that cheap
receivers will be available for the
promised DBS launch date of 1989.

It was never seriously in doubt
that a version of the MAC (multi-
plexed analogue component)
transmission format would be
used in DBS but as many versions
of MAC exist the final choice was
largely a matter of national con-
cern. The French and German
DBS television systems are to use
the version known as D2 -MAC and
many continental manufacturers
agree that the development of the
necessary chip sets to allow recep-
tion is sufficiently far down the
road that D2 -MAC receivers are
just months away.

To use a D2 -MAC DBS system for
the British service would have
meant two important and useful
things: receivers would have been
available in Britain quickly and
programmes broadcast from one
country's satellite would have
been receivable (albeit with larger
aerial requirements) in another.

BSB, however, has opted for
another version of MAC, known as
D -MAC. Technically, D -MAC
differs from D2 -MAC in that it has
advantages in the amount of extra
facilities which can be incorpor-
ated in the transmission.

BSB's choice means, though,
that the present continental re-
ceivers cannot be used to receive
British transmissions and vice
versa.

British manufacturers now have
to design and develop D -MAC
chip sets for the British receivers
in only two years, if the proposed
launch date is to be maintained.

It may seem a bit crazy to use an
undeveloped system when other
alternatives are almost in existence
and probably cheaper. However,
things are a bit more subtle than
that.

If we were to use D2 -MAC, conti-
nental manufacturers could
quickly flood our market leaving
little potential profit for British
manufacturers. Few continental
manufacturers, on the other hand,
are likely to develop D -MAC chip
sets just to get at the British
market (they've already spent a lot
of money developing continental
chip sets and need to recoup
some of that first).

There's the rub. To make sure
British manufacturers get a fair
share of their own market we have
to use a different system tech-
nique to everyone else. This is, of
course, no precedent. The British

PAL television system differs suffi-
ciently from continental PAL
systems to give the same result.

The BSB decision is a text book
delaying tactic to give our own
manufacturers time to develop
British chip sets and British re-
ceivers to sell to the British public.
I only hope the Japanese haven't
got a copy of the same text book!

PM R
Private mobile radio using the

old 405 -line television frequencies
is now in the process of being
trialled by GEC. GEC is one of the
two licensed national PMR oper-
ators. The other licensed operator,
Band III Radio was hoping to have
commenced operation already
but delays in getting equipment
has meant delays in starting.

Oui, Oui
British telecommunications per-

sonnel will be looking to France
over the next year or so, at France's
first implementation of an integ-
rated services digital network
(ISDN) system to reach actual con-
sumers. At present the system has
only a couple of hundred sub-
scribers but it's hoped this
number will rise to about 2,000 by
the end of next year.

The system, known as RNIS-
Transcom (RNIS is the French
acronym for ISDN - for some
reason they talk in a foreign
language over there) started in
April this year and already running
costs have been reported to be
much cheaper than comparable
analogue methods.

Bills Down
Talking of comparable analogue

methods, I've just received my first
quarter's telephone bill from
British Telecom since installing my
Mercury telephone. Good news
(for me if not BT). I estimate the
bill is something like 40% lower
than it would have been if I was
not using the Mercury network for
long distance calls. The BT bill
even takes into account the cost
for fitting a master socket (f25 plus
VAT).

The Mercury bills, on the other
hand (there are three bills because
Mercury invoices monthly)
amount to only about 30% of the
BT bill which would have been. So,
I calculate I have saved about 25%
of my telephone charges for the
quarter. This pays for the master
socket connection and also a good
way towards my Mercury tele-
phone. Within three quarters I'll
be well into pocket over what I
would have been. Tread onwards,
oh Mercurial messenger!

Keith Brindley
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KEYNOTES

This year's British Music Fair
I (held at Olympia between

28th July and 2nd August) was as
dull as ever, despite being larger
than last year's event.

London is often heralded as
being the hub of the musical
world and so it is incongruous, to
say the least, that the BMF should
have so little to offer with regard
to international presence or new
product releases.

ADT, AMS, Fairlight, Hybrid'
Technology, Ibanez, Kurzweil,
Lexicon, Oberheim, OSC, Sequen-
tial, Stepp, Synclavier and even
household names such as Fender
and Gibson were all conspicuous
only by their absence.

Perhaps the most exciting new
products on display at this year's
BMF were the attractively -styled
musical socks on the William Elkin
Music Services stand!

There must be a good reason for
this sad state of affairs and indeed
there is one. The show organiser,
Philbeach Events, delegates the
responsibility of selecting applic-
ations from would-be electronic
equipment exhibitors to the Music
Industries Association.

Membership of the MIA is a pre-
requisite for exhibiting (reasonably
enough) but the catch is that in
order to qualify for membership,
a manufacturer must be 'estab-
lished, 'reputable' and able to
provide documentary evidence
that it sells goods exclusively via
'approved' distributors and has
been doing so for more than one
year.

Either that, or you have to be on
very amicable terms with the com-
mittee which comprises represen-
tatives from all the obvious and
familiar names except those listed
above.

The charter of the MIA is, in
their own words, to promote the
interests of manufacturers and
wholesale distributors. In practice
this means keeping competitors
and dangerously -innovative smal-
ler firms safely outside the front
door.

Steinberg's 'Soundworks'
sample editing software is one of
a number of good examples of
packages that can turn the com-
bination of a MIDI sampler and
personal computer into some-
thing greater than the sum of its
parts.

In this particular instance the
sampler is Akai's 12 -bit 5900 and
the computer is the Atari ST. Capa-
bility extends far beyond the usual
sample looping, crossfading, enve-
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loping and transposition functions
to offer filtering, Fourier analysis/
resynthesis, waveform drawing
and FM synthesis.

