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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.
FUNCTION TABLE
Inputs Output
Al | AD | Strobe Y
x | x H L
L L L 00
LN L D1
H L L D2
H H 4 D3
00, D1, D2, and D3= the level of
the respec-
tive Data
Input
LOGIC DIAGRAM
aohld
a2
8 7
D0, ;—‘ )
Dats-
Worda 0" 7
Inputs | D2y ——
03, 2
Strobe & '——T
. 10
DOy 2 vy
Dss- |1, L
Word b 12
Inputs D2 T
03y
Strobe b ‘S—T
Pin 16=Vee
Pin 8= GND




et

9
%. ii o L L BT R, N SPLN
: :r p X o — b 24
> o IC. @ ® »
1 4 ! . - 1c7 ® I - — =
g M= 3\ =
1 ¢ I' . l . et 44
- » L » - »
AL TESTEES T I e .
7 99000000000 - o .
o
b "'lis""' : : 3 T T
?a—t—=s o{R3 }-® dILS.
C
a1 LTS =218
o I an‘zW [ —e
b T
o P
: p o{R1 e s esese
4 peCDe s (
3 \RIZ 3 TP e T T II .
I k%\'o—-»’ —=111®
20 408 8 28 888 2 2 2% a2 s
18 o el

1C10
I T Ve T T TS e—

Jul

AGUEmRe——ET" 22

 --—

U

©1G203.]

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

:

17




Please mention Practical Electronics when contacting advertisers

74 SERIES
7400 0.30

090 | 74Lsss
070 | 74LS73A
TALST4A

1.10 TALSTS
0.70 T4LST6A
100 | 7aLS78
100 | 7eLssaa
1.00 741585
016 | 74LS86
038 | 74Ls%0
038 | 74Ls91
038 | 7eLs92
0.55 740593
050 | 7415958
741596

1.00 7ALSIB1A
0.55 | 74LSt62A
070 | 74L51634
0.80 | 7415184

065 | T4LS1654
0ss | 74LS166a

0.58 | 745168
ors | 745169
070 | 745170
090 | 74LS173A
250 T4LSI T4
270 74LS5178
270 | 74LS181
110 | 74LS183
170 | 745190
74L5191

223
>

[

8835288882888 8

BT A S R

BE3

83

§3e3i3EER

73LS SERIES
).2

1.30

poopo-mos
SeEReERzes

74C925

4000 SERIES

0.20
0.24
0.2s
0.70
025
0.60
0.45
060
0.24
025
0.36
0.60

DISCOUNT
ON
Ty
CMOS
4000 SERIES
REGULATOR

ZIF sockets

LINEAR (Cs

TDA2006 320
TDA2020 320
TOA2030 250
TDA3810 750
TDA7000 150
TEA1002 7.00
TLO61CP 0.40
TLO62 0.60
TL064 0.90
TLO71 0.40
TLo72 0.70
TLO74 1.10
TL081 035
TLO82 0.50
TL083

TLO84

TLO%4

UAT7S9

UA2240

UCNS801A
ULN2003A
ULN2004A

ULN2068

ULN2802

ULN2803

ULN2804

UPC575

UPC592H
UPC1156H

UPC 11854

XR210 400
XR2206 400
XR2207 378
XA2211 878
XR2218 678
XR2240 120
2ZN404 1.00
ZN41A 0.80
2ZN419P .78
2ZN423E 1.30
ZNA24E 1.30
INA2SEB 350
ZNA2GEB .00
IN427EBR 6.00
2NAZBEB 4.50
ZN429EB 2.2%
2ZNAITE 9.00
2ZNA48 7.50
ZNAASE 200
ZN4SOE 1.50
2ZN4S9CP .00
ZN1034E 200
ZNA134H 232.00
ZNA234E 9.50
1802CE 8.50
26504 10.50

