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Fully Approved To
DTl Specs MPT-1336

£24 35 o {lcgrice Not Required

Realistic TRC-501. Only 25.4mm thick and five ounces light!
Call button tranmits a tone signal. Low-battery indicator,
push-to-talk button, telescopic aerial. Includes belt clip.

Requires one 9v battery.

5935
£ ® Licence Not Required

Realistic TRC-500. Voice-actuation gives you hands free
communication. Dual-conversion superhets for high
sensitivity and clear 2-way communication. Volume
switch. With belt clips. Each headset requires v battery.

Store Nearest You.

[Ben | ,,,.'_\7@‘
o ¥ Over 400 Tandy Stores And
| ' Dealerships Nationwide. See
' Yellow Pages For Address Of
L P v

InterTAN U.K. Ltd., Tandy Centre, Leamore Lane, Walsall, West Midlands. WS2 7PS
Tel: 0922 710000



NEXT MONTH

Whatever the weather you'll certainly
warm to our very neat desk thermometer
using_led bargraph strip displays in °c
and F. Far-sighted as ever, we're
bringing you part one of our Tele- -Scope
test gear project: an interface to turn a tv
into an oscilloscope. We'll be examining,
too, the technology behind radio pagers.
Also on view will be more about the
Scope Expander and AF Octave
Measurer, as well as our regular top line
features, including a Home-Base report
from the twice-annual eyeful in America,
the Consumer Electronics Show. From
across the globe we bring you features

and projects to show you how to enjoy -

electronics to the full.

* DISPLAY YOUR
FORESIGHT TOO:

* FULFIL YOUR VISIONS
WITH OUR EYE-CATCHING

SEPTEMBER 1990 ISSUE

* ON SALE FROM FRIDAY
AUGUST 3RD
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SCOPE EXPANDER by John Becker .........cccoecmeereenrnnncenn.

How to give your oscilloscope at least eight traces for digital displays, plus a sngnal
sampling 64K memory. You'll find you’ve given yourself a multi-byte visual logic
analyser as well.

AF OCTAVE MEASURER by Joe Chamberlain ................. 23

No-one involved in audio circuit design and testing should overlook this multi-octave
frequency-analysing display unit. It also offers you practical experience with
switched-capacitor filters.

VOLTAGE PROBE by Stephen Bailey .......cccoooeeuueeeeriennnne. 51

Here’s a simple but very effective circuit monitor which uses bargraph leds to show
you what's happening at the low frequency points in your analogue or digital circuits.

SPECIAL FEATURES

CELLULAR RADIO by Mike Sanders ........ccccceeerriiennciinnnnes

Cellular radio is another form of mobile radio and it was introduced essentially for
use by the general public. We look at the principles upon which it works.

BASIC ELECTRONICS - PART EIGHT by Owen Bishop ..37

In which we take a positive and negative approach to feedback, and examine how a
small signal can be made into a bigger one. In other words, we investigate amplifiers,
including their biasing, stabilisation and impedance.

HISTORY OF TECHNOLOGY - MAXWELL by lan Poole ..45

Probably best remembered for his research into electromagnetic theory, James Clerk
Maxwell also researched into colour photography, gases and astronomy. His was a
short life, but an important one for technology.

HOME-BASE by lan Burley .........ccccovecreerinimmeeencinensencenane 48

Whether of not Sony has knocked another nail into the book coffin, DVI's life
certainly seems assured, as fax might tell you vocally.
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NE‘W'S
SPEEDY RAM/BO

aimed at applications where
magnetic media may prove
unreliable because of harsh
environments, such as dust or
vibration etc, or where the non-
volatile nature of eprom storage
offers particular advantages.

The board can be populated with
up to 768K of sram, in which case it

H ot on the heels of Chiptech’s
recently introduced CH-
RomBo, the company has
introduced a new high-speed disk
emulator card called CH-Ram/Bo.
CH-Ram/Bo is a memory board
in a standard expansion card format
that will emulate a fast hard disk in
any PC-compatible system. It is

functions as Drive C. The sram
contents are backed up with dual
battery supplies, ensuring total data
integrity. The board can even be
moved from one system to another
and still retain data, and indeed can
be used as the boot drive.

An alternative mode for the
system allows it to be partially
populated with eprom as well as
sram. In this case, up to 512K bytes
of each can be used. and the ram
array functions as Drive C, and the
eproms as Drive D.

A utilities disk is provided
which helps the user to format the
available ram area on the card as a
hard disk. It is then a simple matter
to copy over the required files into
CH-Ran/Bo. If the eprom mode is
used, further utilities enable files 1o
be prepared for transfer to a suitable
eprom programmer. and the eproms
then installed in the card for use.
The eprom utilities include the
facility 1o “freeze’ the contents of
the ram disk for use in the eprom
area, thus making them read-only.

It’s this interesting new product
which is featured this month our
front cover. Many thanks to
Chiptech for their very helpful
coeperation in supplying the
beautiful photograph.

For further details about CH-
Ram/Bo contact Alan Turner at
Chiptech Ltd, Alban Park, Hatfield
Road, St Albans, Herts, AL7 0JJ.
Tel : 0727 40476.
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STAG ERASER

new eraser system for uv
A erasable eprom devices and
microcomputers has just been
introduced by Stag Microsystems.

Efficient eraser systems are
required by most users of this type of
device. as it is common practice 10
erase new devices before
programming to ensure data integrity.
as well as when contents need to be
changed.

Known as the SE series. the new
low profile eraser design features a
drawer system with removable trays
1o take devices with 0.3 or 0.6 inch
lead pitch. These can be easily
loaded directly from the industry-
standard anti-static tubes. A small
clip system retains devices and
allows them to be returned into tubes
after erasure.

For further information contact
Paul Norrington, Stag Systems.
Martinfield. Welwyn Garden City,
Herts, AL7 LJT. Tel : 0707-332148.

CATALOGUE

DATABASE

Our browse through recently
received literature

Bytronics’ catalogue is an ideal browse for those who are
involved in educational electronics. They say that their products
have been specifically designed to meet the needs of educational
and training establishments. Amongst the products are included
those for teaching process and industrial control technology,
interfacing to the BBC+ and to the IBM PC or its clones. Another
unit is described as a sequencer, which allows the development of

open or closed loop control programs in either a high or low level
computer language or in PLC (programmable logic control) Ladder
Logic. As well as a sorter unit there are several varieties of control
application board, for example, a traffic controt simulator and a
shape recognition unit. Z80 microcomputer trainers are included as
well. Bytronic Associates, 27b Coleshill Road, Sutton Coldfield,
West Midlands, B75 7AX. Tel : 021 378 0613.

Heinemann’s Computing and Newtech 1990 catalogue has a
large selection of books relating to technology in general. The
books are described in short detail, complete with prices and ISBN
codes. Publication dates are also quoted, an important factor to know
when choosing books of this nature since technology changes so
fast. The catalogue includes books not only from the Heinemann
Newnes Informatics series, but also Computer Weekly publications.
Many of the titles are new, having been published been April and
June this year. Heinemann Professional Publishing, Halley Court,
Jordan Hill, Oxford, OX2 8EJ. Tel : 0865 311366.

Polanka Video’s catalogue was collected recently from their
premises near us. 1 had been looking for a local source of
professional reel-to-reel tapes for my Revox and a kind member of
staff called in on Polanka for me. They have an enormous selection
of recording tapes for many purposes. They do video cassettes in
both half-inch and 8mm, and 1 inch and U-matic three-quarter inch
video tape is available as well. Audio cassettes are stocked, along
with many varieties of reeled tapes in different widths. Floppy disks
are on sale too. All brands are from the top manufacturers. A
delivery service is offered so you don’t need to live locally to benefit
from this company. Polanka Video Ltd, 316 Uxbridge Road,
Shepherds Bush, London W12 7LJ. Tel 081-740 6166.
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FLASHY
PROMMING

lash designs are now oftering a

combined package deal of a PC
card based eprom programmer. the
Stag Stratos. plus their own emulator.
the Ram-Blow 32K.

The emulator connects directly 10
the Stratos via the 28 pin zif socket.
while the Ram-Blow’s second cable
connects to the target systems eprom
socket. Users can now directly down-
load code through the Stratos into the
Ram-Blow's memory and begin

emulation as soon as the down-load
is complete. Typical down-load times
are in the order of a few seconds.
Ram-Blow’s reset output keeps the
target system reset while code is
being down loaded. Ram-Blow can
also be plugged into the user’s sram
or eeprom socket to enable a memory
map to be up/down loaded and
changed. thereby aiding the
development of the user’s program
without having to recompile the
source code.

For 16/32 bit applications
multiple Ram-Blows can be
programmed via a Gang-Set prom
programmer to give instant 16/32 bit
emulation.

The complete package of Stag
Stratos and Ram-Blow 32K sells for
£399 plus vat. which, say Flash,
represents a new price breakthrough.

For more information contact
Flash Designs, St Andrews House.
PO Box 167. Crawley, West Sussex.
RHI119YE. Tel : 0293 543641.

EW'S

If you are organising any event to do with
electronics, big or small, drop us a line,

we shall be glad to include it here

Please note : Some events listed here may be trade or restricted
category only. Also, we cannot guarantee information accuracy, so
check details with the organisers before setting out.

July 14-22. British Amateur Electronics Club (BAEC) exhibition.
The Shelter, on the Esplanade, Penarth, South Glamorgan. This is a
"hands-on" opportunity to find out more about the BAEC, don't miss
it!

Sep 18-21. EFTPOS 90. Exhibition and conference on electronic
retailing. Alexandra Palace, London. 0273 722687.

Sep 25-27. British Laboratory Week. Olympia, London. 0799 26699.

CLEAN SWEEPING

he new 2MHz multirange sweep-

tfunction generator from
Beckman provides five signal
formats: sine. triangular, square, ttl
and cmos pulses, and with either
linear or logarithmic sweep, plus
internal or external modulation. The
FG3A is suitable for a wide range of
analogue and digital applications.

In addition. the built-in five-digit
frequency counter eliminates the
need for external frequency
measurement and is also available as
a general |0MHz counter with 25mV
sensitivity. Further flexibility is
provided by a duty cycle control. a
voltage controlled frequency option.
output polarity inversion. dc offset
voltage and an attenuator to provide

low level signals.

Seven frequency ranges span
0.2Hz to 2.0MHz. the duty cycle
control provides a continuously
variable 1:1 to 10:1 ratio. and the vcf
feature provides a 1000:1 frequency
ratio for a 0 to 10V input.

The generator is housed in a
stylish case, featuring a cushion grip
carrying handle/tilt stand, rear cord
wrap and recessed areas in the top
cover for convenient stacking of
multiple units.

For more information contact
Beckman Industrial Ltd, Astec
Building, High Street, Wollaston,
Stourbridge, West Midlands, DY8
4PG. Tel : 0384 442394.

ADVERTISERS AWAKE!

Don'l let your competitors steal all
the glory of PE News Page
Publicity — have YOUR interesting
new products highlighted here as
well as theirs! Send us concise

details plus a good photo and we'll do

our best to publicise them

First come first served, and it
must be interesting. It's up to you to
keep us all informed!

PRACTICAL ELECTRONICS AUGUST 1990

Oct 2-4. Eurostat 90. Barbican Red Hall. London. 0799 26699.

Nov 6-8. Total Solutions. NEC Birmingham. 0799 26699.

LOW COST DVM

A utona have a new low cost
digital volt meter which should
appeal to those who practice
electronics either as amateurs or
professionals.

Known as the DVM 456, the
meter features a 0.56 inch high
efficiency display which, together
with the red filter fitted in the
moulded bezel supplied with the unit,
provides a display which is readable
under high ambient light conditions.
No more switching off the lights in
order to take meter readings!

The module has an overall depth
of only 11mm, thus allowing it to be

incorporated into the most compact
of equipments.

There is a built-in stabiliser
which simplifies installation into a
wide range of equipment. since the
module operates from an unregulated
supply of 7V to 12V.

The dvm is available in a
standard form with a basic sensitivity
of +- 1.999V. The price of the unit in
single quantities is £19.95 plus vat.

For further information contact J.
Leith, Autona Ltd. 51 Poppy Road.
Princes Risborough, Bucks, HP17
9DB. Tel : 08444 5740.




AMBISONICS

N imbus Records, the leading
British recording and cd
manufacturing company, has signed
an agreement with the British
Technology Group securing the rights
to ambisonic technology.

The new licence granted to
Nimbus covers all ambisonic patents
granted or applied worldwide, with
the exception of those for
microphones.

Ambisonics, the British surround-
sound system, was developed in the
1970’s, when it was considered to be
ahead of its time, and was supported
by BTG. Now that other systems are
becoming the subject of increasing
interest, ambisonics has re-emerged as
the one which most successfully
captures and reproduces sound
naturally, as it is heard by the human
ear.

E/W\-S

Signing the contract on behalf of
BTG, Business Development
Director, Peter Tanner said: “We are
delighted. Nimbus has been using the
ambisonic technique in recording
since the 1970s and as its recordings
are distributed worldwide, it is
certainly the most appropriate
company to develop and promote the
system.”

Company Secretary Stuart
Garman, signing for Nimbus agreed.
“At Nimbus we pioneered the use of
ambisonics and have been using the
system consistently for almost twenty
years. We believe that ambisonics will
form the basis of home entertainment
systems in the future and are
delighted to be behind the marketing
of this outstanding British invention.”

For further information contact
Anthony Miall, London Press Oftice,
Nimbus Records Ltd. 6 Battersea
Rise, London SW11 IED. Tel: 071-
738 2396.

AIRCLEANER

M any hobbyists from various
disciplines will know the
problems created by fumes, dust and
other air contaminants produced
when pursuing their hobbies. Spray
work in particular can fill the air
around the user with noxious or toxic
particles which should not be
inhaled. Graphic Air Systems have
introduced a new portable aircleaner
and spray trap that could help to
clean up your workshop
environment.

The aircleaner displaces, filters
and absorbs airborne fumes,
overspray particles and dust. It
features a four stage filter and
quiet(ish) fan, a collapsible spray
shield and a three metre cable
complete with mains plug. It is all
contained within a carrying case
measuring 17 x 12 x 5.5 inches,
constructed from metallic grey
corrugated plastic. With the spray
shield attached there is a spray/fume
catchment area of 25 x 15.5 inches.
Space is also available in the carry-
case for paints, brushes, airbrushes,
hoses etc. The price is £69.95
including vat and delivery.

Having been sent a unit to
examine, | feel obliged to comment
that it did not appear suitable for use
on an electronics workbench to
extract solder fumes. It was too big
to fit among the clutter of test
equipment and electronic prototypes.
I was unable to test it for paint spray
extraction, though it was obviously
capable of extracting cigar smoke.
There is also doubt in my mind as to
how robust the extractor will prove if
used in a busy workshop, inevitably
being subjected to harsh treatment.
Perhaps a more robust plastic case
would have been more appropriate
since the present one reminds me
inevitably of the corrugated
cardboard products fashionable in the
1960s.

The unit is also priced at about
twice the cost that I would have
expected to pay for a fan and a box
on their own, but I have to admit that
I do not know how expensive the
special filtration substance might be.
However, the extractor is
interestingly thought out, including
the ingenious use of Velcro for the
hood attachment.

For further information contact
Doug Taylor, Graphic Air Systems,
8 Cold Bath Road, Harrogate, North
Yorks. HG2 ONA. Tel : 0423 522836.

WOW CHECK

hurlby-Thandar are conscious

that despite the enormous
improvements in motor speed
control, some recording and playback
equipments can still suffer from wow
and flutter. To meet the need for
checking such unsporting problems,
the company have brought out a new
instrument for measuring not only
wow and flutter, but also drift
characteristics.

The meter incorporates two large
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displays which indicate wow and
flutter over five ranges, plus
frequency drift. The measuring
frequencies of 3kHz and 3.15kHz are
provided to meet JIS. CCIR and DIN
standards.

Applications include audio and
video servicing plus the test and
repair of products such as video
cassette recorders, tape recorders and
disc players.

For further information contact
Tony Starling, Thurlby-Thandar
Ltd, Glebe Road, Huntingdon,
Cambs, PE18 7DX. Tel : 0480
412451.
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NICAM
RECEIVER

t under £200, a British company

has produced a high quality
NICAM stereo receiver. Sachs
Nicam (GB) Ltd say that their
AD9000 digital stereo receiver is
simply connected to a hifi system,
hifi stereo video, or stereo-equipped
tv. Once the tv aerial has been
plugged in, the user (assuming he’s
within range of a suitable
transmitter!) immediately has clean.
superb high fidelity sound for many
tv programmes. The quality of the
sound has been described as
‘comparable to compact disc’.

NICAM digital stereo (near

instantaneous companded audio
multiplex) is transmitted on a
separate 6.552MHz sub-carrier. It is
modulated using QFSK techniques
(quadrature phase shift keying). The
audio is digitally sampled at 14 bits,

then compressed digitally to 10 bits
for transmission. After being
received, it is expanded back to the
original 14-bit format.

Stereo listening on tv is still in its
infancy in the UK, whereas in
Europe viewers have had stereo
broadcasts for some time. This has
proved to be of real advantage, since
British engineers have been able to
evaluate all systems. This has
resulted in the higher quality NICAM
system, which is now being adopted
in many other countries.

NICAM is particularly noticeable
when heard with a feature film,
where the sound experience may be
compared with that of a cinema.

At the recommended retail price
of £199.95, the AD9000 receiver
offers stereo tv listening at a fraction
of the cost of other systems.

For full information contact
Sachs Nicam (GB) Ltd, Suite 4,
Belmont Lodge, London Road
Stanmore. Middx, HA7 4NG. Tel :
081-4206311.
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ROYAL TELE
OPENING

M ay 91h saw the ofticial opening
of the IBA's uplink station for
the UK Direct Broadcast Satellite
(DBS) service. The ceremony was
performed by HRH The Duke of
Kent, accompanied by the Lord
Lieutenant of Hampshire.

The IBA’s uplink station at
Chilworth near Southampton became

fully operational on March Istin
readiness for BSB’s five channel
satellite service for the UK. BSB
programmes began on March 25th
for cable viewers and on April 29th
for direct domestic reception.

Not only is the IBA responsible
for the safe delivery of the five
programme signals to the BSB
satellite, 22,500 miles out in space, it
also carries out the picture. sound and
data processing 1o produce the
Multiplexed Analogue Components
(MAC) signal format for onward
transmission to the home.

The MAC system itselt was
developed by IBA engineers in the
early 1980s and has since become a
European standard for satellite
broadcasting. MAC offers clearer,
sharper pictures, multichannel digital
sound and data. It also allows for
progressive and compatible evolution
10 wide-screen and high definition
pictures.

NICAM VCR

T oshiba’s first NICAM siereo ver
has recently been launched in the
UK. Retailing at around £449, the
V610B is the first of four new vers
coming into the Toshiba range for
1990/91.

The new ver includes NICAM
digital stereo hifi sound reproduction.
a simul-cast system for combined
radio and tv recording, VHS index
and intro scan search system, digital
tape remaining. 21-pin scart and
picture quality enhancer switch. Also
incorporated are direct access digital
on-screen programming (OSP).

Toshiba’s marketing manager
(vision), Mike Brown. says “It’s a
real beauty. The combination of
NICAM and hifi recording is
breathtaking.”

Ask your local Toshiba stockist
for more information on this
interesting new vcr.

EQUALLY
RELAXED

our greater convenience and

comfort have been given further
attention by Maplin. They have
introduced & new piece of equipment
which will enable you 1o relax in
your favourite chair with complete
control over the sound from your
hifi. The unit is a top quality
Computer Graphic Equaliser with
spectrum analyser and four
memories. It comes complete with an
infrared remote control unit which
duplicates all the major functions of
your hifi.

With a microphone (not included
in the kit), it is possible 1o check and
compensate for the particular
acoustics of your room, thanks to the
internal *pink noise’ generator.

Each of the 26 switches on the
front panel of the equaliser has an led

operational light. The display can
show left channel. right channel or
combined setting. The system allows
the user 10 see the current
equalisation setting or the level of
sound analysed into each of the
equaliser’s 12 bands.

The unit costs £199.95, including
vat. For mail order there is a low
carriage and handling charge.

For your equal opportunity to
relax in auditory comfort, contact any
of the Maplin nationwide shops, or
their head office at PO Box 3.
Rayleigh, Essex, $S6 8LR. Tel : 0702
554161

CHIP COUNT
TLE202X EXCALIBUR OPAMPS

Texas Instruments has recently introduced the industry’s highest
performance low-power, precision bipolar opamps, the TLE202X
family.

Designed using TI’s innovative Excalibur technology, the
TLE202X devices are the first of a range of products to offer
highest levels of ac performance, improved dc precision and lower
power consumption.

Using Excalibur’s high speed vertical pnps, low power opamps
have been designed with significantly improved slew rates and
bandwidths. of 0.9V/us and 2.8MHz respectively. The figure shows
how the TLE202X family compares against other low power
products from TI. In all cases the bandwidth is higher even though
the supply current is less. An improved slew rate specification
enables the device to be used at higher frequencies without any
degradation in outputs swing. These improved ac specifications
combined with microamp supply current (200uA per amp) make the
device particularly suitable in portable or battery powered
applications requiring good ac performance.

A further advantage of these devices is their excellent precision
and high stability. Patent-pending bias circuitry combined with the
Excalibur process has produced input offset voltages with a stability
of 0.005uV/month - typically 100 times less than other products on
the market. It would at this rate take 16 years for the offset to drift
by just 1pV!

Circuit recalibration due to performance drift with time is no
longer necessary. This high stability combined with an absolute
input offset voltage of 100uV and typical open loop gain of 6.5
million mean these devices are well suited lo instrumentation
applications. The TLE202X family are ideal as an interface to
sensors such as strain guages, phototransistors and thermocouples.

With a common-mode input range that includes the negative rail,
the family are suitable for single or dual supply applications over a
4V 10 40V operating range. The devices are available in single, dual
and quad options.

TI’s Excalibur technology has been specifically developed to
design opamps that satisfy the two important criteria of speed and
precision. Excalibur is a complementary bipolar (CB) technology.
This means the performance of the normally slow pnps has been
improved (o levels close to npns. This also enables opamps with
improved ac performance to be developed without sacrificing other
key opamp parameters such as supply current.

The TLE202X family is the first to benefit from the process
features found in Excalibur. Future designs, such as a new family of
bifets, will gain from some of the other new structures.

UNITY GAIN BANDWIDTH

A TLE2022/24
IMHz 4
TLE2021 ’—
2MHz ADB21
LT1013 OP21
1MH
PRECISION 3 ' l l \ l l
e 100uV  OFFSET U
® 2uv/°C DRIFT 200 A A —
® 5nV/NTH DRIFT
400 pA
SUPPLY Low Power - High Speed
CURRENT
(per Op l’\mp)v

MANUFACTURER'S ADDRESS

Texas Instruments Ltd, Manton Lane, Bedford, MK41 7PA. Tel
0234 270111.
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newspaper about a problem [ had

encountered with a laser printer, and was
heartened to hear that others had hit similar
snags.

Hewlett-Packard has led the revolution in
laser printing, with the Laser Jet range. LJ
sales now run at a million a year now. In its
publicity material HP describes itself as “an
international manufacturer recognised for
excellence in quality and support”.

Last year | wondered about this as 1 faced a
LaserJet 11 which printed £ pound signs as
either a blank space or # hash. Nowhere in the
instruction manual was there any explanation
of the root problem. (The dollar sign is the
international currency standard in 7 bit ascii
code and the pound sign needs an eighth bit, so
you need a software fix to fool the printer into
producing a pound sign (code 187) from a
seven bit symbol).

1 asked HP UK whether there was such a
fix. After two months, four letters and
numerous phone calls 1 finally got a brush-off
Hewlett-Packard’s printer product manager:.
“It’s up to the software vendors; if your word

I]recenlly wrote a story for the Guardian

offers an alternative telephone network to
British Telecom, and the Mercury system uses
optical fibre and is digital. But 1 found that
Mercury connections were more likely to
corrupt faxes. Odd, because Mercury claims
80% customer satisfaction and looked blank
when 1 complained of buzz on speech calls
which corrupted data.

It took a year of dogged persistence, and
finally help from Oftel, to squeeze out an
explanation. Mercury had been stalling
because to admit to my problem meant
opening a can of worms.

The key is that small businesses and home
users must still rely on a BT line to route calls
into the Mercury network. The hybrid service
is called Mercury 2300. And initially BT
provided only analogue links for the vital
connections into and out of Mercury, while
Mercury failed to provide extra amplification.
The signal is travelling further and thus loses
strength. So speech is weak and any bad
contact along the analogue route may pick up
mains hum at SOHz, like a faulty hifi cable.

BT and Mercury finally agreed a policy on
digital interconnection in mid 1989. Wherever

JET L

IPING

processing package doesn’t produce pound
signs with a LaserJet there is nothing we can
do™. -

This tumed out to be complete nonsense.
Purely by chance (several users were
discussing the problem and HP UK’s lack of
interest over a dinner when one piped up with
the solution) 1 discovered that HP publishes a
memory resident program called HPTRANS.
It dates back to 1986 and plays the vital
conversion trick to produce pound signs.

1 told HP UK about their own program and
asked what the company was now going to do
about offering it to owners of LJ printers who
still cannot get a pound sign onto paper. After
a month or so more’s nagging Hewlett Packard
finally came up with an answer which will
bring joy to pound-free printer zones. HP's
Customer Information Centre will provide a
free copy of HPTRANS to any LJ owner who
reads this article and asks for it. Who knows,
perhaps HP will now get round to putting a

BY BARRY FOX
Winner of the
UK Technology Award

The quality of
user-friendliness
is not aided by
with-holding
essential data.

note in the instruction manual...

As modem speeds increase, telephone line
quality becomes a governing factor for email,
data and facsimile corruption. Analogue links
suffer more than digital links. Mercury now
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BT has a digital exchange, calls are now routed
out into Mercury by digital link. This has
helped, but some calls still leave the Mercury
network and go back into BT by analogue line.
Mercury hopes that by now all calls into and
out of BT’s digital exchanges will be all-
digital. But there is still an analogue bridge
where BT’s exchange is analogue. Speech
level on a 2300 connection is thus still likely to
be lower and data more likely to corrupt. The
real problem has been that Mercury played
every trick in the book to avoid coming clean
on this. Sufferers were led to believe they were
unique, and victims of some inexplicable
gremlin fault. Now we know differently.

And now | have a fresh mystery on my
hands. My fax machine will now happily make
long distance fax transmissions via the BT
network, but when the same machine is used
on the same line and to the same destination,
but via the Mercury network, it often fails. The
call connects but the fax machines at opposite
ends of the line refuse to handshake; and this
despite the fact that 1 am on a digital BT
exchange which should be interfacing digitally
with Mercury’s network.

Mercury’s fault centre has a computer
which can analyse the quality of a fax
transmission. It checked mine and pronounced
my fax machine faulty and in need of
adjustment. But what adjustment, and why
should my machine work perfectly on BT’s
network but be judged faculty by Mercury ?

1 have put in my questions to Mercury and
will be pushing for an answer on this one too,
even if it takes another year and again needs
pressure from Oftel to resolve.

Has anyone else been suffering line
problems with Mercury ? If so, let me know.
This could be another can of worms. If so, let’s

Kopen it with evidence.
1
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he level of anyone’s addiction to

electronics can be judged by

the quantity of test gear stacked
up in their workshop. Actually, my wife
would say that stacked and workshop
are the wrong terms: cluttering and
entire household are those she consid-
ers to be more appropriate.

| have to admit that there a few peo-
ple who have not yet learned to appre-
ciate the beauty of gleaming grey, silver
and black boxes intertwined with an
enchanting array of colourful cables.
The vast majority of us, though, know
that a man's wealth can be assessed
by the number of occupied 13 amp
sockets that line the walls. Works of art,
silver salvers, expensive cars, number-
crunching bank statements - who
need’s them? Give me the satisfaction
of a single pcb monitored by a multi-
tude of test equipment, all displaying
messages of comfort: “Yes, it works!”
Oh, those smoothly squiggling scope
lines, those delightful decimalised digi-
tal readouts, and the victoriously wav-
ing meter needles. That's where my
wealth and health of mind are stored.

Yes, I'm preaching to the converted,
aren't 1?7 You too would prefer
microchips to blue-chips, soldering
irons to gold pens, a pcb board to work
on rather than a company beard to sit
on. Wouldn't you?

Of course you would. And that's why
| know you'll be delighted by this
month’s set of test gear projects.
They're all going to help you get even
more pleasure out of your chosen way
of life.

PRACTICAL

ELECTRONICS

TESTING
ADDICTS

Take my Scope Expander for
starters. However much your work-
shop’s already draining the national
grid and keeping Powergen on over-
time, you quite likely haven't yet built
yourself a unit that simultaneously
multiplies your scope’s screen lines,
stores your sampled digits, and
allows you to analysis your logic in a
leisurely fashion. If you have, then
congratulations, you're definitely “one
of us”.

You know, I've been meaning to
cram this type of unit onto my over-
stuffed test bench for years. But as
with many things in life, you don'’t
necessarily get down to them until
after you wish that you'd already

done so! Well, here’s your chance to
jump ahead of yourself.

Latent audio fanatics, prick up thine
ears too, to Joe Chamberlain’s AF
Octave Measurer. There's a resur-
gence of interest in building audio
equipment (or did it never go away?).
There may a lot of ready-made audio-
mation around that's readily accessi-
ble without burning large holes in your
pockets, but is it really giving you the
quality you want? Check out some of
it's aspects with Joe’s equipment. Per-
haps the results may enable you to
make a few corrections. If you're
designing your own audio gear, you
could benefit even more from this AF
O-M.

And maybe you're one of the breed
of experimenters who love to have as
many means of probing into the inner
secrets of circuits as they can. Here's
another one dedicatees! Glowing
lights that shift along as you tap into
those analogue levels with Stephen
Bailey’s voltage probe.

Should there conceivably be any
hint of spare space in your workshop,
one or more of these three test circuits
could very well fill the gap. And while
you're rediscovering long lost coffee
mugs in an attempt to make sure
there is space enough, throw out a bit
of household rubbish as well to make
room for more test gear I've got lined-
up. You might get rid of the bed for a
start: if you're truly addicted to elec-
tronics you probably never sleep in it
anyway.
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COMPUTERICS

80C31 MICRO £2
P8749H MICRO ..£5
BBC MICRO PARTS

SN76489AN

VIDEO ULA 201847 ...cococvmriiicicrisnsiisensnsnen £10ea 10+ £8
6845 CRT £5
6522 PIA £3
DMB8LS120 £4.50
AY3-1015D UART £2.50
8086 processor ex-equipment £2
USED 41256-15 £1.50
USED 4164-15 ex-egquipment £1
9% 41256-15 SIMM MODULE NEW .......ccccocoumuiiinnminns £10
8 x 4164 SIP MODULE NEW £8
HD 146818 CLOCK IC £2
2864 EEPROM £3
27128A 250nS EPROM USED .........coceecee: NEW £2.30
FLOPPY DISC CONTROLLER CHIPS 1772 ............. £16 ea
68000-8 PROCESSOR NEW £5
HD63484-8 £5
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED.