Samples are passed between the
ST and 5900 via MIDI, using the
MIDI Sample Dump Standard
(SDS) protocol. This data transfer
is twenty -odd times slower than
real-time due to the leisurely
31.125Kb pace of MIDI but at least
samples can be stored on the
S900's floppy disc or replayed
instantly, once they have arrived.

The combination of a sampler
and personal computer is clearly
a powerful one and Akai in par-
ticular are very much aware of this
fact.

A rumour has been circulating
that future versions of the 5900
might include a hard disk option
for the bulk storage of sound and
this was indeed confirmed on the
Akai stand at the BMF although
the sound option will not be avail-
able for several months to come.

Apparently the circuitry was
designed in this country and adds
not only a 40Mb drive but also a
Small Computer System Interface
(SCSI) - a popular communica-
tion standard. SCSI is fast enough
to implement the real-time trans-
fer of two channels of 16 -bit, full
audio bandwidth and it's also
flexible enough to allow the simul-
taneous exchange of system and
control information.

The increased use of computers
in MIDI set-ups has in general
highlighted the built-in defi-
ciencies of the MIDI standard
(which is now past its fifth birth-
day) and it might be true to say
that many equipment manufac-
turers, software writers and users
are becoming impatient with its
limitations. After all, MIDI was
never designed to handle the
many and varied uses to which it
is now being put.

Akai is making a brave move
with SCSI and it will be very
interesting to see how it fares.

I am not for a moment suggest-
ing that SCSI is about to usurp
MIDI. Far from it. MIDI is likely to
remain the only standard for the
routine connection of keyboard
instruments for the forseeable
future but as musical equipment
becomes increasingly complex,
the desired information band-
width of links between equipment
will exceed the speed of MIDI to
such an extent as to make faster
alternatives mandatory.

We can only hope that this does
not result in another war between
incompatible standards.

Bruno Hewitt

ONCE OVER

There can be no more essential
piece of test gear for an elec-

trician than a mains testing screw-
driver. There can be no more
fundamental piece of equipment
for the electronics enthusiast than
a continuity tester.

How nice it would be then, to
see one piece of equipment that
combines the two.

The Amba 'Multi -function Elec-
tronic Tester' from Goport is a very
simple but ingenious piece of
equipment that does just that.

The Multi -tester is a bit larger
and clumsier to use than a mains
testing screwdriver but consider-
ably smaller than most compar-
able continuity testers.

It's housed in a plastic case with
a sharp insulation -piercing probe
at the tip. It looks rather like a

RCr ART C2

pulse injector or logic probe.
On the upper face of the case

is an LED and a small aluminium
panel with the Amba logo screen -
printed on it.

When using the Multi -function
Tester as a mains tester the probe
is placed on the terminal to be
tested and the aluminium plate
touched with a finger or thumb (or
any other part of the anatomy, for
that matter). Should the terminal
be live, the LED lights.

For continuity testing the probe
is touched to one point in the
circuit, the metal plate touched
and the other point touched with
your other hand (foot, nose, etc).
If the two points are connected,
again, the LED lights.

To say this device is simple is
overcomplicating matters. Inside
the red plastic case there is a cir-
cuit comprising all of one tran-
sistor, one diode, a capacitor, three
resistors and a PP3 battery (plus
the LED, of course). I'll leave it to
readers to work out what the
circuit is!

This makes it a bit expensive at
£12.60. However, this is an ex-
tremely useful little companion
and well worth a place in your
pocket, briefcase, glove compart-
ment or whatever, for those unex-
pected emergencies.

As the continuity testing aspect
of this device is active rather than
just a battery and a bulb (OK, so
it's only one transistor but it's still
active!) quite large resistances
(with correspondingly small cur-
rents flowing through them) can
be detected as continuous.

This means the tester can be
used to check diodes and transis-
tors and when you're working on
the car and want to test the con-
tinuity between the tail light and
the battery you can either use a
length or wire as the return loop
or someone's body! Just hold
hands with a helper (or two) to
complete the circuit.

The only real criticism of this
device is that it makes rather a
hole in your pocket, in two ways
- it is far too costly and the probe
is very sharp and can get most un-
comfortable! A better probe cover
than the 1/2in piece of plastic sleev-
ing would be a good idea.

However, there is no denying
that this is a clever and genuinely
useful piece of equipment which
will pay for itself after a few instant
diagnoses.

The Goport Company
York House
Empire Way
Wembley HA9 OQH
Tel: 01-903 2065

Martin Tame
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ETI PCB SERVICE
Build your projects in style with a properly designed PCB.

Use 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
K 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

35.80
W 37.90
X 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 Price Price each
per type number letter

E

E

E

E

p
p
p
p

Total for
board type

POSTAGE & PACKING

TOTAL ENCLOSED

£ 0.75 p

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).
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E8107-1 System A Disc Input bd
MC -MM

E8107-2 System A Preamplifier Main
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

F

E8307-2 Flash Trigger -sound or FR
E8308-1 Graphic Equaliser

1/3 Oct/Chnl M
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
Centronics Interface
Drum Synth
Oric EPROM Board 0
Spectrum Joystick
Audio Design RIAA Stage G

AD Buffer/Filter/Tone
AD Headphone Amp
AD Preamp PSU
AD Power Amp
AD Power Amp PSU
AD Stereo Power Meter
AD Input Clamp
Warlock Alarm
EPROM Emulator
Infrared Alarm Transmitter . . E

Infrared Alarm Receiver
EX42 Keyboard Interface
Banshee Siren Unit
Echo Unit

E8405-4
E8405-6
E8406-1
E8406-2
E8406-3
E8406-4
E8406-5
E8406-6
E8406-7
E8406-8
E8406-9
E8406-10
E8407-1
E8408-2
E8408-3
E8408-4
E8409-1
E8409-2
E8410-1
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E8410-2 Digital Cassette Deck
E8410-3 Disco Party Strobe H.
E8411-5 Video Vandal (3 boards)
E8411-6 Temperature Controller
E8411-7 Mains Failure Alarm
E8411-8 Knite Light
E8411-9 Stage Lighting Interface
E8411 -1 0 Perpetual Pendulum
E8412-1 Spectrum Centronics Interface