TOA1170S

VOLTAGE RLGULATORS

1A FIXED VOLTAGE PLAS

7815 0.50
7818 0.50
7824 0.50

78L05 0.30
78L06 0.30
v 78L08 0.30
78L12 0.30

T

FND500 TIL730 1.00
FNDS0T TRL729 1.00
MANT4 OL704

10220

RAMs

CRYSTALS

i 1842MHz 225
8039 420 ;:::A-ﬁ :,: 200 MHz 225
4 - 245760 HMZ {5)2.00
ReLEs g 21143 250 25MH2 . )uo
8080A 7.50
80854 300 | 247 400 | 392MHz 178
2 411615 200 | 3276 MHz 150
80C8sA 9.00 | 4115020 1.50
3S795MHz  1.00
8086 22.00 4164-15(Thh 300 | 4 Q0MHz 140
80875 €70 ] 418415 150 | 4194 MHz 156
8087-8 £96 | aa1615 300 | Ja3mn; 100
802878  £155 | 453220 250 | 4c08MH: 250
80287-10 £175 ;:gm' :ﬁ 49152MHz 200
s 150
f—e JLzs0 55145114 400 5 1.78
8741 12.00
8748 1200 | 351° 5 [ soomm:  1a0
. 6 144 MHz 140
700 MHz 150
7.168 MHx 178
800 MHz 150
8.867 Mz 178
10,00 MHz 178
1050MHz 250
1070 MHz 1.50
N00MHz 300
12 00 MHz 150
14,00 MHz 178
143180MH 160
1e3ame 280
S00MMz 200
1600MHz 200
17734Mz 150
6522 350 18 00 MHz 1.70
8522 Sl jesl 280 | e 150
185030 2.00
6532 480 SAC30 200 | 199s9MH: 180
£551A sso | 1® 20000MHz 175
6821 180 | 74S188 180 | 24000MHz 150
68621 200 | 745287 225 | 48 00MHz 178
6829 1250 745288 1.80 116 MHZ 250
6840 275 | 745387 225 | PxO1000 1
68B40 600 | s2s23 150
6850 100 | 82s123 1.50
68850 300 | 825129
cas2 250 DISC CONTROLERS
6854 650 ;
68854 8.00 SPECIAL ‘&':
6875 5.00 OFFER s o0
8154 050 3
8155 280 FOI7TY 20.00
8156 380 FO1771 20.00
8205 225 FD17%3 2000
8212 2.20 30% FO1797 2200
8216 160 WwD1770 £24
6224 P'aoz‘s WwD2793 21.00
‘ DISCOUNT | wo27s7 2800
o2 py 4 W01691 15.00
8250
85514 ON
829 T
8257C-5 L
8280C-5 &
8275
8273C5 480
0262 a0 | CMOS
8283 00
8264 460 | 4000 SERIES
8287 380 &
82880 650
TE
REGULATORS [rinyirigle]

GENERATOR

MC1a411
CcOMmar e
47028
RE YBOARD
ENCODER
AY 52376 150
74C922 5.00
74C923 6.00

CR7T
CONTROLER

-ATTEINTION-
ALL PRICES ARE
SUBJECT TO CHANGE
WITHOUT NOTICE

LOW PROFILE DIL SOCKETS BY

TUNED PPIN
LOW PROFWLE
SOCKETS

B MMz 450
SOUND & VISION
00

ADCO0808 11.90
AM25510 150
AM2SLS2521 150
AM2SLS2538 150
AM26L531 1.20
AM26L532 1.20
AM7910DC  25.00
002

DAC80 CB1V 28.00
DMB131 6.00
Df 50
0S3691 150
DS8830 1.40
DS8831 1.50
Ds8832 1.50
DS8833 225
D58836 1.50
DS8838 225
MC 1488 060
MC 1489 0.60

250
MC3459 450
MC3470 475
MC3480 850
MC3486 228
MC3487 225
MC4024 5.50
MC4044 550

16.00
MC 14411 7.50
MC14412 750
ULN2003 075
75107 0.90
75108 0.90
75109 1.20
75110 0.90
75112 160
75113 1.20
75184 140
45115 140
75121 140
5122 180
75122 120
75150P 120
75154 1.20
75159 220
75160 5.00
75181 6.50
75162 7.50
75172 4.00
75182 1.50
75188 0.60
75189 0.60
75065 150
75451 0.50
75452 050
75453 0.70
75454 070

INTERFACES.ICS

TELETEXT

DE CODE 13

AY 310159
AY $1013P

E WRAP SOCKETS BY

TEXAS

* SPECIAL OFFER *

0% DISCOUNT

ON TTL/CMOS 4000 SERIES/REGULATORS

DRAMS

4164 - 12
4164 - 15
41256 -
41256 -
41256 -
41464 -
1MB RAM

IDITICH
121307 A V=S
(O =Y

RED T 209
GREEN
Tu2n 0.15
YELLOW TiL2120.20
Rect LEDs (A G V)
0.30
CXB (B) Colour 1.00

0.12

10LED

gwoen [ 1MB RAM
e 33 | 256K x4
220 018

S o

TLre oss [IMx9-10

1Mx9-8

TecuNnomATIC LD

TECHNO HOUSE, 468 CHURCH LANE, LONDON NW9 8TQ
(Tel 01 205 9558, Fax 01205 0190, Telex 922800)

SIPS
256K x 9 - 10
256K x9-8

1.75
1.50
3.00
2.70
2.80
4.00
12.00
11.00
12.00

SRAMS
6264LP - 12
62256 - 12
2732

2764

27128 - 12.5V
27128 - 21V
27256

27512

-8
-10

124.00
129.00

PLEASE ADD £1p&p & 15% VA
{Export: no VAT, p&p at cost)

T

37.00
50.00

4.00
10.00
3.50
2.80
3.50
4.50
5.00
7.00

Orders from government depts. & colieges

etc. welcome

-534 Detailed Price List on request

Stock items are normally by return of post

a

-

N




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.

RADIO FEATURE @

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 b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>