2716-45 USED £2 100/£1
2732-45 USED £2 100/£1
2764-30 USED £2 100/£1.60
27C256-30 USED £2
27C512 USED (ALSO 27512) £3.00
1702 EPROM EX EQPT £5
2114 EXEQPT 60p 4116 EXEQPT ..o 70p
6264-128k static ram £3.00
62256-12 32K static Ram £7.00
2532 EPROM USED £2
4416 RAM £3.00
USED 4416-15 RAM £2
USED 41464-15 £5
REGULATORS

LM317T PLASTIC T0220 vanable .................... N 3
LM317 METAL .. . £2.20
7812 METAL 12V 1A " . - |
7805/12/15/24V plastic .......... 339 100+ 20p 1000+ 18p
7905/12/15/24 plastic ... . 339 100+ 20p 1000+ 13p
CA3085 TO99 variable reg it 2/01
LM338 5A VARIABLE cs
CRYSTAL OSCII.I.ATOR

1.8342 €1 each 1M, 1.8432M, &M, 16M .......cooecommsetrims.....£1.50 88CH
CRYSTALS

2.77 MHZ/4.000 MHZ/4 9152MHZ 20MH2 49.504MHz, 8M, 16.588M .. £1 each
TRANSISTORS

8C107, BCY70 PREFORMED LEADS

full spec €1 £4/100 £30/1000

BCS57, BC5488, BC236C, BC088 30/£1 £3.50100
POWER TRANSISTORS -

N POWER FET IRF531 k)
PIPOWERIFET IRF531," st st 10 s Moo gt €1
2SC1520 sim BF259 .. 31 100/£22
TIP141/2 £1 ea TIP112/125/428 i |
TIP358 TIP3s5C 3 £1.50
SE9301 100V 10A DARL. SIM TIP121 21
2N3055 EX EQPT TESTED . 421
PLASTIC 3055 OR 2955 equiv 50p 100/£38
2N3773 NPN 25A 160V £1.80 - 10/£1¢
QUARTZ HALOGEN LAMPS

A1/216 24V 150 WATTS £2.28
H1 12V 50W (CAR SPOT) £1.80
14 WAY OIF SKT £1

TEXTOOL single in line 32 way. Cn be ganged (coupling ;wpllod)
for use with any dual in line devices. . -
28 WAY TEXTOOL ZIF SOCKET EX NEW EQUIPMEN‘T :2 so

CAPACITORS COMPUTER GRADE

3300uF 350V SIC SAFCO FELSIC 037 . ... C8{€£1.80)
2200uF 160V SIC SAFCO FELSIC CO38 €4(€1.20)
24,000UF SOV ........ooiciiiiiii £3(1.30)

TURNS COUNTING DIALS it 025 snat

10 turn dial 21 mm dia. fits 3mm spindle £2
10 turn digital dial (3 digits) for 3mm or 6mm shatt ........ £3.80
10 turn clock face dial for 6mm spindle c4
MISCELLANEOUS

MAINS ADAPTOR 9V DC 200MA _..........coomerimmnnsnrciiseeessd £1.25

SLOPING FRONT PLASTIC CASE 228 x 215 x 76mm
76mm WITH ALl FRONT PANEL 200 x 130mm
HUMIDITY SWITCH ADJUSTABLE

WIRE ENDED FUSES 0.25A .
NEW UL TRASONIC TRANSDUCERS 40kHz
12 CORE CABLE 7.0 2mm OVERALL SCREEN .
OP AMP LM10CLN

BNC 50 OHM SCREENED CHASSIS SOCKET
BNC TO CROC CLIPS LEAD 1 metre
LEMAG EARTH LEAKAGE TRIP 35A 30mA np
AMERICAN CHASSIS 2/3 pin SOCKET ..

USED 3 172" FLOPPY DISCS D/S 720K 50p 10/g4
T0O-220 HEAT SINK sim RS 403-162 . 10/£2.80
SMALL MICROWAVE DIODES AEI DC1026A . 2/E9

KEYTRONICS

HERTFORDSHIRE CM23 2RX

. 80p
-20/t|
4/E| 100/!20

. 10/€1

D.A.L. SWITCHES 10 WAY €1 8 WAY 80p 4/5/6 WAY .
180 volt 1 watt ZENERS also 12v & 7Sv .
WN10LM 60v A Sohm TO-92 mosfet ..
MIN GLASS NEONS

MINIATURE CO-AX FREE PLUG RS 456-071 . 2/€9
MINIATURE CO-AX FREE SKT. RS 456-273 . .. 2£1.80
DIL REED RELAY 2 POLE n/o CONTACTS . c1

PCB WITH 2N2646 UNIJUNCTION with 12v 4 POLE RELAY £1
400m 0.Sw thick film resistors (yes four hundred megohms) 4/€1
STRAIN GAUGESS 40 ohm Foil type polyester backed balco grid
alloy ... £1.80 02 10+ £1
ELECTRET MICROPHONE INSERT ......................... £0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267
- €£2.80 100+ £1.80
HALL EFFECT IC UGS304O + MAGNET O S |
OSCILLOSCOPE PROBE SWITCHED X1 X10 c£10
CHEAP PHONO PLUGS ................. ... 100/€2 1000/£18
1 pole 12 way rotary switch -

AUDIOICS LM380 LM3BS ............
555 TIMER 5/€1 741 OP AMP
ZN414 AM RADIO CHIP ...

COAX PLUGS niC@ ONBS ....ooooiuiuiiiiicieccsiccaanians

COAX BACK TO BACK JOINERS .

4 x 4 MEMBRANE KEYBOARD .. . £1.80
15.000uF 40V .......... - t2 so(n 28)
INDUCTOR 20uH 1.5A .. - 3 |
1.25" PANEL FUSEHOLDERS ..... e Bty VSN
CHROMED STEEL HINGES 14.5 x 1" OPEN 3 each

12v 1.2w small wire ended Iamps fit AUDI vw TR7 SAAB

VOLVO wrnamiviimmproniarron - qem an .. 10/€1
12V MES LAMPS - .. 10/€1
STEREO CASSETTE HEAD - . . €2
MONO CASS.HEAD £1 ERASE HEAD . ... S0P
THERMAL CUT QUTS 50 77 85 120°C £1ea
THERMAL FUSE 121°C 240V 15A 220°C ........c.c.ooo.... 5/€1
TRANSISTOR MOUNTING PADS TO-5/TO-18 _....... £3/1000
TO-3 TRANSISTOR COVERS ..o . 10/€1
STICK ON CABINET FEET .. 30/€1
PCB PINS FIT0.1" VERO .. . 200/€1
TO-220 micas + bushes ... 10/50‘: 100/€2
TO-3 micas + bushes . 15/€1
PTFE min screened cable 10rnlt|
Large heat shnnk sleeving pack = e B2
CERAMIC FILTERS 6M/9M/10.7M .. 509 100/€20
IEC chassis plug i filter 10A ... €3
Potentiomenters shon spindles values 2k5 10k 25k 1m

FLOIGE " G " — . 51
500k Iin 500k log 4/€1

40Khz ULTRASONIC TRANSDUCERS EX-| EOPT NO DATA

OMRON 12V G2V DIL RELAY 2 POLE CHANGEOVER ............ 281
SCART CONNECTOR .21
BZV48C12 WIRE ENDED 12V 7WATT ZENER 17K STOCK .....S/£1
3WSCOTCHFLEX 50 WAY ROUND JACKETED FLAT CABLE 365950
(50 WAY IDC RIBBON WITH FOIL AND BRAID SCREENS, ROUND
SECTION WITH BLACK PVC OUTER) £1.METRE, 100" REEL .... £65
FANS 240V 120mm £6 (1.50)
(OTHER VOLTAGE/SSIZES USUALLY AVAILABLE)

MOULDED INDUCTOR 470UH SIZE OF 1WRES . .81
ODIODES AND RECTIFIERS

1N4148 ... , ’ 100/£1.80
1N4004/SD4 1A 300V 4 100/€3
1N5401 3A 100V . 10/€1
BA158 1A 400V fast recovery 100/€3
BA159 1A 1000V fast recovery 100/€4
120V 35A STUD .. 88p
BY127 1200V 1.2A 10/€1
BY254 800V 3A a/e1
BY255 1300V 3A ¢ ect
6A 100V SIMILAR MR751 4/€1
1A 800V BRIDCE RECTIFIER 481
4A 100V BRIDGE k73
6A 100V BRIDGE 221
8A 200V BRIDGE 2/£1.38
10A 200V BRIDGE . £1.80
25A 200V BRIDGE £2 10/€£18
25A 400V BRIDGE £2.80 10/€22
SCRS

PULSE TRANSFORMERS 1:1+1 €1.28
2P4M EQUIV Cl06D e
MCR72-6 10A 600V SCR .. €1
ISA 600V STUDISCR s cuctivess tetass vovmassstonsnssssacssstiosadensas. o £2
TICV106D 800mA 400V SCR V€1 100/€18
MEU21 PROG. UNIJUNCTION kY 4]
TRIACS ... DIACS 4/£1
BT 137-600 8A TO-220

87138-600 12A TO-220 .
MEU21 PROG. UNWUNCTION ...

NEC TRIAC ACO8F 8A 600V TOR20
TXAL225 BA 400V SmA GATE 2/.......
3TA0B-400 BA 400V 5SmA GATE ISOL TAB ..
CA3059 0 VOLTAGE SWITCH ......cc.oornceinnee

MIN CASH ORDER £3.00

TEL. 0279-505543 MIN. ACCOUNT ORDER £10.00
FAX. 0279.757656 et D h o T el
P OBOX 634 ADD 15% VAT TO TOTAL
BISHOPS STORTFORD ELECTRONIC COMPONENTS

MAIL ORDER ONLY
OFFICIAL ORDERS WELCOME
UNIVERSITIES COLLEGES SCHOOLS GOVT. DEPARTMENTS

BOUGHT FOR CASH

CONNECTORS
D25 IDC SOCKET FUJITSU ...

34 way card edge IDC CONNECTOR (dusk dnve type)
CENTRONICS 36 WAY IDC PLUG ..........
CENTRONICS 36 WAY IDC SKT ..............
BBC TO CENTRONICS PRINTER LEAD 1. SM ..
CENTRONICS 36 WAY PLUG SOLDER TYPE . .. £4
USED CENTRONICS 36W PLUG+ SKT . [£]

USEDDCONNECTORS pnéé ber pair

0980p, D15£1.80, D25 £2,D37 £2, D50 £3.80 covers 80p ea.
WIRE WOUND RESISTORS

W21 or sim 2.5W 10 of one vaiue .. < . &1
R10 OR15 OR22 2RO 4R7 SRO SRe 8R2 1OR |2R 15R 18R 20R
22R 27R 33R 47R 56R 62R 91R 120R 180R 390R 430R 470R
680R 820R 910R 1K15 1K2 1K5 1KB 2K4 2K7 3K3 3K0 5K0
4FORCY
W22 or sim 6W 7 OF ONE i 4 |
R47 R62 1RO 1RS5 1R8 3R3 6R8 9R1 12R 20R 24R27R33R S1R
56R 62R 68R 100R 120R 180R 220R 390R 560R 620R 910R 1K0
1K2 1K5 1K8 2K2 2K7 3K3 3K9 4K7 BK2 10k 15K 16K 20K

W23 or sim 3W 6 of one value ............ ——— ]
R22 R47 1RO 1R1 56R 62R 100R 120R IBOR 220R 300R 390R
680R 1KO 1K5 SK1 10K

W24 or sim 12W 4 OF ONE VALUE - == 5]
RS0 2R0 9R1 18R 22R 27R 56R 68R 7SR 82R 100R 150R 180R
200R 220R 270R 400R 620R 1K0 6K8 8K2 10K 15K

PHOTO DEVICES
SLOTTED OPTO-SWITCH OPCOA OPB815 .
2NS777 . -

TiL8Y PHOTO TRANSISTOR

TIL38 INFRA RED LED ......

4N25, OP12252 OPTO ISOLATOR ...... .
PHOTO DIODE 80p .. » .
MEL12 (PHOTO DARLINGTON BASE n/c) P =
4 DIGIT LED 7 SEG. DtA770 ..

LEDs RED 3 or 5mm 12/€1
LEDs GREEN OR YELLOW 10/t|

LEDS ASSORTED RD/GN/YW + INFRA/RED
FLASHING RED OR GREEN LED 5mm 80p
HI BRIGHTNESS LEDS CQX24 RED

STC NTC BEAD THERMISTORS
322 220R, G13 1K, G23 2K, G24 20K, G54 50K, G25 200K, RES
@ 20°C DIRECTLY HEATED TYPE
F822BWNTCBEAD INSIOE ENO OF 1'GLASS PROBE
@ 20°C 200R £1 0a
A13 DIRECTLY HEATED BEAD THERIIISTOR 1k res. ideai for
audio Wien Bridge Osciilator ..... .. 52 o8

CERMET MULTI TURN PRESETS %/’
10R 20R 100R 200R 250R S00R 2K 2K2 2KS 5K 10K 47K
SOK 100K 200K 500K 2M2 . 80p ench

IC SOCKETS
6 pin 15/€1 8 pin 12/€1 14/16 pin 10/€1 18/20 pin 7/€1,
22/24/28 pin 4/€1 40 pin 30p

SOLID STATE RELAYS

40A 250V AC SOLID STATE RELAYS

POLYESTER/POLYCARB CAPS
100n, 220n, 63v Smm 20/£1 100/£3
1n/3n3/5n6/8n2/10n 1% 63v 10mm > 100/£8
10n/15n/22n/33n/47n/68n 10mm rad 100/£3.80
100n 250v radial 10mm Py 100/€3
100n 600v sprague axial 10/€1 100/€8 (€1)
2u2 160v RAD 22mm, 2u2 100v RAD 15mm 100'€10
10n/33n/47n 250v ac x rated 15mm 10/€1
470n 250v ac x rated rad ....... .. 41
1U 600V MIXED DIELECTRIC e 80p ea.
100 100v RAD 15mm, 100 22mm RAD ........

2U2 250V PMT CAPS. STOCK 6K ...............

RF BITS

.. €2
t|.20
£2.80
... £4.00
- £3.00

£1e

MINIATURE CO-AX 500 URMSS .........cccoooouvnrrvrs s . 100MVET2
TRIMMER CAPS ALL . 4/80p
SMALL 5pf 2 pin mounting Smm cemves

SMALL MULLARD 2 to 22pF 4/80p
SMALL MULLARD 5 to 50pF 4/80p
larger type grey 2 to 25pF black 15 to 909'

TRANSISTORS 2N4427 .. ... ...oooiiiiiiiininniiin, e0p
FEED THRU CERAMIC CAPS 10009F ’ 10/€1

MICROWAVE X BAND GUNN OSCILLATOR 8 TO ﬁéHZ EX-
EQUIPMENT (DOPPLER SHIFT MICROWAVE MODULE) ...£9.50

MINIATURE RELAYS suiabie for RF
S volt coil 1 pote changeover -
S volt coil 2 pole changeover ..
12 volt cail 1 pole changeover ¥
MONOI.I'I’HIC CERAMIC CAPICITORS
. 100/€4.80
. 100/28

100n 50v 2 Smm or Smm

100n ax short leads ... 100/€3
100n ax long leads . 100/RG
100n 50v dil packa&o 3" rad .. .. £10/100
STEPPER MOTORS

7 )

7.5 DEGREES PER STEP 2 12 volt windings ...




his really interesting piece of test

equipment will add greater versatility

to your oscilloscope, and to your
ability to analyse digital circuits. The unit
comprises an 8-line digital sampler, a 16K
data store and a multiplexed trace multiplier,
plus automatic start/stop facilities and sync
selection. Eight separate digital lines can be
fed to the unit, be sampled and stored in the
memory, and then be viewed simultaneously
on a single or multiple beam scope as an
eight-line display. The entire 16K memory
contents can be examined as static displays,
each showing the data stored in blocks of 128
bits. All blocks are readily accessible via
panel switches.

INCREASING TRACES

The basic idea behind the increasing of the
number of traces seen on the scope’s screen is
very simple. It’s based on the staircase
waveform principle. Photo 2 shows part of the
stepped waveform produced by the unit and
displayed on my scope. At each step of the
staircase the scope trace moves up the screen

SCOP

E EXPANDE

by an amount related to the voltage step. By
selecting a suitable scope time-base
frequency, the movement of the trace across
the screen can be timed so that the duration of
each step is longer than the trace crossing
time. Using a synchronisation signal which
coincides with the start of each step, the
screen will give the appearance of having
several trace lines across it.

In theory, providing the time-base and
sync timings are correctly set, a staircase
waveform consisting of any desired number
of steps can cause the screen to show the
same number of traces, apparently all
occurring simultaneously. Each of these
seemingly independent traces can additionally
be modulated by separate signals, each them
being displayed on their allocated screen
lines. This is the principle upon which many
dual trace scopes operate, with a single trace
being chopped up and down the screen while
the signal data is routed according to which
aspect of the step is being displayed. In this
design the modulation is digital and no
provision for analogue signals has been made.

Visually, there is a limit to the number of

Photo 2. Basic staircase waveform.

—=e

John Becker
describes a new
piece of test
equipment which
gives a scope more
traces, records
digital data and
doubles-up as a
logic analyser. And
it doesn’t need a
computer!

traces that can be displayed on the screen
while still being easily distinguished by the
eye. The screen on my main scope measures
3.3 inches high and 4.1 inches wide, and
although I have persuaded it to show 16 traces
simultaneously, the modulation height of each
step was just a bit too small to be of practical
use. Eight or nine traces was found to be a
more realistic quantity. Consequently, 1 have
designed this unit to allow eight traces to be
screened by a single beam scope. There is
enough space left on the screen for a ninth
trace to be displayed, showing the data on
channel two from a dual beam scope. It seems
likely that the third channel from a triple
beam scope could also be displayed at the
same time, making ten traces in all.

STAIRCASE

GENERATOR

There are several ways in which a staircase
waveform can be generated. The two most
obvious ones are to use a diode pump circuit
driven by a constant frequency, or to use some
form of digital to analogue converter. For this
circuit | have chosen the d-to-a technique
making use of a counter chip which plays an
integral part in another aspect of the circuit.
The precision of each step is not so accurate
as would be obtained by using a dedicated d-a
chip, but in this application true precision is
not vital. The reduced precision is caused by
the tolerances of the resistors used which are
specified as the familiar 5% type. Resistor
tolerances of 2% or 1% will produce a greater
precision, but their use really is not necessary
here. In dedicated d-a chips the resistors are
trimmed by laser techniques ensuring very
tight accuracies of the final analogue output.

The d-a converter here uses the R-2R
resistor chain principle, in which each output
of a counter is coupled via its own resistor to
another chain of resistors connected as a
series of potential dividers. Figs.l and 2 show
the principle as illustrated in the Ferranti d-a
converter databook. Each resistor in the main
part of the chain is of equal value, R. Each
counter output resistor is then made twice the
value of R, that is, 2R. | won’t prove the
formula here, but the result is that at the final
junction in the chain the voltage will be
related linearly to which counter outputs are
high or low. By stepping the counter through
sequentially, the tapped voltage will appear as
evenly stepped voltages, rising as the count
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Fig 3. Transfer characteristic of an
ideal 3-bit DAC.

increases, and then jumping back to the
lowest level as the counter resets to zero.
Fig.3 shows Ferranti’s 8-step example.

The counter used is IC2, as seen in Fig.4.
It is a 14-stage counter and is driven by a
clock whose source will be discussed later.
We are interested in producing a waveform
consisting of eight steps and so we need to
use only three consecutive counter outputs,
numbers 6 to 8 (pins 2, 4 and 13,
respectively). The first five outputs are
concerned with the memory control and trace
modulation aspects and the step changing
must only take place following the internal
routines associated with the modulation
routing.

The chain of resistors consists of R4, RS
and R7. R4 is connected to the positive rail
which supplies the basic reference level. The
counter output resistors are R3, R6 and RS,
and the stepped waveform is tapped from the
junction of R7 and R8. It is to this junction
that the scope probe is connected, via SK1. If
you set the scope time-base to a suitably low
speed you will clearly see the steps, which are
about 0.5V high.

CLOCK AND SYNC

In order that the steps are seen on the
screen as eight separate traces, the scope must
be synchronised correctly and its time-base
set according to the unit’s basic clock speed.
The clock is generated by the oscillator
formed around IC1a and IC1b. The frequency
is controlled by the values of Cl and R1, and
is round about 40kHz. The exact speed is not
critical, providing it’s somewhere in this
region. At this clock speed, the scope time-
base needs to be set somewhere between
0.2ms and 20us for the illusion of eight traces
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to be seen. The time-base setting can be
chosen according to how many data bits you
wish to see horizontally on each trace.

The sync pulse is taken from the fourth
output of IC2, via SK4. If you are using a
single beam scope the sync signal is taken to
the scope’s external sync input, with the
scope’s sync controls set accordingly. With a
dual beam scope the sync pulse can be taken
to the scope’s external sync input or to the
second input channel, again setting the
scope’s sync controls to suit.

TRACE MODULATION

Since we have eight traces, we can monitor
eight external digital signals. However,
because the traces only appear to be
individual lines and are in reality one single
line, we have to multiplex the extemal
signals, routing them each in tum to the scope
probe via a simple level mixer.

This is where IC3 is used. It’s a 74HC251
8-input data selector and its logic diagram is
shown in Fig.5. The signal data, coming either
via the input gate IC10 or from the memory
store IC7, is routed to IC3’s signal inputs,
pins 1-4 and 12-15. The chip’s non-inverting
output is at pin 5, to which any of the input
lines can be switched, according to the status
of the 3-bit code applied to its control inputs
at pins 9-11. From pin 5, the selected signal
goes via R10, VR1, and R9 to be added to the
stepped waveform voltage level. (Note that
R10 is erroneously marked as R11 in Fig.4.)

The signal voltage level is set by VR so
that the stepped waveform is modulated to
clearly show the signal on its screen line. VR
is adjusted so that the maximum modulation

swing leaves a visible gap between its peak
and the lowest level of the line above it.
Typically, a swing of about 20mV is about
right. There’s nothing tricky about setting this
level and it is done simply while watching the
screen.

The signal line routing must, of course,
coincide with the respective screen line and so
the routing code is taken from the same
outputs of IC2 which generate the stepped
waveform. The signal routing has been
designed so that the least significant bit (Isb)
of an input digital signal is displayed on the
lowest trace, and the most significant bit
(msb) on the highest.

MEMORY

The basic display clock speed has to be
fairly fast so that the illusion of eight traces is
seen. Because of this, the circuit will only
allow input signals to be meaningfully viewed
in real time across a limited input frequency.
This is one reason why the unit has been
designed with a built-in memory store. First,
the eight inputs are sampled simultaneously at
a rate set by an external clock (such as that
which generates the input signals, for
example) and stored in the memory, IC7. At
the end of the sample, the circuit then
switches over to its internal clock and the
contents of the memory are routed to the
output probe.

The memory is a 16K device, allowing
2048 8-bit samples to be stored. The address
at which the samples are- stored is controlled
by the counter IC2.

Although 2048 samples can be taken, we
cannot possibly have them all displayed
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Fig 5. 74HC 251 logic details.
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across a scope screen at the same time. The
screen simply is not big enough, nor is
anyone’s eyesight good enough to distinguish
the individual bits. What we can do, though,
is fill the memory with data, and then
selectively view its contents as smaller
blocks.

With any scope screen, the eye should be
able to see the detail of at least 16 bits
displayed horizontally, and this is the block
length chosen. Therefore, on screen you can
view eight lines each containing 16 bits, 128
bits in all. The choice of which block you
view is made by selection of the memory
address lines as determined by S4-S10.

In the sampling (recording) mode, all the
address lines from the counter IC2 are routed
to the memory, the first four directly, and the
remainder via the gate IC4. At this time S4-
S10 are isolated from the memory by another
gate, IC5. Once the sampling is complete,
gate IC4 closes, and gate IC5 opens. Memory
address lines AO to A3 are then still under
counter control from IC2, but A4 to A10 are
under switch control. By switching any
combination of S4-S10 high or low, so the
relevant address block within IC7 will be
selected and multiplexed out to the scope
probe. In this way you can look at all 2048
bytes of memory data as individual blocks of
16 bytes. =

IC4 and IC5 are 74HC541 octal tri-state
non-inverting buffers for which the logic
diagram is shown in Fig.6.

AUTOMATION

There are several housekeeping functions
which need to be performed in order to make
the sampler of practical convenience. We need
to allow for external synchronisation,
detection of when the memory is full,
automatic selection of internal and external
clocks, automatic opening and closing of the
address gates, and the switching between

PRACTICAL ELECTRONICS AUGUST 1990

DATA NONINVERTING
WPuTS 6 OUTPUTS

AS Y5

., 13 Fig 6. 74HC541 logic details.

6 ¥6

- 2 record and playback. We additionally need to
9 o avoid conflict between the input and memory-

A8 Y8

playback signals.

The latter is controlled by the nature of the
memory itself and by IC10, which is a gate
identical to those used for IC4 and ICS. When
recording the input signals, IC10 is opened
and the signals pass through to the memory
data pins. When in record (write) mode, the
memory’s data lines are set as inputs, and
therefore do not affect the incoming data
logic. In playback (read) mode, ICIO is
switched off and its outputs go into a high
impedance state, shutting off the input signals.
At the same time the memory’s data lines are
activated and their data are sent to the
multiplexer IC3.

SIGNAL SYNC

I have designed in a choice of whether the
start of each sampling period is controlled by
the external clock signal, or from a separate
external sync pulse generator. This allows for
the start of each sampling period to be
initiated automatically to suit your needs. Sl
selects the sync mode.

The sync signal controls the start of the
sequence by triggering the flip-flop IC9a. Any
positive-going 5V logic signal will trigger it.

To initiate the sequence, the reset switch
S2 (labelled as Run/Stop in the wiring
diagram - Fig.10 next month) is

SEQUENCE STARTING

When S2 is switched off, IC9a will be
clocked by the arrival of the first positive-
going signal received on its clock input pin 3.
This sets its pins 1 and 2 high and low
respectively, so taking the reset level off from
both the counter and sequence-end controller.
Simultaneously, the code now applied to gate
IC8 pins 2 and 14 causes the external clock
signal to be routed to the counter, and also to
the memory’s read/write pin.

As you will see, the counter and the
read/write pin are triggered by opposing
phases of the same signal. When IC10 pin 10
goes low, the counter steps on by one place,
while the memory at that moment is held in
read mode. When IC10 pin 10 goes high, the
counter ignores this change, but the memory
is now set into write mode, and so the data
from IC10 is written into the memory at the
address set by IC10.

AUTOMATIC ENDING

The sequence of counter-step followed by
memory-write continues until one of two
things happens, one them manual and the
other automatic, at which point the sequence
is stopped. The automatic sequence-end
condition is governed by the status of the
NAND gate IC6. This is set to detect for when
all seven address lines via IC4 are high.

first switched on to take IC9a’s
reset input high. This sets IC9a’s
pins 1 and 2 low and high
respectively. The latter resets the
counter IC2, and also resets the
sequence-end controller IC9% so
that its pins 13 and 12 are low and
high respectively.

IC9a and IC9) also control the
gate IC8, which is a dual 4-input

data selector whose logic diagram
is shown in Fig.7. (Figs.5-7 are reproduced
from the Motorola databook covering the high
speed cmos series of chips.)

The combination of IC9a pin 1 and IC9b
pin 13 both being low sets IC8 so that logic 1
appears at its pin 9, thus setting the memory
into read mode. Simultaneously, IC8 pin 7 is
forced low so, via the inverter IClc, holding
high the clock input of IC2. IC9b’s outputs
now hold gate IC4 open to the counter, gate
IC10 open to the input signal, and gate ICS
closed to S4-S10.

Fig 7. 74HC153 logic details.
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Fig 8. Printed circuit board component layout.

(Observant readers will spot that this occurs
16 steps earlier than a ‘full’ memory
condition.) At this point in the count, IC6’s
output goes low, is inverted by ICId, and
triggers the clock input of IC9b. This sets
IC9b’s pins 13 and 12 high and low
respectively.

Immediately, IC10 closes to the input
signals, IC4 closes to the counter lines, and
IC5 opens to S4-S10. IC8 now sees another
code on its control pins 2 and 4. As a result, it
holds the memory in read mode, and puts the
counter under control from the internal
oscillator. It is from this moment that you can
start viewing the data held in memory,
selecting the byte blocks by means of S4-S10.
The memory will continue to hold its data
until either the power is switched off, or S2 is
used to reset the system ready for the next
batch of data to be recorded. (In the latter
instance, the data is still held in memory but
will be over-written by the next batch of
sampled data.)

MANUAL ENDING

Obviously, when the signals being
recorded are controlled by a high speed
external clock, the completion of the

recording will occur in only fractions of a
second. If, however, you want to record data
that is associated with a slow external clock,
then you may not wish to wait until the
NAND gate has detected the end-of-sequence
count condition. So that you can terminate the
sequence early in this sort of situation, S3 has
been included. By switching S3 on, a high
level is applied to the clock input of IC9b, so
simulating the end-of-sequence pulse from
IC6. R12 prevents S3 from adversely
affecting IC6’s output. S3 must be switched
off again before the next recording sequence
can be started (a push-make switch could be
used instead of the toggle switch shown).

SIGNAL INPUT RATES

There is no limit to the slowest speed at
which data can be sampled. The external
clock frequency can be as slow as you like.
The maximum sampling rate when using the
chip types specified is probably in the region
of 2MHz, as dictated by the rate at which the
counter IC2 can count. If the counter is
clocked at a rate faster than about 2MHz, it
simply won’t be able to keep pace with the
clock. Remember that there is a finite time at
which the data within the counter can ripple

through all 14 stages. If you need to sample
at a higher rate, then substituting a high
speed cmos counter type 74HC4040 will
increase the maximum clock rate to at least
4MHz, and possibly higher. The other 74HC
chips in the circuit will happily cope with the
same speeds as a 74HC counter, and the
memory should also be content with the
same rate. None of the remaining chips in the
circuit should be unhappy with a 4MHz
sampling clock speed.

MEMORY CHOICE

In my own unit I used an MK48T020B-20
lithium battery-backed memory for IC7. This
gave the added advantage that the data
remained stored in memory even after the
power was switched off, though the benefit is
probably only marginal. In most instances, a
normal volatile static random access memory
(sram) will prove satisfactory, such as the
6116 for example. Several manufacturers
produce it, each giving their own prefix and
suffix codes to the number. Other srams are
probably also suitable, but check that their
16K size is arranged as 2048 words by 8 bits
and that they have the same pin
configurations.
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Fig 9. Printed circuit board track layout.

COMPONENTS POWER SUPPLY

RESISTORS
R1,R2,R5,R7,R10-R12 10k (7 off)
R3, R4, R6, R8, R9 20k (5 off)

VRI 10k skeleton preset
All 0.25W 5% carbon or better

CAPACITORS
Cl In polystyrene
C2-C7 100n polyester (6 off)

SEMICONDUCTORS

IC! 4069

1C2 4040

IC3 74HC251

IC4, ICS, IC10 74HCS541 (3 off)

IC6 4068

IC7 6116 type memory (see text)
IC8 74HC153

IC9 4013

SOCKETS

SK1-SK5 2mm single (5 off)

SK6 data connector - (see text)

SK7 3.5mm jack socket
14-pin dil (3 off), 16-pin dil (3 off), 20-pin
dil (3 off), 24-pin dil

MISCELLANEOUS

S1-S10 spst min toggle (10 off), printed
circuit board, pcb supports (4 off), box to suit
(approx 210 x 150 x 40mm).
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The unit has been designed to be run from
a 5V dc source. This level must not be
exceeded and it's preferable that the supply
should be stabilised. The power can come
from any normal 5V power supply, of which
many examples have been published in PE
over recent years. However, since you are
obviously interested in  experimental
electronics, 1 am sure that you probably
already have a suitable psu in your workshop.
The current drawn by the circuit is
approximately 180mA  maximum when
recording, and about 30mA on replay. These
figures were measured using the lithium
backed sram referred to above. Other memory
types may draw different currents. (Without
the sram in place the current drawn is less
than 2mA.)

DATA SOCKETS

For my own convenience | used a D-type
computer socket as SK6 on the prototype and
it is this which is shown in the wiring
diagram. There is no need to stick to this type
of socket and any means of connection to
your source signals can be chosen to suit your
needs. You may even find it more convenient
to simply connect wires to the input pins of

IC10, allowing you to hard-wire the unit to
whatever circuit you are checking. Remember
to always discharge static electricity from
yourself before making connections to the
wires, and don’t allow signals greater than 5V,
or less than OV, to be fed into the unit. This
applies to all inputs of the circuit, not just
those to IC10.

Also to suit my other workshop
equipment, 2mm single sockets were used for
the other five signal inputs and outputs. For
the psu input a 3.5mm jack socket was used.
Naturally, you may substitute other types of
socket to suit your workshop.

CONSTRUCTION

The pcb track and component layouts are
shown in Figs.8 and 9. It is preferable to use
ic sockets for all of the ics. The wire links can
be made from strands of connecting wire,
with or without the plastic sheathing.
Alternatively, do as | do, use 24 swg tinned
copper wire cut to length, and then shaped
using thin-nosed pliers. It can be bought in
rolls from several advertisers and is always a
useful product to have in the workshop. Avoid
the enamelled types for this application since
the enamel usuatly needs to be scraped off
before soldering - a tedious task!

Next month I'll show the control wiring
diagram and tell you about the testing and

:
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ellular radio is an outgrowth of
mobile radio. It is a means of using a
limited number of channels, in the

already crowded radio spectrum, over again.
This is achieved by splitting the coverage area
into cells, using different transmission
frequencies for the neighbouring cells and then
re-using the first set of frequencies for cells
further away.

Mobile radio started as a trial in 1959 in
South Lancashire. Using vhf radio and two
base stations, the Post Office manually
patched the 55 channels. These channels were
spaced 50 kHz apart. In 1965 the London
Radiophone Service started an automatic
dialling became available in 1981 with
Radiophone System 4. The channels are
spaced at 12.5 kHz in the vhf band and over
10,000 people used the service.

Supply could never keep up with demand
and in 1979 the World Radio Conference
provided 1000 channels at 25 kHz spacing in a
band near 900 MHz. Of these, 400 are reserved
for a pan-European cellular network and the
remaining 600 divided equally in the UK
between the two licensed operators Racal
Vodafone, and Telecom Securicor Cellular
Radio (TSCR) trading under Cellnet.