E8412-4FActive - 8 Protection Unit
E8412-5 Active - 8 Crossover
E841 2-6 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 THD 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 _ E

E8510-9 Sunrise Light Brightener
E8511-1 MTE Waveform Cenerator 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
E851 2-1 Specdrum connector
E851 2-2 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)

E8609-4

E861 0-1

E8610-2

E8610-3
E8610-4

E8611-1
E8611-2
E8611-3
E8611-4 0
E8611-5
E8612-1
E8612-2

Upgradeable amp, Output
board (mono)

Audio Analyser Filter
Board

Audio Analyser Display
Driver

Audio Analyser Display
Audio Analyser Power

Supply
Audio Switcher (2 bds)
PLL Frequency meter (4 bds)...Q
Upgradeable Amp PSU
Call meter, main bd
Call meter, interface bd
Bongo Box
Biofeedback monitor

(Free PCB)
RGB Converter
Mains Controller
Flanger
Audio Selector main board M
Audio Selector PSU
Tacho-Dwell
Ratemeter main board
Ratemeter ranging board
Photo Process Controller

(3bds)
LEDline display board

(2 off)
LEDline PSU and controller

(2 bds)
Capacitometer
Geiger Counter
Credit Card Casino
BBC micro MIDI interface
ETI Faker patch box
24Hr. Sundial

F

L

E

E8701-1
E8701-2
E8701-3
E8701-4
E8701-5
E8701-6
E8702-1
E8702-2
E8702-3

E8702-4

E8702-5

K

H

F

H

0

K

E8703-1
E8703-2
E8703-3
E8704-1 . L

E8704-2
E8704-3
E8705-3 MIDI Keyboard keyswitch

boards (3 boards)
E8705-4 Batlite
E8705-5
E8706-1
E8706-2
E8706-3
E8706-4
E8707-1
E8707-2
E8707-3

E8708-1
E8708-2
E8708-3
E8708-4
E8708-5

Budget Power Meter
Hi-fi Power Meter
MIDI Keyboard CPU
MIDI Keyboard Front Panel
Flame Simulator
MIDI Keyboard PSU
Telephone Alarm
Nuclear Strategy Simulator
Remindalite
Rear Wiper Alarm
Rev Counter
Car alarm
Knight Raider

... 0
G
H

F

G
F

F

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
E8711-1 Quiz Controller
E8711-2 256K Printer Buffer

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. On page 36 of the April issue, in
the first paragraph, the reference to R62 should
read R64.

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
74E5132 and 41.47 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 ICI,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.

ET! Concept (October 1987)
The Power Board parts list wrongly lists R6 as
270R. This should be 270k. Also, note that the
power board's OV rail must not be connected
to Earth or the OV rail of the CPU board.

ET! NOVEMBER 1987
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PCB FOIL
PATTERNS

\`' 000
0,I1Z CONTROLLER

The Quiz Controller foil.

The Hyper -Fuzz foil held over from .ast month.
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Please supply photocopies of the following articles from
ETI (complete in block capitals):

Month Year Page (if known)

Title

Month Year Page (if known)

Title

Month

Title

I enclose a cheque/postal order made out to ASP Ltd. to
the value of £1.50 per photocopy ordered.

Total remittance f Date

Name

Address

Year Page (if known)

Postcode

Send the completed form and your remittance to:
ETI Photocopy Service

Argus Specialist Publications
1 Golden Square
London W112 3AB

Ifs 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

This space is donated in the interests of high standards of advertising.

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. Kit £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 van ORDER.

- S A.E. For
-FREE-

' Data Pack

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

Tel: 0323 847973
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FREE READERS' ADS
Buy, sell or exchange through our free service to readers
WANTED: AY3 8500 games chip. Jordan, 36 Hillcrest Road,
Cashes Green, Stroud, Glos. GL5 4NW. Phone (Stroud)
3914.
WANTED: Any information on VU meter (stereo). 122
Aylesford Road, Bedford. MK41 9RF.
CMOS CAR ALARM kit. Contains approx. 30 components
with instructions and drawings. O. M. Williams, Tel: (0352)
714274.
RADIO MIC Reslo cabaret, etc. Data, diagrams (loan or
photocopy) wanted. D. Webb, 25 Town Close, Little
Harrowden, NN9 5BD.
WANTED: April 1986 issue of ETI featuring the matchbox
amplifier. Tel: (0902) 45677.
WANTED: VIC-20 add-on modules and peripherals. Also
cheap serial interface printer. Tel: (0900) 66028.
1-1M203-5 HAMEG 20MHz dual beam oscilloscope with
manual and probes. Unused from new. £200. Tel: (0582)
881479.
WANTED: Send any unwanted components and boards
to: D. Hall, 42 Jackson Road, Matlock, Derbyshire, DE4
31Q.
CORTEX with disc and RS232 interface. Swap for MSX
computer or BBC modem. Phone: Thetford (0842) 861186.
WANTED: COMODORE 64 to use in conjunction with
sound sampling software also wanted software for above.
Tel: (0532) 688733.
WANTED: circuit diagram of a densitometer for B&W
photography. Tel: (0946) 64854.
WANTED: TELEQUIPMENT S54A circuit diagram for loan.
Pay postage. Roulson, 5 Lincoln Close, Feniton, Honiton,