Both operators are licensed for 25 years and
were required to begin service at 31 March
1985 and cover 90% of the population by
1990. The operators cannot sell their services
directly but must offer them through licensed

Our thanks to British Telecom for
kindly supplying this photograph of
their "lvory" cellular phone.
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around 100W. Urban cells on the other hand
can be small, about a mile, with transmitter
powers of 25W and less.

Larger cells can be divided into smaller
ones when traffic grows and the size of cells
will depend on'the type of aerial and height,
power transmitted and location of aerial.
Urban base stations can be found in such
places as the corner of public car parks.

If there are a small number of cells in each
cluster, a large number of channels can be
allocated per cell and therefore the traffic per
cell is higher. However the distance between
cells which use the same channels reduces,
which increases the interference and a 7-cell
cluster is a suitable compromise between
traffic capacity and interference.

NETWORKING, SCANNING
AND REGISTRATION.

Base stations are connected to Mobile
Switching Centres (MSC) which are equipped
with sufficient computer power to perform all
the functions of cellular radio. The MSC is
also connected to other MSCs and to the public
telephone network to give access not only

mobile to mobile but mobile to fixed
telephone.

The links from the base station to MSC and
MSC to the public network are permanent,
(Fig.3), unlike mobile to base station links

which are reallocated as the need arises.

CELLULAR

ADIO

retailers of telecommunications equipment
such as Granada, Aircall and Motorola.

The network can provide the following
features:

a) last number redial

b) call waiting indicator

¢) call diversion

d) itemised bills

e) conference calls

f) abbreviated dialling

g) alarm call

h) voice store and forward (mailbox)

AMPS AND TACS

Cellular radio was proposed by Bell
Laboratories of the USA after the second
World War but the computer technology did
not exist to make it work. It was not until 1978
that Bell developed the Advanced Mobile
Phone System (AMPS) and Ameritech
marketed the system in Chicago, signing on
8000 customers.

The system used in the UK is called the
Total Access Communication System (TACS)
and is based on AMPS. The parameters are
compared in Fig.] and some of these will be
explained later. A pair of frequencies
separated by 45 MHz are chosen and the
higher frequency is used for base to mobile
transmission. The lower frequency in the
mobile to base direction for TACS operation.
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Mike Sanders
looks at the
principles behind the
radio phone system
introduced
essentially for public
and PSTN
communications.

THE TACS SYSTEM

The area to be covered is divided into
smaller areas called cells which are hexagonal
in shape. These shapes are then grouped
together into clusters of 4, 7, 12 or 21, as in
Fig.2, which are the most common clusters
since they can fit alongside other similar
clusters.

Cells in rural areas can be large, 20 to 30
miles across, using _transmitter powers of

Fig 1. Comparison of TACS and AMPS.

Feature AMPS JACS
Maximum channels 666 1000
Spacing 30kHz 25kHz
Base transmit 870-890MHz  935-960MHz
Mobile transmit 825-845MHz  890-915MHz
Speech frequency deviation 12KHz 9.5kHz
Signalling rate 10kbit/s 8kbit/s

The MSCs keep a record of the
whereabouts of each mobile. This is called
registration and when a mobile moves out of a
base station, the MSC commands other base
stations to take power level measurements.
The mobile is then handed off to the nearest
base station. A break of only 400ms is
encountered.

These are the general networking aspects
and scanning and registration will be dealt
with in greater detail.

Each of the two networks operating within
TACS reserves 21 channels for control. The
rest of the 279 channels may be used for
speech or control as required. Mobiles are
programmed with the Dedicated Control
Channels (DCC) of both networks and an
indicator to designate one of them as the
primary network.

When a mobile telephone is switched on, it
scans the DCCs of its primary network
looking for channels with the strongest and
second strongest signals. If it fails, it scans the
DCCs of the secondary network. All this
usually takes 5 to 10 seconds but could take
as long as 17 seconds.

The mobile then registers its location.
There are two kinds of registration: forced
and periodic. With forced registration, the
mobile registers its location each time it
crosses a boundary whereas with periodic
registration, the mobile keeps a record of the
previous four traffic areas and updates this
record.
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Fig 2. Cell clusters.

SPEECH, CONTROL AND
SIGNALLING CHANNELS

Speech is carried by frequency modulation
(fm) using a peak signal deviation of 9.5 kHz.
Preceding mobile radio systems used a peak
deviation of only 5 kHz on a 25 kHz spacing
to limit adjacent channel interference. In
cellular radio, adjacent channel interference is
avoided by carefully planning the cell repeat
pattern, ie allocation of channels in
neighbouring calls.

A greater problem in cellular radio is co-
channel interference, ie interfering signals on
the same channel, and this wider frequency
deviation assists the rejection of these
interfering signals.

There could be as many as three different
types of control channel: the dedicated control
channel already discussed, paging channels
and access channels. All the functions could
be carried on one type of control channel but
the three different types of control allow for
growth and expansion of the network.

Paging channels are used to inform
mobiles of incoming calls, provide channel
numbers of access channels and identity of
traffic areas. Access channels ‘are used to
reply to paging calls, set up outgoing calls
and register the mobile’s location.

In order to set up a call or hand off a
mobile to another base station, signalling is
required. The signalling rate is 8 Kbit/s but is
Manchester coded to a rate of 16 Kbit/s so
that the clock may be extracted at the
receiver. Signalling is achieved by frequency
shift keying (fsk) the radio carrier with a
carrier deviation of 6.4 kHz.

Since there is plenty of interference on
radio channels, three methods of error
correction are employed:

Fig 3. Cell linking.
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1) sufficient redundancy is built into the
message; this is called forward error
correction (FEC);

2) the message is repeated several times;

3) a majority decision is taken on the
repeated message, eg if the message is
repeated five times and the first digit is
received four times as a one and once as a
zero, it is quite likely a one.

The message to be transmitted is encoded
into a block together with a parity word, using
BCH (Bose-Chaudhuri-Hocquenghem) coding.

In the base station to mobile direction, the
signalling information is repeated five times
and the speech message eleven times. In the
mobile to base station direction both
signalling and speech are repeated five times.

When a message is received, a majority
decision is made on the blocks by comparing
the bits. Most of the errors are corrected in
this way. The parity word then corrects one
more error if it exists and detects the existence
of more errors. If they exist the message is

rejected.
Mobiles lock onto a message by bit
synchronisation and with word

synchronisation to indicate the start of an
information frame. Also, a mobile must
indicate to a base station whether or not it is
free to receive calls. It does this quite simply
by transmitting an 8 kHz tone when free
instead of transmitting whole information
frames.

SUPERVISION, HAND-OFF
AND POWER CONTROL

In order to enable the audio path, a
supervisory audio tone (SAT) is required.
Three different frequencies around 6 kHz are
used and these are distributed around the cells
to reduce co-channel interference. Therefore a
cell in an adjacent cluster and using the same
radio channel will use a different SAT. The
base station instructs the mobile which SAT is
being used while the call is being initiated.
The SAT is then transmitted by the base
station and looped back by the mobile for the
duration of the call.

During a call, the base station constantly
checks the level of the signal. If this falls
below a threshold, the base station informs the
MSC which instructs the neighbouring base
stations to measure the mobile’s signal
strength. The MSC scans the results and

chooses the best cell to transfer the mobile to.
The MSC allocates a speech channel and
instructs the original base station to order the
mobile to this channel. The user experiences a
period of silence lasting up to 400ms while
the mobile tunes in the new channel.

Just as the signal can get too weak when a
mobile moves away from a base station, the
signal can get too strong if a mobile moves
close to a base station. These high signal
levels from the mobile can cause
intermodulation in the receivers of the base
station and therefore interference to other
users. For this reason the mobile signal levels
are monitored and if they exceed the
threshold, the mobiles are instructed to reduce
their levels. The mobile acknowledges the
instruction and selects a suitable power level.

CALL SET UP

When a call to a mobile is being set up, the
MSC checks the mobile’s location from the
registration files and pages the mobile via the
base stations in that area. The mobile tunes to
the allocated channel and checks the received
SAT. The mobile phone then alerts the user
and transmits an 8 kHz signal back to the base
station. When the user takes the call, the
signal is discontinued and the speech channels
are enabled.

To originate a call, the mobile user dials
the number or sends it directly from the short
code memory. The mobile then tries to access
the network by scanning the access channels
and choosing the channel with the strongest or
second strongest signal to receive overhead
messages on access procedures.

The mobile monitors the busy-idle bit
stream from the base station and if it is idle
the mobile transmits its message. The mobile
then checks that the bit stream changes to
busy at the correct moment in its
transmission. If this does not occur, the
mobile abandons the message, waits a random
period of time and tries again. In this manner,
the difficulty of several mobiles trying to
access the network at the same moment is
overcome. )

When the mobile has transmitted its
message, it waits on the access channel for a
message from the base station. If it is merely
registering, the reply is a confirmation and the
mobile returns to idle. If the mobile is setting
up a speech path, it gets a channel number and
SAT. The mobile then tunes to the allocated
channel and the user can hear the ringing
tone.

When a mobile user has finished his call,
the mobile transmits a burst of 8 kHz for 1.8
seconds to the base station and then begins the
channel scanning mode. Similarly if the call
had been originated on the inland telephone
network and the originator terminates the call,
the mobile acknowledges with an 8 kHz burst
and begins the channel scanning mode.

If, during a call, the user wishes to take
advantage of any of the special facilities, like
calling up a third party for a conference call,
he punches in the relevant code and presses
the send key. The mobile sends 8 kHz of
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signalling for 0.4 seconds and the base station
replies by asking for the message. When the
mobile has sent the message, the user returns
to his conversation, while the message is
being processed.

SCANDINAVIAN NMT

The world’s first international cellular
radio network was the Scandinavian Nordic
Mobile Telephone System (NMT 450) which
started service in 1981 and was developed by
Denmark, Finland, Norway and Sweden.

User growth has been rapid, from 45,000
to 100,000 in Sweden alone and overall there
are around 350,000 mobile cellular phone
users from a combined population base of
only 22 million. The band around 450 MHz
was good for rural communication since the
range is better than that for the 900 MHz band
but soon became congested for use in the
cities of Oslo, Helsinki, Copenhagen and
Stockholm.

To alleviate the shortage a band around
900 MHz was introduced (NMT 900). Since it
is harder to operate at 900 MHz because of
Rayleigh scattering and so on, the NMT 900
is fitted with a receiver diversity system and
companders giving a compression ratio of 2:1.

The mobile transmits in the 890-915 MHz
range and receives in the 935-960 MHz range.
This accommodates 1000 channels with a 25
kHz separation. The system can-also double
the number of channels for city use by
reducing the channel spacing to 12.5 kHz.

Automatic call queuing is a facility
available on most modern telephone
exchanges and although not possible on the
NMT 450, it is available on the NMT 900.

The NMT 450 has already been
implemented in other countries such as
Austria, Belgium, China, Spain, Netherlands,
Oman, Malaysia, Indonesia, Thailand, Turkey
and Saudi Arabia.

PAN EUROPEAN CELLULAR
RADIO NETWORK

Network providers appreciate that in the
1990s mobile systems would operate in the
935-960 MHz range for base station
transmission and 890-915 MHz for mobile
transmission. Accordingly the lower 15 MHz
of each band was reserved for planned
systems and the upper 10 MHz for a pan
European system.

In May 1987 France, Italy, the Federal
Republic of Germany and the UK signed an
agreement to provide digital cellular radio by
1991 in the four countries. The eleven other
countries within CEPT (Committee for
European Post and Telecommunications) also
agreed to the standards laid down by the GSM
(Groupe Speciale Mobile).

The number of users at the year 2000 is
expected to be 10 million and the standards to
be defined are:

1) user to mobile

2) mobile to base station
3) base station to switching centre
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Fig 4. Mobile and fixed networks.

4) switching centre to switching centre
5) switching centre to public network

Fig.4 shows the relationship between the
mobile and fixed networks.

First generation systems like TACS are
analogue since the voice is carried as a
continuously varying waveform whereas
second generation systems will carry digital
signals. The first generation systems also
assigned a speech channel for the duration of
the call whereas digital systems will be by
tdma (time division multiple access). That is,
each user is assigned a time not only when
actually transmitting (time division) and
multiple access means that several users can
access the system at the same time.

Two types of tdma were tested: a
wideband tdma occupying 4.5 MHz and
transmitting 63 channels and a narrow band
tdma occupying 250 kHz and transmitting 10
channels. The narrow band version has been
opted for.

Another advantage of tdm transmission is
that the transmit and receive paths are on
different time slots, reducing interference,
therefore the bulky duplex filter used on the
analogue version is no longer required.

Digital transmission of analogue signals is
wasteful on bandwidth and this is a strain on
the already overcrowded radio spectrum.
Pulse code modulation (pcm) requires that the
sampling rate be at least twice the highest
frequency.

Therefore if speech is transmitted in a 4
kHz bandwidth, the minimum sampling rate
must be 8 kHz. Each sample is then encoded
by eight bits, therefore the total bit rate per
speech channel is:

8 kHz x 8 bits = 64 kbit/s

An obvious method of reducing the bit rate
is to reduce the encoding digits from eight bits
to say four bits. Of course the quality suffers
but in some applications this may give
sufficient intelligence to the speech.

Other methods are by sub-band coding and
linear predictive coding (Ipc). Predictive
encoding uses an electronic model of the
human vocal cords to predict the sounds. In
sub-band coding the analogue band is divided
into smaller bands and the energy in each
band is encoded. At the receiver the message
is decoded and the original speech

reconstructed.

In addition to speech, data transmission
will also be possible at 300, 1200, 2400, 4800
and 9600 bit/s. The following facilities will be
available:

1) voice store and forward

2) videotex

3) telefax

4) facsimile

5) call diversion

6) call barred

7) alarm calls

8) three party calls

9) speech encoding

10) call queuing

11) identity of caller

12) access restricted to selected groups
13) information on call charges

A pan European cellular mobile network
will be one of the most exciting and
challenging developments expected by a
mobile society since one will be able to roam
across Europe taking one’s own telephone
along.

GLOSSARY

AMPS Advanced Mobile Phone System

BCH  Bose Chaudhuri Hocquengham

CEPT Committee of European Posts and
Telecommunications

DCC  Dedicated Control Channel

FEC Forward Error Correction

FSK Frequency Shift Keying

GSM  Groupe Speciale Mobile

LPC Linear Predictive Coding

MSC  Mobile Switching Centre

NMT  Nordic Mobile Telephone

PCM  Pulse Code Modulation

SAT Supervisory Audio Tone

TACS Total Access Communications
System

TDMA Time Division Multiple Access

TSCR  Telecom Securicor Cellular Radio

Next month Mike Sanders takes a look at
Radio Paging.
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PE RADIO CLOCK
Tuner unit Kit 298.1 £13.00
Decoder Unit Kit 298.2 £36.50

PHONOSONICS

LEADING SUPPLIERS OF KITS FOR PE PROJECTS SINCE 1972

More details in catalogue

Here's just a selection of
our kits for
PE-published projects.

Many more in

our catalist!

Send medium sized
stamped addressed
envelope for your copy
and with all enquiries.
(Overseas send £1.00 to
cover postage).

PHONOSONICS,

DEPT PE98, 8 FINUCANE DRIVE,
ORPINGTON, KENT, BR5 4ED.

Tel: 0689-37821 (answering machine)

NEW PE
PROJECTS =

QOO0

ill'm

PE ECHO STATION
Multiple extended delays version SET 294L £65.00
Standard delay version SET 294S £33.50

* SCOPE EXPANDER x
* MORSE DECODER x
* MESSAGE MAKER %

DETAILS IN CATALIST

PE EEPROM

PROGRAMMERS
DETAILS IN CATALOGUE

ORDERING

Add 15% VAT. Add P&P — Sets over £50 add £3.00.
Others add £2.00. Overseas P&P in catalogue. Text
ht ies — Oscill pe £3.00, Geiger £3.00, Radio

PE BAROMETER SET285 £41.20
Computer controlled unit for monitoring atmospheric
pressure.

PE GEIGER COUNTER SET264 £65.50

A nuclear radiation detector for environmental and
geologica! monioring. With buik in speaker, meter and
digital output. This project was demonstrated on BBC TV.
PE MULTIZONE ALARM CONTROLLER
SET280 £23.90
Two entry-zones, anti-tamper, personal attack, entry-exit
timing, timed duration, auto resetting, latching LED

moniors.

PE DUAL BEAM OSCILLOSCOPE

SET 290 £57.50.
Electronic comps. incl. pcbe, excluding cnt, transformer and
case.

PE VOICE SCRAMBLER SET287 £49.50
32 ﬁsdwn%r;]able channels to keep your communications
confidential.

e

Gock!::lw others £1.00, pius S0p post or large SAE.
Insurance 50p per £50. MAIL ORDER, CWO, CHQ, PO,
ACCESS VisA. Telephone orders: Mon-
Fri, 9am - Km 0689 37821.
{answering machine)

PE FREQ COUNTER/GEN
Counting to 4MHz, digital generator to 2MHz,
variable wave form generator to 20kHz. SET
296 FROM £33.50 (See list for more details)

Interak 7—j
SINGLE BOARD COMPUTER

ST [
i ?5 3 ¥
S
l 4 ]'. L.}'f “A L

“SBC-1"

JOIN UP WITH LITESOLD

Professional Soldering Equipment at Speclal Mail- Order Prices.

SK18 Soldering Kit. £19.75
Build or repair any electronic project. //
LC18 240v 18w iron with 3.2, 2.4,
and 1.8mm bits. Pack of 18 swg
fiux-cored 60/40 soider. Tweezers.
3 soldering aids. Reel of De-Solder
braid. In PVC presentation wallet.

SO on

74LS" or "HC" parts

cheapest 100!

controlier

By disabling the on-board ZB0A-CPU this card will plug into our Interak
1 CPM Plus disk-based development system. so if you dont fancy

hand-assembling 280 machine code you dont have to'

The 1dea 1s (f you are a manufacturer) you buy just one development
system and then turn out the cheap SBC-1 systems by the hundred If
you are really lazy we can wnite the program for you and assemble the
SBC-1 cards s0 you can get on with manutacturing your proguct. leavin

all your control problems to us

Greenbank

For more details write or phone us:
460 New Chester Road, Rock

Greenbank Electronics, Dept Eosp
Ferry, Birkenhead, Merseyside. L42 2AE.
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A computer doesnt have 1o look hke you d expect a computer 1o look
It doesn t have to have a keyboard and a screen and Hioppy Cisks and

The SBC:1 has the bare mimmum of chips a Z80 computer can have
ang still be a computer A 4 MHz Z80-CPU chip an EPROM chip tup
10 32K). a staic RAM chip (up to 32K) and a pair of 8255A 11O (input
output) chips giving 48 individual ings to waggle up and down There
are one of two addional glue " chips included. but these are simple

A star feature is that no special or custom chips (ie PALs ULAs ASICs
etc) are used — and thus there are no secrets The ZBOA is the fastest
and best estabhshed of all the B-bit microprocessors — possibly the

Although no senal interface 1s inciuded. it 1s easy for a ZBOA to waggle
one bit up Or down at the appropriate rate — the cost 1s a few pence
worthof code In the program why buy hardware when software wil do?

Applications already identhed include Magneuc Card reader. min
printer interface. printer butter. push button keypad. LCD alphanumernc
panel interface. 40-zone secunty interface for auto sending of secunty
alarms code converter (eg IBM PC keyboard codes to regular ASCIH
real bme clock (with plug in module) automatic horticultural irngaton

ADAMIN Miniature Iron £8.60 finger
— Interchangeable bits available 1.2,
T t— | £ 9 4 34 and 4, Tmm. Fitted with
Possibly smallest mains iron in the
world. Ideal for fine work. Slim

nylon handle with finger grip.

2.4mm. 240v 12w (12v available).
Presentation wallet.

‘L Series Lightweight Irons. 12w £9 20

High efficiency irons for all
electronic hobby work. Non-roli
handles with finger guards.
Stainless! steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model,
connected elements. Slip-on bits
available from 1.6 to 4. 7mm. LA12

18w £8.64

18w, 3.2mm bit. 240v Std - 12v
available. Presentation wallet.

Soldering Iron
Stands 3&4
£7.33

Designed specially for LITESOLD irons.

) Heavy, solid-plastic base with non-slip pads.
Won't tip over, holds iron safely. With wiping
sponge and location for spare (hot) bits.

No 5 stand for EC50 iron No 4 stand

22 for ADAMIN miniature lron No 3 stand
for LA12 and LC18 Irons.

De-Solder Pumps £8.65

High Quality version of increasingly =
popular type of tool. Pracision made
gnodised aluminium bady, plunger
guard and t jh-seal piston. Easy

="'

thumb operation. Automatic solder
ejection. Conductive PTFE nozzle -
no static problems.

Tel: 051-645 3391

Prices inciude p&p and VAT. Send order
with Cheque/P0. Ring for Access/Visa sales

LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. PE
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97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 081 689 0574
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he audio frequency (af) octave

measuring system described here was

developed to meet a specific demand
for a measuring system which would allow
rapid assessment of the balance of a line-
terminating circuit which incorporated a
number of variable components. The initial
objective was to produce a display which
would give a rapid and continuous visual
response to circuit adjustments. The design
was subsequently modified to make it of more
general use.

This article describes how the particular
system was chosen and compares possible
alternatives. The details of the specific design
are then discussed and two options for the
construction of a working model are offered.
As the specific detail of the design may not
suit everyone's requirements methods of
modifying the system are indicated where
relevant and a number of possible options and
additions to the basic design are proposed.

OPERATIONAL SPEED

One of the basic problems with any af
measuring system is that the measuring
device must operate sufficiently slowly for
the signal detection circuits to acquire enough
information to determine the circuit condition
at specific frequencies. If, for example, you

AUDIO PROJECT [}

WECEIVE LEVEL

-

NN e al s

o

an accurate display. Too fast a sweep will
distort both the apparent frequency and
amplitude of a rapidly changing filter
response.

For the specific function for which the
octave generator was designed there were no
sharp peaks or notches in the response and so
a detailed frequency scan was not necessary.
Many tone control circuits, equalising filters
and, in the author’s case, balancing circuits
have only a gradual change of attenuation or
gain with frequency and are thus suitable for

SPLIT SYSTEM

The measuring system can be considered
as two separate parts, the transmit section
shown in Fig.1 and the receive section shown
in Fig.2. When we come to consider the
practical construction it will be seen that some
parts of the transmitter and receiver are
combined onto common circuit boards but
this is solely for ease of construction and to

AF OCT

VE MEASURING

want to measure the amplitude of a signal
having a frequency of 10Hz then you must
wait at least one full cycle of that signal, in
this case 100milliseconds. This is the absolute
minimum time and in practice, as several
cycles may be required to obtain a steady
reading, this time may triple or quadruple.
The delay obviously becomes less as the
frequency of the measured signal increases
but any common detector circuits must be
designed to cater for the lowest frequency to
be measured.

For many applications the frequency
sweep measuring method is ideal since every
frequency in a given band is measured,
usually by increasing frequency with time and
displaying the resultant output on an
oscilloscope either as an ac wave envelope or
by detecting the ac signal to display only the
peak voltage. Particularly for the home
constructor, the sweep system has two major
problems. Firstly, provision of suitable
frequency markers and/or frequency scale,
and secondly the generation of the correct
(usually logarithmic) sweep waveform to
drive the oscillator. A third but lesser
difficulty is covering the desired number of
octaves in a single sweep while retaining the
desired resolution. Having said all this the
main advantage of the continuous sweep is all
frequencies within a specified band are
examined so that, for example, if a filter is
being examined the sweep system is ideal,
although even here care has to be taken to
sweep the filter sufficiently slowly to produce
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Joe Chamberlain
reveals how you
can call your own
tune with this audio
frequency reading
design.

octave frequency measurement. The system is
also very useful for making rapid comparisons
of the performance of two or more nominally
similar circuits. The initial design was
produced to observe the effect of multiple
variables on the balance of a line hybrid
circuit for a modem. In this case the variables
were adjusted to achieve minimum output
from the hybrid over the widest possible
frequency range. The great advantage of this
measuring system over a sweep system is that
the whole frequency spectrum of interest can
be observed at the same time, and the effect of
parameter changes are seen as the adjustments
are made, instead of having to wait for a few
seconds to observe the effect of a change.
Although this may at first sight appear to be
of little advantage, in practice it allows much
faster and more accurate settings to be
achieved.

reduce the number of separate boards
required.  The general method of
interconnecting the boards is shown in Fig.3.

References to signal levels throughout this
article are made in terms of decibels (dBs).
These units (strictly speaking) represent
power ratios but may be used to specify
voltage levels if the impedance at the points
of interest is constant. In most audio
engineering applications the impedance
specified is 600 ohms so that a level of |
milliwatt represents a voltage of 0.775 volts
rms in a 600 ohm resistive load. Even where
the impedance at the measurement point is not
600 ohms voltages may be expressed as dBs
provided that it is remembered that only the
voltage ratio (and not the power ratio) is of
significance.

The voltage ratio in dB = 20 log x Voltage 2
Voltage 1

Therefore if voltage 1 = 0.775 V and
voltage 2 = 7.75 V the logarithm of the ratio
V2/V1 is 1 and the dB ratio is +20dB. The
same thing happens if you calculate VI1/V2
except that the ratio becomes -20dB.

THE BASIC SYSTEM -

TRANSMITTER

The transmitter consists of a square wave
signal generator feeding a multistage binary
divider the various outputs from which have
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their fundamental components selected by
band pass filters. The response of the filters
determines the harmonic content of the output
signal. The outputs from the filters are
combined by a unity gain virtual earth input
amplifier and fed via level adjustment circuits
to the transmitter output.

At first sight there is no objection to
substituting separate free running sine wave
oscillators for the band pass filters and square
wave generator. However, if this were done
from time to time the outputs from all
oscillators would add in peak voltage to
produce a signal which might overload the
circuit under test and would certainly
overload the transmitter output circuit. By
deriving the signals from a coherent,
harmonically related source the output signals
add to produce an output having a much lower
peak amplitude that that of the sum of the
individual signals. When the transmitter has
been constructed it is instructive to turn on the
individual channels one at a time starting with
the lowest frequency and observe the resultant
change in output signal waveform.

The performance of the transmit bandpass
filter determines the purity of the transmitted
sine wave signal. When the square wave
signal is applied to the filter input, virtually
all the odd harmonics of the fundamental
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Fig 4. Gain/frequency response of
3200Hz band pass filter.

frequency are present at equal amplitude. The
graphs shown in Figs. 4a, 4b indicate the
performance of the filter when constructed
from components having an accuracy of better
than 1%. From this it can be seen that no
harmonics are present at a level greater than -
47dB below the fundamental. Because the
original square wave signal contains very
little 2nd harmonic the actual harmonic
content of the output is significantly better
than this. Although in practice the filter may
be constructed with components having a
lesser degree of accuracy the effect on the
filter outside the pass band is minimal. A
slight increase in loss at the centre frequency
(one or two dB) may be observed which can
be compensated for during the alignment of
the measuring set and will in effect worsen
the whole stop band performance by the same
amount.

The main change to the original design
was to incorporate 2-stage filtration of the
transmit and receive signals. As the initial
requirement was to achieve a flat response
over the whole frequency band harmonic
suppression of 20 or 30 dB was quite
adequate. In making the equipment of more
general use it was thought best to cater for a
slope across the band of the maximum
measuring range (30dB). The increase in
circuit complication and cost is minimal and
the result is a much more flexible design.

ANALOGUE FILTER
DRIVE CIRCUIT

Let us now look at the system design in
detail starting with the Driver Board for use

PRACTICAL ELECTRONICS AUGUST 1990

Fig 5. Analogue i

filter dnv_er 1c2 1c3
schematic. 27 COUNTER 27 COUNTER
SQUARE WAVE QUTPUTS
TOTRANSMIT FILTERS
with the analogue filters. A functional

diagram of the board is shown in Fig.5 and
the circuit diagram in Fig.6. The signal source
is a 25.6kHz square wave generator built
around a CD4047 programmable
multivibrator (IC1). In this instance the circuit
is used as a free running multivibrator. The
circuit has a frequency stability of better than
1% which is adequate for this application. The
exact frequency is set by VR2 in conjunction
with R1 and C1. The output is taken from pin
10 of the CD4047 to the clock input of a 7-
stage binary counter, IC2. All seven outputs
from this counter are used to drive the
corresponding analogue band pass filters.
Output 7 of the counter is also used to drive
the clock input of a second counter, IC3,
which also drives filters.

The various signal outputs from the
counters are reduced to half their original
amplitude by resistive attenuators. Because it
is desirable to be able to switch off any one or
more of the outputs for testing purposes this
attenuator forms a convenient point to connect
output on/off switches. The switches operate
by shorting the output signal to the OV line.
The switches themselves are mounted on the
front panel of the instrument.

The printed circuit board track and
component layouts are shown in Figs. 7 and 8.

ANALOGUE FILTERS

AND DISPLAY MODULE

The basic circuit of the analogue filter is
shown in Fig.9. The design is the standard
Sallen and Key configuration which 1 have
found to be very good natured, exhibiting no
signs of instability, and producing a filter
which can be trimmed in the same way as an
LC circuit to adjust precisely the centre
frequency. This trimming is achieved by
adjustment of VR2. The adjustment can
compensate for component variations of up to
5% without significantly affecting the Q
factor but, as has already been said, the loss in
the pass band may increase. In my own model
a typical pass band loss of 1.2dB was
measured when the filters were constructed
with components having a tolerance of +2%.

The transmit and receive filters are
identical in configuration and each consists of
two of the filter blocks shown in Fig.9. The
first section of the transmit filter, however,
has its series input resistor reduced in value
by 5k to compensate for the source impedance
presented by the generator output attenuators.
It should be noted that the low end of the
output attenuator is taken to the zero volt rail
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ANRLOGUE FILTER AJC 1989
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COMPONENTS

ANALOGUE FILTER

RESISTORS

RI3 39k

R14 100k
RI5,R17 1k (2 off)
R16 4Kk7

RI8 22o0hms

All 0.25W 5% carbon or better

CAPACITORS

C9 2.2p 12V tantalum
Clo-C13 22 25V electrolytic (4 off)
SEMICONDUCTORS

D1,D2 IN4148 (2 off)

ICL.IC2 TLO72

IC3 LF351
MISCELLANEOUS

8pin dil ic sockets (3 off), NSM3915 10
element log bargraph display

to ensure that a signal symmetrical about
earth is presented to the filters. This ensures
that very little second harmonic is present in
the filter input. From Fig.4 it can be seen that
the degree of 2nd harmonic reduction is 47dB
and for all higher harmonics is greater than
this figure, ensuring a high degree of output
waveform purity.

A functional diagram of the Analogue
Filter Bond is shown in Fig. 10, and the circuit
diagram is in Fig.11. The two sections of the
transmit and receive filters are connected by
wire straps external to the circuit board.
Provision is made on the board for each of the
frequency determining elements of the filters
to be made up from two components in
parallel. The capacitors are nominally
standard values and if a capacitor which is
slightly low on the nominal value is chosen it
may be padded with a trimming capacitor
connected across it. Any “difficult” resistor
values should be made up by selecting a
suitable combination of standard values.

(The resistor combinations can be selected
using the tables published in PE Jan 90.)

The receive filter is connected on the board
to a precision half wave rectifier which in turn
feeds the display module via a simple low

Fig 13. Track layout for the analogue
filters board.

pass filter. The various other components for
powering and biasing the display are also
mounted on the board. The display is powered
from a rectified by unsmoothed 6V supply,
smoothing being provided on the board by
R18 and CI10. This has been found in practice
to improve the stability of the display device
and reduce the power dissipation. The display
chip otherwise has a tendency to shut down if
all leds are on for too long.

The display module is a 10 section led bar
graph with integral display drive and level
sensing circuits. I have found it simple to use
and with the modification to the powering
method described above reasonably accurate
and reliable. There are two versions of the
device, one model has linear voltage
increments and the other, which is used here,

increments in 3dB steps.

Next month:

We continue by describing the transmit and
receive amplifiers, switched capacitor filters,

power supply, construction and alignment.

Newsagent Order Form

My name is

Dear Newsagent, I like reading Practical Electronics magazine. Please deliver/save
one copy each month until further notice.

AdALESSL N o e e et T T L R L T e o oo o

Don't miss a single issue of PE! Make a firm order with your Newsagent!
Q ..CO..IO..10‘..O..IO..CO..CO..CO..CO..CO..CO..OO
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A HANDY NEW ADDITION TO OUR

VERSATILE MULTIMETER RANGE

An extremely useful hand-held
capacitance meter measuring
from1pF to 20,000uF in nine
ranges.

Features include:
+ 13mm, 3.5 digit LCD - Zero adjustment
+ Low battery indicator < One year warranty
« Supplied with battery (PP3),
manual and test leads
« Just one of our many low cost Digital
Multimeters - send for full details

C

" ;
7705 CAPACITANCE METER

Specification

ranges res. accuracy

200pF 0.1pF + (0.5% + 1 digit + 0.5pF)
2nF 1.0pF +(0.5% + 1 digit)

20nF 10pF + (0.5% + 1 digit)

200nF 100pF + (0.5% + 1 digit)

2uF 1.0nF +(0.5% + 1 digit)

20pF 10nF + (0.5% + 1 digit)

200pF 100nF + (0.5% + 1 digit)
2000uF  1pF # (1.0% + 1 digit)

20,000pF 104F  +(2.0% + 1 digit)

0.25A 250V fuse
3.2V, all ranges
180 x 85 x 38mm

Overlqad protection
Excitation voltage
Dimensions

OUT NOW!

The new Cirkit Catalogue
- 184 pages

- Discount vouchers

- 1,000's of products

0,

SAME DAY DESPATCH - 0992 444111
Cirkit Distribution Ltd.

. Park Lane, Broxbourne, Herts. EN10 7NQ
Tel. Enquines (0992) 441306 Fax. (0992) 464457

HAND HELD FREQUENCY COUNTER

INTELLIGENT INSTRUMENT FOR PROFESSIONAL USE

MODEL 1300 H/A

Frequency range from 1Mhz to 1.3Ghz

Sensitivity: 1-10Mhz: 10 - 150mV, rms
10 - 100 Mhz :1 - 50mV, rms
1-1.3Ghz: 10 - 80mV, rms

MODEL 2400H

Frequency range from 10Mhz to 2.4Ghz

Sensitivity: 10 - 60 Mhz : 10 - 150mv.rms
60 - 2 Ghz : 3 - 100mv, rms
2-24Ghz: S - 100mv, rms

r—— o

13000000

ACCURACY +/- 1 PART PER MILLION 25 TO 35 DEGREES C.TCXO TIME
BASE IS STANDARD.

ALL COUNTERS HAVE 8 DIGIT RED .28" LED DISPLAYS. ALUMINIUM
CABINETIS 39" H x 3.5" W x 1". INTERNAL NI-CAD BATTERIES.

A FULL LINE OF ANTENNA, CARRYING CASE, AND ACCESSORIES IS
AVAILABLE.

ONE YEAR PARTS AND LABOUR GUARANTEE

DAVE TRONICS LTD
330 KILBURN LANE
LONDON W9 3EF
TEL: 081 968 0227
FAX: 081 968 0194

.

\ [l
' 0 A & G ELECTRONICS LTD.

ELECTRONIC COMPONENTS MAIL ORDER COMPANY.

ﬂ@@@) COMPONENTS  Lowest prices for
quality components.

CATALOGUE IS

AVAILABLE NOW,

This offer is for a limited period.
Dont miss out ! ! !

Order a catalogue now and we send you a

B 0.5" ORANGE DUAL LED DISPLAY
Value £ 2.00 absolutely free ! ! !

Simply complete and return the order form below and we will send your free gift.

PLEASE SEND . .. COPIE(S) OF THE A & G ELECTRONICS
CATALOGUE AT £1.00 (REFUNDABLE WITH MY FIRST ORDER)
AND MY FREE GIFT(S) TO

NAME ;¢ opgeet s 5 vnpbory

ADDRESS

I HAVE ENCLOSED £

A & G ELECTRONICS LTD.
Free Post ,100 Park Avenue ,

London E 6 2BR.
TEL : 081-552 2386 Fax

(No Stamp  Required)

: 081 - 519 3419.




LIKE MOTHER
LIKE DAUGHTER

Dear Mr Becker,

Thank you for sending us the
competition prizes - “'Robot Builder's
Bonanza” and “Remote Control
Handbook”. They look very
interesting.

I have been buying PE regularly
since Issue 1. I was 14 then. Now my
fourteen year old daughter is also
showing an interest in electronics
and has chosen to take ‘technology’
in GCSE. This makes the prize
books particularly appropriate and
welcome.

Best wishes to all at PE.

Elizabeth Hanson, Bracknell,
Berks.

I was especially pleased to see
that two ladies were amongst the
winners in our April 90 competition,
and I am further interested to know
that you are in fact mother and
daughter. Electronics does indeed
transcend both gender and
generation. Good luck to you both.
Ed.

Dear Sir,

I have recently returned from
spending two years working as a
technical teacher with the UK charity
VSO (Voluntary Service Overseas)
in Nigeria, West Africa.

I thought other readers might like
to hear about the opportunities VSO
offers practically-minded people to
live and work overseas: every year
the charity receives 50 requests from
men and women to help teach the
new Introductory Technology
(Introtech) course in Nigerian
schools.

Introtech aims to teach basic
technology in secondary schools - it
is similar to the Craft, Design and
Technology (CDT) course in the UK.
Practical projects include the making
of toys, jewellery, electrical torches
and musical instruments from a
range of materials. Through these,
students learn about materials,
design, technical drawing and
measuring, and so build up a basic
technical knowledge.

Given the broad nature of the
subject, VSO is looking for people
from a wide range of backgrounds -
diy, carpentry, technical drawing,
metalwork, ceramics and vehicle
maintenance.

VSO volunteers need a
qualification, ranging from City and
Guilds part three to degree, and at
least two years’ work experience.
VSO jobs are for a minimum of two
years and volunteers are paid at local
rates. Volunteers also need quite
demanding personal qualities like
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enthusiasm, adaptability, initiative
and a good sense of humour to teach
in what is often a very challenging
environment. It is a job equally
suitable for men and women.

If readers would like to know
more, they are invited to contact me.

Richard Mitchell, Recruitment
Unit, VSO, 317 Putney Bridge
Road, London SW15 2PN.

Tel : 081 780 2266.

Here’'s a really worthwhile
opportunity. I worked in Nigeria for
a while and found the country to be
fascinating and the people
interesting to work with. Do follow
up this invitation. Ed.

INVENTION

Dear Ed,

Twenty two years ago I invented
the Pye TVT self-assembly machine
which uses magazines full of
components to completely assemble
printed circuit boards. What used to
take hours now takes seconds and all
the firms have to employ are
magazine fillers.

Can you tell me if I was the first
to think of automation in the
electronics industry? Perhaps it may
mean a mention in the Guinness
Book of Records. My foreman, Don
Law, used to call me Leonardo
Devinchi of the ballpoint pen. At the
same time I also invented automatic
test equipment to do away with test
engineers. The invention was given
to the test equipment manager, but |
do not know what happened to it.

TVT won the Queen’s Award to
Industry three years running, I
believe, on my machine. A pity they
did not even give me a mention, in
fact they were so successful they
were taken over by an American
Company.

Robert Hill, Loanhead,
Midlothian, Scotland.

I don’t know who might be said to
be the inventor of automation in
electronics. It seems probable that
automation is something that simply
*evolved' , no doubt simultaneously
among many manufacturers. And,
suspect that, unlike the days of
Hertz, Maxwell, Baird, et al, these
days true inventors are less likely to
be plentiful, since many ‘inventions’
are the result of team work.

Perhaps readers may care to
comment? Ed.

HOBBY TRAIN

Dear Mr Becker,

After reading your Editorial in
PE April 90, my first reaction was a
phone call of support and agreement.
However, as the result would have
been being arrested for using
language unfit for public
consumption, I thought I'd better just
send you a copy of an editorial in
another magazine.

Thanks for the multimeter which
I won in your Nov 89 competition.
There’s just one problem with it: I
can’'t find anything in the instructions
on how to make coffee with it!

David Thompson, Callander,
Perthshire.

The editorial to which David
Thompson refers was published in
the Jan 73 issue of Model Railway
Constructor. The editor was
lamenting the tone of an article in
the Sunday Times Colour Magazine
of Nov 19, 1972, which, apparently,
had been critical of those who
enjoyed the hobby of model railways.

It seems likely that any age will
produce those who are critical of
hobbies. To be charitable, perhaps I
should feel sorry for those who have
never been willing or able to enjoy
the pleasures of doing things for
their own sake, and for non-
commercial reasons.

I can’t directly answer your
coffee-meter problem, but I can
suggest that you might try using the
meter to test the strength of
alternatively-made coffee,
measuring the resistance between
the meter probes immersed on either
side of the mug! Ed

ILLOGIC

GATE

Dear Ed,

Let me add my voice to the
thunderous cries of protest regarding
the London Underground automatic
entry-exit gates.

Every since I became trapped in
the automatic doors of a train at
Shepherds Bush a couple of years
back, I've seldom used the Tube.
Normally I drive the car into
London, timing the journey to avoid
the depths of rush hour mayhem.
However, I wanted to visit an
exhibition, and unwilling to face the
hassle of parking problems around
Earls Court I took the train.
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At Victoria, I came through the
ordinary ticket check point on the
main line platform, and headed for
the Underground. Seeing an auto
entry gate I fed my magnetic-strip
ticket into the slot, and passed
through ok, only then to spot I was
heading for the wrong tube line.
The gates surrounding me were all
one-way types, and I couldn’t
retreat through them. Then I saw an
open gate a few yards away, and
went back to the main concourse, to
the auto gates leading to the line I
wanted. Feeding the mag-ticket into
a gate slot, I was refused entry -
“seek assistance”, or words to that
effect, it said in glowing red letters.
Technology on the blink, I thought,
and tried the next gate. Same effect.
And at the next! “I can’t get in”! [
complained irately to a nearby
ticket inspector, who wearily passed
me through an ordinary entry.

At Early Court exit auto gate |
was behind a man whose ticket had
just traversed the slot. Expecting
he’d immediately be passed
through, in my inexperience I fed in
my ticket, just as the machine was
visually rejecting his! But my ticket
was already in the system, and he
got through because it opened the
gates for him, only to immediately
reclose. Feeding my ticket in again,
the machine then rejected me!
Already irate from the Victoria
trouble, my patience vanished
completely. To Hell with
idiosyncratic technology, |
complained to the world at large,
and forcibly prised my way through
the heavily resistant gates. It was so
difficult to get through I then fully
understood the concern of those
who question the safety of auto
gates in emergency situations.

I've not checked with London
Transport how their electronic ticket
coding works, but I suspect that you
can only enter if you haven’t
already done so, arid only leave if
you haven’t departed! As far as the
two sets of artificial unintelligent
machinery were concerned, in both
respects | was apparently trying to
do the illogical! There’s nothing
illogical about my feelings towards
non-user friendly auto gates....

Jim Kelly, Petts Wood, Kent

1, too, have had similar
problems. Ed.

POINTS ARISING

Circuit Breaker (June 90)

In Fig 3., C1 at top right should
be C12, and D4 polarity should be
reversed.

Eprom Poly-Programmer
(June 90)

Figs. 13 and 14 are incorrectly
shown as mirror images of the
tracks. The pcb image should be
reversed, or alternatively the
components may be directly soldered
on the track side.



Your Ed looks at some of the new books recently received.

Test Equipment Construction. R.A. Penfold. Babani.
£2.95. BP248. ISBN 0-85934-193-3.

Here's a book to delight all electronics constructors. In it, Robert Penfold
presents a selection of simple and inexpensive pieces of test equipment
that you can build for yourself. They have been designed to fill some of
the gaps not covered by oscilloscopes and standard multimeters, and
cover the checking of both linear and digital circuits. Stripboard layouts
are provided for all the designs, together with wiring diagrams where
appropriate, plus notes on their construction and use. Robert comments
that while the designs should prove useful for the more experienced
readers, they are not beyond the capabilities of newcomers to the hobby.
Apart from providing the constructor with a useful range of test gear,
building these projects should also be an interesting and rewarding
exercise in its own right. There are three lengthy chapters, individually
covering audio test gear, meters, and probing. The constructional projects
include an AF generator, a test bench amplifier, an audio millivoltmeter,
high resistance volimeter, transistor tester, capacitance meter, AF
frequency meter, analogue probe, cmos probe, and a utl probe. Over 100
pages of good value subject matter.

More Advanced Test Equipment Construction. R.A.
Penfold. Babani. £3.50. BP249. ISBN 0-85934-194-1.
This is a companion book to the above BP248, carrying on from where it
left off, describing some slightly more advanced projects for readers who
have a certain amount of experience at project construction. Unlike
BP248, the book is not primarily aimed at beginners and near beginners at
electronic project construction. A certain amount of practical experience
and knowledge of electronics theory is assumed. However, you do not
need to be an expert at electronics in order to build and use the designs
included. Anyone with a moderate amount of electronics experience
should be able to tackle these projects. Someone who has gained some
experience by building and using projects from BP248 should be able to
successfully undertake and use the designs featured. The designs include:
digital voltmeter, digital capacitance meter, digital transistor tester, digital
heatsink thermometer, bench power supply, dynamic transistor tester, AF
digital frequency meter, digital resistance meter, digital current tracer,
crystal calibrator, pulse generator. Well done, Robert, you've written
another very useful book.

More Advanced Uses of the Multimeter. R.A. Penfold.
Babani. £2.95. BP265. ISBN 0-85934-210-7.

The book is primarily intended as a follow-up to BP239, Getting the Most
from Your Multimeter, (available through the PE Book Service). It should
also be of great value to anyone who already understands the basics of
voltage testing and simple component testing. Although you need a
certain amount of technical knowledge in order to fully exploit the
information in this book, you do not need a really in-depth knowledge of
electronics. The first chapter looks at simple component testing
procedures, including numerous varieties of transistors, integrated
circuits, scrs, leds and lcds. The second chapter is titled Extending Your
Multimeter and covers some useful but simple and inexpensive add-ons
that extend the capabilities of a multimeter. These include ac and dc
booster amplifiers, memory circuits, a current tracer add-on, an active RF
probe and a high resistance probe. A multimeter is probably the most
important piece of test gear you should own, and you owe it to yourself to
know fully how to use it, and to extend its capabilities. This book will
help you in both objectives.

How to Use Oscilloscopes and Other Test Equipment.
R.A. Penfold. Babani. £3.50. BP267. ISBN 0-85934-212-3.
Next to a multimeter, the oscilloscope is the second most important piece
of test equipment you should know how to use. Experienced constructors
will know that scopes are not difficult to master, but those uninitiated may
find the prospect a trifle daunting. Robert Penfold helps dispel the fears of
the inexperienced and in this book he explains the basic function of a
scope, giving a detailed explanation of all the standard controls, and
providing advice on buying a scope. A separate chapter deals with using a
scope for fault finding on linear and logic circuits. Plenty of example

waveforms help to illustrate the control functions and the effects of
various fault conditions. The function and use of various other pieces of
test equipment are also covered, including signal generators, logic probes,
logic pulsers, and crystal calibrators. The basics of component testing are
also covered. This is a very worthwhile book to have in your workshop.

Digital Audio Projects. R.A. Penfold. Babani. £2.95.
BP245. ISBN 0-85934-190-9.

The sophistication, availability and decreasing price of digital ics has
made them increasingly suitable for applications relating to audio circuits.
This book illustrates some of the simple yet very useful circuits you can
build to improve your audio signal control capabilities. The first section of
the book takes a look at the basic principles involved in converting an
audio signal into digital form, and then converting it back to an analogue
signal again. It also deals with some practical aspects that have to be
borne in mind when considering digital audio projects. The second section
contains some useful and extremely interesting, practical circuits for
constructors to build and experiment with. By current standards the
projects are not highly complex, but they are probably beyond the scope
of complete beginners and are more suitable for someone with a moderate
amount of experience in electronic projects building. Among the circuits
included are an a-d converter, digital delay line, compander, echo circuit,
and an oscitloscope store.

More Advanced MIDI Projects. R.A. Penfold. Babani.
£2.95. BP247. ISBN 0-85934-192-5.

Anyone remotely familiar with the complexities of MIDI based
instruments will probably appreciate that the building of such equipment
is beyond the capabilities of most constructors. For example, many of the
sophisticated integrated circuits are specially produced for particular
equipment manufacturers and are not available for retail sale.
Additionally, the high volume production of MIDI equipment enables
costs to kept well below the levels that would result for a constructor who
attempted to buy the components on a one-off basis. Nonetheless, there
are several areas, as this book shows, in which the amateur constructor
can benefit from building MIDI-associated equipment and accessories.
The projects fall into two main categories; those that are designed to
overcome a deficiency in an item of equipment in the system, and those
that are designed to enhance the performance of the system or make it
easier to use. The circuits presented in the book include a MIDI indicator,
a THRU box, a merge unit, a code generator, a pedal, a programmer, a
channeliser and an analyser. The projects are generally more complex than
those featured in the MIDI Projects book Bl132 (available through the PE
Book Service), although a few simple units have been included as well.
While most of the projects are not suitable for beginners, they should be
well within the capabilities of someone who has a reasonable amount of
experience in electronics construction. The circuits should also provide
some useful electronic building blocks for use in readers’ own designs.

An Introduction to Amateur Radio. I.D. Poole. Babani.
£3.50. BP257. ISBN 0-85934-202-6.

Over the last few months PE has been taking a look at various aspects of
radio and we shortly be publishing a series of articles on amateur radio by
the author of this book, lan Poole. (Regular readers will also be aware
that Ian periodically keeps us informed about the histories of notable
personalities famous for their contributions to electronic advancement.)
In this book lan reveals his enthusiasm for the subject of amateur radio
(his call sign, incidentally, is G3YWX) and presents us with a great deal
of information to help us appreciate the subject as well. He shows that it is
a unique and fascinating hobby which has attracted thousands of people
since it began at the turn of the century. It encompasses a wide variety of
subjects from the historical to the latest technology, and from operating to
construction. There is little doubt that there is, as lan says, some aspect of
the hobby to interest almost anybody. It can also probably be argued that
the health of the electronics industry in general may be partly dependent
upon those who have learned the fascination of electronics through
becoming involved in amateur radio. In his book lan gives the newcomer
a comprehensive and easy to understand guide through the subject so that
the reader can gain the most from the hobby. The book is also an essential
reference volume which can be used time and again. The topics covered
include the basic aspects of the hobby, such as operating procedures,
jargon and setting up a station. Technical topics covered include
propagation, receivers, transmitters and aerials, etc. You'll also find some
useful add-on circuits as well, plus some valuable system block diagrams
and data charts. Nice one lan!

PUBLISHER'S ADDRESS
Bernard Babani (Publishing) Ltd, The Grampians, Shepherds Bush

Road, London W6 7NF.

PRACTICAL ELECTRONICS AUGUST 1990

33



CRICHLEWBIOD

BIGGER

AND BETTER 1.9 9

ELECTROMNICS

COMPONENT
CATALOGUE

® ONE OF THE LARGEST RANGES OF COMPONENTS IN THE UK

® FAST AND EFFICIENT SAME DAY PERSONAL SERVICE

® VERY COMPETITIVE PRICE; QUANTITY DISCOUNTS AVAILABLE
@ DISCOUNT VOUCHERS INCLUDED

e NO MINIMUM ORDER

CRICKLEWOOD SUPPLY MOST OF THE COMPONENTS FOR PE.
PROJECTS. 13,000 STOCKLINES (MANY UNOBTAINABLE
ELSEWHERE) PLEASE PHONE US FOR YOUR SPECIFIC NEEDS.

FILL IN THE COUPON AND POST IT WITH YOUR CHEQUE, PO ETC
FOR £1.50 TO RECEIVE YOUR 1990 CRICKLEWOOD ELECTRONICS
CATALOGUE_.AND VOUCHERS WHICH YOU CAN USE AGAINST
YOUR NEXT PURCHASE

TELEPHONE ORDERS OUR SPECIALi'f’Y

Cricklewood Electronics Ltd
40 CRICKLEWOOD BROADWAY, LONDON, NW2 3ET
Tel: 081-450 0995/452 0161

Fax: 081-208 1441 Telex: 914977

CRICKLEWOOD ELECTRONICS
1990 COMPONENTS CATALOGUE

PLEASE SEND COPIES OF THE 1990
CRICKLEWOOD ELECTRONICS CATALOGUE AT
£1.50 TO:

NAME
ADDRESS

Remittance enclosed £.
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SURVEILLANCE

PROFESSIONAL QUALITY KITS

A tange of high quality kits as supplied o leading UK securty companies, all in-house
desgned and produced, not 1o be confused with cheap imports All kits come tully
documented with concise assembly and sefting-up detals. fibreglass PCB and all
components. All transmitters are fully tuneabie and can be monitored on a normal VHF
radp or tuned higher for greater securty. Burld up service availabie if required.

MTX Micro Miniature audio transmitter.

17mm x 17mm. 9V operation. 1000m range

VT500 Hi-power audio transmitter.

250mW output. 20mm x 40mm. 9-12V operation. 2-3000m range

YOXT7S Voice activated transmitter.

Variable sensivity. 30mm x 40mm. 3V operation. 1000m range

CTX900 Sub-carrier scr ‘ed audio transmitter. Cannot be monitored

without decoder fitted to radio. 30mm x 40mm. 3V operation. 1000m range

DSX900 Sub-carrier decoder unit for monitoring CYX900. Connects to radio
socket. Provides output for headphones.35mm x 50mm. 9-12V operation

HVX400 Meins powered sudio transmitter.

Connects directly 1o 240V AC supply. 30mm x 35mm 500m range

XT88 Crystal controlied audio transmitter.

High performance. 100mW output. Supphied with xtai for 108MHz Others

avartable to 116MH2. 85mm x 28mm. 9V operation. 2-:3000m range

TKX900 Tracker/Bleeper transmitter.

Transmits continuous stream of audio puises. Vanabie tone and rate

Powertul 200mW output. 63mm x 25mm. 9V operation 2-3000m range

ATR2 Micro size telephone recording intertsce. Connects between telephone

hne (anywhere) and cassette recorder Tape swiches automatically with

uss of phone. All conversations recorded. Powered from hne. 10mm x 35mm

TLXTO0 Micro Ministure telephone transmitter. Connects to line (anywhere)

switches on and oft with phone use. All conversations lransmifted

20mm x 20mm. Powered from line. 1000m range

XMLS0O RF bug detector. Vanable sensitivity Tnggers LED and bieeper when

n presence of AF field Detects MTX 15-20 feet. 55mm x 55mm 9V operation £26.95

XL7000 Protessions! bug detector/locator. Vanabie sensavy. Twin mode ten segment LED

readout of signal strength with vanable rate bleeper Second mode AUDIO CONFIRM

distinguishes between locaiised bug transmission and normal legiimate signal such as

pagers, cellular etc. 70mm x 100mm. 9V operation £54.95

£12.95
£15.95

£18.95

£21.95
£21.95

£18.95
£36.95
£21.95
£12.95

£12.95
past.

UK customers please send cheques, PO's or registered cash Please aod £1 50 per order
tor P8P Goods despatched ASAP allowing for cheque clearance Overseas cusiomers
send sterling bank draft or Eurocheque and add £5.00 per order for shipment. Credit card
ofders accepled on 0827 714476. Full catalogue avallable on recept of 28p stamp Trade
eNQuINes welcome

. THE VORKSHOPS ) #
EZFEITTH 1,/ ainersione WARKS CV9 2LE —wy|0827 714476

THE KIT — simplified assembly techniques require littie
technical knowledge and no compiex electronic test
equipment. All stages of assembly covered in a detailed 36
page manual

THE DETECTOR - features Analytical Discrimination

& Ground Exclusion, backed by the proven pedigree of
C-Scope, Europe’s leading detector manufacturer.

TWO GREAT

&y
Iod

...IN ONE GREAT KIT!

The K5000 Metal Detector Kit combines the
challenge of DIY Electronics assembly with the
reward and excitement of discovering Britain’s buried

Ask at your local Hobby/Electronics shop or contact:—

c g c C-Scope International Ltd., Dept. PE
f & Wotton Road, Ashford, Kent TN23 2LN

Telephone: 0233 629181
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efore we get down to this month’s

topic, there is a little more to be said

on a subject that was raised at the
very end of last month’s article. In connection
with the System of the Month we introducted
the idea of feedback.

FEEDBACK

Most systems or parts of systems,
electronic or otherwise, have an input and an
output. If we take part of the output and feed
it back as part of the input, we have feedback.
To make this clear, let us take some examples.

The example quoted last month was the
thermostat system. Its function is to keep the
temperature of a room or enclosure constant.
The input of the system is the temperature of
the room, as detected by the sensor (Fig. 1).
The output is the heat coming from the heater.
We arrange that part of this heat is fed back to
the sensor. The heat becomes part of the
input. The other part of the input is the setting
of the variable resistor which adjusts the
temperature at which the sensor responds.
Assume that the level has been set and the
system is left to regulate itself.

When the temperature becomes too high,
the sensor detects this fact and the heater is
switched off. When the temperature becomes
too low, the heater is switched on. In this way

BASIC TUTORIAL[®)