KEF B139(2) T15(2) loudspeaker units. Electronic labor-
atory handbook M. S. Scroggie. Offers 3.7cu ft enclosure
£15 ono. Tel: Cooden 4932.
REVOX A77 71/2/15 IPS, two track, domestic use only. With
50 NAB tapes and many extras. Ring now 01-709 1079
(daytime).
WANTED: SONY PCM10 for use with Fl. Any condition.
Phone: (0843) 33983 after 6pm only.
UNFINISHED TRANSCENDANT 2000. Main PCB 95%
complete, PSU working. No reasonable offer refused. Tel:
(0827) 66358.
CITIZEN MSP-15 Dot-matrix printer. Unused. Boxed. Ideal
multi -purpose printer. Retails at £400. Yours. £250. Tel:
(0670) 367429.
48-0-48V 6A PSU in 16x7'/2x6'/tin metal case with heatsink.
Offers or swap for WHY components. M. Robinson, 124
Swanlow Lane, Winsford, CW7 15A.
WOULD DAVID LEE who bought my softy from me

through Readers' Ads but forgot to pay me, ring Mark
01-761 7259.
TEKTRONICS 581A SCOPE. Type CA plug-in dual trace.
Manual. £100. Tel: (evenings) 01-672 0895.
OFFICE COMPUTER DTC MkX complete with twin 8in
disk drives and two 12Mb EMM disk cartridge drives.
£950. Tel: (0860) 334 965.
CORTEX RS232 disk interface £140. Cortex spares
keyboard PCB, etc. Offers. Two 40 track uncased drives
£30 each. Tel: (0992) 468067.
VALVES. Several hundred, mostly used, audio, radio, TV,
battery. Both old and modern. Lot for £15. Tel: (0924)
263503.
SWAP: SHARP MZ-80A 48K computer, mint condition,
cost £550 new, for dual trace oscillosscope. Tel: (0706)
31489.
REVOX A77 71/2/15in twin track with 55 10'/sin tapes and
many extras. Amazing value for £399. Tel: 01-709 1079.
WANTED: SCOPE TEKTRONIX 453, working or not. Also
manual or copy for same. Will pay costs. Please ring 01-648
7483 (Mitcham/Morden).
MAGNETRON CV56B unused £10. EF50 valves £2 each.
0072 transistors £1.50 unused. Tel: Philip (0232) 702567).
WANTED: ARFON MICROELECTRONICS speech
synthesiser supporting documentation for Nascom II
computer. I've lost mine. Will pay for copying costs and
postage. Tel: (05827) 5802.
WANTED: Circuit diagram for Amstrad colour monitor
CTM640. Tel: (0792) 817226 (even i ngs).
WANTED: YAESU FRV7700A VHF converter and memory
unit for FRG7700 receiver. Tel: (0305) 820970 weekdays,
(0272) 325012 weekends.
BROTHER HR -5 printer with PSU and paper, RS232. £40.
Write: Mr Hope, 72 Picket Close, Fordingbridge, Hants.
COMPUTER DATA RECORDER, LED indicators, monitor
switch, level meters, counter, pause, with BBC lead.
Excellent condition, £25 ono. Tel: (0276) 63621.
WANTED: DIGISOUND MODULES built or unbuilt. Send
details or Phone Dave Pascoe, 13 Victoria Crescent, Severn
Beach, Bristol, BS12 3PS. Tel: (0454) 53845.
WANTED CIRCUITS: Sanyo music centre G2711 Super -2,
Amerex ACD800 tape deck, Convair-I 8 band radio. Please
help! Tel: (0872) 57374 (Truro).
CORTEX, RS232 port, £150. Contact Webster, Elgin,
Scotland (0343) 820924.
SCOPEX 4D 108 solid state dual trace oscilloscope, £120.
Phone Bridlington (0262) 676348.
LOW COST PCB CAD single/double side plus tin drill if
required. Phone Dave (0463) 790006.

I- SIM -. 11111 - - NM MN MIN MI EMI MEI UM- MIN NMI NM NM =I NM- NM 811111
CONDITIONS Ads should be 20 words or less including the address and/or telephone

I  These ads are only for ETI readers not engaged in buying or selling the same items or services number. Please write in black block capitals or type in the grid provided'
on a commercial basis. on this form or a photocopy.

I Ads will be inserted as and when space permits. Insertion in a specific issue cannot be Send the form to:
 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

I responsible for any errors in the reproduction of ads, nor for untruths or misrepresentations, 1 Golden Square
nor for the activities of advertisers or respondents.

Electronics Today International

London W1R 3AB )(
guaranteed.

FREE READERS' ADS

 Advertisers submitting ads for this section shall be deemed to have accepted these
conditions. Enter your advertisement below I

I I
I I
I I
L _I- - - =Ile MINI NM III NM =MI 10= NM MO MN IMI MEM
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everal circuits providing different light effects. from
 the

sim
ple lightorgen to real lighlcom

poters' have already
appeared on the m

arket
T

his hit is som
ething new

a giant V
U

 m
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ith 2406
bulbs T

he 12 bulbs are m
ounted as a lightcolum

n w
hich

varies according to the sound level
T

he input is galvanically separeied end the sentivey le
adjustable. so there is no danger w

hen connected m
 a pre

am
plifier or to a pow

er am
pler

-
1 2 m

ac outputs 400W
 each Iron -cooled)

-
Input im

pedance ca 20 K
ola,

- Input sensitivity adjustable from
 C

O
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V
 to 3V

 at full
scale
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C
/0.5A
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T
his kit centam

s a
7 segm

ent display consisting ol 12 lads
per segm

ent and 4 leds for the decim
al point W

ith the aidof
a supplem

enlary pow
er supply It is possible to conneci 1613

kit to any existing circuit equipped w
ith com

m
on anode

displays of any brand and any dim
ension

If the digit and segm
ent drivers of the circuit can supply

sulficieni current it w
ill be possible 10 connect in parallel
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o or m

ore displays. or even. leave the sm
all display of the

m
ood in place and connect the 20cm

 display in parallel
T

his leiter w
ill not effect the br ighlness of the 20con display

due to the specila concept 01 the driver circuit
C
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 M
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 S
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T
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s of appearance and application identical to
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T
his unique tuner is in principle a 24.hour clock provided

w
ith 4 relay -sw

itched outputs and a program
m

atoon period
of 1 w

eek 20 sw
itching program

s can be m
em

orized and via
the m

em
brane keyboard be program

m
ed O

utputs or
tim

ing pertods can be selected at random
A

ll program
 steps are inchcated be lads

A
 printed alu frontplate is included in the 611, m

aking
building in of this tim

er a sim
ple affair.