SET LEVEL
Fig 1. Feedback
in a thermostat TEMPERAIUEE 82| ey ] scHMITT |
system. ROOM ~~»| SENSOR TRIGGER >
t
% HEAT
EEDBA
3 . C'§ KEY: HEAT
~~~ INPUT
OR OUT
HEATER |-

is used to oppose deviations from the straight
path. It is negative feedback and gives
stability.

We go back to electronics with the next
example, which is sometimes met with in
public address systems (Fig. 2). The input is
sound, detected by the microphone. The
output is sound from the loudspeaker. If the
microphone and loudspeaker are badly
positioned and the amplifier is turned up too
much, part of the output is fed back to the
input - that is to say, the microphone picks up
part of the sound from the loudspeaker. A
faint sound picked up in this way becomes
amplified and appears at the loudspeaker as a

However, positive feedback has its uses if
kept under control, as we shall see in later
articles on oscillators and radio receivers.

AMPLIFICATION

To amplify something is to make it larger.
Ideally, an electronic amplifier takes a small
input signal and produces an output signal
which is exactly like the input signal in every
way, except that it is larger. But no circuits are
perfect and the output signal is likely to differ
from the input signal in one or more other
ways. We say it is distorted. Amplifier design
is directed toward minimising all types of

BASIC

ELECTRONICS

the temperature is kept constant - or at least
held within a small range. Note that the
circuit is designed so that excessive heat turns
the heater off and insufficient heat tums the
heater on. The feedback produces an effect
that opposes any change in the system. This
kind of feedback is called negative feedback.
Negative feedback leads to stability, so we
shall expect to see several examples of this in
the amplifier circuits.

As a non-electronic example, consider a
person driving a car along a straight road. The
input is the view of the road ahead, as seen by
the driver's eyes. The output is the direction
of travel of the car in relation to the road. Any
slight irregularity in the road surface or a
cross-wind causes the car to deviate from its
straight path. This information is fed back to
the driver who is watching the road. The
driver reacts to correct any deviation, tuming
the steering wheel one way or another until
the car is back on its path again. The feedback

Fig 2. Feedback in a public address
system.

MICROPHONE
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Owen Bishop
Part 8 -
Amplification.

Here is the good
news - we have
negative feedback!
Being positive isn't
so cool.

louder sound. The sound reaching the speaker
is thus increased, then amplified and the
output goes up even more. Soon a loud
whistling noise is heard, which continues
indefinitely. Note that only a part of the
output is being fed back to the input. Most of
the output passes into the surrounding area
and annoys the audience. In this example, the
input is amplified and reinforces the output.
We call this positive feedback. Positive
feedback leads to instability and is usually to
be avoided.

Another example of positive feedback is
thermal runaway, described last month. The
small leakage current, results in a larger
collector current, which causes heating, which
increases the leakage current, which results in
an even larger collector current, which causes
more heating..... until the transistor bumns out.
Again, this is something to be avoided.

"
R W 4 P
g

Fig 3. Types of distortion: (a) original
waveform, (b) amplified without
distortion, (c) clipped, (d) severely
clipped, (e) uneven frequency
response (low frequencies less
amplified), (f) crossover distortion, (g)
noisy signal.
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distortion, but it is impossible to get rid of
them altogether.

Fig. 3 illustrates the main types of
distortion:
Clipping: the peaks and troughs are not as
high or deep as they should be. In the extreme
they may be flattened because the output
voltage can not swing as far as it should.
Uneven frequency responses: notes of some
frequencies are amplified more than those of
other frequencies. In cheap systems the lower
(bass) frequencies are often less amplified
than the higher (treble) frequencies,
producing a ‘thin’ sound.
Crossover distortion: the output stays briefly
at zero every time the waveform changes
from positive to negative or from negative to
positive.
Noise: an unwanted signal is added to the
waveform. In the figure, the noise is an
irregular signal, heard as a hissing or
crackling sound. Noise may also be a regular
unwanted signal, such as a mains hum.

OUTPUT

CHARACTERISTICS

Fig. 4 shows a circuit for measuring the
output characteristics of an npn bipolar
junction transistor - an ‘ordinary’ transistor.
You could try this measurement for yourself if
you have the necessary meters and a 10V or
12V power supply. The circuit has two
independent power sources. A 3V battery
supplies the base current Ig, using a potential
divider to vary the voltage and hence Ig,
measured by M1. A 10V power pack (or 12V
battery) with VR2 allows the collector-emitter
voltage V(g to be varied in the range 0-10V
dc. This is measured by M3. The collector
current I is measured by M2.

First of all Vg is set to zero. Then VRI is
adjusted until Ig is 20pA. Vg is increased in
steps from OV to 10V, and I¢ is read at each
step. Thus we have values of the collector
current corresponding to a given base current
over a range of collector voltages. The result
is the lower curve on Fig. 5, and is known as
an output characteristic. The measurements
are repeated for a number of different base
currents giving the family of curves shown in
the figure.

The curves show us two important things
(when Vg is greater than about 1V):

* ¢ does not depend on V. For all

practical purposes the curves are almost.

horizontal. The action of the transistor is not
affected by variations in its power supply.

10

. :
5 vew

Fig 5. Output characteristics of an NPN
silicon transistor.
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Fig 6. Transfer characteristics of an
NPN silicon transistor.

*  Equal increases of lg give equal
increases of I¢. Current amplification is linear.

The second point is made clearer if we plot
a graph relating Ig to I¢ for a fixed value of
Vce (Fig. 6). The axis for Ig is marked in
microamps, while that for Ic is marked in
milliamps. This is known as the transfer
characteristic of the transistor. As lg increases,
Ic increases at a steady rate (i.e. the
relationship is linear).

The slope or gradient of the line represents
the direct-current gain of the transistor. Taking
the example of the transistor on which Fig. 5 is
based, increasing Ig from OpA to 80HA,
increases I from OmA to 40mA. The current
gain is 40mA/80pA = 4000uA/80pA = 500. In
general:

current gain, hpp = Icllg

The value found above is rather high for
most transistors. The ZTX300 transistor used
in our investigations typically has a current
gain of 150. Different transistors of the same
type may have widely different gains,
depending on variations inherent in
manufacturing.

Fig 4. Measuring

the output
characteristics of
a transistor.
e (5 é
g 10v
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% e Q
v
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[0JG1992] ;
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The direct-current gain fgg calculated
above is a static parameter; it is measured
under constant (dc) conditions. Another way
of expressing gain is by hg (small ‘fe’) the
forward current gain, or small-signal current
gain. This is the gain when an alternating
signal is applied to the transistor. It is a
dynamic parameter. Theoretically the two
gains mean different things but, in practice,
their values are almost equal.

COMMON EMITTER
CONNECTION

There are various ways of connecting a
transistor into a circuit. One of these is the
common emitter connection (Fig. 7). There
are two sides to the circuit, the input side and
the output side. The input is to the base, the
output is taken from the collector, and the
emitter is common to both sides of the circuit.

The description in the previous section
shows that the transistor is essentially a
current amplifier. When we amplify a signal
we are usually more concerned with
amplifying a voltage. This is the reason for
the resistors in Fig. 7. Rg determines the
value of Ig for a given input voltage. R¢
determines how much Vg1 varies for given
variations in I¢. Since Ic depends on Ig and
the gain hgg, the voltage amplification of this
amplifier depends on the values of Rg, Rc
and hgg. The values of Rg and R¢ may vary
with temperature, so temperature affects the
amount of amplification. The value of hgg
varies from one transistor to another. As a
result of these variations, circuits built with
different transistors of the same type have
different voltage gains.

INPUT SIDE | OUTPUT SIDE

Fig 7. Common emitter connection.

Investigation 1 - voltage gain of a common-
emitter amplifier
You need: battery box (6V)
R1 1k
R2 3k3
VRI1 10k potentiometer
(Module 3)
testmeter

Set up the circuit of Fig 8, as in Fig 9. The
potential divider (VRI) is to provide a
variable input voltage Vin. Use a testmeter to
measture this, and also the output voltage
Vour-

Tumn VRI so that V|5=0V. Now turn VRI
to increase Viy from OV to 1V in steps of
0.1V. Measure Vgyr at each step and record
the results in a table:
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Fig 8 and Fig 9. Circuit and breadboard layout for Investigation 1.

Viy 00.1020304050.60.708091.0
Vour

Plot a graph of these results. Part of the
curve shows a steep fall, where Voyr is
falling most rapidly. Taking this part of the
curve, find the change in Vour
corresponding to a given change in Vin.
Calculate the voltage gain of the amplifier.
Remember that this depends on the value of
R1, R2 and the direct current gain of the
transistor used.

BIASING

One of the problems of using an amplifier
such as that described above is that its output
is constant if Vy is negative or less than 0.6V
positive. Often the signal voltage is a small
one such as the output from a microphone so
as not to be as big as 0.6V. Moreover, it may
alternate above and below OV. Such a signal
has no effect if applied directly to the
amplifier of Fig. 7.

In Fig. 10 we see one solution to the
difficulty. The source of the signal is a crystal
microphone which produces an alternating
signal of a few hundred millivolts in
amplitude. Since it alternates above and
below OV the average signal from the
microphone is OV. The microphone is coupled
to the common-emitter amplifier by a
capacitor. As explained in part 3, capacitors
block low-frequency signals and pass high-
frequency signals. The audio signals from the
microphone have a high enough frequency to
be passed through the capacitor. Blocking of
low-frequency signals includes blocking zero
frequency - i.e. direct current levels. In other

capacitor may be OV, but the average voltage
on the other side can be anything we choose.
So why not choose a voltage that supplies a
steady base current to the capacitor without
saturating it?

There are three main ways of providing a
steady base current, or biasng the transistor,
as it is usually called. Fig. 8 shows the
simplest method, a single resistor providing
the current. For satisfactory action, we should
aim at a collector current of 1mA. If the gain
of the transistor is 200, the base current
should be 50pA. The emitter current is almost
the same as Ic. A 1ImA current through a
resistor of 1k, produces a voltage drop of 1V.
The emitter is at 1V, so the base of the
transistor is at 1.6V (due to 0.6V forward
voltage drop). The voltage drop across the
bias resistor is 6-1.6 = 4.4V. To obtain a base
current of 50A we need a bias resistor of
4.4/0.000005 = 880000. This is close enough
to the standard value of 820k.

While we are calculating resistors, let us
work out a suitable value for the collector
resistor. The ideal output voltage of the
amplifier is half the supply voltage. This
allows the output to swing up and down by
the maximum amount without being clipped
(see Fig. 3c and Fig. 3d). If the supply is 6V,
the voltage across the resistor is to be 3V, and
we have already said that the current is to be
ImA. So the value of R, should be 3/0.001 =
3k. The nearest standard values, 2k7 or 3k3,
will probably be good enough.

With no signal a steady bias current flows,
a steady collector current flows, and the
output voltage is steady about half-way
between OV and the supply voltage. When the
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alternating voltage is generated. This passes
across the capacitor. A small and varying
signal current is added to or subtracted from
the base current. The total base current
fluctuates a little in sympathy with the audio
signal. Thé collector current fluctuates
similarly, causing a fluctuating voltage across
the collector resistor. This is the output signal
voltage of the amplifier. If necessary, this can
be fed to another capacitor, coupling the
output of this amplifier to the input of another
amplifier for further amplification.

Questions

1. Calculate the bias and collector resistor
values for an amplifier operating on 6V when
the gain of the transistor is 100.

2. Calculate the bias and collector resistor
values for an amplifier working on 9V when
the gain of the transistor is 180.

In both questions suggest suitable- values
from the E12 range (see Part 1).

IMPROVED BIASING

Biasing with a single resistor is simple, but
has considerable drawbacks. The most
important aim in designing the circuit is to fix
the average collector current. We choose a
value that gives a suitable swing of voltage,
and which gives a linear relationship between
1g and I¢. A current of about ImA is suitable
in most instances. To decide on what the base
current should be, we have to assume the
value of the gain of the transistor. Since the
gain of a given type of transistor may have a
tolerance of +50%, our calculation gives only
an approximation to the required value of the
base current and of the bias resistor.

We could, of course, measure the gain of
the individual transistor that we intend to use
and work out the value of the bias resistor
accordingly. But this approach is unsuited to
the design of mass-produced circuits, or to the
designs that are to be published in magazines
such as this. And this approach is only partly
satisfactory because gain varies according to
temperature and so may change in different
environments. Also, the base-emitter voltage
(the voltage of the in-built cell) varies
according to temperature and this affects the
base current. We need circuits that do not
depend on the exact value of the gain of the
transistor or on the temperature at which it is
operating. In other words, we need a circuit

words the average voltage on one side of the microphone picks up sound, a small that has stability.
The circuit in Fig.11 is an attempt to
li Fig 10. Common improve circuit stability. Assuming that the
Ve O T ic emitter amplifier ‘no-signal’ output voltage of the circuit is half
Rg CaL';%T el oUTPUT with bias resistor. that of the supply (to allow free voltage swing
BIAS RESISTOR COUPLING in either direction), the drop across Rg is 3V-
RESISTOR SARECIILE 0.6V = 2.4V. To obtain a base current of
A sl T S0MA, as previously specified, needs a
R 1' _ resistor of 2.4/0.000005 = 480000, say 470k.
1 i = Having fixed the bias resistor and thus fixed
] lIE v the base current, see what happens if the gain
not R ok of the transistor is larger than assumed:
'..!\,) YIN EMTTER
T MICROP HONE l RESISTOR Gain I. Voltage  Voltage  Voltage Ig I.
| larger larger across at A across smaller smaller
s ® — Rc lower Rp
Eml larger smaller
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If the gain is larger than assumed, the base
current is smaller than assumed. This is a
negative feedback effect which opposes the
increase in collector current due to the excessive
gain. The same effect operates if the gain is
larger due to changes in temperature. The same
effect works in reverse if the gain is less than
assumed. Biasing the transistor as in Fig.11 is
one step toward circuit stability.

Investigation 2 - An improved amplifier

You need: battery box (6V)
Rep bias resistor (see below)
R collector resistor (see

below)

C1, C2 100n polyester (2 off)
TR1 ZTX300 npn transitor
MICI crystal microphone
insert
LS1 loudspeaker 8-ohm, or
crystal earphone

This investigation is a practical exercise in
designing a  stabilised common-emitter
amplifier. To give different figures, the amplifier
will be operated on 4.5V. Obtain this by
connecting the battery box as shown in Fig.12.

The collector current is to be ImA. The
output voltage when there is no signal is to be

half-way between the supply voltage (4.5V) and
0V (Why?). Calculate the value of the collector
resistor.

Assume that the gain of the transistor is 150.
What should the base current be? What will be
the voltage drop across Rg? Calculate a suitable
value for Rg.

Make up the circuit using resistors of the
value you have calculated. Connect the power.

the correct value. Test the amplifier by tapping
the microphone and listening to the noise from
the loudspeaker or earphone. If possible, place
the loudspeaker or earphone in another room,
connected to the circuit by a long lead. Then you
can test the amplifer by speaking into the
microphone while a friend in the other room
listens to your voice.

Keep the amplifier made up, for the next
investigation.

Investigation 3 - a two-stage amplifier
You need: the amplifier made in
Investigation 2

components to make a second
amplifier of the same kind

Fig.13 shows the two amplifiers coupled
together by a capacitor. Assemble the second
amplifier and join it to the first amplifier. Test
the complete two-stage amplifier as before. How
does its performance compare with the single-
transistor amplifier? Place the loudspeaker close
to the microphone. What happens next? Hint:
see Fig.2.

Investigation 4 - more stabilisation

You need: battery box (6V)

Fig 12. Breadboard
layout for
Investigation 2.

BATTERY 80X

Measure the output voltage (at the collector), R1 27k
and check that it is correct or reasonably near to R2 10k
+4-5V O
Fig 13. Coupling two
amplifiers for
Investigation 3.
OUTPUT
INPUT
—f L
(e —O 0V
R3 3k3
MICROPHONE R4 Ik
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VRI 1k potentiometer
C1, C2 100n (2 off)
C3 100p 16V electrolytic

Set up the amplifier of Fig.14, as in Fig.15,
but, for the present, omit C3. Test the amplifier,
either by tapping the microphone or by
speaking. Can you hear anything? Now add C3
to the circuit. What effect does this have on the
volume?

Now add the capacitor C3 to the circuit.
What effect does this have on the volume?

Finally, replace R4 with the variable resistor
VRI and connect C3 to its wiper (Fig.16). While
speaking at constant volume (or tapping the
microphone evenly) observe the effect of
varying the setting of VR1.

Discussion of this investigation follows
below.
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breadboard layout (Fig 15).
Fig 16. (Below). Modifying Fig 14.

Fig 14. Circuit for Investigation 4, and its

LA

MICROPHONE

E C3
&

Comifum
E
2
+ TR1
[+
LI bsﬂ
e

TO
LOUOD-
¥ s

U )

TR1

VR1
1k +
C3
T 100p
)

IMPROVING
STABILISATION

The amplifier studied in Investigation 4
illustrates another technique for producing
stability. The base current is provided by a
potential divider (R1 and R2). This fixes the
base potential at almost exactly 1.6V. The
forward voltage drop across the base-emitter
junction is 0.6V, as usual, so the emitter
potential must be 1.6 - 0.6 = 1V. The emitter
resistor R4 has a resistance of 1k, so the
current flowing through it must be 1/1000 =
ImA. Since emitter and collector currents are
always virtually equal, the collector current
must be ImA too. This is the current for
which we have been aiming in the amplifiers
described earlier. The difference is that we
have been able to fix this collector current
without any mention of transistor gain.

In this circuit, the ‘no signal’ collector
current is ImA whatever transistor is used.
For the same reason, changes of temperature
have no effect either. All we now have to do is
to calculate the value for the collector resistor
that will put the ‘no signal’ output level at
half the supply voltage.

R - V/1-3/0.001 = 3k
A 3k resistor is best, though 3k3 will do.

The other feature of this amplifier is the
large-value capacitor C3. Let us see what
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happens in the circuit if this capacitor is not
there. If the input signal swings positive, Ig
increases. This makes I¢ and Ig increase. If Ig
increases, the voltage across R4 increases.
The emitter potential increases, reducing the
base-emitter voltage and thus tends to cancel
out the effect of the positive increase in the
input signal. We have large negative
feedback. Its effect could be strong enough to
cancel out the input signal altogether. In that
event there would be no output signal. This
effect is apparent in Investigation 4. Without
C3 in the circuit the output volume is
dramatically reduced.

Now put C3 back into the circuit.

As we have already seen, a capacitor passes
high-frequency signals (which in this case
includes all frequencies in the audio range).
Thus the would-be audio-frequency variations
in voltage across R4 are passed through C3 to
the OV line. We say that C3 is a hy-pass
capacitor. The result is that the voltage across
R4 remains steady and there is no feedback. Of
course, C3 has no effect on voltage variations
across the collector capacitor so the output of
the amplifier is at full volume. This may be a
good thing but, if the amplitude of the input
signal is already fairly high, the output signal
may try to swing higher than the supply voltage
or lower than OV. It can not actually swing
outside this range so the effect is to clip the
output waveform as shown in Fig.3d. Such
distortion is avoided by reducing the gain, as
described in the next paragraph.

Feedback gives good stability but reduces
output volume. We need to be able to adjust the
amount of feedback by feeding back only a part
of the voltage variations across R3. This is
done by modifying the circuit as in Fig.16. The
voltage variations across the ‘lower’ part of
VRI are bypassed, but those across the ‘upper’
part are not. We vary the amount of feedback
by setting VRI. At the same time as we are
adjusting the stability of the amplifier we are
also using VR to adjust the gain. We can set
the gain at any desired level, as long as it is less
than the gain of the transistor. This means that
we can set gain to be as high as possible

without introducing distortion such as clipping.
When we have decided what the gain is to be
we can replace VR with two fixed resistors, as
in Fig.17.

The overall gain of the amplifier is reduced
by this arrangement but is has the advantages
that:

* gain is fixed at a level we choose

* gain does not depend on the gain of
individual transistor

* gain is independent of temperature

* gain is the same for all frequencies, so
reducing distortion

The amplifier is much improved at the loss
of some of its gain. But we can compensate for
this loss by coupling several amplifiers
together.

Fig 17. Fixing gain in the circuit of Fig 14.

IMPEDANCE

Impedance is the extent to which a circuit
or part of a circuit opposes the flow of a
current. Impedance is measured in ohms. It
sounds as if impedance is similar to resistance
- so what is the difference? Resistance is part
of impedance, but there are other factors that
affect impedance. If a circuit contains a
capacitor, the flow of low-frequency currents
is opposed. If a circuit contains an inductor,
the flow of high-frequency currents is
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Fig 18 (left). Output

impedance of a
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circuit or component
(circuit details not
shown). Zour
Fig 19 (right). Input
impedance of a +
circuit or component.
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opposed. Impedance is the sum of the effects
due to resistance, capacitance and inductance.
Since the latter two depend on frequency,
impedance is often frequency-dependent. In
many circuits there is no or little effect of
capacitance or inductance, in which case
impedance is due to the resistance of the
circuit only. The symbol for impedance is Z,
and it is expressed in ohms.

There are two types of impedance that are
particularly important — output impedance
Zour and input impedance Zjy. In this
discussion ‘circuit’ can also be taken to mean
a single component, such as a microphone, a
lamp, a cell or a loudspeaker. The output
impedance of a circuit is represented in Fig.18
by a resistor. Somewhere in the circuit is a
voltage source. Current has to flow through
the impedance resistor (it is shown as a
resistor, but might include capacitors and/or
inductors as well). If the output impedance is
high and the load takes a lot of current, there
is an appreciable voltage drop (the equation
V=IZoyr is equivalent to the better-known
V=IR) across the impedance. The result is that
the voltage appearing at the output of the
circuit is much lower than that of the voltage
source. Ideally we like circuits to have low
output impedance, so that the output voltage
is only a little less than the source voltage.

Input impedance is illustrated in Fig.19,
also by a resistor. If we apply a voltage V to
the circuit, the current flowing into the circuit
is 1 = V/Zjy (compare with [=V/R). Ideally
we like circuits to have high input impedance
so that they do not require a large current to
drive them.

Now let us see what happens when the

output of one circuit or device is joined to the
input of another circuit or device. Fig.20
shows a medium impedance output connected
to a low impedance input. An example of this
would be connecting a microphone directly to
a loudspeaker. The output impedance of the
microphone might be about 600 ohms. The
input impedance of the loudspeaker might be
8 ohms. Suppose that the voltage being
produced by the microphone at a given instant
is 50mV produced by the microphone, only
0.7mV appears across the loudspeaker coil.
The remaining 49.3mV is lost, appearing as it
does across the output impedance of the
microphone itself. No wonder an intercom as
simple as this does not work!

You get the same effect if you use a 6V dry
battery to power a 6V car headlamp. The dry
battery has an appreciable output impedance.
The car headlamp has very low input

impedance (it requires a lot of current to light
it). When the two are connected the voltage at
the battery terminals drops markedly. The
result is a very dim light. To power a car
headlight we need a battery with very low
output impedance, such as the lead-acid
‘accumulator’ cell used in the car.

To make a better connection between a
microphone and a loudspeaker we use an
amplifier. It is not just that the amplifier
increases the voltage swing. Indeed, as we
shall see later, some amplifiers have a voltage
gain of only 1. The main point is that the
input of the amplifier can have high
impedance. An amplifier input could typically
have Z;n=10k (Fig.21). The total resistance of
the circuit is now 10600 ohms. The current
becomes 0.05/60000 = 4.7uA. The voltage
across the amplifier input now becomes V =
1Z = 4.7uA x 10600 = 47mV. Only 3mV is

Fig 21. Well matched output and input impedance.
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Fig 20. Badly matched output and input impedance.
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lost in the microphone. This is a great
improvement. Having successfully transferred
the signal to the amplifier, we need next to
transfer it to the loudspeaker. If the output
impedance of the amplifier is low this transfer
can be made successfully.

From the above it is clear that, for audio
applications at least, an amplifier should have
a high input impedance and a low output
impedance. The requirement for low output
impedance can be relaxed a little if it is to be
followed by a second amplifier with high
input impedance, but the general principle
remains. The common emitter amplifier fills
these requirements fairly well. The input
impedance is the resistance due to the biasing
resistors and the input resistance of the
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transistor, all in parallel. The transistor input
resistance is high and can be ignored. So the
input impedance is high and can be ignored.
So the input impedance of the amplifier of
Fig.14 is 7k3, which is reasonably high. Its
output impedance is the resistance of the
collector resistor and the output resistance of
the transistor in parallel. The transistor output
resistance is almost infinite, so we can ignore
it. This leaves the output impedance as 3k3.
This is not particularly low, but suitable for
connecting to another stage of amplification.

EMITTER FOLLOWER

AMPLIFIER

The successful processing of audio signals
depends very much on impedance matching,
that is, ensuring that the signal from one
section of the circuit is transferred to the next
section without undue loss. An amplifier
which is often used in impedance matching is
the emitter follower amplifier of Fig.22. This
is sometimes called a common collector
amplifier, because input goes to the base,
output comes from the emitter and the
collector is xxommon to both sides of the
circuit. You could set up this amplifier on a
breadboard and examine its action.

This is best done by using a variable 10k
resistor as in Fig.8, to supply a series of
voltages between OV and 6V direct to the base
of the transistor. To measure the
corresponding output voltages, connect a
voltmeter to the emitter.

As the base voltage varies according to the
input signal, the emitter voltage varies by the
same amount, except that it is always 0.6V
less. Thus this amplifier has a voltage gain of
1. The input impedance is the resistance of the
transistor in parallel with the bias resistor. The
resistance of the transistor is hi x Rg.
Assuming hg, = 150, then the input resistance
of the transistor is 150 x 3000 = 450k. In
parallel with 430k of the bias resistor, the
input impedance is 220k. This is a very high
input impedance. If the amplifier output is
connected to another circuit the input
impedance of this circuit must be taken in
parallel with Rg, in the equation above. This
results in a lower input impedance for the
combined circuits. The reduction in
impedance is not significant if the input of the
following circuit is reasonably high.

The output impedance is Rg/hg. In using
this equation we do not take Rg on its own,
but take the resistance of Rg in parallel to the
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Fig 23.
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circuit connected on the input side. If, for
example, this amplifier is being fed from the
amplifier of Fig.14, with output impedance
3k3, we have 3k3 in parallel with 430k,
giving approximately 3k9. If gain is 150 then
Zoyr for the combined circuit is 3k3/150 = 22
ohms. Thus the emitter follower amplifier has
very high input impedance and very low
output impedance, which is why it is used so
frequently for impedance matching.

COMMON-BASE

CONNECTION

This is the third of the three ways of
connecting a transistor (Fig.23). In this
example, there are two biasing resistors (Rg,
and Rgy) working in the same way as in
Fig.14. A bypass capacitor C3 holds the base
potential steady. The signal is applied to the
emitter and the output is taken from the
collector. A common-base amplifier has a Jow
input impedance and its output impedance can
be low too. It is no use for impedance
matching but important applications, one of
which will be described next month. In the
meantime, try breadboarding this amplifier
and testing it. This is best done by using a
variable 10k resistor as in Fig.8, to supply a
series of voltages between OV and 6V direct
to the emitter of the transistor. To measure the
corresponding output voltages, connect a
voltmeter to the collector.

MODULE OF

THE MONTH

10 Transistor amplifier
This is the amplifier shown in Fig.14, with
a variable resistor, as in Fig.16, to allow gain

+6VO &
. : Re
Fig 22. Emitter 430K
follower c1
amplifier. Ll 1!
100n
OUTPUT
ovo O OV
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to be varied. You may wish to make two
modules of this sort to give increased
amplification, though connecting it to the
emitter-follower loudspeaker module (Module
11) is usually adequate.

Input (eg Module 12) is connected
between terminal ‘I’ and the OV rail. Output
comes from ‘O’. (Modules 11 and 12 will be
shown next month. Ed.)

Parts required: R1 27k; R2 10k; R3 3k3;
R4 1k; Cl, C2 100n (2 off) polyester; C3
100u electrolytic; TR1 ZTX300; SKTI1 3-way
PC socket; SKT2 2-way PC socket; stripboard
63mm x 25mm (Vero 15354).

DISCUSSION

Investigation I: Vgyt is high (6V) until
VN becomes 0.6V or more. This is because
the in-built cell has not been overcome. From
0.6V upward the transistor begins to conduct.
Collector current gradually increases and
Vour falls, reaching zero when Vy is a little
over (.7V. In the second run the fall of Vot
is more clearly shown. With one transistor we
tested the voltage gain of the amplifier was
about 40. Yours could be considerably less or
more than this, depending on the gain of the
transistor you are using.

Investigation 2: This allows the output
voltage to swing as far as possible up and
down without clipping. Rc = V/I =
2.25/0.001 = 2250 ohms. A standard 2200
ohm resistor will do very well. If the gain is
150 the bias current is 1/150 = 1/150 =
0.0067mA. The voltage drop across the bias
resistor is 2.25-0.6 = 1.65 volts. Rg = V/I =
1.65/0.0000067 = 246k. A resistor of 220k is
suitable.

Investigation 3: Amplification is more
than that of the single-stage amplifier of
Investigation 2. If the loudspeaker is close to
the microphone, you get positive feedback, as
in Fig.2. Whistling sounds come from the
loudspeaker. Do not be surprised if you hear
music or voices issuing from the earpiece or
loudspeaker! If you live close to a powerful
transmitter (as we do), radio signals are
picked up on the wires of this circuit, and