T
his m

icroprocessor tim
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arily designed

l
o
t

industrial and lobo purposesw
a, but the am

ateur can use n m
dozens of applications as w
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- 20 daily

or w
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m
able tim

ed unctions
M
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ory display of program

m
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er functions per output
or per day
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D
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M
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M
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N

/ O
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F
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M

S
 1122 m

ocroproceLso,
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R
ow

ney a lot of tape/slide synchronizers are available o
the inerkel T

he price of these devices varies from
expensive to very expensive
T

hose ow
ning a tape- or censer e recorder can w

ith t
Is

sim
ple and inexpensive device. record synchronizing p Ises

aM
 use these pulses to control autom

atic B
odeW

el., as
T

he c..0011 is sm
all in size and can easily be housed
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utput frequency (tone) .1 S

K
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rnV
- Input sensitivity A

 m
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 1.5V

 peak to peak
-

Input sensitivity 8 m
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V
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O
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M
,/ type.
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pedance 15 K

O
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T
hree different lane m

arvels m
ay be select. by using a

m
upole rotary sw

itch W
ith sm

all com
ponent changes. the

S
om

em
ay be varied

S
om

e applications w
indscreen w

iper delay - dA
prolector

Inhazard w
arning V

ia the brakm
glaghts of the car

In the m
anual you w

ill fond a com
plete descrophon how

 to
build this kot in a car. w

ith w
iring inslructions to connect at°

the existing w
iper installation
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,2x3A

R
elay output w

ith toed change -over coniacts
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F
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an Interface S

ystem
 starts your com

puter to m
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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erful applications you w
ouldn't dare to im

agine
T

oday w
e have 10 function cards in our system

 but tom
orrow

 there m
ight be m

ore. A
nd

w
hile using this system

 you keep all com
m

unication m
eans originally provided on your

com
puter.
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ELECTRONICS TODAY INTERNATIONAL CLASSIFIED
Lineage:
44p (VAT excl) per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£12.20 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 W1.

COURSES

Start training now for the following
courses. Send for our brochure -

without obligation or Telephone us on
06267 79398

NAME 0 City & Guilds
Exam 271

0 Radio Amateur
Licence

0 Micro-
processor

0 Introduction to
Television

Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. T014 9UN.

WORK IN JAPAN
Individuals with a degree or
experience in electronics &
electrical engineering interested
in teaching engineering English
for one year in Japan to
employees of major corporations
/government ministries should

write to:
International Education Services,

Shin Taiso Bldg., 10-7 Dogenzaka 2 -
chrome Shibuyan-ku, Tokyo 150,

Japan.
Information on the position will be sent

after receiving a detailed resume.

ELECTRONICS
TECHNICIANS

Updating Courses
London Electronics College,

(Dept ETI), 20 Penywem Road,
London SW5 9SU. 01-373 8721.

TO ADVERTISE
RING

01 437 0626

BOOKS

ALARMS

FREE BOOKLET
on

BURGLAR ALARMS
with

LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY

051-523 8440
AD ELECTRONICS

AINTREE, LIVERPOOL L9 OHU 211Z
217 WARBRECK MOOR

SPECIAL OFFERS

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 (04882) 71897

or write to:
CONQUER ELECTRONICS,

25 Windsor Way, Maybury, Woking,
Surrey GU22 8DJ.

FREE READERS
OFFER

FREE LM741C OP -AMP & 25
Coupling Resistors & Capacitors!!!
....+ Notepad & Pen & Application
Circuits....Return Ad + 80P (coins
P&P)....To KIA-8, Cunliffe Rd.,
Ilkley LS29 9DZ.

SWITCHES
VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P.C.B's avaiTable:
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.

PARAPHYSICS Journal (Russian
Translation); Psychotronics: USE 'ELECTRONICSKirlianography, Heliphonic
Music, Telekinetics. Computer TODAY
Software. S.A.E. 4 a 9", Paralab INTERNATIONAL'Downton, Wiltshire.

TO BUY, SELL &
WORKSHOP SERVICE MANUALS EXCHANGE

Any Music Audio. Mono TV £7.00
Any Colour TV £10.00 ALL YOUR
Any Video Recorder £20.00

State make/model/type. Plus 50p post PRODUCTS &LSAE Enquiries any others
MAUR ITRON (ETI), 8 Cherry Tree Road,

Chlnnor, Oxfordshire, 0%9 407. SERVICES

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.

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 CM11 1JL.

FOR SALE

MEMORIES + MICROS
2764-25 £2.65 27128-25 £2.85
27256-25 £4.95 27512-25 £8.95
4164-15 £1.10 41256-15 £2.75
6116LP3 £1.95 6264LP-15 £3.30
62256LP-12 £8.95 68008P8 £15.95
68000P8 £19.95 68010P8 £29.95
68681 £9.95 68230 £7.95

Prices include P&P. Please add 15% VAT.
Discounts for quantity.

Phone 0990 23948

M G COMPUTERS LTD.
4 Victoria Road, South Ascot,

Berks SL5 9DA.

PSUs, 16W Triple, 5V 2A, ±
12/15V 0.4A, Open Frame, Linear
unused, high quality, £10. Details I.
Mercer 01-941 5166.

NEW YEAR COPY DEADLINES
JANUARY ISSUE -27th October

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

We purchase for cash or
immediate settlement

surplus stocks of I.C's,
Memories, Transistors,

etc. Please contact
P.C.S. (Marketing) I TD

FAX:0767 318200
TEL:0767 317388

TELEX NO:825616

ETI NOVEMBER 1987
63



-ELECTRONIC COMPONENTS

BRYANT
RCOUSTIX

15 BELLE VUE TERRACE,GILESGATE MOOR,DURHAM).

1DH 1-2 HR. TEL (091) 38645001

8mm RED 45p
8mm YELLOW 46p
8mm GREEN 46p
8mm LED CLIP 27p

CARRIAGE £1
IF ORDER UNDER £50

IF OVER £50-£1.50
All prices include VAT.

Quantity prices available.

FREE!

NEW 1987 CATALOGUE
Please enclose a 4 x 9" SAE fora copy or our new 1987 catalogue,
detailing Accessories. Books, Cable, Caps. Connectors,

Semiconductors, Led's etc.

8mm LED's NOW IN STOCK

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

CENTRAL REGION
Ex -stock Electronic Components, Test
Equipment, Computers, Peripherals,

Word Processors.

TECH SUPPLIES
19i Winchester Avenue,

Denny, Stirlingshire,
FK6 60E.

Phone:
(0324) 825627

NO ORDER TOO SMALL
Open: 9am-4pm and

7 30pm-10pm 7 DAYS.

3" CF2 disks £2.00
3.5" unbranded DS disks £1.20
5.25" unbranded disks,
DS 96 £0.38
bulk :storage, 5.25750 £6.90
bulk storage, 3.5"/80 £8.00
Epson MX/FX80 ribbon £2.60
Epson MX/FX100 ribbon £3.10
Epson LX80/86 ribbon £2.50
M/Tally MT80 ribbon £2.90
printer cable, PC1512/IBM £7.95
All prices inc P&P please add ,'ST at 15',

T -systems Ltd, "I'le Signal Cabin,
61 Hign Street, Orpington, Kent.

BR6 OJF.

WE ARE THE BUSINESS
FOR QUALITY
COMPONENTS

Turntable belts Tape heads Plugs Leads
Soldering irons Aerials Crossovers Video
copy kits Multimeters Speakers
MONACOR MT250 Multimeter 20107 /V
£18.80. 12" 150W Power Speakers £25 *
£2.50 p&p. HILLS HD1000 Digital

Multimeter £34.25.
SEND OR PHONE FOR FREE LISTS

STRACHAN ELECTRONICS,
9 Croall Place, Edinburgh EH7 4LT.

Tel: 031-556 9549

SURVEILLANCE

ESKAN ELECTRONICS
(MANUFACTURERS AND SUPPLIERS

OF SURVEILLANCE AND AUDIO
EQUIPMENT)

MICRO BUG
SK1 Miniature Transmitter 20mm

47mm x 20mm, extremely
sensitive. Operates from 1.5v
battery, elegant metal box

included.
Ready built + tested only. £29.50
Kit Form £24.90

EXTRA MINIATURE
TRANSMITTER

EK2 25mm x 30mm x 9mm
Ready built + tested £49.00
Kit Form £37.95

HIGH POWER FM RADIO
TRANSMITTER

EK65, 65W adjustable frequency
Mains operated..£650 + £35 p&p

(Operation in the UK illegal
without licence).

AUTOMATIC TELEPHONE
MONITOR

SK19 ready built + tested £34.50
Kit Form £29.95

Many other surveillance
equipment available. Send large

S.A.E. for catalogue.
SOUND TO LIGHT UNIT

SK72 separate sensitivity, bass,
treble and mid -range frequency

controls, designed and
manufactured to highest
professional standard.

Ready Built £39.95 p&p £3.50
Kit Form £21.95
Casing £11.95
SK70 sound to light control unit
Kit Form £14.95

Send Cheque or P 0 payable to

ESKAN ELECTRONICS
172 Caledonian Road,

London N1 OSG.
Tel: 01 278 1768

Trade and Export Enquiries Welcome

JOIN OUR
EXPANDING

"COMPONENTS"
SECTION. RING

01 437 0626

MAKE CONTACT WITH
MEL

if you require a TOP
QUALITY DESIGN and

PRODUCTION SERVICE
* CIRCUIT DESIGN
* PROTOTYPE

MANUFACTURE
* PCB ARTWORK LAYOUT
*WIRING and ASSEMBLY
Quality work by professionals at
very competitive prices is the

MEL motto.
MEL DESIGN

PRODUCTION LTD
Unit 8, Newgate Court,

Paradise Street, Coventry,
West Midlands CV1 2RU.

Tel: 0203 26262.

POWER
SUPPLIES

EHT POWER SUPPLIES.
Regulated Oto10KV or Olot5KV
@ 1 mA, meter, overload protec-
tion. Custom supplies, inverter/
convertor modules. SAE: Argyle
Electric, 7 Windsor Road, London
W5 3UL. OEM's/Trade welcome.

MISCELLANEOUS
HEATHKIT U.K. Spares and
service centre. Cedar Electronics.
Unit 12, Station Drive, Bredon,
Tewkesbury, Glos. Tel. 0684
73127
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PCB'S

PAYNE
ELECTROPRINT LTD
Marcus Road, Denkeswell,
Honiton, Devon EX14 ORA.

Metal cases manufactured to
your design. Your ETI projects
professionally silk screen
printed. Manufacturers of Printed

Circuit Boards.

TERMS &
CONDITIONS

CLASSIFIED ADVERTISING
TERMS & CONDITIONS

Our terms for new advertisers (sernitlisplay
and limps) are strictly pro -forma payments
until satisfactory reference can be taken up
(excluding recognised advertising agencies).
Cheques end P.O.'s should be crossed end
made payeble to ARGUS SPECIALIST
PUBLICATIONS LTD. and sent together with
the edvertisei 'ant to:

"The Classified Dept.,
No. 1 Golden Swore.