their audio content is greatly amplified. You
may hear several stations at once.

Investigation 4. Adding C3 restores the
amplification. By varying VRI you vary the
amplification. PI:
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AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER THE VERY BESTIN QUALITY AND VALUE 8 S UP 10
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE- ’ SN AR F FOA RESISTIVE AND INDUC
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p YOORY STNEED ko, oM. |AEADNY rugh SKOUNTED TaROUGH
STAMPED) FOR COMPLETE LIST. ;Ex)cmessE WITH HIGH ogwur PANFI CABINET CUT-OUTS ADVANCED
UND LEVELS FINISHED iIN FEATURES INCLUDE
McKENZIE:— INSTRUMENTS, P.A,, DISCO, ETC. nAg‘owLEaAg;ggtaLEAcg ;vréuose . - Wy
ALL McKENZIE UNITS 8 OHMS IMPEDENCE ATH PROTECTIVE CORNER « FUIY 65mm S1IDF
8 100 WATT C8100GPM GEN PURPOSE. LEAD GUITAR. EXCELLENT MID . DISCO ﬁac'ghepoggrgs |?vg‘sﬁv:3N£'bEs '.“::F‘l,,,
RES. FREQ. 80Hz FREQ. RESP. TO 14KHz SENS.99d8 PRICE £28.59 + £2.00 P&P. HIGH FREQ HORN FOR FULL MONITOR INDICAT
10 100 WATT C10100GP GUITAR_ VOICE. ORGAN. KEYBOARD. DISCO. EXCELLENT MID FREO RANGE 45H7-20KH? BOTH CATOR
RES.FREQ. 70Hz FREQ. RESP. TO6KHz SENS 100d8 PRICE £34.70 + £2.50 P&P. MODELS 8 OMNM SIZE H18 - W15 « FI ASH OVF RRIDF
10 500 WATT C10200GP GUITAR_ KEYBOARD DISCO. EXCELLENT HIGH POWER MID . D1 RUTTON
RES. FREQ. 45Hz FREQ, RESP. TO 7KHz SENS. 103d8 PRICE £47.48 + £2.50 P&P. o HIGH 8 tOW | FVFI
12" 100 WATT C12100GP HIGH POWER GEN. PURPOSE. LEAD GulTAr:’_RDé:sEc‘:o6 S CHOICE OF TWO MODELS PRESFTS
RES.FREQ. 45Hz FREQ. RESP. TO 7KHz SENS. 9808 ICE £36.66 +£3.50 P&P. i L
12" 100 WATT C12100TC TWIN CONE} HIGH POWER WIDE RESPONSE, P A . VOICE DISCO POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 10 RS 800
RES, FREQ. 45Hz FREQ. RESP. 80 14KHz QSENSEY‘gOOdBRDS T AF"RICE £37.63 + £3.50 P&P. ) SIZES
12" 200 WATT C122008 HIGH POWER BASS K A OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR AR PR WED - @55
RES FREQ. 40Hz FREQ. RESP TO7KHz SENS. 100dB PRICE £64.17 + £3.50 P&P. ' N e |ce ’:25 ke SXW H128 - W76 - D79
12" 300 WATT C12300GP HIGH POWER BASSSLEAD gumn xsvaonr;g‘sc EES(;QQET& 58 OMP 12-200 (200W 102dB) PRICE £209.99 PE IR i v
RES, FREQ. 45H; FREQ, RESP. TO5KHz SENS. 1004l 85.79 + £3. p 1 — al
15" 100 WATT C15100BS BASS GUITAR LSOWSFREOUENCY BADISCO. - e SURNENR SECURIGORIDECRSIGIZI00IPERIEATR RISKEWATRERTH 9SS ORTENT
RES. FREQ, 40Hz FREQ RESP. TO 5KHz SEN .98dB .70 + £4. p
15- 200 WATT C152008S VERY HIGH POWER BASS PIEZO ELECTRIC TWEETERS-MOTOROLA
RES.FREQ. 40Hz FREQ RESP. TG4KHz SENS 99d8 PRICE £73.26 + £4.00 P4P. § PIEZO ELECTRIC TWEETERS — MOTOROLA
15" 250 WATT C152508S VERY HIGH POWER BASS Join the Piezo revolution The fow dynamic mass (no voice col) of a Prezo tweeter produces an improved transient
?584::537402115:0“0535 F:'EESR% L?(:’:’:’Ioavss';s I.QOQ\(/,VBFREOUENCY G ASER'CE £80.53 + £4.50 P&P. [ rocionse wih a lower distortion level than ordinary dynamic tweeters As a crossover is not required these units can
] h ! "
REs FREQ. dohz FREQ. RESP, TO aKHz SENS 10248 PRICE £94.12 + £4.50 P&P. g%%d&ﬁ%g s:;;t’v‘n i%e;kYe;styé(Yeén;ol upto 100 watts (more it 2 put n senes) FREE EXPLANATORY LEAFLETS
18" 400 WATT C18404BS EXTREMELY HIGH POWER. LOW FREQUENCY BASS TYPE 'A' (KSN2036A) 3 round with protective wire
RES FREQ, 27Hz FREQ. RESP. TO 3KHZ ENS 9948 y PRICE£167.85 + £5.00 P&P. mesh. deal for bookshe!! and medium sized Hi ]
EARBENDERS:— Hi-Fl, STUDIO, IN-CAR, C. \(" %%epaéerss l(”:ié::::;ésso)egch + 50p :’&P _ :
— ‘B’ 3 super horn For genera
ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM. \ A/ purpose speakers. disco and PA systems etc Price

RES.FREQ, 40Hz FREQ, RESP, TO 7KHz SENS.97dB PRICE £8.90 + £2.00P&P.
10° 50 WATT E610-50 DUAL IMPEDENCE TAPPED 48 OHM BASS. HI-FI_IN-CAR <% ggg:‘n"‘s'g:\gfp’"s' and quality discos etc Price £6.99
.FREQ, 40HZ FR| P. TOSKH N Pl i 50P&P. Y 5

?055100 5/211 53210.1%8;555 HIQFE: S%U%EDS CEsl RICEE12(C0R-E2E R i 4 TYPE ‘D' (KSN1025A) 2 x6 wide dispersion horn
RES. FREQ, 35Hz FREQ. RESP, TO3KHz SENS, 9608 PRICE £27.50 + £3.50 P& P. . Upper frequency response retained extending down to
12" 60 WATT EB12-60 BASS. HI-FI. STUDIO mid range (2KHz). Surtabie for high quality Hi- systems
RES. FREQ. 28Hz FREQ. RESP. TO 3KHz SENS.92d8 PRICE £21.00 + £3.00 P&P. — and qualty discos Price £9.99 each + 50p P&P

12" 100 WATT EB12-100 BASS. STUDIO HI-FI. EXCELLENT DISCO TYPE 'E'(KSN1038A) 354" horn tweeter with attractive

Y
RES.FREQ 26Hz FREQ. RESP, TO 3KHz SENS. 9308 PRICE £32.00 + £3.50 P&P. ‘ silver inish tnm_ Sustable for Hi-h monitor systems etc
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND Price £5.99 each + 50p P&P
5% 60 WATT EB5-60TC (TWIN CONE) HI-F|. MULTI-ARRAY DISCO ETC LEVEL CONTROL Combines on a recessed mounting

RES. FREQ.63Hz FREG, RESP. TO20KHz SENS. 92dB PRICE£9.99 + £1.50 PP
6% 60 WATT EB6-60TC (TWIN CONE) HI-Fl. MULTI-ARRAY DISCO ETC g's"‘:%s:f,‘r’:' Pc,‘,’(':‘e"g'a and +°gg;"§&g‘°“' JACERCREL
RES. FREQ. 38Hz FREQ, RESP. TO 20KHz SENS.94d8 PRICE £10.99 + £1.50 P&P. -
8" 60 WATT EBB-60TC (TWIN CONE) HI-FI. MULTI-ARRAY DISCO ETC S EGDRAA =
RES FREQ. 40Hz FREQ RESP. TO 18Kz SENS. 8908 '~ o PRICES12.99 4 £1.50P8P.
10" 60 WATT EB10-60TC (TWIN CONE) HI-FI. MULTI-ARRAY DI &
RES FREQ, 35Hz FREQ, RESP, TO 12KHz SENS. 8608 CRICEL16.49 + £2.00P8P. || STEREO DISCO MIXER with 2 x 5band L & R -¥
graphic equalisers and twin 10 segment L.E.O ‘ '{
1

TRANSMITTER HOBBY KITS Vu Meters. Many outstanding features 5 Inputs
with individual faders providing a usetul com-
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE

g mnation of the following

PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS ¢ 3 Turntables (Mag) 3 Mics. 4 Line including CO
COMPLETE WITH CIRCUIT AND INSTRUCTIONS ‘,P plus Mic with talk over switch Headphone Moni
e ‘i tor Pan Pot L & R Master Output controls. B
2 Output 775mV Size 360 x 280x 90mm Supply S8 »

IW FM TRANSMITTER 80-108MHz VARICAP CONTROLLED PROFE SSIONAL PER-

FORMANCE RANGE UP TO 3 MILES SIZE 38 - 123mm SUPPLY 12V v 0 SAMP 220-240v =

PRICE £14.49 + £1.00 PAP 3 watt FM Price £134.99 — £4.00 P&P
M MICRO TRANSMITTER (BUG) 100-138MH2 VARICAP TUNED COMPLETE WITH Transmitter
VERY SENS FETMIC RANGE 100-300m SIZE 56 « 46mm SUPPLY v BATT PRICE B K E L E C TR 0 N I C S
£852 ¢ £1.00 PP
) £ PER ORDER £100 MINIMUM OFFICIAL ORDERS WELCOME FROM 3 3 Dept PE
[ Awens POSTAL CHARGES PER ORD 100 MINIMUS ICIAL L
‘ SCHOOLS COLLEGES GOVT BODIES ETC PAICES INCLUSIVE OF v A T SALES COUNTER UNIT 5. COMET WAY, SOUTHEND-ON SEA, ESSEX. SS2 6TR

L ‘ VISA ACCESS ACCEPTED BY POST PHONE OR FAX

TEL: 0702-527572 FAX: 0702-420243




axwell was probably the greatest
scientist of the 19th Century. Yet his
name is not as well known as people

like Ohm, Volta, and Ampere, and less is
commonly known about him than some of the
people who hit the headlines like Alexander
Graham Bell and Edison. But Maxwell's work and
discoveries have undoubtedly had more impact on
the whole field of science than any of these people.
It was Maxwell who proved mathematically the
presence of electromagnetic radiation, and his
equations were used as the basis of research into
wireless as well as being used as the foundation for
many of today’s advanced theories. Apart from his
equations about field theory, Maxwell applied
himself to a wide variety of topics during his
career and he made significant contributions to
these subjects as well.

CHILDHOOD

James Clerk Maxwell was born on June 13th
1831 in Edinburgh. He was an only child bom late
in life to his parents who were delighted at the
birth of their son.

The family were well off as his father was a
lawyer. Shortly after Maxwell's birth the family
inherited a large’estate at Glenlair. As a result the

HISTORY OF TECHNOLOGY

lan Poole
looks at a great
man remembered
for his equations.

he was more able to meet with other leading
scientists of the time. In fact he often met with
Faraday, and this obviously helped him in his
research.

However, Maxwell did not content himself
with just oné area of research. He also spent a
considerable amount of time looking into
subjects as varied as the viscosity of gasses and
the velocity of light.

Even though Maxwell was making
tremendous progress in his research, the call of
his native Scotland began to grow stronger and
in 1865 he returned to live on the family estate
at Glenlair in semi-retirement. Despite this he
still kept in touch with the academic world and
the latest scientific developments. He also
became an external examiner for Cambridge
University and he made frequent trips to
London.

He also kept up his research into
electromagnetic theory, developing it and
refining it further. This work took him many
years to complete. But, before he completed it,
he was tempted back to England by the offer of
the directorship of the Cavendish Laboratory in
Cambridge. He started there in 1871 and in this
position Maxwell had to design a new laboratory
and set up a new department.

JAMES CLERK
MAXWELL

family moved there and Maxwell’s father changed
the family name from Clerk to Maxwell.

At Glenlair Maxwell lived a happy life, but this
was not to last for long because his mother died
when he was just eight years old. This brought
about many changes in the life of the young
Maxwell. His father decided that the best way for
his son to be educated was to employ a tutor.
Unfortunately, this was not a success as the man
they employed did not live up to their expectations,
and Maxwell soon became backwards in his
leamning.

EDUCATION

Seeing the poor performance of his son, his
father decided to send the young boy to Edinburgh
Academy. This was most certainly the tuming
point in Maxwell's education. Here he blossomed.
His teachers noted that he had a very inquiring
mind, very good reasoning powers and
tremendous memory. As a result he soon became
one of the best students at the Academy, and
proved the fact by publishing a paper on geometry
when he was just 14 years old.

Maxwell continued his rapid progress, and
entered Edinburgh University in 1847 when he was
only 16 years old. Here he published two further
papers whilst continuing his studies, which were
mainly directed towards science and mathematics.

From Edinburgh Maxwell moved to Cambridge
in 1850. Here his full potential soon began to be
realised. His tutors recognised that he was a
student of exceptional quality having a natural flair
for any subject related to science. In addition to
this he was stimulated by meeting with other
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students, some of whom were to make their marks
in scientific history.

Maxwell's studies continued so well that in
1854 he was offered a fellowship at Trinity
College. However, he was unable to accept this.
His father, to whom he had grown very close after
the death of his mother, was ill and his health was
deteriorating. Maxwell returned to Scotland and
was able to be near to his father. It was not long,
though, before his father died. Maxwell was
devastated at the loss of his only remaining parent
and remained in Scotland rather than return to
Cambridge. It was here that he took up his first
academic post when he became the professor of
physics at Marischal College in Aberdeen.

A MOVE

In 1860, the two colleges in Aberdeen were
merged to form the new Aberdeen University. In
this reorganisation several people lost their jobs,
and Maxwell found that he was one of them. He
then applied for another post within the
University but was turned down. So it was that
Maxwell had to look further afield and he was
soon offered a job at Kings College London as
the professor of natural sciences.

From here Maxwell never looked back. He
threw himself into his work and as a result he
started to make a speedy progress. He published
several papers on his work into electromagnetic
wave theory, each one developing the theory a
little further. These papers were also the first
publications to contain his world-famous
equations.

Another advantage of life in London was that

MAJOR

CONTRIBUTIONS

Whilst he was doing all of this, Maxwell still
continued his work on electromagnetic theory. It was
published in 1873 under the title “A Treatise on
Electricity and Magnetism”. This work summed up
the bulk of Maxwell’s work on the subject and it was
so successful that it was used as.a standard work for
many years afterwards.

Sadly, in the spring of 1879, he became ill. His
doctors were unable to treat his condition and in the
June of that year he retumed to Scotland. There he
died on November 5th 1879 at the age of 48. His
burial was quiet, being attended by his family and a
few friends.

Had Maxwell lived for longer his work may well
have brought new revelations. As it was, many new
discoveries he might have made had to wait for
many years for some other talented research scientist
to reveal. Even so he had made many major
contributions to many areas of research. Apart from
electromagnetic theory, he had undertaken a
significant amount of research into topics as varied
as the kinetic theory of gasses and colour
photography. He even presented a paper on the
structure of Satumn’s rings which even in the light
today’s knowledge proved to be remarkably
accurate.

During his life Maxwell received few honours.
But today his life and work is remembered by the
fact that his name has been given to the unit of
magnetic flux. PL:
Photograph by courtesy of
The Institution of Electrical Engineers
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here is no reliable report that anyone
has ever been killed by a falling
meteorite, but on April 6 a half-
kilogram meteorite fell through the roof of a

cluster of galaxies, ‘only’ about 60,000,000
light-years away; in Arp’s view, 3C-273 is an
actual member of the cluster. Not many
astronomers agree with him - but if he is right,

'''' then we are due for a revolution in thought

house in Glanerbrug, Holland - luckily when
the owners were out. Apparently it was a
chondrite, and is assumed to be part of a
targer object which broke up during its
‘neationg descem TNIoUEN Tne ATOSPRRTR.

There is sad news about the Japanese lunar
satellite Hagomoro. Its transmitter has failed,
and all contact with it has been lost. However,
Hagomoro has at least shown that the
Japanese are now capable of sending probes
to the Moon.

As we all know, the Hubble Space
Telescope has been successfully launched.
There have been some minor problems, but
these seem to be being solved, and the first
results are most encouraging. It now seems
that unless any unforeseen hitch occurs, the
HST will do all that its makers have hoped of

 WATCH _

N which will be almost as great as that of almost
seventy years ago, when Edwin Hubble first
showed that the galaxies are outer systems
TAhRY than TR fRmiess of, the Muky Way.

ROSAT

The latest scientific satellite, Rosat, is one
of the most important for many years. It is a
German vehicle, but there is strong British
participation, as we have been responsible for
Rosat's Wide Field Camera, developed by the
Leicester team led by Professor Ken Pounds
in collaboration with the University of
Birmingham.

Rosat is designed to study radiations in the
X-ray and EUV (Extreme Ulta-violet) part of
the electromagnetic spectrum - that is to say,

BY DR PATRICK MOORE CBE

between 6 and 200 Angstroms. This is one of
the regions which needs careful study, all of

CLOSER QUASARS?

For some time now a few astronomers,
notably Dr. Halton Arp (formerly of Mount
Wilson, now working in Munich) have been
claiming that our distance-measures beyond
the Galaxy are wrong, and that quasars,
usually assumed to be very remote and super-
luminous, may be fairly local to our Galaxy.
Arp’s latest results indicate that the most
famous of all quasars, 3C-273, is aligned with
a cloud of neutral hydrogen in the Virgo

Although a Dutchman
has directly examined
spacial objects in
close-up at home,
sophisticated orbiting
equipment is usually
considered more
appropriate.

which has to be carried out from above the
atmosphere; the EUV region, in particular, is
imperfectly known. The British camera is an
instrument which views an area five degrees
in diameter, and will image each source
within the field of view with an accuracy of
one minute of arc. It is hoped that it will
discover several thousand new EUV sources.
Identifications will be carried out by
comparing the positions of the sources with
images of the sky taken by Schmidt

THE JULY SKY

idsummer has passed by, though the Earth is at aphelion -

its greatest distance from the Sun - early this month; the

date of aphelion is July 4, when the distance from the Sun
will be 152,000,000 kilometres. Remember that the Earth’s path is
not very different from a circle; those of some of the other planets,
notably Pluto, Mars and Mercury, are more eccentric.

Of the planets, Mercury and Jupiter are out of view this month.
Venus is a brilliant morning object, but is low down; look for it in the
east before sunrise. Mars is also a morning object, but is not yet
really well placed, though it reaches zero magnitude by the end of
July; its apparent diameter is still below 9 seconds of arc, so that a
large telescope is needed to show much on its disk. This leaves us
with Saturn, which comes to opposition on July 14. Its ring system is
still wide open, and in any telescope the planet is a glorious sight,
look too for its large satellite Titan, which will, we hope, be
encountered by the Cassini probe in the year 2002. Unfortunately
Saturn, in Sagittarius, is very low down as seen from British
latitudes, and for some years hence it will be best observed from the
southern hemispheres.

Neptune, the outermost planet, also comes to opposition this month,
on the S5th. Like Saturn, it is low down in Sagittarius; but unlike Saturn,
it is much too faint to be seen with the naked eye, though binoculars will
show it as a dot of light. Neptune was by-passed by the Voyager 2 probe
in August 1989, and shown to be a dynamic, beautifully blue world, with
a great dark spot and violent winds. We are not likely to have any new
information from close range for many years; no more probes to Uranus
or Neptune are planned as yet. However, it may be that the newly-
launched Hubble Space Telescope will be able 1o show the main details
on the planet’s surface.

form (some people nickname it ‘the Teapot') but this year it is made

The Moon is full on July 8, at last quarter on the 15th, new on the
22nd and at first quarter on the 29th. There are no major meteor
showers until the start of the Perseids, at the very end of the month.

The Summer Triangle of Vega, Deneh and Altair continues to
dominate the starry scene, with the Great Bear in the north-west and
Cassiopeia in the north-east; the brilliant orange Arcturus is still
above the western horizon until very late in the evening, while the
Square of Pegasus is starting to come into view in the east. This is
the best time of the year for seeing the magnificent star-clouds in
Sagittarius (the Archer) which hide our view of that mysterious
region, the centre of the Galaxy. Sagittarius itself has no definite

easy to identify because of the presence of Saturn. Sweeping round
the star-clouds with binoculars is a rewarding pastime, you will see
many rich star-fields, together with clusters and gaseous nebulae.

This Month’s Solar Eclipse

On July 22 there will be a total eclipse of the Sun. Sadly, the track
misses Britain; but this is one of the more accessible totalities,
because the central track crosses Finland. Various expeditions are
going there, though it is true that the Sun will be low down and the
weather prospects are not really encouraging. The track, beginning
in Finland, crosses along Northern Asia and ends in the Pacific
Ocean, between Hawaii and the North American mainiand. The
eclipse begins at 0040 GMT and ends at 05.24 GMT; the maximum
duration of totality is 2 minutes 33 seconds. A total solar eclipse is
without doubt the grandest sight in nature; let us hope that the
Finnish parties will be untroubled by cloud!
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telescopes in America and Australia. X-ray
sources, too, will be identified. The positions,
shapes, colours and brightness of stars and
other objects lying near identified Rosar
sources will provide the vital clues.

Rosat is an ambitious vehicle. It should
remain operational for some time, and it
ought to provide important new data.

Two of NASA's beautiful photos of the
Hubble Space Telescope in orbit. The solar
array panels are seen in different states of
deployment. In the right hand photo the HST
is backdropped by Cuba and the Bahama
Islands. A large formar Aerolinhof camera

captured the scenes.

Astronomy Now

Britain's leading astronomical magazine

UK Price £1.50

Astronomy Now In the July issue:

July 1990

Sl Lyeing The Sun w Eyeing the Sun s¢
— % The Blue Straggler Mystery v
> w Understanding Dwarf Galaxies v
hmenco” ’ w Time Moves on at the RGO w
Build a five-inch Reflecting Telescope
WWWW W

| Understanding
Dwarf
Galaxies

A Five-Inch

Togaecsd plus: News Update - The Night Sky
"o - Sky Watch Down Under and
'Mmlmmm Im The Solar Maximum Mission ] Lk

July issue on sale now - price £1.50!

Published by Intra Press - Publishers of Practical Electronics
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HOME-BASE

lan Burley reveals that Sony
are busy hammering nails into
book coffins. Intel's DVI chip
set could add another
dimension to the interactive
CD scene, while Mercury finds
a voice for fax systems.

t's the in-thing to condemn any useful

long term future for books in their

present, paper based, form thanks to the
advancement of digital technology. Sony
added another nail to the coffin of the book
with its announcement of the DD-1 Data
Discman hand held cd rom player in Japan.

Portable cd rom players are already
nothing new now, but these have so far
simply been compact portable units for use in
conjunction with PC installations. They're
also restricted to standard five inch cd roms.

Sony has come up with a compact cd rom
unit with an lcd text display capable of
reading three inch cd rom discs. In the words
of Sony’s press statement: “the Data Discman
is the answer for computer users who have
felt confined to a desk or the use of a laptop
for information.” That's the first time I've
heard a laptop computer being criticised for
confining its user!

The DD-1 is about 7 by 4 inches in
dimension - post card size, and weighs 550
grams without a battery. The monochrome
screen can display 15 characters in 10 lines or
display graphics in up to 256 by 200 pixels.
The keyboard sits on the top cover of the disc
foading mechanism. A bonus feature is that
you can play standard three-inch music cds on
the DD-1 and headphones are supplied. You
will also be able to get a video adapter.

It’s expected that DD-1 users will buy
discs which feature travel guides, textbook
information, dictionaries, instruction manuals,
etc. Sony has already lined up 18 cd rom
‘books’ from 14 publishers, but these are all
for the Japanese market and Sony has made it
clear that we won't see the DD-1 outside of
Japan until a Western publishing base has
been set up. Currently the three inch cd is in
common use for music publishing but cd
rom’s are all five inch discs so far. One three
inch disc is supplied with the DD-1 and this
contains a Japanese/English and English/
Japanese translation dictionary and a
conventional word dictionary in Japanese.

The Data Discman DD-1 will cost
Y58,000 when it goes on sale in Japan at the
beginning of July, that's about £250. Perhaps
the humble book is not doomed just yet...
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DVI A THREAT?

Last month we looked at Philips’ cd-i
digital interactive video cd rom system.
Philips has always intended that cd-i should
eventually form the basis for a multimedia
system affordable enough for the home. This
has proved difficult. especially as Philips
decided to go for full-screen motion video
after the original specifications had been laid
down four years ago.

Another ¢d rom based interactive video
system which has been developed inparallel
with cd-i is dvi developed originally by a
division of General Electric. In 1988, Intel
took over the project and there is some
support from IBM - big guns indeed. So far
dvi has only been pushed in the professional
market for animated presentations and
interactive training or large scale information
retrieval.

Dvi’s specifications are very similar to cd-
i. Like cd-i, dvi is read-compatible with
‘lower’ levels of c¢d, though dvi also

encompasses other forms of data storage like
hard discs. Both standards use hardware
compression to fit over 72 minutes of motion
video on a five inch cd rom and both enable
30-40 hours of medium quality audio to be
recorded on a disc. Unfortunately neither of
the systems are compatible.

While Philips is working hard to reduce
hardware costs in order to produce a multi-
format consumer cd-i machine, Intel has
concentrated on producing add-in cards for
personal computers. While this appears to rule
out the consumer, professional applications
using dvi have been used in experiments
involving consumer use. One example is the
delivery of interactive video across a domestic
cable network. For example, you might find
yourself using cable tv to select your next
house through an interactive service based
around dvi.

There is also speculation that IBM could
take the Intel dvi chip set and incorporate it
into a PC motherboard. This could
revolutionise both home ~and business
computer sound and graphics standards.
Currently the chips cost too much for these

DVI audio/video capture board.
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DVi delivery board.

applications, but economies of scale could
solve that problem if there was enough
incentive.

What is clear is that in a few years from
now, personal computers, digital audio and
video and interactive media control will
finally merge into one super information
technology machine which will, hopefully, be
affordable to all. The only question is, whose
standard will be the winner?

TALKING FAX

With more and more people working from
home, the fax machine has steadily gained

acceptance as a domestic appliance -
especially in the USA.

Perhaps with this fact partially in mind,
Mercury Communications has developed an
information retrieval system which uses the
fax format to deliver reasonably high quality
printed text and graphics. The idea is that you
use a touch-tone telephone to dial up
Mercury’s Faxess service and use those
numeric touch-tones to communicate with an
information database and select voice-
prompted information categories. Once a
category has been selected you dial in your
fax telephone number and a few minutes later
pages of information including graphics are
delivered to your fax.

The 200 dots per inch graphics are
computer generated specifically to match the
fax image format precisely so there are no
nasty ‘saw-tooth’ jagged line effects on
graphics or scanning distortions - as long as
the phone line isn’t noisy. The resulting pages
look as though they’ve come straight out of a
medium  resolution  desktop  publishing
system. Clarity is really very good.

Faxess is intended to be the platform for
subscriber orientated services. One of the
advantages for an information provider built
into the system is automatic market research
data logging. Which pages you download and
how frequently, etc. will be logged for later
evaluation.

PRACTICAL ELECTRONICS AUGUST 1990

One possible application of Faxess could
be as a link into a service like Autoroute, the
route planning database for car drivers.
Imagine a detailed and personalised map
being produced for your journey via a fax
machine. Indeed you might even have that fax
machine in your car!

The only question mark over Faxess is
who will be the information providers on the
system? So far even Mercury is unable to
answer that question. As a technology
exercise, Faxess is impressive, but as
commercial operation, we’ll have to wait and
see.

CONSUMER FEATURE j%

SUMMER CES PREVIEW

It seems just like a few short months ago
that the Winter Consumer Electronics Show at
Las Vegas took place. The twice yearly event
moves to Chicago for its summer outing in
June and we’ll be there to dig out all the
interesting consumer electronics innovations
once again.

From the gossip which has been flying
around we can expect a major announcement
from Commodore regarding a cd rom
multimedia machine based around the
Commodore Amiga home computer chip set.
Those who claim to have seen it appear very
excited about the new Commodore.

The last show disappointed for its lack of
high definition television exhibits. My
information is that the Japanese are going to
rectify that omission this time around and you
can expect some news from Thomson of
France with its rival hdtv system. Another
interesting tv related development is in the
area of local short range broadcasting. Several
of these systems which enable the pictures
from, say a pre-recorded video or live video
camera to be transmitted to any ordinary tv set
within around 100 feet, are in the process of
getting FCC electrical standards approval. We
will also expect to have some news about the
development of a suite of home automation
standards in the USA, plus the latest news on
the arrival of consumer digital audio tape.

Next month’s CES report in Home Base is
going to be big, so don’t miss it. m

Faxess system from Mercury.
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The Archer 780 &HBC

The SDS ARCHER - The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports.
counter-timers. power-fail interrupt. watchdog timer.
EPROM & battery backed RAM.

* OPTIONS: on board power supply. smart case.
ROMable BASIC. Debug Monitor. wide range of 'O &
memory extension cards.

The Bowman 68000 &DBC

The SDS BOWMAN - The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports. battery backed CMOS RAM. EPROM. 2 couriter-
timers, watchdog timer. powerfail interrupt. & an
optional zero wait state half megabyte D-RAM.

# Extended width versions with on board power supply
and case.

Sherwood Dataystems [id

Sherwood House, Unit 6, York Way, Cressex Ind. Estate, High Wycombe, HP12 3PY.

Free demonstration discs

Borland C++ * Pro iSp °
MULTILODE ELECTRONICS o TRIAS T L
7 ARLINGTON PARADE, BRIXTON HILL os s il thg - Cllr.les -
LONDON SW2 1RH TEL: 071-326 1793 g g the A.Client
e In the UK’s only news stand
STK0029 525 BC1 BY127 i -
S i 22 et 2 magazine for developers — £1.50
STK413111 725 BY179 60p
STK4141l 195 » o
STK41511t 825 BCs547 sp BY227 25
STK4191l1 950 BC548 gp BY299 30p
STK41421l 995 BC639 15p IN40O1 5
STK41521l 895 (N4002 5p
BC640 15p
STK4843 950
STK43%2 g7s BD131 250 LogicIc
BD132 25p 74L.S00 10p
REGULATORS BD237 10p 741501 10p &
STK5211 695 BU126 150 74,802 10p F S
STK5315 9.25 2
Lk 32 Uz 220 741503 10p 3
STR441 695 BUS00 195 741514 12p §
STR451 695 BUS08A 150 74LS15 12p &
STR4211 695 TIP2A 39p T74LS20 15 Q
STR454 6.50 74LS74 15p 8
STRAD%0 T e P alsts 159 3
STR50103A 6.50 ;:gm gp @
p
LINEAR S TP42A o S g
TDA3560 525  25D1453 195 2.10 <
TDA3561A 550 4116 1.00 8
25D1497 195 B
TDA3562A 550 6116 1.2 S
TDA4500 345 2501426 215 o 2.00 =
TDA4600-2 295 25D1398 195 2732 2.50 g
POPULAR COMPONENTS FROM MULTILODE E
ELECTRONICS MORE IN STOCK S
7]
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his analogue probe was designed to be

used on low frequency signals in logic

circuits but is better suited to analogue
circuits. The circuit is based around the LM3914
bargraph driver chip to display the input voltage
on 11 leds. The OV comparison is done with a
separate LM311 comparator.

The probe has three ranges, 0-5V, 0-10V and
0-20V and can therefore be used on ttl or cmos
circuits. The circuit gets its power from the
circuit under test and draws about 40mA which
although high isn’t normally a problem. If the
circuit under test cannot supply the power needed
the probe can be powered from any convenient
supply with the OV lines linked together.

SPECIFICATION

Supply voltage 5-40Vdc
4-28Vac
supply is unpolarised so
there is no need to check
which power rail is +ve

Supply current 40mA

Input range 0-5V, 0-10V, 0-20V
switchable

Input protection  +100V

Input current ImA max.

28kHz for full scale
deflection
200kHz max visible
(3 leds lit)

Freq response

100mA fuse fitted in
external fuse holder

Supply protection

Overvoltage crow bar
circuit limits input voltage

VOLTAGE

PROBE

Here's a simple item of workshop test

gear from Stephen

Bailey: a probe for

analogue which also understands logic.

HOW IT WORKS

Power is obtained from the circuit under
test via fuse 1, which protects against supply
overvoltage as well as faults in the probe.
Rectifier 1 is included to prevent accidentally
reversing the power leads, and it also allows
the probe to be powered from an ac source,
with C1 smoothing the output.

An overvoltage crowbar circuit is forred
from D12, D14, R5 and R8. If the input
voltage exceeds the breakdown voltage of
D12 it conducts turning on the scr TR2,
shorting out the supply and blowing the fuse
to prevent damage to the probe. (Readers are
cautioned that this technique should not be
used if the power supply is not short-circuit
protected. Ed.) TR1, Rl and D13 form an
emitter follower to supply a maximum of 22V
to the circuit.

The input signal from the probe is fed
through R10 which limits the input current.
S1 then divides the signal with resistors R11,
R12, R13 and R6. These produce an fsd of

S1. R10 has little effect on the divider chain.
The resistors are not as expected in theory
(R11 ought to be 300k to halve the signal) but
these values are necessary in practise to make
the readings correct.

IC1 is a bargraph driver chip, LM3914.
This chip buffers the input on pin 5 and feeds
the signal to 10 internal comparators which
compare the signal with the voltage on a
resistor divider chain. The reference voltage
for the divider chain is provided by an internal
voltage regulator. The output voltage of the
regulator is set by the ratio of R4 and R7. R4
also controls the internal current sources for
the led drive transistors. The output of the
comparators turn on transistor switches which
light the appropriate leds. Pin 9 is the mode
control pin. If pin 9 is left open circuit the