London W1R 3A6.
There ate no reimbursements for can-
cellations. Advertisements arriving too late for
a particular issue will be inserted in the
following issue unless accompanied by
instructons to the contrary. It is the res.
ponstbifity of the advertiser to ensure that the
tirfl insertion of *very series is published
correctly. 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.
A5 advertising sates are suftWet to Govern.
merit Regulations concerning VAT
Advertisers are r noon NM* tor complying weh
the serious legal requirements in force cog: The
Trade Description Act. seadiscrimination act
the business advertisements Idisclosurel

order 1977.
Full Terms A Conditions of Advsitstn,

available on spousal.

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 Whltechapel. Tel: 051 236 5489

Liverpool 2
'THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

LONDON

I t l [01A17110NITI) I
FOR COMPONENTS

LOTS OF NEW DEVISES
LOTS OF LOWER PRICES
Phone for our catalogue

01 452 0161/450 0995 Telex: 914 977
40 Cricklewood Broadway,

London NW2 3ET.

TYNE AND WEAR
ELECTRONIC COMPONENTS AND KITS

(Z7'-fLE! 1--;'...--- ''.11?2S-1,..:`,:.-7-:._.,.=,....

STATION ROAD, CULLERCOATS,
NORTH SHEILDS, TYNE & WEAR NE30 4P0

081 251 4363
MON-SAT 9.30 to 5.30

CLOSED THURS.
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APPOINTMENTS

Recognize
This?

Now test it.
Whether you are already working in

electronics or recognise the above chip
because of your favourite hobby, we at
Texas Instruments Limited in Bedford are
looking for someone like you.

As one of the world's top
manufacturers of semiconductors,
we can offer you a career in our ASIC
Engineering Department. Using our state-
of-the-art VLSI computerised equipment
in a modern hi -tech environment, your
main task will be testing advanced CMOS
semicustom integrated circuits as part of
our overall quality service to customers.

You are a practical person -
both logical and creative - and
enjoy solving complex problems.
You are good at piecing together

complicated "technical jigsaws': Even if
you haven't got the usual educational
qualifications we will undertake to give
you extensive in-house training both
at the outset and throughout your career
with us.

We will offer you an attractive
salary with relocation assistance where
necessary and a full range of company
benefits including life assurance, a private
health-care plan, pension plan, profit
sharing and discount sports and social
facilities.

Please send a full CV quoting
reference VPT 12 to Mrs V Tilbury,
Recruitment Administrator, Texas
Instruments Limited, Manton Lane,
Bedford MK41 7PA (No agencies).

TEXAS
INSTRUMENTS
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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

PCB'S
Artwork, proofing and developement by
CAD. RF and microwave placement. Fixed
rates, incs drafting-DS/SS. overlays. silk
screen, drill templates, solder mask.
Update facility. Free estimates. Send

circuit diagrams to:
DTL

5-9 Portland Street, Luton. Beds.
Tel: UK 0582 458375

46 AM Elchburg, 6653 Brieskastel, W.
Germany. Tel: 06842-51736.

Telex: 265871 Quote MAG 95167
Fax: W. Germany 06842 51736 after hours

or by ARR.

RING JULIE
CAPSTICK

ON 01 437 0626
FOR DETAILS ON

SERIES
DISCOUNTS

KITS AND
READY BUILT

QUALITY KITS
Sensitive F.M.Wireless Microphone £4
VHF/FM Transmitter in plastic cigarette
case £5
Electronic lock with tamper alarm and
keyboard £8
Mini Electric Organ with speaker &

keyboard £6
ARTKOS ELECTRONICS LTD
46 Warwards Lane, Selly Park,

Birmingham B29 7RB.
Tel: 021 472 8401

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.

ELECTRONIC KITS-For those
Winter evenings. SAE for details:
COVE ELECTRONICS, 7 St.

Anne's Avenue, Southbourne,
Bournemouth, Dorset BH6 3JR.

PLANS & DESIGNS

ELECTRONIC PLANS, laser
designs, solar and wind generators.
high voltage teslas, surveillance
devices, pyrotechnics com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, String Works, Bye St.,
Ledbury HR8 2AA.

ADVERTISERS' INDEX

Audiokits 42

ASP Binders 21

BK Electronics IFC

Cricklewood Electronics 42

Display Electronics IBC

Electromech Industries 26

GCHQ 66

Greenbank Electronics 49

Hart Electronics 8

Henry's Audio Electronics 42

Maplin Electronic Supplies OBC
Morley Electronics 8

Rackz Mounting Products 21

ASP Readers Services 30

Riscomp Ltd 21

Solex International 6

Specialist Semicon 36

Stewarts of Reading 49

Thandar Electronics 49

TJA Development 21

TK Electronics 31

Velleman kits 62

Zenith Electronics 60

1
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CLASSIFIED ADVERTISING COUPON

Post to: Ell, 1 Golden Square, London W1A 3RB
Rates:- 44p per word (min. charge £6.60 (VAT excl)). Semi
display (min. 2cms) £12.20 (+ VAT) per single column
centimetre.
Please debit my Access/Barclaycard No. MI

Expiry date

for insertions.
Or I enclose my cheque/PO for £ for... insertions

VISA

Please use BLOCK CAPITALS and Include post codes.

Classification

Name (Mr/Mrs/Miss/Ms)
(delete accordingly)

Address

Signature Date

Daytime Tel. No.

.
lit,.

TRAINEE
RADIO
OFFICERS

Are you looking or a secure shore -based job which offers
a reword ng career in the forefront of modern Tele-

communications technology.. then consider
jdning GCHQ as o Trainee Radio Officer.