chip is in dot mode (only one led lit at a time).
If pin 9 is connected to +ve the chip operates
in bar mode (all leds below the input voltage
are lit). The LM3914 doesn’t compare the
input signal with OV so IC2 is used. The input
signal is fed to pin 2 and compared with the
voltage on pin 3, which is about 0.4V. The
output transistor switches when the input

t0 47V dc/33V ac approx. 5V, 10V or 20V depending on the setting of voltage is below 0.4V and lights led D1.
FS1 100mA
. e A 7 L] CRconT
UNDER TEST
YIYE11ETIEIE Y ¢ -
?: 1 18 17 16 15 i 13 2 'OD" 1k
IC2 e
M3 2k2 | 4 mz{_
ZN® s UES:QIIL ! 25066
3
I_L e S J_i.' 1
- 7Y
o1 e
6 'Y
.&?&ua ;m &2V RS 2k2
RS
1k
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Fig 1. Circuit diagram for the voltage probe.
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RESISTORS

R1,R4,R8 1k (3 off)

R2,R5 - 2k2 (2 off)

R6 300k

R9, R12 IM (2 off)

R10 39k

R11 390k

R13 91k

VR7 4k7 horiz preset
CAPACITOR

Cl 47u 63V mini elect.
SEMICONDUCTORS

DI-Dl1 Green leds (11 off)
D12 BZX61C47V zener
D13 BZX61C22V zener
D14 1N4148

TRI BD139

TR2 2N5064 SCR

IC1 LM3914

IC2 LM311

Recl WO 1A 50V Rectifier Bridge
MISCELLANEOUS

SWi 4pole 3way slide switch
FSI 100mA fuse and holder

4mm socket for probe, 4mm plug for probe,
2 min. croc clips, flex for power leads.

CONSTRUCTION

The small horizontal components should
be fitted first, followed by the preset and TR1.
The leads of TR1 should be bent through 90°
so that it fits with the metal pad on the back
uppermost. IC sockets can then be fitted if
required. The leds should be fitted next. To
get the leds all the same height the best
method is to carefully tape them together
making sure they are all the same way round
and level. This should hold them together
whilst they are soldered in place. The leds
should be mounted so that the IR tops are
17mm above the pcb. The longer leads should
be in the outer row of holes.

'WORKSHOP PROJECT /7~

.

o o "CRITEERIEERER | - £
proee —te v D *@o—c}gx
| T :

Qe T O [® f.—_.-D ¢*©

K1)

ST

Fig 2. Components and pcb track layouts for the voltage probe. When copying
pcb tracks ensure that ic pin spacing is exactly 0.1 inch.

The remaining components can now be
fitted, leaving R11 to R13 till last as they are a
close fit against S1. Make sure the exposed
leads are toward the outer edge of the pcb so
as not to short on the switch.

The probe can be constructed from a 4mm
plug and 1.5 inches of 2mm diameter brass
rod from a model shop. One end can be
carefully filed to a blunt point, the other end is
soldered to the plug. If you can get a small
piece of nickel the probe can be simply
plated. Connect the nickel strip to the +ve of a
1.5V battery. Connect the probe to the -ve and
place both in a small container of vinegar. The
circuit is left overnight, the probe is then
removed, washed and cleaned with Brasso.
The use of a socket to connect the probe
allows a lead to be connected between the
probe and the circuit under test so a signal can
be monitored over long periods without
having to hold the probe in place.

TESTING

After checking for solder splashes the
circuit can be tested. Connect the power leads
to a 5V supply and switch on. LED | should
light. If the led doesn’t light check that the

supply components are fitted the right way
round and that the fuse is fitted and not
blown. If D12 is fitted the wrong way round it
will act as a normal diode and conduct,
turning on the SCR D14 blowing the fuse.
Check that the rectifier is fitted the right way
round.

When all is ok connect a lead between the
input and +5V. With S1 in the position closest
to R10 the last two leds should light. If they
don’t, adjust R7 until they do. Switch Sl to
the center position and check that the middle
led lights and, if necessary, adjust R7 slightly
until it does. S1 can then be switched to the
third position and the third and fourth leds
should light. Continue to trim R7 until the
leds light as above, the probe is then set up.
The top two leds light on the 5V range with a
5V supply due to the voltage drop caused by
the rectifier and TR1. If the probe is powered
from a higher supply voltage only the last led
will light with a 5V input.

The probe circuit can now be mounted in a
suitable metal or plastic box. A small
grommet should be used where the supply
leads enter the box.

MonR
DEC

REMEMBER - SUBSCRIBING TO PE AVOIDS FUTURE DISAPPOINTMENT

BACK NUMBERS, COPIES AND BINDERS

We can usually supply back issues of PE up to three years old. These are
£1.75 each including postage (£2.25 for overseas readers). If we no longer have
the issue needed, we will be pleased to send a photocopy of the article for the
project that you want to build. These are £1.00 each per issue, including postage
(£1.50 to overseas readers).

We also have the latest binders available for PE, each holding twelve issues.
Embossed in gold with the PE logo, they will make a handsome addition to your
technical library as well as keeping your magazines in mint condition. They are
available at only £5.95 inc. p&p. (Overseas readers please add £2.)
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EASY-PC, SCHEMATIC and PCB CAD

NEW VERSION:- et BRITISH
NOW DRAWS EVEN FASTER! y DESIGN
£98.00 v

1989
Also:- over 400 Symbols!

N o A T
-

sEledin LTl Be =t 1

Fast Professional Qualitv Output - Affordable Price

SMITH CHART PROGRAM - Z-MATCH Il CIRCUIT ANALYSIS BY COMPUTER - ANALYSER i

ﬂFor IBM, PC/XT/AT and clones. For IBM, PC/XT/AT and clones.

WAVELENGIHS TOMARDS :
GENERATON=0.0472

ME COFF =0/ P
BNGLE:149.50 016 " |

o e > X ) - - ’
SMR=6.47 /k\ )(y'.,\ ) LOAB=0. 4577 e i - » =y
. AN i : TV IF AMPLIFIER 4otz bt
016 o~ e N — vV IF AMPLIFIE v 3 .
Kk, y LG = g () 1Ews I L
‘/ \é\, SO )/ A~ > ; . N R76 CINCLE o f | i1 '_".= ! : J
N el SISONX ) " 3! L 3
b e - \\,_\ ~ AN i s, W o o -|on - :
% g R I L, {4‘ ,:va"r‘.»-'vf- i pad Pl ..fiy‘; @ 2
- S | ]
X t Ve roint | | iy Qg:tg.»é..‘ '
1 _IL_, —r aF= . | S - " -l \x
\ - " o <"/ ” o, (ol ™ e |
vi L e T A LT i o |2t e B % 12 ~={
Lone’ -5 ':((// o x 5 tenries [ 1= HIES :
/K' ,g?'& o S % WORWLISED: Faj 45 | iR o (B OR1 O[S [3e :
R ’ P / ) " £ 3
B AN A 0167458, 263 #' (33 [2e =
i o SN X AN Bl 1V L] RRIET : KM

FREO=100 Mz "».\ ~ g
4 . ~ = AT .
PIELEC.CONSTANT=) \<\ % 0.343+j13. 204

~ 5‘.—_‘ -
"ANALYSER II" — Analyses complex circuits for GAIN,
Z-MATCH - Takes the drudgery out of R.F. matching PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE and
problems. Includes many more features than the standard GROUP DELAY over a very wide frequency range.
Smith Chart. Ideal for the analysis of ACTIVE and PASSIVE FILTER

Provides solutions to problems such as TRANSMISSION CIRCUITS, AUDIO AMPLIFIERS, LOUDSPEAKER
LINE MATCHING for AERIALS and RF AMPLIFIERS with CROSS-OVER NETWORKS, WIDE-BAND AMPLIFIERS,

m@gﬁmgsﬁmggEsThf*AggigwELﬁNggi STUB TUNED R.F. AMPLIFIERS, AERIAL MATCHING

MICROSTRIP, STRIPLINE and WAVEGUIDES. The AN i od CHEOMMFLTER GIRGUITS:

pregemulaxgs aocountiol (ERNSMISSKONLINELOSS, STABILITY CRITERIA AND OSCILLATOR CIRCUITS
IELECTRIC CONSTANT, VELOCITY FACTOR and ! s

FREQUENCY. ¢ be evaluated by "breaking the loop".

Z-MATCH is supplied with a COMPREHENSIVE USER Can save days breadboarding and thousands of pounds

MANUAL which contains a range of WORKED EXAMPLES | Wworth of equipment.

£195 for PC/XT/AT etc £195 for PC/XT/AT etc.

Write or 'Phone for full details:- Dl

Number One Systems Ltd. 1 The CAD Specialists

REF:PE, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.

Telephone: 0480 61778 (6 lines) Fax: 0480 494042 ACCESS, VISA, AMEX Welcome.
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advertisements must

FULL-TIME
TRAINING
COURSES

2YEAR
BTEC NATIONAL DIPLOMA
Electronics and
Communications
Engineering
(TV, Computers,Programming,iT)

1YEAR
BTEC NATIONAL CERTIFICATE
1.Electronic Equipment Servicing
(TV, Video, CCTV)

2.Computing Technology
(Microprocessors, DataComms, Interfacing)
3. Information Technology
(Telecomms, Satellite TV, Networks)
4. Software Engineering
(Assembler, BASIC, Pascal, CADCAM)

ligi n f *
| i mm
COURSES COMMENCE
Monday 17th September1930

LONDON ELECTRONICS
COLLEGE

Dept: AA, 20 Penywem Road,
London SW5 9SU. Tel: 071-373 8721
e T R IR T,

the following courses.
Q Telecomms Tech C&G 271
O Radio Amateur Licence C&G
Q Microprocessor
Q Introduction to Television

x Th

Send for our brochure - without obligation or
telephone us on 06267 79398 (Ref: PE8/90)

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

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

Radio & Telecommunications
oM rr%s,ponde_nce'TSghool, 1A

oor_View Drive, Teignmouth,
Devon l%'01 4 QURJ

payment by Visa or Access accep

Reach thousands of serious electronic and computer enthusiasts. Advertise in PE Classified

ages: Rates 20p per word or £8.50 per sin
o geppre-paid. Send yOIi).lr copg

London W12 9RA. Tel: 081-743-8888. Fax: 081-743-3062

TRAIN FOR A CAREER IN
COMPUTER MAINTENANCE

CERCO

» ATTRACTIVE SALARIES » MOBILITY
& BENEFITS

» CAREER DEVELOPMENT
& PROGRESSION

» VARIED &
INTERESTING WORK

» SECURITY

» PLEASANT WORKING
ENVIRONMENTS

» JOB SATISFACTION
& INVOLVEMENT

» STATUS

These are some of the benefits of a career in Computer
Maintenance.

A seven week course at Cerco Training Limited provides the
gateway to employment in this rapidly expanding sector of
the computer industry.

If you are aged eighteen or over and pass our aptitude tests,
Cerco can arrange sponsorship or affordable, easy payment
terms to cover course fees, and we provide a free placement
service for all course graduates.

For full details phone Roger Parr on 0270 626300 or write to.
Cerco Training Limited, Alvaston Business Park, Middlewich
Road, Nantwich, Cheshire CWS 6PF

TRAINING

TRAINING IN
MICROPROCESSOR SYSTEMS
Enhance your career prospects in this dynamic growth
area of technology. There are immediate vacancies for
electronics technicians with HNC qualification.
One year full time courses commencing on 17th
Saeptember 1990 are offered by ASTRA TRAINING
SERVICES LTD., The UK's largest training provider, at
MILTON KEYNES.

UK residents with electronics qualifications or experience
may apply.

Our intensive courses combine academic and practical
training with industrial experience.

This is a Training Agency funded equal opportunity
course and training allowances will be paid.
Please phone 0908-670001 for an application form and
information pack or write 1o:

TONY WHITE
MILTON KEYNES SKILL CENTRE,
CHESNEY WOLD,BLEAK HALL
MILTON KEYNES MK6 1LX
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ted) to: Practical Electronics, Intra House, 193 Uxbridge Road,
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EDINBURGH
L e e

[OMNI ELECTRONICS)

stock a wide range of
electronic components at
174 Dalkeith Road
Edinburgh EH16 5DX
Tel: 031 667 2611
Open Mon-Fri 9am-6pm
Sat. 9am-5am
NEW CATALOGUE OUT SOON
Price is just £1.50
Contact Omni Electronics
now for details

MANCHESTER

_

THE ELECTRONICS SHOP

We stock a large range of electronic components,
test equipment telephone accessories, computer
accessorles, mierofhones, speakers,
discolighting, mixers, meters, stylll, so call in and

have a look around.
29 Hanging Ditch, Manchester M4 3ES

g elephone: 061-834 -1185 m

ax:061-833-2969

SOUTHSEA
e

ELECTRONIC COMPONENTS
EVERYTHING FOR YOUR NEXT PROJECT
THE BIGGEST Dlsspk/Tw IN THE SOUTH

I

FRASER ELECTRONICS
42 ELM GROVE % SOUTHSEA % HANTS

Telephone: 0705-815584
ax =

STAFFORDSHIRE
W TR R T R S

COMPONENT SOLUTIONS Lid.

*answering your component problems”

Unit 62, Enterprise Centre, Bedford Road,

Stoke-on-Trent, Staffs., Tel: 0782 287038
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B Nk (Y CAMBRIDGE COMPUTER SCIENCE LTD 30 DAYS GUARANTEE. PLEASE ADD VAT.
Rt ,.ﬁ""”"”"""*““‘““‘“““"m s | |10 ; CHECK AVAILABILITY & CARRIAGE COSTS.
uan. slsm u..._..-..._.._....ﬂ, 525" Disk rives, 80 Track DSOD £34,00 each TEXTRONIX 475 200MHZ
Ip each £5. m.so per 10, 525" drive cases, room kor drive, PSU and fan £10.00 each PHIUPS OSCILLOSCOPE PM3217 £475
4ph: |2v15-=,so 525" Disk Drives, 80 Tk DSDD Used NoWty £15.00 sach MARCONI TW2015 AWFM 10-520MHZ SIG GEN
SAAI 137 dOVErChip oo S £15,00 dives ae sold on a shicly ‘25 " bass) MARCONI TF2016 AMFM 10KHZ - 1zounzsoeeeutzzs
FM inasnitc K3 soodquhw-d e a g'g‘ﬁdx?m,a i boes of 10 £3,00%ox MARCONI 2002AS {0KHZ - 72MHZ SIG GEN
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ixdiches 240 P““b‘diw m’:?n'gggm (oo SPECIAL PURCHASE SOONLY
£268 BASIC MONITORS MONO GREEN, WHITE, AMBER NOT cAsso
Gepy £537 (BBC Micro to 2 D I)m) £4.00 each FROM £20 CASED FROM £30
ke £10.6 5('""9"5'0"“ get 10MHz chips) ?Z?om CGA, EGA, AND VGA STOCK AND PRICES CHANGE FASTSO
Computer Grade : :wol:";:-h 38000uf 20v £2.50 Zm CPU,C C, HOﬁmm DMAQN £450ald4 pmmgbg%pg RANGE FROM 45
8700uf 10v £1.95, ooounsm.”. loooo.nsvﬂso 74LSTTL M“%bﬁy ore for £0.12each SOME COLOR PRINTERS FROM £100
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TALSOS hex inverier £10.00 per 100, used 8748 Microcoatroller .£3.50 2764 EPROMS { Ex-equipment £1.00 each 5INCH 125 VOLTS £2.50
Stereo LW/MW/FM Tuner pre-amp assembly complete with vohrmeAoae 271128 EPR £250 each 5 INCH 240 VOLTS £4.50
mohndmngubﬂmdmnmhumﬁ_g ..... s 27C256-25 EPROMS ¢ £2 50 each SIMHZAOVOLTSR T 221‘55500
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1000725 - 109 100035, 220125 - 22p 4700725 - 20p L Pract.cal =0 Price £1.50
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High Sp:cd gnﬂs oamn: 1 Ov‘vxdllz'\:: 1 Smm,‘im.v:;mb&.” your engineering supplies.
f.'.;’;?'.:‘“.. WP11 < £2 PP3 - £4.20 Univarsel Chargers - £8.80 Dear Mr. ; Bonner,
Glasa read swiiches single pole make contacts -8 Magnets - 12p Just a line to say that
VAT inclusive. Return puuso::;ppl':voo(\;cv)ﬂl Lists free , I was delighted With N R BARDWELL LTD
THE C.R. 2 | the response from my G
127 Chesterfield Road,
Sheffield S8 ORN. Tel. 557771, advert in the June i g TN 6o
Practical Electronics; A e
I the number and quality e R e
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r y 288 ABBEYDALE ROAD, SHEFRELD S7 1FL
Cooke International M. H. C. Lewis : TEL: (0742) 552886 FAX: (0742) 500689
DO YOU WANT USED Newcastle-upon-Tyne
SCOPES, SIGNAL GENERATORS, POWER :
SUPPLIES, POWER METERS, DVM'S, e PRIy T POy TURN YOUR SURPLUS
OSCILLATORS, ATTENUATORS. il PR TR i ICS transistors etc into cash, immediate
TEST EQUIPMENT. Phone David Bonner settliement. WE welcome the opportunity to
- quote for complete factory clearance.
Contact: Cooke International, Unit Four, on 081-743-8888 for | Contact:
Fordingbridge Site, Main Road, Bamham Bognor .
: details! COLES-HARDING & CO.,
Regis, West Sussex PO22 OEB, etals 103 South Brink Wisbech. Cambe
Tel: 0243 5451 11 Fax: 0243 542457 D . . ESTABUSH'ED 15 VE'ARS i
Wide range of items available. Send for lists. o S AER R e Y AR AR L Tel: 0945 584188 - Fax: 0945 588844
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SURPLUS/REDUNDANT ELECTRONICS

COMPONENTS WANTED
ICs - Tuners - Transistors - Valves - Diodes etc - any quantily
considered -mmediate payment.

ADM ELECTRONICS SUPPLIES
Tel 0827 873311 Fax: 0827 874835

C.S. COMPONENTS (Est. 4 years). Suppliers &
stockist of electronic components, electronic
valves, military equipment and spares. Obsolete
and hard to find products are our speciality. C.S.
Components, Southfield House, 11 Liverpool
Gardens, Worthing, West Sussex BN11 1R

Surveillance devices, lasers, Tesia
coils, scramblers, ultrasonic and many
more, over 150 designs. Send SAE to:
Plancentre, Old Wharf, Dynock Road,
Ledbury HR8 2HS
MICROTRANSMITTERS, VHF, Phone
transmitters Bleepers, Vox, Phone
recorders, kits or built. Also plans for
handheld EHT units, sonic guns etc.
SAE to: P.O. Box 55 Cannock, Staffs
for free list.

NEW VHF MICROTRANSMITTER KIT,
tuneable 80-115 MHz, 500 metre
range, sensitive electret microphone,
high quality PCB. SPECIAL OFFER
complete kit ONLY £5, assembled and
ready to use £8.95 post free. Access
orders telephone 021 411 1821.

Cheques/ P.O.'s to: Quantek
Electronics Ltd, (Dept P.E.), 45a
Station Road, Northfleld,

Birmingham, B31 3TE

SURVEILLANCE &
COUNTER
SURVEILLANCE

UIPMENT
'ACTURE AND SUPPLY
: TOP QUALITY
SURVEILLANCE AND
SECURITY
EQUIPMENT
Inchuding VHF and UHF -
Transmitters, Aulomatic
L4 Telephone Recorders,
Recording Briefcases,
¥ Bug Detectors, Telephone
\? Counter-Tap Unlts
We aiso ofter » complete

ESKAN ELECTRONICS LTD.

DEPT Pi= 172 CALEDONIAN ROAD, LONDON N1

~01-278 1768

CCTV AND SECURITY

SYSTEMS SPECIALISTS

Volce/Sound activated switches easy
to follow diagrams and uses, only £1.00.
Components and PCBs available from
Herrington, 63 Home Farm Road,
Hanwell, London W7 1NL

BP 34 wanted. Practical Repair and
Renovatlon of Colour TV's. Good price
paid for book or photocopy. Contact: B.S.
Smart 27 Knowle Road, Maidstone, Kent Tel:
01-945-5338 (day) or 0622 51501 (eve. )

CLASSIFIED COUPON

Pressure transducers stainless steel. 1.6 bar
gauge £49, 4/6/25 bar absolute £39. Surplus
stock at less than 30% cost. D.T. systems
0992 550078.

Message display hardware. Moving
character kits large displays, all can be
controlled from your computerport, details
s.a.e. Caddis Systems Ltd. P.O. Box 856,
Basildon, Essex SS15 SJE.

Case Modems V23 Autodial 1200BPS
Suitable Gold, Prestel etc. £65. P&P £2.
(0491) 25129.

Microprocessor Programming Service for
6502 280 8086 68000 chips. Also software
design for QL, BBC, Amiga, PC and CP/M
systems. PASCAL, C, BASIC and assembly
Janguages catered for. Contact Guy on (0326)
73556.

Switch mode power supply 5V@40A
12V@6A 24V@2A as new £35. Contact Dave
Sheffield 0742-361044.

Free!!! Elght tracking, telephone and
microtransmitter plans. Just send 5 x 15p
stamps (refundable) for our exclusive
catalogue of plans/manuals on surveillance,
bootlegging, lie-detection, ‘unusual
electronics’, security, waterballoon bazookas,
razorblade radios, fireworks, scramblers,
countersurveillance, alternative energy,
entrepreneurial  projects,  rocketry,
pyrotechnics available from: S.I.C.
International, PO Box 33, Torqua TQ2 7ES.
Surplus unused PCB's containing
approximately 55 assorted TTL IC's and other
components. Limited quantity. Only £2.95
each or 5 for £12 including P&P. Zentek
Designs, Parbrook, Glastonbury, Somerset
BAG6 8PB.

Swap Shop. Alarm control panel swap for 3
Corgi trucks/2 trams (stock 8). 2 zonbe swap
Hornby Passenger steam type loco(56).
Parcel insurance add £1.00 stamp. For
callers, bells, strobes, sonics.Tel:Leeds
(778444 - Hockley)

3.2

£4.83

£2.05

£e.68

£11.27

=L L P

56

Rates are 20p per word plus 3p VAT (lineage, for semi-display advertisements contact our Ad. Dept.). All classified advertisements must be
pre-paid. Please send your copy with the remittance (payable to Intra Press or payments by Visa or Access accepted) to: Practical
Electronics Classified Dept., Intra House, 193 Uxbridge Road, London W12 9RA. Tel: 081-743-8888, Fax: 081-743-3062
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few days ago I rang up an R&D
engineer about some work he had
reported in the journal Electronics

“Letters. Because of the nature of this

publication the text was so condensed and
the diagrams so enigmatic that I was
completely baffled about some aspects. A
specialist probably would not have been.
However, the engineer concerned was
extremely helpful and sympathetic in
answering my simple-minded questions, so
that, as the discussion proceeded, I
gradually began to comprehend what had
previously been obscure.

Then, suddenly and unexpectedly, he
exclaimed “It’s so nice to talk to someone
who really understands what this work is all
about!” Considering | was still emerging
from a mental fog, this was an undeserved
compliment and not quite true. But the fact
was, something had happened through the
opening-up in our rambling, digressive and
occasionally jokey conversation. | suppose
it was true communication, in the sense of

authentic linguistic representation. Without
these mediations, language tends to express
and promote the immediate identification
of reason and fact, truth and established
truth, essence and existence, the thing and
its function.”

When Marcuse talks about a thing being
identified with its function he points to a
condensation of thought which you often
find in science and technology. For
example, the concept of a physical quantity
tends to become synonymous with the
process of sensing or measuring it. We
understand temperature as, say, something
we feel, or the height of mercury in a
thermometer. Although in reality
temperature cannot exist without heat
energy, it is a valuable entity in
scientific/technological thinking because it
has been isolated as a pure concept, a
product of the mind alone. Similarly with
voltage, current, magnetic field strength and
so on. But generally we know what we
mean by these concepts through the

SATELLITED AND
LETTER-BOXED

sharing or having something in common,
rather than just a one-way transmission of
information.

Afterwards, [ felt that this little
experience had confirmed, once again, the
great need for ‘space’ in language. What I
mean by ‘space’ here is that the speech or
writing should be of a nature to allow one
to question, think around, analyse, expand,
illustrate, qualify, criticise, rebut etc. what
is being delivered. This is usually possible
in friendly discussions. But in bald
statements it usually isn’t. How often have
we worried over a piece of opaque prose in
an official or technical document and felt
that if only the writer could be present we
could ask him or her to clarify and fully
explain it!

The Electronics Letters report had been
condensed to meet publishing requirements;
within this constraint it was quite well
written. But much that appears in print is
badly written. This is often because the
person writing is such an authority on his
subject that he is allowed to do as he
pleases. The publisher or editor is too
overawed to question or interfere. (I'm glad
this doesn’t apply on PE!) But there are
many other situations where the density, or
lack of critical ‘space’, is introduced quite
deliberately.

It’s done by skilled operators or writers
to achieve a desired effect. Politicians,
evangelists, public relations consultants,
advertising copywriters, campaign
organisers are all in the business of
persuasion. However simple, direct and
personal, their messages are usually
assertions, rather than propositions open to
discussion. Their techniques are something

PRACTICAL ELECTRONICS AUGUST 1990

By Tom Ivali

Dense words breed
dense minds - let
us have space for

discussion.

like those in good poetry, where the
emotions are stirred by images, sounds and
allusions, and semantics are not the main
consideration.

Their messages do convey meaning but
don’t allow the meaning to be developed or
explored. The effect is to close off the
subject, rather as some religious or political
beliefs deal with opposing views which
seek to examine them from the outside, by
enclosing these opposing views within the
universal but unprovable assumptions of
the belief. Thus the dissenters are treated as
unfortunates who need to be enlightened.

In his book One Dimensional Man, the
political philosopher Herbert Marcuse
describes this process as “the closing of the
universe of discourse.” He says that this
kind of language produces habits of
thought in which “the tension between
appearance and reality, fact and factor,
substance and attribute tend to disappear.
The elements of autonomy, discovery,
demonstration and critique recede before
designation, assertion and imitation.
Magical, authoritarian and ritual elements
permeate speech and language... The
concepts which comprehend the facts and
thereby transcend the facts are losing their

phenomena that demonstrate them or the
operations we use to measure them.

Marcuse is concerned that such
identification of thing with function may,
through language, distort our discrimination
in moral, social and political matters. In the
UK, for example, students, parents and sick
people are being re-designated as
‘customers’ - identified with the market
function of ‘consuming’ public services.

You get this kind of identification in
technical terminology when nouns are
turned into verbs. When [ was young
‘access’ was only a noun, but now the
language allows us ‘to access’ (a memory
location, say). I quite like the latest verbs
‘to satellite’ (transmit via a satellite) and ‘to
letter-box” (display a wide-screen film on a
4:3 television screen).

They are neat and useful expressions and
no more objectionable than those earlier
verbs derived from nouns: ‘to cart’, ‘to
ship’ and ‘to telephone’. But we have to be
aware of the danger to analytical thought of
telescoping the thing and the function into a
single word.

It may be that language, as Dr Johnson
said, is the dress of thought. My own
experience, I must confess, is rather the
reverse. | feel more like Alice when she
exclaimed “How do I know what I think till
I hear what I say?” The words we actually
use - and this goes for other symbols as
well - have the power to determine our
thoughts. So, in responding to words, we
have to be on our guard against those
cunningly constructed phrases, like slogans
or ‘word bites’, that eliminate the mental

space’ we need for questioning their

validity.

Sy



PRACTICAL ELECTRONICS

BOOK SERVICE

Here is your Editor's choice of books he
thinks will be of interest to
electronics and
computer enthusiasts

BEGINNERS AND EARLY STARTER

|

Mini-Matrix Board Projects.
R.A.Penfold. 112 pages. £2.50. Order
Code BP99

Shows a selection of 20 useful and interesting efreuits that
can be built on a mini-matrix board of 24 holes by 10 copper
strips in size - an Ideal book for early experimenters.

From Atoms to Amperes.
F.A.Wilson. éGO pages. £3.50.
Order Code BP254.

For the absolute beginner. clearly explaining the
fundamenials behind the whole subject of electricity and

clectronics.

Electronic Projects for Beginners.
F.G.Rayer. 128 pages. £1.95.
|Order Code BP48

Specially for the newcomer to clectronics who is looking for a
book containing a wide range of casily made projects. Some
cireuits need no soldering and many others show actual
| component and wiring layouts

Electronics Build and Learn
R.A.Penfold. 128 Pages. £5,95. Order
Code PC 101

| Combining theory and practice. the book describes a cireuft
|demonstrator unit that is used in subsequent chapiers to
|lintroduce common eclectronic components and circult

Practical Electronic Building Blocks I
R.A.Penfold. There are two books - {
Book 1 : 128 pages. £1.95.
Order Code BP117
Book 2 : 112 pages. £1.95.
Order Code BP118

Book 1 is about oscillators and gives circuits for a wide
range. including sine. triangle. square. sawtooth and pulse
waveforms and numerous others from voltage controlled to
customised ic types

Book 2 looks at amplifiers. ranging from low level discrele
and opamp lypes (o ic power amps. A sclection of mixers,
filters and regulators {s included.

30 Solderless Breadboard Projects
R.A.Penfold. Two books each of 160
pages. Book 1 : £2.95. Order Code
BP107. Book 2 : £2.25. Order Code
BP113.

Each project is designed for building on a Verobloc
breadboard and is accompanied by a description. eircuit and
layoul diagrams and relevant consiructional notes. Many of
the components are common to scveral projects. Book 1
covers lincar devices. and Book 2 covers emos logic chips

Beginners Guide to Building
Electronic Projects R.A.Penfold. 112
pages. £1.95. Order Code BP 227

Shows the completc beginner how to tackle the practical side
of electronics and includes simple constructional projects

AUDIO AND MUSIC

1

|Introducing Digital Audio
|I.Sinclair. 112 pages. £5.95.
|Order Code PC102

A non-mathematical introduction to the new digital
technology. discussing the principles and methods involved in
devices such as cd. dat and sampling.

Electronic Music Projects
R.A.Penfold. 112 pages. £2.50. Order
Code BP74

24 practical constructional projects covering fuzz, wah
sustain. reverb. phasing. tremolo cte. The text is split into
four sections covering guilar. general, sound generation and
accessory projects

More Advanced Electronic Music
Projects

R.A.Penfold. 96 pages. £2.95.
Order Code BP174

Complemcnting BP74 by covering more advanced and
complex projects including flanging, chorus. ring modulation.

linccpls, complele with practical experiments.
— plus a selection of drum. cymbal and gong circuils

iSatellite TV Installation Guide - 2nd edition John Breeds. £11.95. Order
|Code STV1

Full of vital information for any competent diyer who wishes to install a satellite tv antenna and obtain optimum

Computer Music Projects
R.A.Penfold. 112 pages. £2.95. Order
Code BP173

Shows how home compulers can produce electronic musie

reception quality,

|An Introduction to Satellite Television
F.A.Wilson. 112 pages. £5.95. Order Code BP195

Informative answers to many of the questions aboul this communications revolution. The information is presented
on two levels, one aimed at the compleie beginner. the other at professional engincers and serious amateur

[cnlhuaunala

Getting the Most from Your
Multimeter

R.A.Penfold. 112 pages. £2.95. Order
Code BP239

There's more to what you can do with a meter than meets the
casual eye. The book covers the basics of what you can do
with analogue and digital meters and discusscs component
and ctrcuit testing.

Test Equipment Construction
R.A. Penfold £2.95.
Order Code BP248

Describes in detail how to construct some simple and
inexpensive, but extremely useful, pteces of test equipment.

3

E MENT

Oscilloscopes 2nd Edition

I.Hickman. £12.95. Order Code NT3
Subtitled ‘tHow to Use Them, How They Work' the book is
fllustrated with diagrams and photographs and is essential
reading for any one who wants to know about scopes, from
first principles to practical applications.

How to Get Your Electronic Projects
Working.

R.A.Penfold. 96 pages. £2.50.

Order Code BP110.

Essential reading for anyone who wants first-time success in

project assembly. Covers tracing mechanical faults as well as
testing for failures of active and passive components of most

types

and covers scquencing. analogue and Midi interfacing. digital
delay lines and sound generalors |

[Practical Midi Handbook
R.A.Penfold. 160 pages. £5.95.
Order Code PC103

A practical how-to do it book for musicians and enthusiasis
who want to exploit the capabilities of Midi. Covers
keyboards, drums. sequencers. effects. mixers, gullars. and
compuler music software

Midi Projects
R.A.Penfold. 112 pages. £2.95. Order
Code BP182 }

Praclical delails of interfacing many popular home computers
with Midi sysiems. and also covering Midi interfacing to
analogue and percussion synths ‘

Electronic Synthesiser Construction.
R.A.Penfold. 112 pages. £2.95. Order
Code BP185.

Even relative beginners should find the monophonic
synthesiser described here within their capabilities if the
book is thoroughly read. Individual aspects of the synth are
dealt with separately and peb designs are shown for the main
|modul('s




A Concise Introduction to MS-DOS.
N. Kantaris. 64 pages. £2.95.
Order Code BP232

A ready-reference guide for those who need a quick insight
into the essential command functions of this cperating
system. but whe don't have the time 10 learn it fully.

An Introduction to Computer
Peripherals

R.A. and J.W. Penfold. 80 pages.
£2.50. Order Code BP170

Covers such items as monttors, printers. disc drives,
casseltes. modems. ele. explaining what they are and how 10
use them with your computer and with cach other.

Digital Logic Gates and
Flip-Flops. Ian R. Sinclair. 192
pages. £8.95. Order Code PC 105

Intelligently looks at the basic building blocks of all
digital eircults and is intended for enthusiasts.
studcents and technicians who seck 10 establish a firm

grasp of fundamental principles.

Introduction to 6800/6802
Microprocessor Systems
R.J.Simpson and T.J.Terrell. 238
pages. £10.95. Order Code NT9

The book covers systems hardware. programming concepts
and practical experimgntal work that will assist in
understanding the 6800/6802 microprocessor, with
additional information on the 6802DSE cvaluation system.

An Introduction to 68000 Assembly
Language.

R.A. and J.W.Penfold. 112 pages.
£2.95. Order Code BP184

Covers the fundamentals of writing programs that will vastly
increase the speed of 68000 based machines such as the
Commodore Amiga. Atari ST range. Apple Mackintosh, etc.

DIGITAL AND COMP

ING

Getting the Most from Your Printer
J.W.Penfold. 96 pages. £2.95.
Order Code BP181

How to use the features found on most dot-matrix printers
from programs and popular wordprocessors. showing
examples of what must be typed 1o achieve a given effect.

Micro Interfacing Circuits

R.A Penfold. Two books, each of 112
pages.

Book 1 : £2.25.0rder Code BP130.
Book 2 : £2.75. Order Code BP131

Both books include practical circuits and useful background
information though pcb layouts are not included. Book 1
mainly covers computer input-output techniques. Book 2
deals primarily with practical applieation circuits.

An Introduction to 6502 Machine
Code.

R.A. and R.W. Penfold. 112 pages.
£2.95. Order Code BP147

Covers the main prineiples of machine code programming on
6502-based machines such as the Vic-20, Oric- | /Atmos,
Electron, BBC and Commodore 64. [t assumes no previous
knowledge of microprocessors or machine code and gives
illustrative programming exampies.

A Z-80 Workshop Manual.
E.A.Parr. 192 pages. £3.95.
Order Code BP112

A book for thosc who already know Basic but wish to explore
machine code and assembly language programming on Z80
based compulers.

Practical Digital Electronics
Handbook

M.Tooley. 208 pages. £6.95.
Order Code PC 104

Nine constructional projects introduce digital circuits, logic
gates, timers. microprocessors, memory and interface
circuits - an essential book for anyone interested in digital
devices.

Compy
1 .
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Electronic Science Projects.
Owen Bishop. 144 pages. £2.95. Order
Code BP104

A bumper bundle of experimental projcets ranging in
complexity and including a colour temperature meter.
electronic clock. a solid state (led display) scope. an infra-red
laser. a fascinating eireutt for measuring the carth's electrical
ficld strength, and many more,

Electronic Security Devices
R.A.Penfold. 112 pages. £2.50. BP56

Full of idecas for keeping your valuables safe. The eircuits
include designs for light. infra-red. ultrasonic. gas. smoke,
flood. door and baby sensors

More Advanced Electronic Security

Projects. R.A.Penfold. 112 pages.
£2.95. Order Code BP190

Follows on from where BP56 lcaves off and deseribes a
number of more up-10-date and sophisticated projects, such
as pyro-sensors, Infra-red and doppler shift detection, fibre
optic loops. and many others.

Electronic Projects for Cars and

Boats.
R.A.Penfold. 96 pages. £1.95.

Electronic
Science
Projects

Order Code BP94

15 fairly simple projects that can be used with a car and/or
boat. Stripboard constructional details are included. as are|
explanations of the circuit theory.

Power Supply Projects
R.A.Penfold. 96 pages. £2.50.
Order Code BP76

A sclection of power supply designs. including simple
unstabilised. fixed voltage regulated and varfable voltage
stabilised. ni-cad charger. voltage siep-up. and inverter

More Advanced Power Supply Projects
R.A.Penfold. 96 pages. £2.95.
Order Code BP192

Covers more advanced topics than BP76 and includes
precision supplies, switch mode and computer controlled
suppiies. plus a selection of miscellancous circufts

Popular Electronic Circuits.
R.A.Penfold. 160 pages. £2.95. Order
Code BP8O

Contatning a wide range of cireuit designs for experienced
constructory who are capable of produeing working projects,
direct from a eircuit diagram without specific constructional
details,

\ e

DATA AND INFORMATION BOOKS

NEZWi Radio and Electronics
Engineer’'s Pocket Book - 18th
Edition. Keith Brindley. 325
pages. £9.95. Order Code NT 11

An invaluable compendium of facts, figures and
formulae and is indispensable to the designer,
student, service engineer and all others interested in
radio and electronics.

NEZW Microprocessor Pocket
Book. Steve Money. 252 pages.
£9.95. Order Code NT 12

Providcs a wide selcction of tnformation which will be
of general usc to anyone involved in developtng,
designing or servicing, or who just wants to learn
more about microprocessor systems,

NBWI Computer Engineer's
Pocket Book - 2nd Edition.
Michael Tooley. 224 pages.
£9.95. Order Code NT 13

An tnvaluable compendium of facts, figures, circuits
and data indispensable to designers, students,
service cngineers and all others interested in
computer and microcomputer systems.

Op Amps

B.Dance. £7.95.

Order CodeNT2

Subtitled “Their Principles and Applications' this tnteresting
book s written in a stmple non-mathematical style and
provides a source of practical circuits that use both
commonplace and more sophisticated opamps.

Electronic Hobbyists Handbook
R.A.Penfold. 96 pages. £4.95. Order
Code BP233

Provides a sourcc of uscful tnformation that the amateur
enthustast ts likely to need for day-to-day pursuance of
hobby electronics,

Newnes Electronics Pocket Book
L.E.Parr. £9.95.
Order Code NT10

Presents all aspects of modern electronics tn a readable
and largely non-mathcmatical style, and is a good source of
valuable nformation for enthustasts and professional
engineers alike.

Key Techniques for Circuit Design
G.C. Loveday. £6.95.
Order Code BM 101

Tackles the problems of destgning circutts from scratch,
introducing the concept of target specifications, the destgn
sequence, device selection, rules of thumb, and useful
equivalent circufts.

|
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HOW TO ORDER

State your order code and your name
and address clearly. Enclose a cheque,
PO or international money order (add
S0p postage per book - £1.00 for
overseas surface mail), and send to:
PE Book Service

Intra House

193 Uxbridge Road

London W12 9RA

Books are normally delivered within
10 days but please allow 28 days for
delivery.




IT IS EASY TO BUILD
PRACTICAL ELECTRONICS PROJECTS!

Simplify your project assembly - use a ready-made printed circuit
board. All are fully drilled and roller tinned. Just slot in the components
as shown in the project texts, and solder them. PCBs are the
professional route to project perfection.

MAIL ORDERING

Select the boards you want, and send your order to: PE PCB
SERVICE, PRACTICAL ELECTRONICS, 193 UXBRIDGE ROAD,
LONDON W12 9RA.

Prices include VAT and postage and packing. Add £2 per board for
overseas airmail. Cheques should be made payable to Intra Press
(Payments by Access and Visa also accepted). Quote the project name
and PCB Code Number, and print your name and address in Block
Capitals. Do not send any other correspondence with your order.

TELEPHONE ORDERS

Use your Access or Visa card and phone your order to 081 -743-8888
clearly stating your name and address, card number and order details.
All orders receive priority attention. Many PCBs are held in stock, so
they are dispatchied within a few days, but please still allow 28 days
for delivery in case a PCB is temporarily out of stock.

We can only supply the PCBs listed here! Please always check the
latest issue of PE before ordering.

We can also supply the photocopies of the text at £1.50 for each
project part inclusive of postage and packing ( overseas £2.00).

Please note that we do not supply components - they can be ordered
from our advertisers!

GUITAR TO SYNTH - music interface 157A/B £10.60
NOV 87

MIDI EXPANDER - Music Interface 1159 £5.04
DEC 87

RS 232C TO MIDI 160 £6.43
FEB 88

TEACHER TALKBACK - GCSE 164 £6.36
DC MOTOR SERVO 165 £7.53
MAR 88

APPLIANCE TIMER 166A/B £9.38
TEACHER LIGHTSHOW - GCSE 167A/B £9.09
LOGIC ANALYSER - Double-sided 168 £20.65
APR 88

LIGHT METAL EFFECTS 169 £7.10
JUNE 88

AMSTRAD ROM EXPANSION 173 £12.60
MAINS MODEM 174 £4.90
JULY 88

VOCALS ELIMINATOR 175 £4.90
AUG 88

SPEAKING CLOCK 176 £16.75
SEPT 88

BBC MULTIPLEXER 77/ £4.50
oCT 88

METAL DETECTOR 178 £6.50
DEC 88

PANNING MIXER 181 £7.80
MAR

CAMERA SHUTTER TIMER 187 £9:95
APR 89

PC MULTIPORT 188A/B £20.55
MAY

PE PCB SERVICE

JUNE 89

SOLAR HEATING CONTROLLER
DELUXE METRONOME

JULY 89

PROJECTOR SYNCHRONISER
AUG 89

EASI-BUILD - VODALEK

HAND CLAPPER

SEP 89

EASI-BUILD - COMPRESSOR
FREQUENCY COUNTER-GENERATOR
OCT 89

EASI-BUILD VOICE-OP-SWITCH
HOME SECURITY CONTROLLER
DEC 89

VIDEO AGC STABILISER

ECHO STATION

MIN| METRONOME

JAN 90

BARGRAPH TACHOMETER

EEPROM PROGRAMMER (KEYBOARD VER)

EEB 90

EEPROM PROGRAMMER (SWITCH VERSION)

MODEM
MOCK STEREO
MAR 90
RADIO CLOCK (TUNER AND PULSE)
APR 90
RADIO CLOCK (DISPLAY DECODER)
PC/INTERFACE
MAY 90
EPROM POLY-PROG (MAIN PCB)
JUNE 90
EPROM POLY-PROG (TOP PCB)
MESSAGE MAKER
BAUD RATE CONVERTER
INTERMITTENT WIPER
CIRCUIT BREAKER
JULY 90
MORSE DECODER
AUG 90
SCOPE EXPANDER
VOLTAGE PROBE
AF OCTAVE MEASURER:
FILTER DRIVE
ANALOGUE FILTER

1197
198

190A

191
192

193
194A/B

195
196A/C

1189
200A/B
201

202
203

204
205
206

208
209

210

211
212
213
214
215

216

217
218

219
220

£7.20
£10.95

£9.50

£5.50
£6.50

£5.90
£12.50

£5.90
£19.50

£6.50
£11.50
£5.90

£5.90
£14.50

£4.90
£11.50
£4.90

£6.50

£13.50
£5.90

£8.50

£7.50
£9.50
£4.90
£3.90
£4.90

£9.50

£9.50
£5.80

£6.60
£7.35

PE PCBs are the professional route

to project perfection!
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p— BAKERS DOZEN PACKS

-’
REAL POWER CAR SPEAKERS. Stereo pair output 100W each, 4-Ohm POPULAR ITEMS - MANY NEW THIS MONTH %

Al packs are £1 each Note he figure on the exveme left of the
pack ref number and he next figure is the quantity of items in the
pack, finally a short descriplion.

21024 § 13A spurs provide a lused outlet to 2 ring main where
devices such as a dock must not be switched off.

BD9 26V 1A mans ransformers upright mounting with fixing
damps.

BON" 1 6.5 speaker cabinet ideal for extensions. takes our
speaker. Ref. BD137.

BOt3 12 30 watt reed swilches, it's surprising what you can make
with thess - burglar alarms, secret switches, relay, etc., etc.

BD22 2 25 watt loudspeaker wo unit crossovers.

BD30 2 Nicad constant cuent chargers adapt to charge almost
any nicad battery.

BD32 2 Humidity switches, as the air becomes damper the
membrane stetches and operates a microswitch.

BD42 5 13A rocker switch three tags so on/ofl, o change over with
cente off.

BD4S 1 24hr time switch, ex-Blectricity Board, automatically adjus!
for lengthening and shortening day, original cost £40 each.

BD4g § Neon valves, with series resistor, hese make good night
lights

BDs6 lg:w unissloctor, one use is for an electic jigsaw puzie,
we give crcuit diagram for this. One pulse inko motor, moves
switch thraugh one pale.

BD67 1 Suck or blow operated pressure swilch, of it can be
operated by any low pressure variation such as water level in
waler tanks

BD103A 16V 750mA power supply, nicely cased with mains nput
and 6V output leads.

BO120 2 Stripper boards, each contains a 400V 2A bridge rectifier
and 14 other diodes and rectifiers as wall as dozens of
condensars, elc.

BD128 10 Very line drilis for pcb boards etc. Normal cost about 80p
sach.

BD132 2 Plastic boxes approx 3in cube with square hale through top
o ideal for interrupted beam switch

BD134 10 Motors fer model aeropianes, spin to start so needs no
swilch.

BD13% 6 Microphone inserts - magnetic 400 ohm also act as
speakers,

BD148 4 Reod relay kits, you get 16 reed switches and 4 coll sets
with notes on making ¢/o relays and other gadgets.

BD14g 6 Salely cover for 13A sockets - prevent hose inquisitive
iile fingers getting nasty shocks.

BD180 6 Neon indicators in panel mounting holders with lens.

BD193 65 amp 3 pin flush mounting sockets make a fow cost disco
panel.

BD199 1 Mains solencid, very powerful, has tin pull or could push it
modified.

BD201 8 Keyboard swilches - made for computers buthave many
other applications.

BD21¢ 1 Blectic dock, mains operated, put this in a bax and you
noed never be late.

BD221 512V darms, make 2 noise about as loud as a car horn,
Siightly sofled but OK.

BD2S2 1 Panostat, controls output of bolling ring fom simmer up
boil.

BD253 50 Leads with push-on 1/4in tags - a must for hook-ups -
mains connections elc

BD263 2 Oblong push switches for bell or chimes, these can mains
up to § amps so could be foot swilch if fitted inko patess.

BD268 1 Mini 1 watt amp for record player. Wil also change speed
of record player motor.

BD30S 1 Tubular dynamic mic with oplional table rest

BD6S3 2 Miniature driver ¥ansformers. Rel. LT44, 20k to 1k cente
tapped.

BD548 2 3.5V relays each with 2 pairs changeover contacts.

BD667 2 4.7 ul non-polarised block capacitars, pcb mounting.

There are over 1,000 items in our Bakers Dozen List If you want a
comglete cony Qlease request this when ordering.

GETGER COUNTER KIT indudes tube, PCB and all components to make
a 9V counter £34. Ref 39p1

PERSONAL STEREOS Again customer relurns but complete and with
stereo head phones a bargain at only £3.00 each. Our rel 3P83.

MAINS OPERATED MICROWAVE CONTROL PANEL with Touch
switches. This unit has a 4 digit display with a built in dock and 2 relay
ouputs - one for power and 1 for pulsed power level. Could be used for
al sorts of timer contral applications. Only £6.00. Our ref 6P18.
EQUIPMENT WALL MOUNT Multiangle lor speakers elc. £3 each ref
3P72.

SUB-MIN TOGGLE SWITCH Body size 8mm x 4mm x 7mm SB0T with
chrome dofly sixing nuts. 3 for £1. Order rel BD649.

COPPER CLAD PANEL for making PCB. Size approx 12in long x 8.5in
wide. Double-sided on fibreglass middle which is quite thick (about
1/16in) so this would support quite heavy components and could even
form a chassis to hold a mains ¥ansformer, etc. Price £1 each. Our ret
BD683.

MAINS FANS Brand new, snail type. Approx. 6° x 4 approx. 70W only
£4.00. Ref. 4P58.

REAL POWER AMPLIFIER for your car, it has 150 watts output.
Frequency response 20hz to 20Khz and signal to noise ratio better than
6008. Has built in shart dircult protecion and adjustable input level to suit
your existing car stereo, so needs no pre-amp. Works into speakers ref.
30P7 described below. A real bargain at only £57.50. Order ref: S7P1.

POWERFUL IONISER
Generates approx. 10 imes more IONS than the ET1 and similar
circuits. Will refresh your home, office, warkroom etc. Makes you feel
better and work harder - 3 complete mains operated kit, case induded
£18.00 + £2 p&p. Our rol 18P2.
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impedence and consisting of 6.5 woofer, 2n mid range and fin weeter.
ldeal to work with the amplifier described above. Price per pair £30.00.
Ordex ret: 30P7.

STEREO CAR SPEAKERS. Not quite 5o powerlul - 70w per channel. 3in
wooler, 2n mid range and lin tweeter. Price per pair: £28.00. Order rel:
28P1.

VIDEO TAPES These are three hour tapes of supefior quality, made
under licence from the famous JVC Company. Oftered at only £3 each.
Our rel 3P63. Or S for £11. Our ref 11P3. Or for the really big user 10 for
£20. Our ref 20P20.

ELECTRONIC SPACESHIP. Sound
and impact controlied, responds to
claps and shouts and reverses when it
hits anything. Kits with really detailed
ins¥uctions. Ideal present for budding
youg electrician. A youngster s . ild
be able to assemble but you may nave
to help wiht the soldering of the
components on the pch. Compiets kit
£10. Our ref. 10P83.

12" HIGH RESOLUTION MONITOR Amber screen, beautifully
cased for free standing, needs only a 12v 1.5 amp supgl]y,
Technical data is on its way but we understand these are TTL
Input. Brand new in makers' cartons. Price: £22.00

Order ret: 22P2.

COMPOSITE VIDEO KITS. These convert composite video into saparate
H sync, Vsync and video. Price £8.00. Our ref 8P3.

BUSH RADIO MIDI SPEAKERS Stereo pair. BASS reflex system, using
2 full range 4in driver of 4 ohms impedance. Mounted in very nicely made
black fronted walnut finish cabinets. Cabinel size approx 8.5in wide, 14in
high and 3.5in deep. Fitted with a good length of speaker flex and
tetminaling with 2 normal audio piug. Price £5 the pair plus €1 post Our
ref 5P141.

a.5in FLOPPY DRIVES We stil hava two models in stock: Single sided,
80 ¥ack, by Chinon. This is in the manufaclrers metal case with leads
and IDC connectors. Price £40, reference 40P1. Also a double sided, 80
¥ack, by NEC. This is uncased. Price £59.50, reference 60P2. Both we
brand new. insured defivery £3 on each or both.

YUASHA LEAD ACID BATTERIES 6V 10A. Superb Value at only £12.00
REF 12P24 or 2 for £20.00 ref 20P29. Also some 12V 1.9AH £7.00 REF
P19,

ASTEC PSU. Mains operated switch mode, so very compact. Outputs
+12v 25A, +5v BA, +-5v SA, +-12v .5A. Size: 7.5in long x 4.75in wide x
2.25in high. Cased ready for use. Brand new. Normal price £30+, our
price only £13.00. Order ref 13P2.

VERY POWERFUL 12 VOLT MOTORS. 1/3rd Horsepower. Made to drive
the Sindlair C5 electric car but adaptable to power a go-kait, a mower, a rai
car, model railway, etc. Brand new. Price £20 + £2 postage. Our ref. 20P22.
ELECTRONIC SPEED CONTROL KIT Suitable for controlling our
poweriut 12v motors. Price £17.00. Rel. 17P3 (heatsink required).

SINCLAIR C5 WHEELS. Set of 4 wheals with inner tubes and tyres. 2
13" dia. front whests and 2 6” dia. rear wheels. Brand new £24 set.
Rel 24P3.

PHILIPS LASER
This is helium-neon and has a power rating of 2nW. Completely safe
as long as you do not lock directly into the beam when eye damage
could result, Brand new, full spec. £35 plus £3 insured delivery. Mains
operated power supply for this tube gives 8kv stiking and 1.25kv at
SmA running. Compiete kit with case £15.

ORGAN MASTER is a three octave musical keyboard. It is beauthully
made, has full size (piano size) keys, has gold plated contacts and is
complete with ribbon cable and edge connector. Can be used with many
computers, request information sheet. Brand new, only £15 plus £3
postage. Our ref 15P15.

FULL RANGE OF COMPONENTS at very keen prices are avaiable from
our associate company SCS COMPONENTS. You may alteady have their
catalogue, if not request one and we will send it FOC wilh your goods.

HIGH RESOLUTION MONITOR. 9in black and white, used Philips tube
M24/306W. Made up in 2 lacquered fame and has open sides. Made for
use with OPD computer but suitable for most others. Brand new. £16 plus
£5 post. Our rel 16P1.

12 VOLT BRUSHLESS FAN. Japanase made. The popular square shape
{4.8in x 4.5in x 1.75in). The electronically run fans not only consume very
litle current but also they do not cause interterence as the brush type
motors do. Ideal for cooling computers, ekc., of for a caravan. £8 each.
Our rel 8P26.

MINI MONO AMP on p.c.b. size din x 2n {app.)

Fitted Volume contral and a hole lor a tone contol should you require it.
The amplifier has three tansistors and we
estimate the output to be 3W rms. More
tachnical data will be Included with amp.
Brand new, perfect condition, otfered at
e very low price of £1.15 each, or 13 for  #
£12.00,

BULL ELECTRICAL
Dept. PE 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.

MAIL ORDER TERMS: Cash, PO or cheque with order. Please add £2.50
service charge. Monthly account orders acceplod from schoals and public
companies. Access and B/Card orders accepted - minimum £5. Phone
(0273) 203500.Fax: (0273) 20377.

JOYSTICKS tor BBC, Atari, Dragon Commodore, etc. All £5.00 each. All

brand new, state which required.

TELEPHONE TYPE KEYPAD. Really frst dass rear mounting unit White

lottering on black buttons. Has conductive rubber contacts with soft click

operation. Circuit arranged in telephone type array. Requires 70mm by

55mm cutout and has a 10 IDC connector. Price £2.00. Ref. 2P251

SUB-MIN PUSH SWITCHES Not much bigger than a plastic ansistor

but double pole PCB mouniing. 3 for £1.00. Our ref BD68S.

AA CELLS Probably the most popular of the rechageabie NICAD types.

4 for £4.00. Our ref. 4P44.

20 WATT 4 OHM SPEAKER With built in tweeter. Roally wall made unit

which has the power and e quality for hifi 6.5in dia. Price £5.00. Our ref;

SP155 or 10 for £40.00 rel. 40P7.

MINI RADIO MODULE Only 2n square with ferrite aerial and soiid dia.

ner with own knob. Itis superhet and operates rom a PP3 battery and

would drive 2 arystal headphone. Price £1.00. Our rel. BD716.

BULGIN MAINS PLUG AND SOCKET The old and faithful 3 pin with

screw terminals. The piug is panel mounted and the socket is cable

mounted. 2 pairs for £1.00 or 4 plugs or 4 sockets for £1.00. Our rel.

80715, BD715P, or BD715S.

MICROPHONE Low cost hand held dynamic microphone with on/off

swilch in handle. Lead terminates in 1 3.5mm and 1.25mm piug. Only

£1.00. Rel. BD711

MOSFETS FOR POWER AMPLIRERS AND HIGH CURRENT DEVICES

140v 100watt pair made by Hitachi. Also available in H pack Ref 25499

and 25K343 £4.00 a pair. Ref 4PS1.

TIME AND TEMPERATURE LCD MODULE A 12 hour dock a Celsius

and Fatvenheit thermometar a oo hot dlarm and a too cold alarm. Approx

50x20mm with 12.7mm digits. Requires 1AA battery and a few swikches,

Comes with hull data and diagram. Price £9.00. Our ref. 3PS,

REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Our ref. 3P60.

25 WATT STEREO AMPLIAER IC STK043. With the addition of 2

handful of components you can buid a 25 watt stereo ampifier. Supplied

with a circuit diagram. £4.00 REF 4P63.

600 WATT AIR OR LIQUID MAINS HEATER Small coil healer made for

heating air or liquids. Wil not corrods, tasts for years. Cail size 3in x 2n

mounted on a metal plate for easy fixing. 4in dia. Price £3.00. Rel. 3P78

or 4 for £10.0. Our ref. 10P76.

EX-EQUIPMENT SWITCHED MODE POWER SUPPLIES Various makes

and specs but generally +-5, +-12V ideal bench supply. Only £8.00. Our

ref 8P36.

ACORN DATA RECORDER Made for the Electron or BBC computer but

suitable for others. indudes mains adaptor, leads and book. £12.00. Ref.

12P15.

PTFE COATED SILVER PLATED CABLE 19 strands of .45mm copper

will cafry up to 30A and is virtually indestructible. Available in red or black

Reqular price is over £120 per reel. Our price only £20.00 for 100m reel.

Ret. 20P21 or 1 of each for £35.00. Ref 35P2. Makes absolutely supetb

spoaker cablel

NEW PIR SENSORS Inka red movement sensors will switch up to 1000w

mains, UK made, 12 month manufaclurers warranty, 15-20m range with a

0-10min timer, adjustable wall bracket. Only £25.00. Ref 25P16.

MAINS FANS 80mm square silent mains fans ideal for equipment cooling

where space |s at a premium. They give quite a good draught and use

about 12 watts. £8.00 ref 5P10.

10 MEMORY PUSHBUTTON TELEPHONES Thesa are customer returns

and sold as seen. They ale complete and may need skght attention. Price

£6.00 Ref 616 or 2 for £10.00 Rel 10P77 BT approved.

MINIATURE DOT MATRIX PRINTERS. These are 24 column Sv and

simiar to the one sold by Radio Spares lor £46.00. You can have one for

£10ref 10P%2

MYLAR CONE SPEAKERS. These 85mm square 3Sohm 2 watt

speakers are ideal for outside use as they are virtually waterproot. £1.00

each ref BD9Y03.

SPECTRUM SOUND BOX Add sound 10 your Spactrum with this device.

Just plug in. Complete with speaker, volume contral and nicely boxed. A

snip at only £4.00. Our ref. 4P53.

BBC JOYSTICK INTERFACE Converts a BBC joystick port fo an Atari

type port Price £2.00, Our ref. 2P261.

TELEPHONE EXTENSION LEAD 5m phone extension lead with plug on

one end, sockel on the oher. White. Price £3.00. Our ref. 3P70 or 10

leads for only £19.004 Rel. 19P2.

LCD DISPLAY 4.5in digits supplied with connection data £3.00. Rel

3P77 or 5 for £10. Ref. 10P78.

CROSS OVER NETWORK 8 Ohm 3 way lor tweeter midrange and

wooter nicely cased with connactions marked. Only £2.00. Our ref. 2P255

or 10 for £15.00. Ref. 15P32.

REVERSING LIGHT ALARM Fits to car reversing light and sounds when

reversing. Only £2.00. Our ref, 2P248.

BASE STATION MICROPHONE Top quality uni-directional electret

condenser mic 600r impedence sensitivity 16-18KHz - 68db builtin chime

complete with mic stand bracket £15.00. Ref. 15P28.

MICROPHONE STAND Very heavy chromed mic stand, magnetic base

4in high. £3.00 it ordered with above mic. Out ref. 3P80.

SOLAR POWERED NICAD CHARGER 4 Nicad AA battery charger.

Charges 4 batteries in 8 hours. Price £6.00. Our rel. 6P3,

MAINS SOLDERING [RON Price £3.00. Our rel. 3P65.

SOLDERING IRON STAND Price £3.00. Our rel. 3P66.

SHARP PLOTTER PRINTER New 4 colour printer originally intended for

Sharp compulters but may be adaptable tor other machines. Complete

with pens, paper etc. Price £16.00. Our ref, 16P3.

CAR IONIZER KIT Improve the ar In your ca, dears smoke and helps

prevent fatigue. Case req. Price £12.00. Our ref. 12P8.

NEW FM BUG KIT New design wih PCB embedded cail v operation.

Priced at £5.00. Our ref. SP158.

NEW PANEL METERS S0UA movement with three different scales that

are brought nto view with a lever. Price only £3.00. Rel. 3P81.

STROBE LIGHTS Fit a standard edison screw light fiting 240V 40/min

flash rate available in yellow, green. Complete with socket. Price £10

each. Ref. 10P80 (state colour required).

EXTENSION CABLE W/TH A DIFFERENCE Itis flat on one side making

it easy to fix and look Ndy. 4 core, suitable for alarms, phones etc. Our

price onty £5.00 for 50m reei. Ref. SP153,

METAL PROJECT BOX Ideal for battery charger, power supply elc.

:p(ayad grey size 8in x 4in x 4.5n. Louvrad for ventilation. Price £3.00.
ol. IP7S.
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COMPONENT SOLUTIONS LTD.
UNIT 84, ENTERPRISE CENTRE, BEDFORD
ROAD, STOKE-ON-TRENT, STAFFS. ST1 4PZ
MICROPROCESSOR + MEMORY SPECIALIST
Z80A CPU .95 2716F1 £2.35
Z80A S10 45 | 2764 £1.60
Z80A P10 95 | 27128 £2.35
Z80A CTC 45 27C256 £2.40
Z80A DART| £1.50 27512 £5.00
8031 £150 | 6116 £1.30
80C39 £1.70 6264 LP £2.50
80C31 £3.00 62256 LP £6.00
80C85 £2.00 4164 £2.00
81C55 £2.10 41256 £2.25
82C12 £1.30 1Mb RAM-10 £9.75
82C55 £2.10 SIMMS 1Mx9-10 |£75.00
6809 £2.10 | 256kx9-80 £30.00
6502/6522 £3.90 SIMMS 256KX9-8(Q £40.00
N80186 £10.00 28 T/P IC SKT 40
D80287-8 |£110.00 6N139 40
10% DISCOUNT FOR ALL ORDERS OVER £25.00
ALL ABOVE ITEMS FROM STOCK, ORDERS BY RETURN POST
C.W.0. TRANSACTIONS PLEASE ADD .75p
P+P THEN 15% TO TOTAL -
0782 287038 0782 264200 (FAX)
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Astronomy Now Light Soldering
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PROGRAMMABLE ELECTRONIC LOCK KIT

Keys could be a thing of
the past with this new high
security lock. Securedoors
to sheds, garages, even
your home or prevent the

PAOGRAMMASLE
LOCK IC

unauthorised use of

EAADA COUNTER
computers, burglar alarms >

— OUTPUT DRIVER
or cars. One 4-digit Lssde
sequence willopen the lock LJ‘
while incorrect entries will >
sound an alarm. The Z

number of incorrect entries LED
allowed before the alarmis
triggered is selected by

you. Further entries will be ignored for a time also set by you. Only the correct

ALAAM LED

sequence will open the lock and switch off the alarm. The sequence may easily
be changed by entering a special number and code on the supplied keyboard. Kit
includes: keyboard, alarm buzzer, high quality PCB and all electronic components
Supply: 5- 15V d.c. Will drive our Latch Mechanism (701 150 @ £16.50) or relay
directly

R M e T ey L g W £17.35

AR TR

QN

%
DISCO LIGHTING KITS % VERSATILE REMOTE é
CONTROL KIT | é
%
O
7
-~ B
DLBOOOK 8-way sequencer kit with built J é

in opto-isolated sound to light input. Only \sé»—;(—- =

requires a box and control knob to com- W,

plete £34.60 O
Includes all components (+trans
former) for a sensitive IR recever with 16
logic outputs (0-15V) which with
suitable interface circuitry {relays
triacs. etc - details supplied) can switch
up 10 16 items of equipment on or ofl
remotely Outputs may be laiched to the
Jast received code or momentary (on dur
Ing transmission) by specitying the

DL100OK 4-way chaser features bi
directional sequence and dimming kW
per channel £21.00
0LZ1000K Uni-directional version of the
above Zero switching to reduce In-
terference £11.80
DLA/1 (tor DL & DLZ1000K) Optional op-
to input allowing audio "beat’/hight
response 80p
DL3000K 3-channel sound to light kit
2ero voltage switching. automatic level
control and built-in mic.  1kW per
channel £17.00

POWER STROBE KIT

Produces an intense

light puise at a /

variable frequency of \

110 1SHZ Includes

mgh quality PCB b S
components. connec

tors. 5Ws strobe tube and assembly in

structions.  Supply. 240V ac  Size

Y

decoder IC and a 15V stabilised supply 1S
available 10 power external circuns. Sup
ply. 240V AC or 15-24V DC at 10mA
Size (exc transtormer) 9x4x2 cms
Companion transmitter 1S the MKI18
which operates from a 9V PP3 battery
and gives a range of up 1o 601 Two
keyboards are available —MK9 (4-way)
and MK10 (16-way)

MK12 IR Receiver

(inc transtormer) £17.00
MK18 Transmitter £7.80
MK9 4-way Keyboard £2.40
80 x 50 x 45 MK10 16-way Keyboard £7.00
XK124 STROBOSCOPE KIT . £15.00 601133 Box for Transmitter  £2.60

L L

VOICE RECORD/
PLAYBACK KIT  wcr . /235

S UV

IALE U

\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\

This simple to construct and even
simpler to operate kit will record
and playback short messages or
tunes. It has many uses - seatbelt
or lights reminder in the car,
welcome messages to visitors at
home or at work, warning
messages in factories and public places, in fact anywhere where a spoken message IS
announced and which needs 1o be changed from time to time. Also suitable for toys — why not
convert your daughter's £8 doll to an £80 talking doll!!

HIGH QUALITY PCS
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Size 76 x 60 x 15mm
Message time 1 - 5 secs normal speed, 2 — 10 secs slow speed /
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% ORDERING INFORMATION: %
/ All prig:es exclude VAT. Free P & P on orders over £50 (UK only), /
% otherwise add £1 + VAT. Overseas P & P: Europe £3.50. Elsewhere £10. %
/ Send cheque/PO/Visa/Access No. with order. Giro No. 529314002 /
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME %
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ADVANCED ELECTRONIC PRODUCTSLTD

P.0. BOX 10, Newton Abbott,Devon. TQ12 1JP Tel: (0626) 332091 Fax: (0626) 332381

MAIL ORDER TERMS: POSTAL ORDER OR CHEQUE WITH ORDER. PLEASE ADD 75P POST AND PACKING
TO ORDER VALUE AND THEN 15% VAT. IF KIT INCLUDES MAINS TRANSFORMER THEN ADD AN
ADDITIONAL £2. ACCESS & VISA HOLDERS PLEASE PHONE ORDER BEFORE 4.45 PM FOR SAME DAY
DESPATCH. ALL ORDERS UNDER 750 GRMS SENT BY FIRST CLASS POST. OVERNIGHT CARRIER £9.

RESISTORS

Carbon Film 0.25W E12 or E24
series 1 p each (min quantity 10
per value), 80p per 100, £6.00 per
1000.

**Special Offer**
Mixed Pack, of 1000 Carbon Film
resistors, 1R to 10M, 100
different values all separately
packed and labeled only £5.90

Metal Film 0.25/0.5 W E96 seres
10R to 1MO 4p each (min
quantity 10 per value), £3.00 per
100.

Caramic/wire wound

4W OR1-10K 35p each
7W OR33-12K 37p each
11W OR68-10K 40p each
17W 1R-10K 44peach

5% discount on 10+, 10% on 25+
20% on 100+

Enclosed Pre-Sets

100R-10M 20% Horizontal or
Vertical 24p each. 5% discount on
10+, 10% on 25+, 20% on 100+

Enclosed Pre-Sets

100R-10M 20% Horizontal or
Vertical 24p each. 5% discount on
10+, 10% on 25+, 20% on 100+

20 Turr 3/4™ Cermat Pots

10% tolerance 10R-2M 90p each,
5% discount on 10+, 10% on 25+,
20% on 100+

CAPACITORS

Radial Aluminium Electroylitic
20% tolerance

10/16/25/35 VoIt
4.7,10,22,33,47,100 12p
220,330,470 20p
1000 30p
2200 48p
3300 65p
4700 85p
50/63/ Volt
0.47,1,2.2,33,4710 12p
22,3347 20p
100,220 30p
470 50p
1000 90p
100 Volt

0.47,1,22,47 12p
10,22 20p
47 30p
100 50p

Ultra miniature Aluminium
alactrolytic radial 20% tolerance
4V

220 18p
6.3 Volt

22,100 18p
16 Volt

10,22,47 18p
25 Volt

10,22,33 18p
35 Volt

47,1022 18p
50 Volt

0.1,0.22,0.33,0.47, 18p
1,2.2,334.7,10

CAPACITORS

Disc Ceramic 5% tolerance
150Volt values in pF
15,22,33,47 .68

100,150,

220,330,470

10% tolerance value in pF
220,330,470,680
1000,1500,2200
3300,4700,6800

+80%-20% tol. value pF
4700,10000
22000,47000

Tant.Bead resin dipped 20%
tolerance value in uF

6.3 Vot

10,22

47

10 Volt
334768
10,15
22,3347

16 Volt
223347638
10,15

22,33

25 Volt
12233
47,6.8
10,15

35 Volt
0.1,0.22,0.33,0.47
0681,2233
476.8,10

6p

6p

8p

9p

15p
25p

15p
25p
35p

15p
25p
35p

15p
25p
35p

15p
20p
30p

4000 17p
4001
4002 17p
4006 37p

4099 46p

CMOS

4106
4160
4161 40p
4162
4163
4174
4175 40p
4194
4501
4502
4503 37,
4504 120p
4506
4508
4510 37p
4511
4512
4513
4514 85p
4515
4516
4517
4518
4519
4520
4521
4522
4526
4527
4528
4529 50p
4530
4531
4532 60p
4534 240p
4536 120p
4538 54p
4539 45p
4541 50p
4543 54p
4544 130p
4547 130p
4549 400p
4551 85p
4553 120p
4554 320p
4555 50p
4556 50p
4557 120p
4558 120p
4559 440p
4560 110p
call sales for 4500
series above 4560

DIODE

1N914 5p
1N4148 4p
1N4001 3p
1N4002/3/4/5/6 4p
1N5401 7
1N5402/4/6/8 11p
Zoner Diodes

500 mW

24,27,3.339,4.7,515.6,6.26.8,
8.2,10,11,12,13,15,16,18,20,2
2,24,27,30,33,39,43,62,66,75,82,
91

Ali above voltages at 5p each

1.3wW
3.3,39,4.3,47,51,5.6,6.2,
6.8,7.5,82,9.1,10,11,12,13,
15, 16,18, 20, 22, 24, 27, 30, 33,
36, 39, 43,47, 51, 56, 62, 68, 75,
82,91.

All above voltages at 16p each

2.5W,20W & 75W versions
available

Bridges
W005
w02  25p
W04  30p
WO06/08 35p
2A 200V 65p
2A 400V 72p
2A 600V 90p
6A 200V 78p
6A 400V 84p
6A 600V 99p

Linear 1.C.s call for
price

23p

TRANSISTQRS

BC1078 20p
BC1088 20p
BC109C 22p
BC184C 6p
BC2128 6p
BC239C 4p
BC307C 4p
BC548C 4p
BC558C 4p
ZTX300 17p

The above are a few examples
from the 1000's of transistor
types we have. We cover all
ranges and types including JFET,
SIPMOS, TMOS, TIP plastic &
metal, FET & Daringtons.

REGULATORS

7805 5V @1.5A 30p
7812 12V @1.5A 30p
7815 15V @ 1.5A 30p
7905 - 5V @ 1.5A 30p
7912-12V @ 1.5A 30p

7915-15V @ 1.5A 30p

KITS KITS KITS

ALL KITS ARE SUPPLIED WITH HIGH QUALITY GLASS FIBRE SILK SCREENED
PGB, FULL INSTRUCTIONS, HEATSINK, SOLDER ETC. CASE NOT SUPPLIED BUT

AVAILABLE.

CONSTANT CURRENT NI-CAD CHARGER Charge your NI-Cads safely, can be left on idenfinitely without

damage, batteries fully charged from fiat in approx. 18 hours. Charge up to 12 batteries in series (except PP3). (with

transformer)

FAST NI-CAD CHARGER Rapidly charge your Ni-Cad racing pack from mains or 12Volts. Charger guarantees a
full charge every time, making maximum use of your pack. (with transformer)

BENCH POWER SUPPLY 2.5 - 35 VoIt @ 2 AmPpS The following spec ensures excellent value for

money for this most essential of workshop equipment. Line Reg. 0.03%, Load Reg. 0.1% Ripple Rejection 70 dB, Output
Res. 1.5 milliOhm, Output Noise 80uV. (with transformer)

10 Amp BENCH POWER SUPPLY 5 - 33 Volt use for powering C.B/Ham Radios, or a very high

powered bench power supply. Spec as 2A version above. (with transformer)
FM Bug, 26 x 16 x 12mm, super sensitive 500yd range 4.5-9V supplied with miniature mic & ready wound coil.

Telephone Bug, powered from phone line. Spec as above.

HUNDREDS OF KITS AVAILABLE - SEND FOR LIST

£10.00

£32.00

£4.50
£4.00




We believe ours do!!!

Precision laboratory oscilloscopes. Triple-trace 20MHz 3 channels-3 trace. XY mode allows Lissajous patterns
to be produced and phase shift measured. 150mm rectangular CRT has internal graticule to eliminate parallax
error. 20ns/div sweep rate makes fast signals observable. Stable triggering of both channels even with
different frequencies is easy to achieve and a TV sync separator allows measurement of video signals.
Algebraic operation allows the sum or difference of channel 1 and 2 to be displayed. 50mV/div output from CH
1 available to drive external instrument e.g. frequency counter. Also available, 40MHz triple trace oscilloscope.
Similar to the mode! described above but with 12kV tube that is super bright even at the highest frequencies.
This instrument also has a delayed sweep time base to provide magnified waveforms and

accurate time interval measurements.

TOA10 (20MHz Triple Scope) ... ..£334.95
TOB10 (40MHz Triple Scope) .... BU—— -1 1 K T}

TEST EQUIPMENT - Choose from the extensive range featured in our new 580 page
Electronics Catalogue. Avaitable in all our shops or from WHSMITH for £2.25 or £2.75
by mail. No carriage charge if ordering Catalogue only.

CREDIT CARD HOTLINE

0702 554161

PHONE BEFORE 5PM FOR SAME DAY DESPATCH

' i P.O. BOX 3, RAYLEIGH, ESSEX, SS6 8LR.
v AMERIGAN All items subject 1o availability, all items will be on sale in our shops in
’”’:’5_,,, ,] BEXRRESS Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Nottingham,

Eapury Date Nov 90 H

Newcastle-upon-Tyne, Reading, Southampton and Southend-on-Sea.
Add Carriage 75p. ALL PRICES INCLUDE VAT.