Trdning involves a 32 week residential
course, (plus 6 weeks extra if you cannot

touch type) after which you will be
appointed RADIO OFFICER and undertake

a variety of specialist duties covering the whole
of the spectrum from DC to light.

We offer you: Job Security  Good
Career Prospects  Opportunities
for Overseas Service  Attractive
Salaries... and much more.

To be eligible you must hold or hope
to obtain an MRGC or HNC in a
Telecommunications subject with
an ability to read morse of 20wpm.

Anyone with PMG, MPT or 2 years relevant radio operating expenence is also eligible.

The Civil Service is an equal opportunities employer.

Salaries: Storting pay for trainees is age pointed to 21 years. For those aged 21
Or over entry will be of £6,572. After training an RO will start of £9,758 rising by 5

annual increments to £14,387 inclusive of shift and weekend working allowance.
Write or telephone for on application

form to:-

v. 47, 

fffffff.............. ".......... ftls

lacHa 1111 11'111 NI (11 111 I (.1 11Q. 1100%1 %/HOS
mki I N. Nook, k(1\1). t III I II \\I. 1.1 °SAM A? CA.I

OR III 11110\1 ,02-12t 21212
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`COMPUTER WAREHOUSE
THE

2 MN.

1000's OF

ALLOWS CAVE Or COMPUTER AND ELECTRONIC EQUIPMENT
NOT LINE DA TA BASE

DISTEL©*
The ORIGINAL FREE OF CHARGE dial 45 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

FREE
Yoonluyr Em2o9n9imonitor tfrom itsbecomesmceos ma put erI!

SUPERBFor
HIGH QUALITY  COLOUR  TV SET

The fabulous TELEBOX, an INVALUABLE MUST for the 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 TE LE BOX even has an integral4 watt audio amplifier
for driving an external speaker, PLUS an auxiliary output for 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" h latest technology, BRITISH manufacture fully -
tuneable 7 channel push button tuner, Auto AGC 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 OFFER!!!
ONLY £29.95 OR £24.94 if purchased with ANY of our
Video monitors Supplied BRAND NEW with full instructions and 2 YEAR
warranty. Post and packing 4:3.50 *When used with colour crt

COLOUR a 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's,
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 etcetc

This Must Be ONE OF THE YEAR'S 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 8016" COLOUR monitor. RGB Input
Little or hardly used manufacturers 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 of!! Our own interface
safety modification and special 16" high definition PIL tube, 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 ROB 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 18" 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 arid other AUDIO VISUAL appli-
cations Supplied in AS NEW or little used condition ONLY £145.00 + 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

/101.11',7trifil1471.2f4LIArt
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
I 1 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

I'd 471111. Manufacturers BRAND NEW surplus
DEC LA34 Uncoded keyboard with 67 Imlay gold plated switches on X -Y
matrix - ideal micro conversions etc £24.9
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

see=Fs ti

DON'T MISS THE CPM Deal
OF the CENTURY

BARGAINS
J-

FOR CALLER

The FABULOU CPM TATUNG PC2000
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, 280A processor, DUAL TEAC 55F 51/4"

Double sided 40/80 track disk drives (1Mb per drivel, 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 port 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 DMA 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 System
with CPM Etc.

COST OVER £1400

NOW only £399

PC2000 Business System with CPM
and 'Ready to Run' FAST Sales and

Purchase ledger, supports up to
9000 Accounts, VAT etc.

COST OVER E1 700

1' 1

PRESTEL - VIEWDATA - TELEX
PLESSEY VUTEL, ultra compact unit, slightly larger
than a telephone features A STANDARD DTMF
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 £600!! 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 INTIMATED CIRCUITS
4164 200 ns D RAMS 9 for £11 4116 ns
£1.50 2112 £10.00 2114 £2.50 2102 £2.00
6116 £2.50 EPROMS 2716 £4.50 2732 £3.00
2784 £4.95 27128 £5.50 6800 £2.50 6821 £1
68A09 £8 6BB09 £10 8085A£5.50 8088 £15
8088 £8 NEC765 £8 WD2793 £28 8202A
£22 8251 £7 8748 £15 280A DART £6.50
280A CPU £2.00. Thousands of IC's EX STOCK
send SAE for list.

DISK DRIVES
Japanese 5'. 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 £65.00
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 V 0.95 +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 SHUGART851'22 Mb total capacity in smart cage
complete with PSU etc £595.00
MITSUBISHI M2894-638" 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 PSU's Ex Stock SEE PSU section.
HARD DISK DRIVES
ORE/ 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 9762 80 Mb RM03
etc £2500.00.
PE RTEC D3422 5+5 Mb £495.00
RODIME 51/4" Winchesters ex -stock from £150 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 61728" 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

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel

printer

NOW only f.799
NOWage aCi)nislurlyc5499

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 buffer
with flow control etc £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems auto dial auto call index, butter
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

or system with RS232 interface
MODEM 13A 300 baud unit, only 2" high fits under
phone CALL mode only £45.00
AAODEM 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.

SPECIAL BULK PURCHASE of 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

Dry Fit MAINTENANCE FREE by Sonnenschein
Yuasa

A300 0719131512v 3Ah NEW £13.95
A300 0719131 2 6v 3Ah NEW £9.95
A300 071 91 202 6-0-6v 1 8Ah TESTED Ex

Equip £5.99

VDU TE
Standard VDU data entry terminals

at g Ivo away prices!!
OUME OVT108. Current product, state of the art
terminal with detachable keyboard, 12" Green screen.
2 page RAM, NI 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 interlace 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 orderil0.00. Minimum BONA FIDE account orders from Government Depts., Schools. Universities and
established companiesE20.00. 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,_rirrrn la f i r 32 Biggin Way, Upper Norwood, London SE19 3XFLLLL I I\ Lit -I- Telephone 01-679 441 4 Telex 894502 Data 01-679 1888 lail
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